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RNA (ribonucleotide) #, AQ["×½ġĉ��1 DNA (deoxyribonucleotide) ��,!

îuzÔľ"g���0, ĺt¡»�"óë!	��·ŋ"|¡��1�Ôz!	��, AQ
[h"ĺt¡»�#, (� messenger RNA (mRNA) �Ŏu!į{�21�į{"ķā!	
��, 5ʹÎą'">]LT×Ĵ"q�, 8dMcdļ|��0ņ
21FT_8Ed@, 3ʹÎ
ą'"X` A Ł"q�4č�, ½ç�� mRNA ��½�21�mRNA #Ċēī!Ķ$2�
"�, `WIf[!.��đĥ�2, ĺt¡ïè��1JdR?ī��½�21��½�2�
JdR?ī#�(�( wō4���"�, �2�2"³�œóëŔ4Ñ���sh�gė
õ ĺt¡óë"Þ2��0, HdM_aN@Y��$2��1��"j�, FT_8Ed@
!rğ�21 mRNA "½çķā-�"|Ĥ!ń�1ûă, `WIf["×½�¡��1
ribosomal RNA (rRNA) -7ZQľ4�%ı* transfer RNA (tRNA)  �"ÚĔº RNA!
ń�1ûăĆ�îèĂ4�3� �2���� 
Ĳ¯, ÚĔº RNAs�"ŊBfN RNA�Ďÿ�21Ö¹�ô��, RNAûă#Ë 1°

�04Ģ���1��"Þ2"j�, Ì,Ý÷4à%�ûă½Ñ�, RNA ®á"óĢ	.%
�"\<PG["ĤÊ��1�Andrew Fire ��� Craig Mello ��/�, ďĝ!lÏŁ
RNA 4¦y�1��!.0, �2!øĠõ ĺt¡"óë� mRNA bUa�¿�/21�
�4��É
���(Fire et al. 1998), 2006¯!QfUaîìe�£Ī4�Ī����#Ę

ú/2��1��" RNA ®á"¢�#�

/ú/2�	0�v�$�Õè�#VK^P
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7"ę±"Èy0!ń�1��- RNA 4o��Õè98aF'"ÁÀº4ü��1���
 �2��� (æx/"Ą4�å)�(�, RNA®á4²�Ĭ��j¶õ ³�4Â� small 
interfering RNA (siRNA) "óĢ#, Õè'"98aF"¼Òķā
/ �2�(Hamilton 
and Baulcombe 1999)�Õè!	�1 RNA®á4 RNAC8bdEd@��&œBaulcombe 
2004Ŕ�siRNAs�!, RNAC8bdEd@4²�Ĭ��§|¡ RNA����k!Õè"
Ĺ} óî!·ġ� 1 microRNA�ú/2��1��2/"|¡\<PG[!#�è"�
2�ò 1ļ|��Ø!¢��1��
/, 	.� 2000¯r! RNAC8bdEd@!ń�
1ûă�ö5!Ğ321!Ė����/!, RNA C8bdEd@!ń3/�, Õè!	��
êĕ!ó¨���� RNA|¡Ú×�Æ�
���2��1� 
ë��#, RNA !(�31ûă#ÛirEf?:dCf"ô�!.��, �(�( ûă

¥ĩe|Ŀ4¬�ı) �/°�04Ģ� +��1��"j!#, RNAC8bdEd@!
���łŁŊBfN RNA"³�4Ã1ûă, RNA|¡"ĊēŃeČĐŃĀĞ"ûă, �/!
Õè�ü�ğë�4M_dF?`TMf[œRNATcS68a"ĎuŔ���ìĤ�.��
�1Ħ) ��©!3�1� 
ÏĎħň�#, Õè!	�1§|¡ RNA "³��RNA |¡"½ç\<PG[
/İĳ\

<PG[!Ė1(�,ŕŖ�"ûăĒ!.1ŗ�"Ďħ� RNA ûă4ċo�1�Ľć#
microRNA "ÚĔ-ĵ�!���, æxeÓ�# RNA C8bdEd@�98aF!���, 
ª«# RNAC8bdEd@�ĕĮ" mRNA4ÅÄ� �pČ)!���§|¡ RNA��
�ģä
/ċo�1�(� RNA"į{-į{´~µ, İĳ���ģä
/, ŐmeĸĜ#Č
Đéòõ į{~µÚ×, �Ĩ# RNAFT_8Ed@, ãðeâĻ#Ċēī�"į{´~µ
"�� 1 RNAŌĈ, ŀÍeĚÜe�ě#X` AŁ4o��į{´~µ, Ŀð�# RNA"
łĭŉĀĞ!���ċo�1� 
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ƊŒżų&Ȁ�òƂŹ', DNA→RNA→X�hJǩ"��U�_{}`Kt<�ě"�$�
6, ņƨƄ$ƂŹ�Ťø�8.!%'ř�$Üò�ēȗ� �8�X�hJǩ<N�`�$�
e�N�^@�K RNA!�8 microRNAȡmiRNAȢ'Ȁ�òƂŹ<¹ę�8´ò& 1�!�
7, mRNA &µĻ3ƶǚ<ħ¹�8�"!ŚƄȀ�ò&ƂŹ<ǧ%¹ę� �8�miRNA &
Ǝƙ�ŌŔƄ%ñ.� 
6 15ĉƔčƪ��, �&Ȍ%miRNA%58Ȁ�òƂŹ¹ę�Ŗų
&Ƃż�ĒĢĒģǽƔ&ř�$åȖ!ȅǑ$Ĕ¿<ő���"�Ł6
%$� ���Q�

AcaTa<ž��Ȁ�õƄǗŐ<�ě"� ñ.��Ŗų miRNA&Ǝƙ!�8�, Ş��
Q�L�P�&ƃå$#, ļ�$Ħǋ&ƃå�ƂĂ"¯%�ř�$ŖųƖ%	�8ǗŐ�$�
9 �8�ŌƢ!', Q�AcaTa&Ǝƙ
6;
�� miRNA&Ŗų%	�8ãŌƄ$'
�6�<ñ1"� , ǲĉ&Ǝƙ%5� Ł6
%$� ��ǸÄƄ$ǔů
6& miRNA&
ƌǒ3, �Ė&Ăň%�� 2Ǥǡ���� 
 
F�����
	��� �7*.�3>%�" $�

miRNA' 20
6 25æã&�Ōȉ RNA!�7, ŜƼĞ&Ā´ò RNA%´Ȝ�98�miRNA
&ŴĚ& 1 �', X�hJǩN�`Ȁ�ò&5�%Mev DNA �%æãȃ¶�óß�, RNA
s|w{�V IIȡPol IIȢ%5� Ǯ±�98�"!żÐģ�ȋñ�98ů!�8�.� MIRNA
Ȁ�ò"×(98 DNAțá
6 Pol II%5� pri-miRNA"×(98�Ōȉ RNA�Ǯ±�
98ȡÞ 1Ȣ�pri-miRNA 'ƿǭ&�%n?j�ř&S]v}�m�ŞŘǶ<ĭ�&�ŴĚ!
�8��&S]v}�m�ŞŘǶ' Dicer3 Drosha"×(98 RNase IIIřX�hJǩ%5�
 ŴƁƄ%ǜǣ�9, 57ƍ�¼Ȟ� miRNAȡpre-miRNAȢ, miRNA/miRNA*ȡ3’Ɲ 2æãƚ
³!ĸæã&uSt[Z<ĭ��Ōȉ RNAȢ+"µĻ�98ȡÞ 1Ȣ�Ŗų!' DICER-LIKE 
1ȡDCL1ȢX�hJǩ� 2Ţȑ&µĻ<¯%Ǌ$��"�;
� 	7, şĈ$µĻ%ĜǑ$
HYPONASTIC LEAVES1ȡHYL1Ȣ3 SERRATEȡSEȢ$#&¯ĔÜò2Ñø�9 �8ȡKurihara 
and Watanabe 2004, Kurihara et al. 2006, Yang et al. 2006Ȣ�DCL1&µĻŨĞ%5� Ðģ�9�
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miRNA/miRNA*' HASTY"Ò��69� Expotin-5qx�KX�hJǩ%57ņƨƄ%Œë
%ǻ(98ȡBollman et al. 2003Ȣ� 

� ŜƼĞĀ´ò RNA %¯ǵ�8&', ƿǭ"ƈ
ǎƄ$ȃ¶<ĭ�Ȁ�ò&ƂŹ<ħ¹�8ů!

�8�miRNA ', ƈǎƄ$ȃ¶<ĭ� mRNA %
ƫÐ�8�"!ŚƄȀ�ò&ƂŹ<Ǯ±Ė~o

}!ħ¹�8�miRNA 'ÆŶ!''�6
�"
�!��, ARGONAUTEȡAGOȢk>u|�"�
�DkCJX�X�hJǩ"¯%, RNA-induced 
silencing complexȡRISCȢ"Ò��69�ǐÐ�
<�8�"!·1 ŜƼ<ĭ�ȡKawamata and 
Tomari 2010Ȣ�RISC ' miRNA &ȃ¶¢óƄ%
mRNA%ƫÐ�, AGO&ŨĞ¢óƄ% mRNA<
µĻ��7|rW�v%58ƶǚ<ð� ƶǚ

ħ¹<Ǌ$��"!, ņƨƄ%ŚƄȀ�ò&ƂŹ
�Ūā�8ȡLlave et al. 2002, Iwakawa and Tomari 
2013Ȣ� 
� Ŗų miRNA &ȌıƄ$ŜƼ"� , �ŞƄ$
short-interfereing RNAȡsiRNAȢ&Žż<ǝÿ�8
ů�Į�698�miR173, miR390$#�
�
&
miRNA ', X�hJǩ<N�`�8 mRNA !'
$
 TAS Ȁ�òĎ
6Ǯ±�98Ȋȉe�N�
^@�K RNA<ŚƄ"� µĻ�8ȡCoruh et al. 

2014Ȣ�miRNA%5� µĻ<Î�� TAS RNA', RNA¢óĞ RNAs|w{�V 6ȡRDR6Ȣ
&Ȉà"$7�ƈǎȉ�Ðģ�98�"!�Ōȉ RNA�ż.9, �6% siRNA&Ðģ+"ÿ

98��& siRNA ', Ŵø&ŚƄȀ�ò<ĭ� in trans %'�6
�"
6, trans-acting 
siRNAȡtasiRNAȢ"×(98ȡ�&ƪǬ%ȍ� 'ŌƢ!'ǛƦ<Ɖ
Ȣ� 
 
G���&�#! !�;=
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Ŗų&Ƃż% miRNA�í�$ēȗ<ĭ��"', șȀ�õƄ$ǈƘ
6ė�%Ł6
%$�
 ����Q�AcaTa& T-DNA İ­êƁ�!�8 suspensor 1ȡsus1ȢêƁ�', ¬�ƺ
ĞǀŠ&ǌŹà
6 embryo defective 76ȡemb76Ȣ"Ò��69 	7, ƺƂż&Ţȑ!ěƾà
ƺ+&Ƃż��Ĥ
�
$�ǌŹà<ĭ�{A�"� ƌ69 ��ȡSchwartz et al. 1994Ȣ�
EMS²ź%5� Ę69� short integument 1ȡsin1ȢêƁ�', ƺŸ&ƂżŢȑ!ëƅ%ƁĈ
<����1�ƕ&ǌŹà<ĭ��%, ǃģǺŭ3Ǉ&ĒĢƁĈ$#&ř�$ǌŹà<ĭ�
 ��ȡRay et al. 1996Ȣ�T-DNAİ­êƁ�!�8 carpel factoryȡcafȢêƁ�', ěƅ&Ƃż
ƁĈ%ſŏ�8�ƕĞ&ǌŹà<Ɛ��, ǃģǺŭ$# sin1 "��ǐĸ&ǌŹà<Ɛ�{A
�!���ȡJacobsen et al. 1999Ȣ�1996ĉ�:
6Ǘǟ�ñ.��Q�AcaTa&Mevȃ
¶&ȋƐ"¯% , �96&êƁ�&ÉÜȀ�ò�® DCL1 !�8�"�Ł6
%$7
ȡGolden et al. 2002, Schauer et al. 2002Ȣ, QzBRzBgD DicerX�hJǩ&ƎƙäÕ<Ƃ
Ɲ%, ƈÑĞ&ȟ� DCL1X�hJǩ� miRNA&Ðģ%'�6
�"�ƐÚ�9, miRNA�

(A)�

(B)�

3’CACGAGUGAGAGAAGACAGU 5’ At-miR156a
  |||||| |||||||||||||
CTGTGCTCTCTCTCTTCTGTCAAA
                        AtSPL9 mRNA

MIRNA�

AAA…A�
1st�

2nd�

20-24 nt�

HYL1�

Pol II�

SE�

 
 
�

DCL1�

 
 
�

DCL1�

HASTY�

AGO�

AAA…A�

AAA…A�

Cleavage�

�1 �A��	MicroRNA�
���
��B�RISC������

pri-miRNA�

pre-miRNA�

miRNA/miRNA*�
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Ŗų&Ƃż%ȅǑ$Ĕ¿<ĭ��"�Đ
ĲŬ�98�""$��� 
� �96"�Ǌ� , ¦�& miRNAk>u|�&Ƃż+&ēȗ%ȍ�8Ǝƙ2ĸì
$�9
��D�f�P�_{[mŦ%5� Ę69� jaw-D «ĞêƁ�'�V[_Ǉ&Ēŵ�eN
I|ŵ%$8ǌŹà<Ɛ���jaw-DêƁ�&D�f�P�țá&İ­�Ƴ'X�hJǩN�
`țá!'$
MIRNAȀ�òĎ�ǲ%Ǫ�� ���"
6, �&MIRNAȀ�ò&N�`�
8 miRNA ' miR-JAW "Ò��69, ǌŹà&ÉÜȀ�ò"� Ñø�9�ȡPalatnik et al. 
2003Ȣ�miR-JAW' TCPǮ±ÜòȀ�ò°&æãȃ¶"ȟ�ƈǎĞ<Ɛ�, TCP mRNA°&
miR-JAW ƫÐȃ¶+&a�U�SêƁÿ­%5� jaw-D êƁ�"Ñř&ǌŹà<Ɛ���
�&Ǝƙ', ¦¸& miRNA�Ŵø&ŚƄȀ�ò&ƂŹ<ǧ%ħ¹�8�"!Ƃż%í�$ē
ȗ<ĭ��"<Ł6
%��ņ·&äÕ!�8�miR-JAW '�&Ė miR319 "Ò¼<ķ16
9, Ȑ�Ŗų%ċ
¥ó�98 miRNAk>u|�!�8�"�;
� �8� 
� miR-JAW&Ǝƙ"�¶� , ř�$ miRNAk>u|�&ŜƼǗŐ�Ǌ$;9��Ƃż%	
�8¦¸& miRNA&ŜƼ"� 5
ƌ698&�, miR156/157" miR172%58Żçȕ¢ó
Ƅ$ǃģŃŉ&ǠƢŜŘ!�8�Ŗų&ǃģŃŉ', ľȊ3ūč$#&ŻçºŮ%ĝơ� ê
Ä�8�"�Ł6
%$� �8�, �96"'Ŷƛ� ĉȠ¢óƄ%ǃģŃŉ�ǠƢ�9
 	7, �&ƪǬ%ȍ��8&� miR156/157 " miR172 & 2 �& miRNA k>u|�!�8�
miR156/157 ' SQUAMOSA PROMOTER-BINDING LIKEȡSPLȢǮ±ÜòƵ<, miR172 '
APETALA2ȡAP2ȢǮ±ÜòƵ<�9�9ŚƄȀ�ò"� �8�35Sm�x�X��!miR156
<ǽ¾ƂŹ���Ŗų', ƂǄĖ�V[_Ǉ<�7ƭ�, ĩǁ�8.!%ȕĈ%ŃȌ�


8ǌŹà<Ɛ�ȡHuijser and Schmid 2011Ȣ��Ľ! miR172<ǽ¾ƂŹ���Ŗų�'ǵĈ5
72Ŀ�Ńŉ!&ǃģ<Ɛ��"
6, 2 �& miRNA 'ǃģŃŉ%ý� ƈÌ�8ŜƼ<ĭ
��"�;
8�Ȇżà&Q�AcaTa%	� miR156&ƂŹȇ'ƂǄĖ
6ƪŃƄ%Ū
ā� ��, Ìý% miR172'�ŀ� �
ȡWu et al. 2009Ȣ�ÑŃ%ŚƄȀ�ò!�8 SPL9
&ƂŹȇ'ƪŃƄ%èÀ� �
�Ľ!, AP2Ǯ±Üò!�8 TOE1/2&ƂŹȇ'Ūā�8�
�& 2ƖȜ& miRNA&ƂŹȇ<SA[Z�8�"%5� , ǃģŃŉ<�Ĥ
ǠƢ� �8
"Ʒ�698� 
� miRNA 'Ŗų&Ƃż%	� , ƦƻǻØ3ĒĢhX��&Ťø%2í�
ȍ��8
ȡHisanaga et al. 2014Ȣ�Ŗų&ĒĢĒģ%í�$'�6�<�8 HOMEODOMEIN-LEUCINE 
ZIPPER IIIȡHD-ZIPIIIȢǮ±ÜòƵ<ŚƄ"�8 miR166/165 k>u|�', ř�$ƦƻǻØ
Ťø<Ī�Üò!�8�HD-ZIPIII k>u|�& PHABULOSAȡPHBȢȀ�ò�%�8
miR166/165 &ŚƄȁ�%êƁ�­��`ua�_êƁ� phb-1d ', Ǉ&ƹƽĞ<î�ŕŵ&
Ǉ<Ēģ�8�"
6, miR166/165 %58ƂŹħ¹�ƹǯĒģ%ȅǑ$'�6�<2��"
�Ł6
%$� �8ȡMcConnell et al. 2001Ȣ�Ìý% tasiRNA& 1�!�8 TAS3%N�`
�9� tasiR-ARF', AUXIN RESPONSE FACTORȡARFȢ2-4Ȁ�ò&ƂŹ<ħ¹�8�"!Ó
ǯĒģ%ş%'�6
�"�;
� 	7, 2ƖȜ&ƂŹ¹ęƪǬ%5� Ǉ&ÓƹǯhX�
��Ēģ�98�"�;
8ȡChitwood et al. 2009Ȣ��%2 miR166/165'œ&Ʀƻȃ¶hX
��Ēģ%2ȍ��8�"�;
� �8�"$#
6, �ȁ& miRNA'Ŗų&ĒĢ&hX
��<�8�!ř�$Û÷%	� ȅǑ$'�6�<ĭ��"�;
8� 
� �%Į�� miRNA%¯ǵ�8ŴĚ"� , Ŗų&Ƃż%í�$ēȗ<ĭ�Ǯ±Üò<ŚƄ
"� �8ů!�8�Ŗų&şĈ$Ƃż%ĜȚ$ miRNA-Ǯ±Üòp?', Ɩ<ǫ� ¥ó�
9 �8åÐ�ì��ƭ� miRNA"ŚƄȀ�ò&ǸÄƄ$¨Ȗ%ȍ� , ŞƜ!ǞŁ��
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¼Ɯ!', Ŗų&Ƃż%í�$ēȗ<��8 miRNA&'�6�%�� ǞŁ���ŧƇ�,
�', Ƃż%í�$Ĕ¿<ĭ� miRNA &ì
', Ŵø&Ǯ±Üòk>u|�<ŚƄ"� 	
7, Ȑ�ŖųƖȌ!&¥óč�ȕĈ%ȟ�"��ů!�8�Ş��Q�L�P�&ƂǾ%57, 
MevǗǟ3Ā´òRNA&ƯƴƄQ�L�SǗŐ<ţǰƄûł%Ǌ$��"�!�85�%
$����&ƫő, Źß.!%Q�AcaTa<ñ1"��ËòǇŖų�ë%2, ÆòǇŖų, 
ǏòŖų, ĀǇȜ, NLŖų$#&Ȑ�Ŗų3, J{u`xaS$#&ǉȜ%	� 2, �&
Ɩ!ƂŹ� �8 miRNA �ƯƴƄ%Ñø�9 �8�ƖȌ!&ţǰǗŐ%5� , #&
miRNA k>u|��#&ƔčȐ�Ŗų&�!¥ó�9 �8&
�Ł6
%$� � �8�
ņ2¥óč�ȟ�k>u|�' miR156/157, miR319/159, miR160, miR166/165, miR171/170, 
miR408 & 6 ƖȜ!�7, Ȑ�ÄĖņ2Ŀ
%´Ą��"�98NLŖų
6, ËòǇŖų.
!-"=#® &Ȑ�ŖųȌ!¥ó�9 �8ȡCuperus et al. 2011Ȣ��&�%2, ¼Ǵ��
miR172 3, ǃČ&şĈ$Ƃż%ĜȚ$ miR167 $#'ǍòŖų°!ċ
¥ó�9 �8$#, 
Ƃż%ȅǑ$ miRNAk>u|�'¥óč�ȟ�ªÓ%�8�"�ƐÚ�98� 
� ¥óč&ȟ� miRNA', ŚƄȀ�ò"&ȍ£2¥ó�9 �8åÐ�ì�"��ů'ǂÖ
ũ��.�x^}Ŗų!�8Q�AcaTa"Ad"&Ȍ! miRNA	5)�&ŚƄȀ�òk
>u|��¥ó�9 �8�"�, N�jy�X��&ǗŐ%5� ĲŬ�9�ȡReinhart et 
al. 2002, Sunkar et al. 2005Ȣ��6% Floyd" Bowmanȡ2004Ȣ!', miR166& HD-ZIPIIIȀ�ò
°&ŚƄȃ¶�, iw\|HdOL3VbOL"���NLŖų%	� 2¥ó�9, miR166
%5� µĻ�9 �8�"< RACE ǗŐƟ%5� Ł6
%����&Ė&ǐĸ&Ǝƙ%
5� , miR166�ë&¥óč&ȟ� miRNA%ȍ� 2, ǍòŖų
6NLŖų.!Ñ�Ȁ�
òk>u|�<ŚƄ"� �8�"�Ł6
%�9 ��ȡArazi et al. 2005, Axtell and Bartel 
2005, Lin et al. 2016, Tsuzuki et al. 2016ȣǌ 1Ȣ�!'$��96& miRNA-ŚƄȀ�òȌ&ȍ£
�¥ó�9 �8&�:�
��&źſ"� , Ŗų%	�8 miRNA"ŚƄȀ�ò&Ȍ&æ
ãȃ¶&ƈǎĞ&ȟ��Ʒ�698�Ŗų miRNA �'�6
�1%', ŚƄ RNA "&Ȍ!
18æãƔčƈǎĞ<ĭ��"�ĜǑ"�9 �8ȡLiu et al. 2014Ȣ�Ãų miRNA�'�6

�1'Q�`țá"×(98 2
6 8æãƇ.!'ŚƄRNA"ƫÐ�8�"�ĜǑ!�8�, 
�9�ë&țá&ƈǎĞ'ĜȚ!$�åÐ�ì�ȡBartel 2009Ȣ��&ǿ�', Ŗų miRNA�
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� ���"�5=<jJ,(ýüó),£ĠĿ#Ã��Ō& "�5�£Ŀ), ü�nü©ª

ò'}Ǝ�65�ōĨĤ8tï'=<jJ(¿ĭ8ǁ�,  RNA ßĴnG<kmImCĨĤ

ǓĠĿ#( RNAßĴ8 RNAG<kmImC$²�/, ĘŤ#) RNAßĴ8°/" RNAG

<kmImC$²ş�5ǔ8�	�$)š#�5�pď#, ĠĿ) RNAG<kmIC
=<

jJýüó'��"ƹƔ&è¡8¨/"�5� 

� RNA G<kmImC)�·ó(Ʋ�Êƶ�$Ŕ¯&ƶ�8Á�3Ô��5$, �(Ʋ�Ê

(ŐŃ
û
36"�-	$�	Ńơ#�5�1998à'ŹƊ#, xĘƽ RNA
 RNAßĴ(

ã�ƻ$&5$�	�Êc@WKb(pŨ
�/"»±�6� ǓFire et al. 1998ǔ�ĠĿ#(

Ńơ(ŐƖ) 1990à'Ʊ5�_PfW:#�·óƲ�Ê$Ŕ¯&Ʋ�Ê8æƣƨĄ#Ô��

5$, �(Ʋ�Ê(ŐŃ
û��65�$
đ3�'&4, �6
Ńơ$�"( RNA G<k

mImC(�/"(»±#�5$ž
36"�5 (Napoli et al. 1990)��(�(2	', �*

�*æƣƨĄĠĿ#Ô�Ʋ�Ê( RNAG<kmImC'25û�
.36"���Ń·#), 

RNAG<kmImC$), űſ�'Ë·�5ƾ� 21-24½ºŢâ(Õ�Ê RNA
ŔƑŒ&ƶ

�8ÿ! RNA'Ŵ®�, RISC (RNA-induced silencing complex) $²*65?\>BNoƓ®

�8iBjoT�5�$# RNA(�Ƙn-�)Žƚû�8ƌ	c@WKb#�5�$
đ3

�$& "�5 ǓChapman and Carrington 2007, Iwakawa and Tomari 2015ǔ�ŖğņĿ'��"

RNAG<kmImC(ŐņnŅ¾òũ'��5è¡)ǉÞ'ƹƔ#�4, RNAG<kmIm
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C(��!�(uƔ&Ʋ�Ê8ĩĆ��ņĿ��), £ĠĿ´7�Ƅī'ƃ5ƹŬ&ƎŃ¹

8Ś��ŀ'ĠĿ'��"), ŐņưŢnJTkJòũĒ(Ʋ�ÊŐŃ(�ín=<jJý

üó'��"ƹƔ#�5�$
đ3�'& "�5�ĘŤ#)�6-#đ3�'& "��

ĠĿ( RNAG<kmImC8, ĠĿ=<jJýü�ĨĤ$�"(�Ǌ�3ģƞ�5� 

� RNAG<kmImC)Ã��x!(JRQ^'��365�Õ�Ê RNA(ņ®÷$, Õ�

Ê RNA'25ĦŒ RNA,(�Ň#�5�Õ�Ê RNA)ƾ� 21-24½ºŢâ( RNA#�4, 

ņ®÷ưŢ�3 microRNA (miRNA) $ small interfering RNA (siRNA) '�Ǐ�65�miRNA

( ǐ�)EYb'FoU�6, mRNA$¯ĥ' RNA`ichoM II'2 "ƨ��6, 5ʹ
ėŨ'AeQ^Ĥƭ$ 3ʹ`i AėŨ8ÿ!Ǔ¶ 1, ­ǔ�miRNA ǐ�)ƂƧ(ƶ�(ÿ!Ŕ

Ƒó�3JRbjo^Ĥƭ8æ÷�, xĘƽ RNA�ĎƷŰ#�5 Dicer-like 1 (DCL1) '2 

"�(Ĥƭ
ƜƠ�6, Īř' miRNA $&5ƶ�
�4��65 (Kurihara and Watanabe 

2004, Kurihara et al. 2006)�÷Ľ�� miRNA)ğ��3ğÁ,$Š£�, ŔƑŒ&ĦŒ RNA

8û��5$ž
36"�5�miRNA(ÿ!ŀî$�"), EYb'FoU�6"�5�$, 

miRNA(ĦŒ$&5 mRNA(ţǏ
İ- "�5�$#�5� 

� pď, 21½ºƾ( siRNA) miRNA$Ō&4,EYbq(ƶ�'ǃ3�ÁĚƲ�Ê&%Âĥ

&ƶ�80$'®÷�65�21-22 ntƾ( siRNA( ǐ�$&5 RNA)űſƣ# SGS3$2

*65Nm[Bƣ'Ŵ®�, xĘƽ RNA ®÷ƷŰ#�5 RDR6 '2 "xĘƽ¥�65 

(Dalmay et al. 2000, Mourrain et al. 2000, Peragine et al. 2004, Yoshikawa et al. 2005)�SGS3$

RDR6)űſƣ# SGS3/RDR6-body (siRNA-body) $2*65ǎŭŁĤƭ8æ÷�5�$�3, 

�(Ĥƭ��# siRNA ( ǐ�
xĘƽ RNA ¥�65$ž
365 (Jouannet et al. 2012, 

Kumakura et al. 2009)��(xĘƽ RNA)xĘƽ RNA�ĎƷŰ#�5 Dicer-likeNm[Bƣ

'2 "Ũ�3 21-22 ntƾ�!ǌ'�Ď�6, ÷Ľ�� siRNA$&5��(2	& siRNA(

©č), =<jJňĚ( RNA, űſƣ�#�Ƙ�6&� � mRNA, ta-siRNA (trans-acting 

siRNA) ( ǐ�&%ÂØ'7�5(
ŀî#�5 (Allen et al. 2005, Hamilton and Baulcombe 

1999, Gazzani et al. 2004)� 

� ņ®÷ųƦ$)Ō&4 siRNA 1 miRNA (�ŇĨĤ)�Ƭ�"�5�dSjĠĿ#�5I

l<XVKV)RISC(Ĳótï#�5Argonaute (AGO) $²*65 endonucleaseĲó8ÿ!

Nm[Bƣ8 11ţFoU�5�AGO) siRNAnmiRNA$Ŵ®�5`DQT8�
"�4, «

4ƪ9� siRNAnmiRNA $ŔƑŒ&ƶ�8ÿ!ĦŒ RNA 8�Ď�5�), �(Žƚ8û�

�5�miRNA
Ŵ®�5()u' AGO1#�5�siRNA) AGO1-11(��6�30ġ��

65�AGO1-11)ŐŃn×·([Nom
Ō& "�4, %( AGO$Ŵ®�5�) miRNAn

siRNA (�Ň8ŗ5	
#ǉÞ'ƹƔ#�5�ĠĿ#)Õ�Ê RNA ( 5ʹėŨ(½º
%(

AGO '«4ƪ-65�8İ/5ƹƔ&µÊ#�5�$
đ3�'& "�5��$
*, 
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AGO2)u' 5ʹėŨ':SWm8ÿ!Õ�Ê RNA$, AGO5)u' 5ʹėŨ'ITIm8ÿ!

Õ�Ê RNA) AGO5$Ŵ®�5��(2	'Õ�Ê RNA)�6�6Ɨ³ó8ÿ! AGO$

Ŵ®�, ĦŒ RNA'�Ň�5 (Mi et al. 2008, Takeda et al. 2008)� 

 
"5�)-������RNA���������4�&�

^hJƽ RNA =<jJ8�$���RNAG<kmImC)ĠĿ=<jJ(¿ĭ8û��5

ýüóĨĤ$�"���pď#�ĠĿ=<jJ)@=mNoS;\>mJ$�" RNAG<k

mImC8ǂÐ�5û�µÊ8Ƃ3�
"�5�=<jJňĚ( siRNA )=<jJ RNA 8

�Ƙ�5��#)&��Ñu�(ŔƑŒ& mRNA0�Ƙ�"�-��Ŏî
Ń65$ž
3

65��3'�=<jJ(û�µÊ)�miRNA ųƦ0ǂÐ�"�-��miRNA $�(ĦŒ

mRNA(ZhmJ8Ù�"�-��Ŏî8ã�Ƥ��� 

 

���)-����� �
	 �������' !#�

� ŗ36"�5ĠĿ=<jJ(Ů�¡)EYb
 RNA �3&5 RNA =<jJ#�4, �(

EYb RNA)ÁƏNm[Bƣ'ƕ76"�5�=<jJ(ÁƏNm[Bƣ8ŐŃ�5ŲĄ


ĠĿ), =<jJ(öĝn¿ĭ'Ò�"ýüó8Ś��$
ŗ36"�� (Abel et al. 1986)�

-�, ĠĿ=<jJ(öĝ8vǁ�5�/', v/ĠĿ'Ŏ©ó(ä�äĮ=<jJ8öĝ

��"�� , ë�3���"�5åĮ=<jJ(öĝ8ǁ�úı0á��76"�� 

(Kurihara and Watanabe, 2003)�1990à}(ë§', qƙ(2	&=<jJýüó$ RNAG<

kmImC(Ǐ�ó
Āć�6É/� (Ratcliff et al. 1997)���", 1999à(=<jJňĚ(
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siRNA (ŐƖ'2 ",RNA G<kmImC
=<jJ'Ò�5ýüóĨĤ#�5�$
Ŗ

'ƛđ�6�(#�5 (Hamilton and Baulcombe 1999)� 

ĠĿ=<jJ$ RNAG<kmImC'25ýüó(�ÊĨĤ'!�", ��#)NZFd

H<B=<jJ (TMV) '}Ǝ�65^hJƽ RNA =<jJ8�'Ƙƞ�5 (¶ 1, Û)�

TMV EYb)^hJƽ(pĘƽ RNA #�4, �6
ÁƏNm[Bƣ'¤-65�$#=<

jJŭÊ8æ÷�"�5��(=<jJ)űſ�'���5$ÁƏNm[Bƣ
Á6, EY

b RNA�3ĠĿ(ÿ!ŽƚƐż8Ň�"ƓƒƷŰ(Žƚ8ƿÉ�5�ƓƒƷŰ), ^hJƽ

#�5EYb RNA�3a<VJƽ RNAǓxĘƽ¥ǔ8®÷�, �3'a<VJƽ RNA8Ƽ

¹'EYb RNA 8Ɠƒ�5��(2	'pĘƽ^hJƽ RNA xĘƽ¥$a<VJƽ RNA

8Ƽ¹'��^hJƽ RNA (®÷(pƮ(G<Bj8Ż4ƫ��$#=<jJ)ľŐŒ'

¿ĭ�5�pď#ĠĿ), =<jJ(¿ĭ8û
5�/', =<jJƓƒĒ(xĘƽ RNA (

Dicer'25�Ď8Ƭ�", RNAG<kmImC8+�Ƥ��=<jJňĚ( siRNA(ņ÷�

5 (Hamilton and Baulcombe 1999)�siRNAņ÷) RDR1/6(�Ň'2 ", �3'�Ư�65 

(Wang et al. 2010)�ņ÷�6� siRNA), �3'=<jJ RNA8ĦŒ$�"�Ƙ�5�$#, 

¿ĭ8û
5$ž
36"�5� 

� ���, =<jJ0ĠĿ'136"*�4#)&��=<jJ)ƂƧ(EYbq' RNAG

<kmImCĨĤ8û��5Nm[Bƣ8FoU�5Ʋ�Ê8ÿ!(#�5Ǔ¶ 1, tÅǔ�

Ĕ�'¯Ï�6�=<jJ(û�µÊ)`R;=<jJ'FoU�6� HC-Pro (helper 

component protease) #�5 (Anandalakshmi et al. 1998, Kasschau and Carrington, 1998)�0$0

$ HC-Pro ), ƾĕ'7�5=<jJ(EYbƓƒ1, Ŷūę�ËŒ&=<jJ(ƾƥǈŠƌ

'ðƔ&µÊ$�"ŗ36"����63(Ńơ) HC-Pro
 RNAG<kmImC8ǂÐ�

5�$#ã�Ƥ��65�-�, á�ŗ36"�5û�µÊ$�") P19
�5�P19)Tm

ZJ=<jJ
FoU�5 19 kDaNm[Bƣ#, =<jJ'$ "Ŏî8ã�Ƥ��('ð

Ɣ&µÊ$�"¯Ï�6, ë'űſ�( siRNA$Ŵ®�,�( siRNA( RISC,(«4ƪ.8

ǂÐ�5�$#, RNAG<kmImC8û��5�$
đ3�'& � (Silhavy et al. 2002, 

Qiu et al. 2002, Qu and Morris 2002)�įƩŒƆ�ƘĜ�6"�5 P19'25 RNAG<kmIm

Cû�(p�8¶ 2'Ś��ŴēĤƭƘĜ'2 ", P19)pŲ( siRNA duplexǓ¶ 1ǔ'Ò

�"ƶ�')�Ë��'O<ao$�"Ŵ®�5�$
»±�6"�5 (Vargason et al. 

2003)��(2	&óƣ�3, P19) siRNA duplex$¯�Ĥƭ8ÿ! miRNA duplex'0Ŵ®�

5�HC-Pro 1 P19 (.&3�, ĥ�&=<jJ
û�µÊ8ÿ!�$
đ3�'&4, �6

3(Â�
Õ�Ê RNA $Ŵ®�5�$
Ś�6� (Lakatos et al. 2006, Merai et al. 2006, 

Voinnet et al. 1999)��'ā�� TMV(¼®,ƓƒƷŰ
,=<jJ(Ɠƒ8þ	��#)&�, 
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Õ�ÊRNA'Ŵ®�5�$#RNAG<kmImCû�µÊ$�"0�� (Csorba et al. 2007, 

Kubota et al. 2003, Kurihara et al. 2007)�p!(Nm[Bƣ
��Ō&5x!(Ĩƀ80!�$

), =<jJ
Ģ/"Ö&�Ʋ�Êõ»(.#ĔÃǃ(Ĩƀ8Őą�, ņË�5�/(¢ł

(Ɔ�Ū�0�6&���(2	'ĠĿ=<jJ)û�µÊ8ŐŃ�5�$#Õ�Ê RNA8

RISC �3ǆǈ�, ƂƧ(EYb RNA 8 RNA G<kmImCĨĤ�3Î "�5�RNA G

<kmImC8û��5�$
, ĠĿ=<jJ'$ ")pƅŒ&öĝøŋ#�5$ž
3

652	'& �� 

 

" �� ���������P19�
���RNA ������

��' ���

ôÞŒ' GFP 8ŐŃ�5 Nicotiana benthamiana (ƈ'Á

Ƶ�3�3' GFP Ʋ�Ê8Ô��5$ GFP Ƌ�
Ɩ36

50((, RNAG<kmImC
ƝŐ�65�/ä�Ƌ�

$&5 (Û�)�pď#, GFP Ʋ�Ê$$0' p19 Ʋ�Ê8

Ô��5$ RNA G<kmImC)û��6, å� GFP Ƌ

�
Ɩ365Ǔ­�ǔ�:Cl<m\;jTkoIgmı8

Ň�"Ʋ�ÊÔ�8ƌ ���Ŗ) UVĻÓr#Ĉç� 

�

����
	 �������,+�0%��4�&�

� =<jJ)ĠĿ'öĝ�, �Ƨ'á
 "Ŏî8ã�Ƥ���ĠĿűſ'öĝ��=<j

J), űſ�#Ɠƒ�6, ©æƣƮŵ8Ƭư�"űſ�3űſ,$Š£�, Ýū8{�", ö

ĝ��űſ�3ǈ6�Ųź,$á
 "���=<jJöĝ
ã�Ƥ��Ŏî)dH<Bĥ

Čů'}Ǝ�65Ųź(Ƈ(À¥&%įƩŒŦ1�&0(�3, ŐņưŢ,(Ã�&çǋ1

űſī&%(Ĺ��0(-#ÂØ'7�5��63(Ŏî
%(2	&c@WKb'2 "

ã�Ƥ��6"�5�)ĖƘđ(Ƶ�
Â�����&
3, Ö&�$0pƵ(Ŏî),=<

jJ(RNAG<kmImCû�µÊ
, miRNAųƦ8ǂÐ�5�$#ã�Ƥ��65�$


đ3�'& "�5� 

� `R;=<jJ#�5@]dH<B=<jJ (TuMV) 
Il<XVKV'öĝ�5$ņ

ƾǂÐ1Ĺ��ŐņŌÞ$�	Ŏî
Ń65�TuMV)û�µÊ#�5 HC-Pro8FoU�"

�4, HC-Pro8ŐŃ���Il<XVKV), TuMVöĝĠĿ$Ǐ���÷ƾ(ǂÐ8¬���

HC-ProŐŃĠĿ$ TuMVöĝĠĿ#)�Ƭ�", ƓĊ�( miRNA(ĦŒ$�65 mRNA(

Ɖť
qĐ�"���!-4, HC-Pro
 siRNAųƦ8û��5��#)&�, miRNAųƦ0
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ǂÐ�5�$
7� ���3', miRNA(ĦŒ mRNA(Â�)Őņ8�í�5µÊǓƨ�

µÊ&%ǔ8FoU�5�$�3, miRNAųƦ
ǂÐ�6, ĦŒ mRNA(ƺŒ&¸ƍ
Ù6

5�$'24, TuMV(Ŏî(pƵ$�"ŐņŌÞ
ã�Ƥ��65$ž
36� (Kasschau 

et al., 2003)�miRNAųƦ(ǂÐ'2 "ã�Ƥ��65ŐņŌÞǓŎîǔ), ƓĊ(û�µ

Ê8��'ŐŃ�5Il<XVKV#.36��$�3, =<jJŎ'�Ƭ��ŎîŐņc

@WKb&(�0�6&� (Chapman et al. 2004)� 

� ¶Ǖ'Ś�2	', =<jJňĚ siRNA), �ĺ'0 siRNA(ƶ�'ŔƑŒ&Ñu ǓĠĿǔ 

�( mRNA8�Ƙ(ĦŒ$�5�$
ž
365�ĠĿ=<jJ'|ǅ�"Ë·�5GRh

<T RNA$²*65Nm[Bƣ8FoU�&�Ŏ©ó RNA
�5�Af=idG<B=<

jJǓCMVǔ'|ǅ�"Ë·�5GRh<T RNAǓY-satǔ), NZF'��"ǒ¥(Ŏîã

�Ƥ����(Ŏî(©µ
, Y-satňĚ( siRNA
Bll\;j(ņ÷'ðǍ(�·óƲ�

Ê#�5CHL1(mRNA8�Ƙnû��"�5�/#�5�$
Ś�6� (Shimura et al. 2011, 

Smith et al. 2011)� 

� ¯ĥ(Ńơ
,=<jJ'Ǐ���=<l<U$�(Ñu'��"»±�6"�5�=<l

<U), pĘƽŅŁ RNA (EYb8ÿ�, Nm[Bƣ8FoU�&�
ĠĿűſ�#ƂêŒ

'¿ĭ�, =<jJ¯ĥ'Ŏî8ã�Ƥ����(=<l<U(Ŏî
%(2	'ã���

�6"�5�)ƾà(Ɵ#� ��=<l<U0=<jJ¯ĥ'ĠĿ( RNAG<kmImC

'2 " siRNA
ņ÷�6û��65 (Hammann and Steger 2012, Wang et al. 2004)�ddĸ·

dH<B=<l<UǓPLMVdǔ
dd'öĝ�5$, ƈ'ő¥(ŏŁ
Ń65��(Ŏî0, 

=<l<UňĚ(x!( siRNA
ƈŸ�(ņ®÷'ǀ75 cHSP90( mRNA8�Ƙnû��

"�5�/#�5�$
Ś�6� (Navarro et al. 2012)�~q(»±~Á'0, =<jJ-�)

=<l<UňĚ( siRNA
Ñu�(mRNA8ĦŒ$�"�5�$
ăĶ�65»±
&�6

"�5 (Hammann and Steger 2012, Miozzi et al. 2012)����&
3, -�ġƛ�6��)Ö&

��/, zë(»±8é���� 

 

�������

ƾĕ'7�5ĠĿ=<jJ$Ñu�(ýüó'ǀ�5Řŧ(t#, RNA G<kmImC


ÁĚóğƸ'Ò�5û�ĨĤ#�5�$
đ3�$& ��ĠĿ=<jJ)Ñu�( RNAG

<kmImCĨĤ'2 "¿ĭ
û��65pď#, =<jJ�)�(ýü8û
5�/(

û�µÊ8Ƃ3�
"�5��3', �63( RNAG<kmImCû�µÊ)Ñu�Ʋ�Ê

(ŐŃ�íĨĤ'ßĴ�, Ŏî8ã�Ƥ���=<jJŎ)Ē', Ñu
ÊÍ8Ĭ��$8È

�5�$0�5�=<jJ'$ "),Ñu'ưâ&Ŏî
Ń6, Ƃ3
Ë·�5¼
Ɓ��
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6"�-	�$)ĘĚÇ-��&��RNAG<kmImC$=<jJ
0!û�µÊ'25

ýü(ǀ�), 	-�ZhmJ8$4&
3�Ư¥�"��(�0�6&�� 

 

���23�

� ĠĿ( RNA Řŧ, ŀ' RNA G<kmImC'ǀ�5Řŧ'ìw�5Ĩ�8s
"���

 �ěyÃÌÃÌǄŷ®ċ¥ŘŧŞ(ĵƳǇpƴĉĂ'�(¼8�4"íśŉ�q�-�� 
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po!�$��

� RNALAtvMvIĮī* 20−30ÐÍœõ)ç�& RNA=��"ŉŶň&ƞ£=4!ƛ�Ù

=ƍ�tes, 0�ƍ�ütes#ċ¥�9ƛ�Ùņŀ¥þĮī#�9��)Įī*¡®5ņł

&%Ĭ�&ł�³Ă=¥þ�9)1&7�, ÓģħƠ=đƮ�9ł�ƪþĮī$�")û©4ď

�¸<�"	9(Ghildiyal and Zamore, 2009; Bologna and Voinnet, 2014; Castel and Martienssen, 2013; 

Kobayashi and Tomari, 2015)�ľ'ĨĽ5ěŲ&%#*�Ź&ČBAsOƪþĮī$�"*�7�

�$�ŋ7:"	9�ĨĽ'*ç¡Ù RNA)ĭň RNA
7�7'ç¡Ù RNA=�8���ç

¡Ù RNAÑñĮī��ÚÊ�9�3, RNALAtvMvI)ĭň$&9BAsO RNA&%*Ʊ
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ð'ù	Ƈ)¥þ=µ�9�$$&9 (Ding, 2010)��)ç¡Ù RNAÑñĮī)ĞơŹ³Ă*y

Ģƥ)ĭň RNA=ç¡Ù RNA)¦Ƹ�#�9Ʀ	�Ģƥ RNA'ÒĒ�9ƙœ#�9�, ŭƌ

)mRNA=251'�Ģƥ'ÒĒ�"�0 "*Ļőô&RNALAtvMvI�ö�Ɖ��:, 

ĨĽ)ƛ�Ù���ċ¥�:9�Ĉ'Ư "�0
��)�3, ĨĽ*ıð&RNA$Ņð&RNA

=ź¡�, Ņð& RNA)1= RNALAtvMvI'ö�Ǝ2�7
)lE\Pk=ď "	9

$ũ�7:9�RNALAtvMvIĮī�ņź�:"
7Å°}ŝ�ţ�, 6
5�ıð& RNA

$Ņð& RNA =¯¤�9��1�¡
8!!�9�Ģŕ#*ĨĽ) RNA LAtvMvIĮī, 

�6,ç¡ÙRNAÑñĮī=��"Óģ)Ņð&RNA=đƮ�9lE\Pk=Īſ�9$$4

', ŭï)mRNA=ĕĔ�&	lE\Pk=Ğę)ŋź=Ƌ0�"ũã��	$ă
� 

 

qoMDK�
� cFT��	
�QT�

� ĨĽ) RNALAtvMvIĮī* 20

ÐÍ
7 24ÐÍœõ)ç¡ÙRNA=�

�"ö�Ɖ��:9ƞ£ľŅň&ƛ�Ù

ņŀ¥þĮī#�9�ĮŬň&Ʋ
7*

ç¡Ù RNA $ŉŶň& mRNA )¢Ę, 

Ũżċ¥=ų
ƍ�üNxvLAtvM

v I ƺ PTGS: post-transcriptional gene 

silencingƻ$ŉŶň&ƛ�Ù= DNA)l

Us®=��"ċ¥�9ƍ�¥þƺTGS: 

transcriptional gene silencingƻ) 2!)ţ

Ɗ'¡
:9�24ÐÍ)ç¡Ù RNA*

TGS#���$�ŋ7:"	9�yĚ#

20−22ÐÍ)ç¡ÙRNA*PTGS'Ʃ<
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9�, �:7*ł¸ĉƙœ)ƚ	'68microRNA (miRNA)$ short-interfering RNA (siRNA)'Õ¤

�:9 (Bologna and Voinnet, 2014)� 

 

�q�po����
� cFT��	
�QT�

� �Ê)ƛ�Ù=¥þ�9��=4!miRNA*J^k'KxZ�:�ç¡Ù RNA#,  RNAh

rlqxR II'68d?avīƖ=ď �Ʀ	¦Ƹ� RNA$�"ƍ��:9�d?avīƖ*

DICER-LIKE1 (DCL1)$¿+:9 RNase IIIËƟŞ'6 " 20−22ÐÍ)miRNA�Ģƥ'cuQ

MvI�:, lUsÍƍŒƟŞ#�9 HEN1 '68 3′ġŘ�lUs®�:9� (Reinhart et al., 

2002; Park et al., 2002; Kurihara and Watanabe, 2004; Yu et al., 2006; Li et al., 2005)�miRNA�Ģƥ*

RNase H ĬZlAv=ď! Argonaute (AGO)$¿+:9Tv`Hƈ'´8Ǝ0:�ü, yĚ)ƥ

ƺFAZƥƻ*AGO'ĳ8, 4
yĚ)ƥƺ`VQvNnxƥƻ*RISC
7đƮ�:9 (Vaucheret 

et al., 2004; Iki et al., 2010; Bologna and Voinnet, 2014)��
�"�ģ� RNATv`HƈŸ¸�*

RNA-induced silencing complex (RISC)$¿+:, miRNA)FAZƥ$ŉŶň&ƞ£=4!mRNA

=¢ĘwŨżċ¥�9ƺÈƼƻ(Bologna and Voinnet, 2014; Iwakawa and Tomari, 2015)�MuA][

P[* 10ŔƷ) AGO=KxZ�"�8, �' AGO1� miRNA$ RISC=úĉ�ĭňƛ�Ù)

ņŀ=¥þ�9� 

 

q�qo���
� cFT��	
�QT�

� Ʀ	�Ģƥ RNA68�7:9ç¡Ù RNA= siRNA$¿-�Ʀ	�Ģƥ RNA*Ĭ�&ţƊ#

ł¸ĉ�:9�, BAsO RNA )ƹİīƖ5Ÿŷ~ƨ�, ²Ě»)ƍ�'6 "�ģ��Ģƥ

RNA, ��"üƒ�9 RNA�ÚĄ RNAhrlqxRƺRDR: RNA-dependent RNA polymeraseƻ'

6 "�ģ��Ģƥ RNA&%�Đ�7:9 (Ding, 2010)��:7)�Ģƥ RNA* DCL2/3/4'6

 "�:�: 22, 24, 21ÐÍ) siRNA'cuQMvI�:9�24ÐÍ) siRNA* AGO3, 4, 6, 9

'Ť¸�, �' TGS'Ʃ<9 (Havecker et al., 2010; Zhang et al., 2016; Mi et al., 2008)� yĚ, 21Ð
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Í, 22ÐÍ)Ō	 siRNA*AGO1, AGO2, AGO5$ RISC=úĉ� PTGS'Ʃ<9�$�ŋ7:"

	9(Mi et al., 2008; Takeda et al., 2008; Montgomery et al., 2008)�RISCúĉƙœ*`VQvNnxƥ

)đƮ' AGO)¢ĘĶĄ=āŹ$�9�Ó*miRNA$¹Ĭ#�9$ũ�7:"	9 (Iki et al., 

2010)ƺÈƼƻ� 

 

q�roMDK�
� V&D�_^�

� MuA][P['* 10 ŔƷ) AGO �KxZ�:"�8, yƜ�ƦĄ4Ž37:9�, �:�

:Éğ)ĮŬ=ď "	9 (Bologna and Voinnet, 2014)�ŢŦ'69ņŀƣ)î5, ņŀžæ)ğ

Ļ&%'68, Šū�#ņŀ�"	9 AGO)_qvO��Ņ&9�, ŸĖ) AGO*yŠū�#

¹ĝ'ņŀ�"	9(Bologna and Voinnet, 2014)��)6
&Ŀĵ'�	"ç¡ÙRNA�%)AGO

$Ť¸�9)
*ĩ3"ơŹ&Äƶ#�9�MpBNpB_D#*ç¡Ù RNA �Ģƥ)ú)ƚ

	'68ƺ~Ö)jOiVU)ğĻƻƽ!�9 AGO)%�7'�9
=Ĵ3"	9� (Tomari et 

al., 2007; Kawamata and Tomari, 2010; Montgomery et al., 2008), ĨĽ'�	"*�'ç¡Ù RNA)

5′ġŘ)ÐÍ�%) AGO$Ť¸�9
=Ĵ3"	9�ĨĽ)miRNA)Ô�* 5′ġŘ�U#�8, 

5′ġŘ�U)ç¡ÙRNA$ù�Ť¸�9Ąƈ=ď!AGO1$Ť¸�ĮŬ=ĥ�� (Mi et al., 2008; 

Takeda et al., 2008)�0� AGO2* 5′ġŘ� A, AGO5* 5′ġŘ� C)ç¡Ù RNA$�:�:Ť¸

�9�$�ŋ7:"	9 (Montgomery et al., 2008; Mi et al., 2008; Takeda et al., 2008)�AGO7*ç¡

Ù RNA) 5′ġŘ)ÐÍ)1&7�miRNA�Ģƥ)ƞ£5īƖ=UCVH�9�$#miR390$

	
miRNA$ľŅň'Ť¸�9�$�ŋ7:"	9(Endo et al., 2013; Montgomery et al., 2008)� 

 

ro]`�U�MDK�
�IO_^�

�

r�p��*);0 S\�MDK�
�IO_^�

� zƒ��6
'BAsO�ćĦ�9$, DCL2/4 )��'68Ÿŷ~ƨ�&%)Ʀ	�Ģƥ
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RNA 
7BAsOńģ) siRNA ��8��:, RISC =��"BAsO RNA *¢Ę�:9�

(Bouchéet al., 2006; Deleris et al., 2006; Diaz-Pendon et al., 2007; Fusaro et al., 2006)�ĨĽ*ç¡ÙRNA

=Ññ�9Įī=ď!�$#68ù«'BAsO)Ÿŷ=ƫá�9�$�#�9��)~Āňû

©=č
)�yĢƥ RNA=�Ģƥ RNA'ÒĒ�9 RDR#�9�MuA][P['* 6ŔƷÚ

Ê�9�BAsO)ç¡Ù RNAÑñ'�	"ơŹ& RDR* RDR1$ RDR6#�9 (Wang et al., 

2010; Garcia-Ruiz et al., 2010; Diaz-Pendon et al., 2007; Donaire et al., 2008)�RDR1/6* RNAŤ¸Tv

`Hƈ#�9 SGS35�)�)Tv`Hƈ)¬�=�8"RISC�¢Ę��BAsORNA=�Ģ

ƥRNA'ÒĒ�, �)�ĢƥRNA=DCL2/4��õ¢Ę�9�$#ç¡ÙRNA*Ññ�:9ƺÈ

2ƻ(Ding, 2010)� 
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r�q�J[mAKLB�-.5<2/9=>
����
�

� 1990 ó Napoli 7�şů)fUo\?'ůŞ¸ĉƛ�Ù#�9EsKv¸ĉƛ�Ù=æ��ƙ

¨ņŀ��ư, �Ć'³�?vYM?\v¸ĉ*ƫá�:Ňů)Ű=Á
�9�=ņź�� 

(Napoli et al., 1990)�EsKv¸ĉƛ�ÙmRNA)űŖƣ=ƀ/"19$ƙ¨ņŀ�:"	&	+


8
, ƢłË) 50¡) 1œõ0#ĸè�"	�(Napoli et al., 1990)�æ���Óģƛ�Ù)1&

7�ŉ¹ƞ£=4!�Êƛ�Ù)ņŀ0#ċ¥�9�KLctVMpv�$º��7:��)ŀ

Ɔ*, BAsO RNA=đƮ�9Ï¸$¹Ĭ'ç¡Ù RNA)Ññ=��� RNALAtvMvI

'6 "ö�Ɖ��:9�$�¡
 "	9 (Brodersen and Voinnet, 2006)�BAsO RNA)Ï¸

$Ņ&9Ɯ¡*ƙ¨ņŀ��Óģƛ�Ù*�Ê mRNA $¹Ĭ)yĢƥ RNA $	
ĺ#�9�, 

üƒ�96
'ĨĽ*Óģƛ�Ùńģ)�Ņð&�mRNA=ź¡� RDR6'6 "�Ģƥ®�9

�$# RNALAtvMvI=ö�Ɖ��ƺÈ 2, 3ƻ�yĢƥ RNA'68 RNALAtvMvI=

ö�Ɖ��Įī)�$= S-PTGS (Sense transgene-induced post-transcriptional gene silencing)$¿-� 

 

r�r������
�hl��MDK�
�IOg(?��CHMDK�
� cFT�

� yƜ)�Ê RNA* RDR6'6 "�Ģƥ RNA'ÒĒ�: trans-acting siRNA (tasiRNA)$¿+

:9�Êç¡Ù RNA =�8���$#, ŉŶĄ=4!�)�Êƛ�Ù)ņŀ=¥þ�9�$�

ŋ7:"	9(Bologna and Voinnet, 2014)�ĞƐ'& ", ĜŎ&ĭň*ď�&	� RDR6�Úň'

łĉ�:9�Êç¡Ù RNA 4ĖÔ�ņź�:"��(Fei et al., 2013)��:7)ç¡Ù RNA *

phasiRNA (phased, secondary, small interfering RNAs)$¿+:9� tasiRNA)łĉ'* RDR6, SGS3, 

�)�)Kb>HTx)�', ľĲ& RISCƺ22ÐÍ)miRNA$Ť¸�� AGO15miR390$Ť

¸�� AGO7ƻ��Ê) TAS RNAƺTRANS-ACTING siRNA (TAS) precursorƻ'Ť¸�9�$�ā

Ƴ#�9�$�Î½�:"	9 (Fei et al., 2013; Arribas-Hernádez et al., 2016; de Felippes et al., 2017)�

tasiRNA/PhasiRNAţƊ* S-PTGSĮī$�"	9ĺ�Ô	�, S-PTGSţƊ'ľĲ& RISC)Ť¸
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�āƳ
¼
*Ġ�Ĝ7
#&	 (Branscheid et al., 2015)� 

 

so�
�.)<=/=,�iN ��
�(XW���8+417�

� ç¡ÙRNA)Ññ=���RNALAtvMvIĮī*à'ù«&ł�ƪþMOWk#*�9

�, ¥þ&��Ê) mRNA'�Ń�9$ƛ�Ùņŀ���:, ĨĽ)łŪ*ƫá�:"�0
�

&��Ê) mRNA*ç¡Ù RNA)Ññ=��� RNALAtvMvIĮī)ĭň'&7&	)

#�;

ƾĞƐ�)ƃ=ŻĴ�9
4�:&	ŸĖ)Ɓė�ņŵ�:�� 

 

s�p���′Ze6:�n RE�

� ¦ƒ��6
', Óģƛ�Ù=æ��9$, ĨĽ* RNA LAtvMvI=ö�Ɖ��, Óģƛ

�Ù)ņŀ=ċ¥�9�Ÿŷ~ƨ�&%)Ʀ	�Ģƥ RNA =�8��BAsO RNA $Ņ&8, 

ƙ¨ņŀ��Óģƛ�Ùńģ)mRNA*�ÊmRNA$¹Ĭ)yĢƥRNA#�9�3, ĨĽ*%


'
�"Óģƛ�Ùńģ)mRNA=�ÊmRNA
7¯¤�"RNALAtvMvI=ö�Ɖ�

�&�"*&7&	�ŊħłĽ) mRNA* 5′ġŘ'GnVcīƖ, 3′ġŘ'hr Aƥ=ď�, �

:7*Ũż)�Ƙ�6,mRNA)Ýß®'â|�"	9 (Gallie, 1991)��:0#)Î½#, Gn

VcīƖ5hr Aƥ=į	�Ņð& RNA� S-PTGS=ö�Ɖ��±Ç'&9�$�ŏÃ�:"

	� (Luo and Chen, 2007; Gazzani et al., 2004; Parent et al., 2015)�Ʀ	ƨĨĽ�%)6
&¡ÙĮī

#hrAƥ=į	�mRNA=ľŅň'RNALAtvMvIĮī'æ�
*ƃ#� ��, ĞƐ, 

RDR6'*hr Aƞ£=į	� RNA)1=�Ģƥ RNA'ÒĒ�, 3′ġŘ'hr Aƥ=4!ıð

& mRNA *�Ģƥ RNA 'ÒĒ�&	$	
Ů¾ķ	ÍƈľŅĄ��9�$�Ĝ7
'& ��

(Baeg et al., 2017)��&<�ıð&mRNA�4! 3′ġŘ)hr Aƥ*�:0#ŋ7:"	� RNA

)Ýß®5Ũż�Ƙ��#&�,  RDR6 �Úň& RNA LAtvMvIĮī)ĭň'&7&	6


'�9, 	<+ “ŭïmRNA) ID” $�")û©=�(��"	9�$�Ĝ7
'& ��Ů

¾ķ	�$' TAS RNA 'Ʃ�"*, hr A ƥ
7�Ģƥ RNA ¸ĉ=ƧØ#�96
#�9
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(Rajeswaran et al., 2012)���7�ľĲ& RISC* TAS RNA'Ŗĩň' RDR6=¿,Ǝ2*�7�

=�"	9)�$ũ�7:9 (Arribas-Hernádez et al., 2016; de Felippes et al., 2017)� 

 

s�q���
� Gkfb/037�%"�
�@j/037 RE�

� ł��#*ð'RNA)ÂƈŚŁMOWk��­�"�8Ņð&RNA=Əƕ'¡Ż�9�$#

�:7)űŖ=ƪ	#	9(Inada, 2013)�0�ıð&mRNA4ð'ƍ�$¡Ż)LAHs=ŧ8

Ƒ��$#, ­ň&òŴĿĈ=� "	9�¡Ż=�Ƙ�9Ĭ�&Tv`HƈÇÙ5MOÇÙ*

ĖÔ�ź!
 "	9�, ıð& RNA4Ņð& RNA4Ğšň'*DGSrg]Ht?xR'6

9 5′�3′Ě»0�* 3′�5′Ě».)¡Ż=µ�9(Garneau et al., 2007)�mRNA*ƔðGnVcīƖ$

hr Aƥ'6 "DGSrg]Ht?xR'69¡Ż
7ƌ=Ü "	9�, DvZrg]Ht

?xR)¢Ę=µ�ł��hrAƥ=į	�5′�)RNAĘļ*3′�5′ DGS]rgHt?xR'

6 ", GnVcīƖ=į	� 3′�) RNAĘļ* 5′�3′ DGSrg]Ht?xR'6 "�:�

:¡Ż�:9 (Garneau et al., 2007)�DvZ]Ht?xR'69¢Ę=��&	¡Ż'�	"*, 

0�hr Aƥ¡ŻƟŞ'6 " mRNA)hr Aƥ�Ōť�:, GnVcīƖ�XGnVavI

ƟŞ'6 "´8Ʈ
:�ü, Ğšň' 5′�3′ DGSrg]Ht?xR'6 "¡Ż�:9

(Garneau et al., 2007)� 

� �:0#ŸĖ)Ɓė# RNA )ÂƈŚŁ'Ʃ<9Tv`Hƈ5DGSrg]Ht?xR��


&	ĨĽ�'�	", S-PTGS�Ñù�:9�$�Î½�:"	9(Moreno et al., 2013; Gazzani et al., 

2004; Branscheid et al., 2015)��:7)Ťĥ* RNA)ÂƈŚŁMOWk5 RNA)�ƄţƊ�ç¡

Ù RNA Ññ=��� RNA LAtvMvI$ĎČ�"	9�$=ŏÃ�"	9 (Tsuzuki et al., 

2017)�ĞƐ'& "mRNA)¡ŻţƊ�ù�ƫá�:9$, ĨĽ)Ĭ�&�Êƛ�Ù
7ç¡Ù

RNA ��8��:�Ê)ƛ�Ù=Ĺ8'ċ¥�9�3, ĨĽ)łŪ'Ņð=����$�Î½

�:�(Martinez de Alba et al., 2015; Zhang et al., 2015)��)łŪƫá* RDR65 SGS3&%) RNA

LAtvMvIƩƗÇÙ=įē�9$Æÿ�9�$
7, DGSrg]Ht?xR'69 RNA
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�Ƅ*ŭƌ) mRNA�ç¡Ù RNAÑñ=��� RNALAtvMvI)äƆ'&9�$=ƪ	

#	9$ŏÃ�:9� (Martinez de Alba et al., 2015; Zhang et al., 2015)� 

 

 

 

s�r���
�.)<=/=,�iN ��
�(XW���8+417 #�$�

� �:0#Żſ��Ťĥ=0$39$İ)6
&mXs�ũ�7:9�Ýß'ÚÊ�"	9�Ê

mRNA*hr Aƥ=4 "	9�3 RDR6'6 "�Ģƥ®�:&	ƺÈ 3ízƻ�0�, RDR6

)ƤË$&8ý9hrAƥ=į	�Ņð&�ÊmRNA*Ĭ�&±Ç'68ł�"*	9�, Ɣð

* RNA�ƄŜ'6 "Əƕ'¡Ż�:"�8, RDR6)Žƅ=�:"	9)�$ũ�7:9ƺÈ

3í{ƻ�Óģƛ�Ù=ƙ¨ņŀ��Ï¸ř'�	"*RNA�ƄŜ'69¡Ż�Ɠ	!
�RDR6

�×2hr Aƥ=į	�Ņð RNA�űŖ�9�3, RNALAtvMvI�ö�Ɖ��:9)#

�;
$ũ�7:9ƺÈ 3·ƻ� 

 



������� ����� 	�
��
�

 

����#� �#���
�

����!�"��#� ����� 	�
��
�

 

�'&��

� RNALAtvMvI�ŭï)mRNA=ĕĔ�&	lE\Pk$�", �ÆmRNA)hrAƥ

$RNA�ƄţƊ)ơŹĄ=Đ���, RDR65SGS3)Ƶś=úĉ�9�$'68ç¡ÙRNAÑ

ñ=ö�Ɖ���Ï�=Ƭé�9�$5 (Kumakura et al., 2009), RNA) 3′ ġŘ'ÚÊ�9ùÉ&

RNAīƖ5RNAŤ¸Tv`Hƈ&%4ŭïRNA=RDR6�Úň&RNALAtvMvI=
7

Ü9*�7�=�"	9¶ŬĄ4�9 (Baeg et al., 2017)�ĨĽ*�:7)Ôêň&¥þĮī=4

!�$'6 "*�3"Ƃ )§$4&8ý9�ç¡ÙRNAÑñ=���RNALAtvMvI�

$	
ĩ3"ù«&ħƠƪþĮī=ðĝƞ��, �Êƛ�Ù¥þ'0#ĂŃ#�"	9)
4�
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ģĺ�Ơ�Û6ħŴIƞ©5ņċ'E+?57�ƞ©4Ơ�Ûņľ¬õ�öƵ1�E�Ơ

�Ûņľ¬õ6ƚœ57�Ə¦ÆÛ5BEƏ¦¬õ6<�5�RNaseA~miRNA~f}]}
[Ôń�Ý mRNA¨ſħĥ435BE RNA6¨ſ�u_z±AÐÎ6¥ĥĀ5BE RNA
�ƹ�DNAAl[d}6�ƹ5žCFEQmZPibM`S4¬õ436×�6¬õīƮ
�ÝË%0�E�"�%+×Ħ4¬õīƮ6�1@�Ə¦ÆÛ5BEƏ¦¬õ7 RNA6ħ
Ŵņľ5��0ė@ÎĜň�/ƦŽ4¬õīƮ1�E�vczģĺY|Nhf\f17�Š

2,0006Ə¦ÆÛ�ÝË%�)FC7Y[Ƥª2Á8FEĎÐÎ�C4v_�nƤª5ťº
'E"21�Ħ�4Ə¦¬õIŸ.0�E2ű�CF0�EƾVandepoele et al. 2009ƿ� 

Œ°1�4�ģĺ7�¿È6ŀÑÔ±5Ʃč5÷Ś'EöŽ��E+?�¢~Ĵî~Į

¨~Ð~ƚƥ±ĺ436ŀÑ­ķ5÷Ś'E+?6Ļńň4Y[ƤªIņƛ$(0�+�¢

÷Śú6Ơ�Û7o|v�^��5 G-boxƾCACGTGƿ2Á8FEY[ƤªIć/"2�Ō
CF0�D�Y|Nhf\f6Š 3ƽ6Ơ�Û�o|v�^�ƶÍ5 G-boxIć.0�E
ƾMichael and McClung 2003ƿƾÉ 1ƿ�=+��Ĵ­ķA�Ĺ­ķ~Ð[d{[6÷Ś5ƭH
EY[Ƥª2%0 C-repeat (CRT)/drought-responsive element (DRE)ƾA/GCCGACƿ��ƻĴ:
6÷Ś5��HEY[Ƥª2%0 HS-1ƾATGGGCCCTAƿA HS-2(GTT(A/C)TAGA)�ƚƥ±
ĺ6÷Ś5��HEY[Ƥª2%0 ROS-1ƾ(TA)4G(AT)4ƿA ROS-2ƾTTCAATTTƿ�Ï¾
$F0�EƾRushton et al. 2002, Geisler et al. 2006ƿ�"�%+ŀÑÔ±6÷Ś5ƭHEY[Ƥ
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ª6�-�ė@íŜ4Ơ�Ûņľ¬

õ5ƭH.0�E@67Ĥđy\t

¬õ5ƭHEY[Ƥª1�E�á5

Y|Nhf\f6 89ƽ��6Ơ�
Û7ĒĖĞ��1Š 24ĔƬ¿Ě6
ņľĉ°IŐ%0�E(Michael et al. 
2008, Endo et al. 2014)�"6ņľĉ
°57¢­ķ5BEņľ¬õ@½=

F0�E@66�¢÷Śú6Ơ�Û

7¤Ơ�Û6Š 19ƽ1�E"2�
C�ØƢ¨6Ơ�Û6ņľĉ°7Ĥ

đĔƀ5BE@6,2ű�CF0�

EƾJiao et al. 2005ƿ� 

ģĺ6ĤđĔƀIĥĀ'EĔƀƠ

�Û7Ə¦ÆÛIV�e%0�D�

ęĐ5ņľm�SIć/

CIRCADIAN CLOCK ASSOCIATED 1 
(CCA1)2 LATE ELONGATED 
HYPOCOTYL (LHY)7�evening 
element (EE; AAAATATCT)2Á8FEY[ƤªIƂƇ'EƾÉ 2ƿ��5@ EE5Ƹ�%+
CCA1-binding site (CBS; AAAAATCT)@Ï¾$F0�D�"FC7)F*F¤Ơ�Û6 25ƽ
�B9 35ƽ6o|v�^�ƶÍ5ÝË%0�EƾWang et al. 1997, Harmer et al. 2000, Michael 
and McClung 2003)�CCA1/LHY7ēƴ5ņľm�SIć/ PSEUDO RESPONSE 
REGULATOR 9 (PRRǁ)/ PRR7/ PRR5Ơ�ÛŰ436ĔƀƠ�Û6Ə¦I�'2»Ĕ5�ÕĐ
5ņľm�SIć/ TIMING OF CAB EXPRESSION 1 (TOC1)�LUX ARRHYTHMO (LUX)�
EARLY FROWERING 4 (ELF4)436ņľIă¬'E�TOC17 TOC1 morning elementƾT1ME; 
TGTGƿ2Á8FEY[ƤªIƂƇ%�LUX7 LUX binding site (LBS; GAT(A/T)CG)2Á8F
EY[ƤªIƂƇ'E(Chow et al. 2012, Gendron et al. 2012)�"FC6ĤđĔƀ^}kSƈ5
ƂƇ$FEY[7ƤªI¤0ºH(E2�¡5Ɣ;+B�5¤Ơ�Û6�4D6Ƣ¨7Ĥđ

Ĕƀ¬õ1�E2�ü$FE� 
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"�%+Ĥđy\t¬õ5ƭHEY[Ƥª7�5ģĺ��¤�6ſğ�CĒC�5$F+

@61�E�%�%�Y[Ƥª5BEƏ¦¬õ57ţŭĻńú�ÝË'E"2��Ɠë6ţ

ŭ{pz6dx}[Syod�tſğ�CĒC�5$F//�E�ŧśĝ1Ĥđy\tIŐ

'Ơ�Û6o|v�^�ƶÍ57�long-day vasculature element (LVEǂ ACACGG)A short-
day vasculature element (SVEǂ GCGGGA)2�.+ď%�Y[Ƥª�ž§$F0�D�"F
CIć/Ơ�Û7ŶŲ43�6ţŭ17Ĥđy\tIŐ$4��$C5�telo-boxƾTBXƿ
A starch boxƾSBXƿ�protein boxƾPBXƿ2�.+Y[ƤªI@/Ơ�Û7�5ŶŲ5� 
EĤđy\t5ƭH.0�D�ŧśĝ16Ĥđy\tðĀ57ƭHC4�2ű�CFE
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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�$
� 

 
on	
������&,. %1#���

� 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�E
1Ǒ.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��ʘ
HAE�

^��_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�E
1ǉē/öH 

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

Reddy et al. 2013ʙ�ƕǁ+?_y�N]�Ws�L�k�e�tVɇƝȑ0ɢ
IǊ<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�tVɇƝȑ0ɢ
IǊ

<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+

?ȖýƲ
āʉ+�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�.

ɲ
ɎÏǁ�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+1ʚə
ɎÏəĿ+ɎÏ�FE,QUc�ȸȿãǆ�°��

Eʘ"0$>QUc��ʌ2�FʚQUc�_Uhv�W�ɉ�Eʙ�Ŷ+ʚɝ
ɎÏəĿ0đö

/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�*�DʚȖýƲ
ʘLuco 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�Ʋ
Qv^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�E
1ɗ/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�Éʚǽ
Ȟ@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+�'*?ł
L��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/Ń
ɵ¸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�CǊƣǙ60Ɏūʘ
HAEȚŜʙ0Ùō/(.�'*
EʘDodd et al., 

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

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

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� 
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� 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/ʕ
ĂĥÎǊȑàI?'*


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/Ń
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� ƬųǆǛ\^ųix¯z�­[Z]đE]ǞXîâknQŸȗCĖĆLm8Onk]

Ÿȗ^ǆǛȈY^ŠƱ\îåIn, ȾĕɄĿȭǴĢ\A>WŠƮ[ŸȗYJWǻȃX

Dm8µş, ǆǛȈ\^¸ŠƮ[ŸȗhđEĖĆLm8RNA ɂǂɏRNA granulesɐ̂ , O

]j?[ŸȗƗ]ÃǪŵX=mYǷ@m8 

� RNA ɂǂ\U>WƞƗ]ŚƶŤX^cYqZǸȔC[E, µǣ\^ɉŰe][>Ÿ

ȗX=m8óġ[ĝǕ^ưƻǘ\jTWƥ[mC, RNA ɂǂY^:RNA Y�²�}Ȉ

pýfƞÊǞXǱonW>[>ǆǛȈɂǂ;Y>@m8O]ĒDI^ħI[ɂǂXƪĺ

100 nm Ƹĳ, ĒD[ɂǂRYƪĺŜ µm dXĮĒíLmHYh=l, đE]x¯z�­

jlhĒD[Ÿȗ\[lĽm8H] RNA ɂǂ^, RNA ÃȂ]ČYJWÖD, mRNA ]ȏ

ȕiǖǹōæ, áǵ[Z\ȱomŸȗX=mYǷonW>m8Î@_, Ȓı, ŶƗ]Ʀ

ƞ\A>W microRNA ]ȦǰŅCƳInW>mC, microRNA ÏĖƧ[ mRNA áǵh

AGO �²�}ȈpŸŊĄĕYJQ RNA ɂǂXȉDW>mYǗ@knm8 

� Ū°�ª´X^, ȍÝBkáǵdX\Ǡm mRNA ]ĊŪƧ[æľ§y��¦pŷǽ

JQļ, RNA ɂǂ\ȱLm���}pǇÀLm8 

 
���).4��
	  &������

� DNA \^ǳBkĕbĴDǋCnmȞÆŇċCŤDǸInW>m8Onk]ȞÆŇċ
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CƦƞƁȸiþȐƝĎ]ďí\ŃKWŻǜLmQg\^, Łǰ[ DNA ɁĈBk mRNA 

CȍÝIn, ŻǜpœTQ�²�}ȈbYǖǹInmHYCŁǰX=mɏ�²�­¯�

~¤, ąɒɐ8 

� ƛĆ , �²�­

¯�~¤pŘ@m

ȞÆĕƦƛæľ§

y��¦^Ǻǆ\

ǵŮIn , đE]

ƯǲCĽknW>

m8Î@_, DNA B

k] mRNA ȍÝȯ

Ĕ^, DNA ¶\Ǹ

InQȍÝȯĔƔ

\ȍÝĄĕYĀ_

nm�²�}Ȉǔ

CǊúLmHYX

ÑȘInW>mɏƖÒ & Ųò 2017ɐ8Ik\ȍÝInQ mRNA ^��­u�²~I

n, ¸ǰ[u²�±²ɁĈCõlȵBn, ûŢ\ųĐ, L[oSǆǛȈbYȏȕInW

>EɏĒȄ 2017ɐ8ǆǛȈ\ȑlƭ>Q mRNA ^®¢�´¦bYș_n, �²�}Ȉ

\ǖǹInm8 

� µş, Ȇ]ȞÆĕƦƛæľɏ�z�t�°|ª°´�¬²ɐhĖĆJ, ȍÝōæ, 

mRNA ]ȝŎƧáǵ, �²�}Ȉ]ǖǹōæ[Z\jl, ȞÆĕ]Ʀƛ] on-off CȜâ

\ǿǀInW>mɏąɒɐ8ȍÝ° ¯X^, DNA §�¯íi��±}±¤�²í[Z

hȱol, Ʀƞ³áíƙŉiƝĎďí\ŃKQȍÝōæCĴDȉHInmHYhƯkn

WDQ8 

� ȍÝInQ mRNA ] 5’ũƽ\^{©��ŸȗC73’ũƽ\^£®s��¯ȬCɏpolyA

íɐÂêInm8Hnk]Ÿȗ^ǖǹȯĔ\Ȧǰ[ŸȗX=mYÙ\, mRNA ǟȌ]ę

ĝŅ\hĠ¹JW>m8mRNA ° ¯]�z�t�°|ª°´�¬²YJW^ , 

CCR4-NOT ǯúÊ\jm 3’ũƽ]ǝs��¯íɏȨŨk 2017ɐi Decapping ǯúÊ\

jm 5’ũƽ]{©��ŸȗáǵCȦǰX=mHYCƯknW>m8µǣƧ\^ 3’ũƽ

]ǝs��¯íCĴDȉHInQļ\, 5’ũƽ]{©��ŸȗáǵCȉHmYǗ@kn

W>m8dQŞQ[�z�t�°|ª°´�¬²§y��¦YJW, microRNA \jm
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�´��� RNA ]áǵiǖǹōææľhŠkBY[TW>m8Ik\ǖǹ° ¯³�

²�}Ȉ° ¯X^, ǖǹȯĔĄĕ]®²ȥíiǊú�²�}Ȉ[ZpÀJQǖǹō

æ, dQ«�{�²´�±�s�´¦Ǆ\jm�²�}Ȉáǵǉȋ[ZhŠkBY[

TW>m8 
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� ƬųƞƗ\AGmÃǪƧ[ RNA ɂǂYJW P-bodyɏprocessing bodyɐ, ��°�ɂǂ

ɏstress granulesɐ, ƵǉǆǛɂǂɏneuronal granulesɐ, ƞƀǆǛɂǂɏgerm cell granulesɐ

[ZCƯknW>mɏAnderson & Kedersha 2006ɐ8ŶƗ\A>W^, HndX\ P-body

i��°�ɂǂ\ê@, microRNA i siRNA [Z] small RNA pýfɂǂ[ZCĖĆL

mHYCƯknW>mɏąɓɐ8OnPn]RNAɂǂ\^»ǰŸŊĄĕCĖĆLmC, O

]µş, ÙȖJWĖĆLmŸŊĄĕhđŜ=mYǗ@knW>m8 

� P-body ^ RNA ]áǵɏ5’ũƽ]{©��ŸȗáǵY 3’ũƽ]ǝs��¯íɐ\ȱo

m RNA ɂǂX=l, O]ŸŊĄĕYJWǝ{©��ȤǅX=m DCP2 YO]ƫ½ËƟ

ĄĕX=m DCP1, 5’ũƽw{��}°s´� XRN1 \ê@, ǝs��¯íȤǅX=m

CCR4-NOT ǯúÊ[ZCýdnW>m(Iwasaki et al. 2007, ȨŨk 2017)8dcp1 ďƥÊ^

¡¨ŕúÊX^ǚŅǡž]ǪƛćpƳLHYBk7äŧ]ƦƞƁȸX]ĸéCƳĂIn

mɏIwasaki et al. 2007; Motomura et al. 2012ɐ8 

� ��°�ɂǂ^, ǆǛCƞž\ȱomj?[Ķ>��°�pöGQȹ\ķŊInm
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RNA ɂǂX=m8HndX\, ìƗǆǛiȤƂX^, ɌƏ, �ǅ, vu¯�ňŰ, UV ƕ

ĥ, űɇɆɈ[Z\jl, ��°�ɂǂCǼĦInmHYCƯknW>mɏKedersha et 

al. 2013ɐ8ŶƗX^, ɌƏ, Éȥǅ, Ɍčƒĳ, §�¯�©�¨²ȥ[Z]çƑ\jl�

�°�ɂǂCǼĦInmɏWeber et al. 2008, Pomeranz et al. 2010, Sorenson & Bailey-Serres 

2014, Yan et al. 2014, Gutierrez-Beltran et al. 2015ɐ8��°�ɂǂ]»[ŸŊĄĕYJW^, 

mRNA \ê@, ǖǹȯĔĄĕǔɏeIFsɐ, £® A Ǌú�²�}Ȉǔ, 40S ®¢�´¦ħ�

�«���[ZCƯknW>m8Hnk]ŸŊĄĕ^, ȿ��°�ūÄ·X^ǖǹ¤�

�®´YJWǆǛȈ\áśLmj?\ǴĢInmC, ��°�ūÄ·X^ɂǂpķŊ

Lmɏąɓɐ8 

� microRNA ^ Argonaute �²�}ȈɏAGOɐY RISCɏRNA-induced silencing complexɐ

pķŊJ, ƫǭƧ[ȣãpœU RNA ]áǵpĴDȉHL8ŶƗ]Ʀƞ³ǈǐáíȚƸ

X^Ó9]ǆǛCìG[>Qg, ǆǛ]ÈǒŇċ\ĊV>WǆǛ]áíƙŉCƅĝI

nW>m8H]ǆǛ]ÈǒŇċ, L[oSǆǛáí]ĎƣpŠƱ\îåLm]C, >E

UB]ŶƗ microRNA ]ÃǪƧ[ĸéYǷ@m8microRNA YO]áǵ�´���X=

mȍÝĄĕ mRNA ^ƥ[mǆǛXƦƛJ, ȺŕLmǆǛbƷìLm8microRNA YȍÝ

Ąĕ mRNA YßÅ?Y, O]ǆǛX^ȍÝĄĕCƦƛXDM, OHCǈǐáí]Ďƣ

Y[m8Î@_, miR165/miR166 ^ HD-ZIPIII ȍÝĄĕ�r¥®´pæľJ, Ǧ]ǪǬ]

ĎƣƅĝiŴ]áíĎƣƅĝ\ȱoTW>m(Mallory et al. 2004a, Kidner & Martienssen, 

2004, Carlsbecker et al. 2010, Miyashima et al. 2011, Sakaguchi & Watanabe, 2012)8dQ

miR164 ^ NAC ȍÝĄĕ�r¥®´pæľJ, ǤɀáǫǈǐĎƣ]ƅĝ, ÔŴķŊ, Ǧ

]ȫŽķŊ[Z\ȱoTW>m(Laufs et al. 2004, Mallory et al. 2004b, Guo et al. 2005, 

Nikovics et al. 2006)8×\ǇÀJQ dcp1 ďƥÊX^7>EUB] miRNA ]ǧƺCƍĨ

JW>mHYCǲ>RInW>mC(Motomura et al. 2012)7O]ƍĨLm miRNA ƹ\

miR165/166 Aj` miR164 CaEdnW>m. DCP1/P-body CH?JQĎƣƅĝ]ȚƸ

\ȱ¹J7äŧƦƞ]Șǩ\Ġ¹JW>m]BhJn[>8 

� µş, siRNA h AGO �²�}Ȉ, RDR6, SGS3 YÙ\ siRNA body pķŊJW>m

ɏKumakura et al. 2009, Jouannet et al. 2012ɐ8siRNA ^vu¯� RNA [Z]ĐŬ RNA p

áǵ�´���YJ, vu¯�ňŰpȲľLmĸépœTW>m(Ruiz-Ferrer & Voinnet 

2009)8siRNA hǆǛȰpƷìLmQg, =mǦXvu¯�ňŰCȉHl siRNA CúŊ

InmY, O] siRNA ^ŶƗÊØÊbĲCmHYCƯknW>m8H] siRNA ]úŊ

\^, �´��� RNA pȪćYJWɓŪȬ RNA pķŊLm RNA ÏĖƧ RNA £®§

­´�ɏRDRɐCÖE8[A£® A pż>QŶƗǟȌ] mRNA Cƥİ\ǧƺJQČú, 
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Onk] mRNA Bkh siRNA CƞŊIn, siRNA ] RNA ōæ§y��¦Cȁà]èY

JWŶƗ]ƞǙpȳğLmHYCƯknW>m (Cao et al. 2014; Martínez de Alba et al. 

2015; Zhang et al. 2015, Ĭĭ 2017)8dQ siRNA ^ RNA ŔüŅ DNA §�¯íɏRNA 

directed DNA Methylation, RdDMɐY>?§y��¦\jlųÛ DNA §�¯ípǼĦJ, 

�­²�£�²]ōæiȞÆĕ]ȍÝǿǀ\ÖEHYhƯknW>m(Matzke et al. 

2015)8 

 
����
	 2-������ 
� ìƗ\AGmđE]×ǩưƻBkŹ9[ RNA ɂǂ]ķŊ§y��¦CŠkBY[T

W>m8��°�ɂǂ]ķŊ\ȱJW^, ǖǹȯĔĄĕX=m eIF2α]®²ȥíi��

°�ɂǂǼĦ�²�}Ȉ TIA-1 ]ƦƛCȦǰX=mHYCƯknW>QɏKedersha et al. 

1999ɐ8ȒıX^đE] RNA ɂǂĩĆ�²�}ȈC, Ƙĝ]ƼÊŸȗ^œQ[>C7IDR 

(intrinsically disordered regions)ȣãi LCɏlow complexityɐȣãYĀ_nmƘĝ]s¥

�ȥſĊ\jmǑlȓJȣãpœS7�²�}Ȉ—�²�}ȈȰƫ½ËƟ\ÖEHYC

ŠkBYInW>m8Hnk]ȣãpœU�²�}Ȉ^ƐƋºXs¥±u�Źǎǌpķ

ŊJW�¯ƙ\ÞȼLmQg, RNA ɂǂ]ĊƲY[mùǜŅCƳĂInW>mɏKato et 

al. 2012, Han et al. 2012ɐ8H]ƫȍŖƛȅɏLLPSɔliquid- liquid phase separationɐ^ǆǛ

ÛXhȉHmYIn, ��°�ɂǂi P-body, ƞƀǆǛɂǂ[Z] RNA ɂǂ]e[k

M, ųħÊ, y�´¯¢�t[ZųÛ RNA ŸȗÊ\hÙȖLm§y��¦X=mYǗ

@knW>mɏBanani et al. 2017ɐ8ŶƗ\A>W^ TIA-1 ¡¨±~X=mYInm UBP1

CûĝIn, ��°�ɂǂb]ĩĆCƱǻInW>mɏSorenson & Bailey-Serres 2014ɐ8

JBJ[Ck, O]Ǻǆ[áĕ§y��¦iO]Á] RNA ɂǂǼĦĄĕ\U>W^c

YqZƯǲC[>8 

� ŶƗ\A>Wh, RNA ɂǂķŊ§y��¦]ĊŪòƜ^ÙȖL\mƔCđ>YǗ@

knmC, O]µşXŶƗƚƘ[ƦƞiƝĎŃƾ§y��¦\AGm RNA ɂǂ]ÖD

i, O]ŸŊĄĕ^ŶƗƚƘX=mùǜŅhɌ>8Î@_, ŶƗ] mRNA i microRNA

^ǆǛȰpƷìLmHYX, ǆǛȰ�¥ª��´�¬²]ĊƨY[l, Ʀƞ³ǈǐáí

pŘ@W>m8dQŶƗÊØÊXhǁƿpȖKQ microRNA, siRNA, mRNA [Z]ȏȕ

CƱǻInW>mɏMolnar et al. 2010, ȧƠ÷ 2017ɐ8Hnk RNA ]ǆǛȰƷǩ^, ǆ

ǛȰXǆǛȈpǏFŶƗƘŦ]ŸȗX=m�­�¨��¤´�pÀJWǩonW>m

YǗ@knW>m8JBJ[Ck, O]§y��¦\ȱJW^¸Š[ƔCđEſInW

>m8µş, ìƗX^ microRNA Cw{��u�´��/w²��u�´��\jTWá
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ƈħǛX=mw{��´¦\ÏĖJWȏȕInmHYCƯknWAlɏMittelbrunn & 

Sanchez-Madrid 2012ɐ, ŶƗ\A>Wh microRNA, siRNA, mRNA [ZC�­�¨��

¤´�]e[kM, w{��´¦ÏĖƧ\ȏȕInmùǜŅhǗ@knm8ƛĆ, ŶƗ

ǆǛÛX^, RNA ɂǂCȮȊȽȏȕInmČú^s}�²ǎǌÏĖƧ\ǩon, ǆǛǪ

īX^Ŀħƿ¶\ÐƤInmHYCƯknW>mɏHamada et al. 2012, Steffens et al. 

2014ɐ8ǆǛȰ] RNA ȏȕ\ȱJWh, Ǻǆ[ RNA ɂǂu§´�²~pĊƨYJQư

ƻ\jl, ţ[mƯǲCĽknmHYCŧĻInm8 

� dQƝĎŃƾ\A>Wh, ƚƘ[æľCĖĆLmùǜŅC=m8Ǣÿƌ>HY\Ȗİ

ƞǙūÄX=m 22℃XƞǙINQ�±u����X^ , P-body ]ŸŊĄĕX=m

decapping Ȥǅ]ƊŅºŀX=m DCP2 ]ĒðCǆǛȈ\ĖĆJW>Q8ǆǛȈ\Œś

JW>Q DCP2 C, ɌƏūÄ\ABnmY DCP1 XźȃJQ P-body \ȼƺLmHYCƱ

ǻIn, ɌƏūÄƘƥƧ\ P-body \AGm decapping ƊŅCɌdTW>mùǜŅCƳĂ

InW>mɏMotomura et al. 2015ɐ8RNA ɂǂ^, ƞÊǞXǱonWAkM, ǆǛȈ\Ė

ĆLm RNA-�²�}Ȉ]ɂǂX=m8O]Qgƥ[m RNA ɂǂCȺŕJWŕǶLm

RGX, RNA ]öGƎJCXDmùǜŅC=m8Î@_, ûKɌƏūÄXǼĦInm�

�°�ɂǂ^, P-body \ȺŕJWĩĆLmHYCƯknWAl, ��°�ɂǂÛXǖǹ

ōæInQ RNA ^, ƙƇ\ŃKW, RNA áǵ\ȕknW>mùǜŅCǗ@knm8H

]j?[RNAɂǂȰX]RNA]ilõl[Z^ìƗXh¸Š[ƔCđE, ¿ļ]ǾɃ

X=m8 

 
����%�"1�

� ŶƗ\A>W:RNA ɂǂưƻ;YȩŌTQưƻ^HndXĨ[E, ɍŠŧX=mYǷ

@m8JBJ[Ck RNA ɂǂưƻ]ĊƲY[TQøÚƧ[Ğɋ]đE^, Ğ^ŶƗX

ǩonWDQ8Î@_, ��°�ɂǂ^:ƝĎďí\ģŃLmQg\�v�{´�²~

ȞÆĕ]ǖǹpōæJ, ŞQ[ƝĎ\ȜŃLmQg]�²�}ȈpƦƛINm;ĸép

ŐTW>mYInW>mC, H]Ğɋ^�¤�ĉɇǆǛXǩonW>mɏNover et al. 

1989ɐ8Ĺk^ 25℃Y 40℃]�¤�ĉɇǆǛ]Ø�²�}Ȉ�±�ru¯ô`, ƞíĘ

Ƨ\ǃǮJQ��°�ɂǂƢáɏHeat shock granulesɐBkŏßJQ mRNA pƟ>W in 

vitro ǖǹINQ�²�}Ȉ�±�ru¯pƃȎǵŮJ, ǊȀpĽW>m8 

� ìƗ]ƵǉǆǛɂǂɏneuronal granulesɐ, ƞƀǆǛɂǂɏgerm cell granulesɐ[Z^

ǖǹōæInQƙŉXǆǛÛpș_n, O]=YȜâ[Čŋ³�u¥²~XǖǹCȯĔ

InmHYCƯknW>m8H]j?[ mRNA ]ȏȕ^ 1930 ıÃ\ǩonQĮĒñǆ



������� ������ 
������

�
�� % " �	��
�� ( & !#���

����'#)$#*� ������ 
������

 

ǛǨɅX=my��®ɏɒǆǛXťĒ 10 cmɐpƟ>QĞɋXƦǲInWAl, Ċȡ\

=mųBkÕCķŊInm¶ȡdXŇċÆțƗȈɏmRNAɐCȕknmHYCƳĂIn

W>Q(Haemmerling 1963)8ƛĆ, ¨�¯ŶƗYJWÍonm�±u����pýfȶ

¶ŶƗX^, Ʀƞæľ\ȱomj?[ǖǹōæɂǂ]ĖĆǟÊ^ǲUBTW>[>C, 

ɅÇJQ§y��¦CĖĆLmùǜŅ^Ɍ>Yńonm8 

� RNA ɂǂ^, ŶƗ]Ʀƞiǈǐáí, ƝĎŃƾ[ZpŘ@m RNA ÃȂ]ĊƨX=l, 

ůQJW>mĸé^ĒD>8¿ļ, :RNA ɂǂ;Y>?Ÿȗ\ƉƩJQưƻCŪŵíL

mHYX, Ik[mŶƗƶĘưƻ]ƦĪYƌíCŧĻInm8 

 

���/0�

Ūưƻ^ JSPS ƶưȇ JP16H01229, JP15H04628 ]ëŊpöGQh]XL8 

 

���#,'+�

 
Banani, S.F., Lee, H.O. & Hyman, A.A. 2017. Biomolecular condensates: organizers of 

cellular biochemistry. Nat. Rev. Mol. Cell Biol. 18, 285–298.  

Cao, M., Du, P., Wang, X., Yu, Y.-Q., Qiu, Y.-H., Li, W., Gal-On, A., Zhou, C., Li, Y. 
& Ding, S.W. 2014. Virus infection triggers widespread silencing of host genes 
by a distinct class of endogenous siRNAs in Arabidopsis. Proc. Natl. Acad. Sci. 
U. S. A. 111, 14613–8.  

Carlsbecker, A., Lee, J. Y., Roberts, C.J., Dettmer, J., Lehesranta, S., Zhou, J., Lindgren, 
O., Moreno-Risueno, M. a, Vatén, A., Thitamadee, S., Campilho, A., Sebastian, 
J., Bowman, J.L., Helariutta, Y. & Benfey, P.N. 2010. Cell signalling by 
microRNA165/6 directs gene dose-dependent root cell fate. Nature 465, 316–
321.  

Guo, H. S., Xie, Q., Fei, J.-F. & Chua, N.-H., 2005. MicroRNA Directs mRNA 
Cleavage of the Transcription Factor NAC1 to Downregulate Auxin Signals for 
Arabidopsis Lateral Root Development. Plant Cell 17, 1376–1386.  



������� ������ 
������

�
�� % " �	��
�� ( & !#���

����'#)$#*� ������ 
������

 

Gutierrez-Beltran, E., Moschou, P.N., Smertenko, A.P. & Bozhkov, P. V, 2015. Tudor 
staphylococcal nuclease links formation of stress granules and processing bodies 
with mRNA catabolism in Arabidopsis. Plant Cell 27, 926–943.  

Hamada, T., Tominaga, M., Fukaya, T., Nakamura, M., Nakano, A., Watanabe, Y., 
Hashimoto, T. & Baskin, T.I. 2012. RNA processing bodies, peroxisomes, Golgi 
bodies, mitochondria, and endoplasmic reticulum tubule junctions frequently 
pause at cortical microtubules. Plant Cell Physiol. 53, 699–708. 

Han, T.W., Kato, M., Xie, S., Wu, L.C., Mirzaei, H., Pei, J., Chen, M., Xie, Y., Allen, J., 
Xiao, G. & McKnight, S.L. 2012. Cell-free formation of RNA granules: Bound 
RNAs identify features and components of cellular assemblies. Cell 149, 768–
779. 

Iwasaki, S., Iwasaki, S., Takeda, A., Motose H., & Watanabe, Y. 2007. Characterization 
of Arabidopsis decapping proteins AtDCP1 and AtDCP2, which are essential for 
post-embryonic development.  FEBS Letters 581, 2455-2459. 

Jouannet, V., Moreno, A.B., Elmayan, T., Vaucheret, H., Crespi, M.D. & Maizel, A. 
2012. Cytoplasmic Arabidopsis AGO7 accumulates in membrane-associated 
siRNA bodies and is required for ta-siRNA biogenesis. EMBO J. 31, 1704–1713.  

Kato, M., Han, T.W., Xie, S., Shi, K., Du, X., Wu, L.C., Mirzaei, H., Goldsmith, E.J., 
Longgood, J., Pei, J., Grishin, N. V., Frantz, D.E., Schneider, J.W., Chen, S., Li, 
L., Sawaya, M.R., Eisenberg, D., Tycko, R. & McKnight, S.L. 2012. Cell-free 
formation of RNA granules: Low complexity sequence domains form dynamic 
fibers within hydrogels. Cell 149, 753–767.  

Kedersha, N., Ivanov, P. & Anderson, P. 2013. Stress granules and cell signaling: More 
than just a passing phase? Trends Biochem. Sci. doi:10.1016/j.tibs.2013.07.004 

Kedersha, N.L., Gupta, M., Li, W., Miller, I. & Anderson, P. 1999. RNA-binding 
proteins TIA-1 and TIAR link the phosphorylation of eIF-2α to the assembly of 
mammalian stress granules. J. Cell Biol. 147, 1431–1441.  



������� ������ 
������

�
�� % " �	��
�� ( & !#���

����'#)$#*� ������ 
������

 

Kidner, C. & Martienssen, R. 2004. Spatially restricted microRNA directs leaf polarity 
through ARGONAUTE1. Nature 428, 81–84.  

Kumakura, N., Takeda, A., Fujioka, Y., Motose, H., Takano, R. & Watanabe, Y. 2009. 
SGS3 and RDR6 interact and colocalize in cytoplasmic SGS3/RDR6-bodies. 
FEBS Lett. 583, 1261–1266.  

Laufs, P., Peaucelle, A., Morin, H. & Traas, J. 2004. MicroRNA regulation of the CUC 
genes is required for boundary size control in Arabidopsis meristems. 
Development 131, 4311–4322. 

Mallory, A.C., Dugas, D. V., Bartel, D.P. & Bartel, B. 2004. MicroRNA regulation of 
NAC-domain targets is required for proper formation and separation of adjacent 
embryonic, vegetative, and floral organs. Curr. Biol. 14, 1035–1046.  

Mallory, A.C., Reinhart, B.J., Jones-Rhoades, M.W., Tang, G., Zamore, P.D., Barton, 
M.K. & Bartel, D.P. 2004. MicroRNA control of PHABULOSA in leaf 
development: importance of pairing to the microRNA 5’ region. The EMBO 
journal 23, 3356–3364.  

Martínez de Alba, A.E., Moreno, A.B., Gabriel, M., Mallory, A.C., Christ, A., Bounon, 
R., Balzergue, S., Aubourg, S., Gautheret, D., Crespi, M.D., Vaucheret, H. & 
Maizel, A. 2015. In plants, decapping prevents RDR6-dependent production of 
small interfering RNAs from endogenous mRNAs. Nucleic Acids Res. 43, 2902–
2913. 

Matzke, M., Kanno, T. & Matzke, A. J. M. 2015. RNA-Directed DNA Methylation: 
The Evolution of a Complex Epigenetic Pathway in Flowering Plants. Annu. Rev. 
Plant Biol. 66, 243–267.  

Mittelbrunn, M. & Sánchez-Madrid, F. 2012. Intercellular communication: diverse 
structures for exchange of genetic information. Nat. Rev. Mol. Cell Biol. 13, 328–
335.  



������� ������ 
������

�
�� % " �	��
�� ( & !#����

����'#)$#*� ������ 
������

 

Miyashima, S., Koi, S., Hashimoto, T. & Nakajima, K., 2011. Non-cell-autonomous 
microRNA165 acts in a dose-dependent manner to regulate multiple 
differentiation status in the Arabidopsis root. Development 138, 2303–2313.  

Molnar, A., Melnyk, C.W., Bassett, A., Hardcastle, T.J., Dunn, R. & Baulcombe, D.C. 
2010. Small silencing RNAs in plants are mobile and direct epigenetic 
modification in recipient cells. Science 328, 872–875.  

Motomura, K., Le, Q.TN., Kamakura, N., Fukaya, T., Takeda, A. & Watanabe, Y., 
2012 . Decapping proteins are involved in the accumulation of miRNA in 
Arabidopsis thaliana. RNA Biology 9, 644-652. 

Motomura, K., Le, Q.T.N., Hamada, T., Kutsuna, N., Mano, S., Nishimura, M. & 
Watanabe, Y. 2015. Diffuse decapping enzyme DCP2 accumulates in DCP1 foci 
under heat stress in arabidopsis thaliana. Plant Cell Physiol. 56, 107–115.  

Nikovics, K., Blein, T., Peaucelle, A., Ishida, T., Morin, H., Aida, M. & Laufs, P. 2006. 
The balance between the MIR164A and CUC2 genes controls leaf margin 
serration in Arabidopsis. Plant Cell 18, 2929–2945.  

Nover, L., Scharf, K.D. & Neumann, D. 1989. Cytoplasmic heat shock granules are 
formed from precursor particles and are associated with a specific set of mRNAs. 
Mol. Cell. Biol. 9, 1298–308.  

Pomeranz, M.C., Hah, C., Lin, P.-C., Kang, S.G., Finer, J.J., Blackshear, P.J. & Jang, J. 
C. 2010. The Arabidopsis tandem zinc finger protein AtTZF1 traffics between 
the nucleus and cytoplasmic foci and binds both DNA and RNA. Plant Physiol. 
152, 151–165.  

Ruiz-Ferrer, V. & Voinnet, O. 2009. Roles of plant small RNAs in biotic stress 
responses. Annu. Rev. Plant Biol. 60, 485–510.  

Sakaguchi, J. & Watanabe, Y. 2012. miR165/166 and the development of land plants. 
Develop. Growth Differ. 54, 93-99. 



������� ������ 
������

�
�� % " �	��
�� ( & !#����

����'#)$#*� ������ 
������

 

Sorenson, R. & Bailey-Serres, J. 2014. Selective mRNA sequestration by 
OLIGOURIDYLATE-BINDING PROTEIN 1 contributes to translational control 
during hypoxia in Arabidopsis. Proc. Natl. Acad. Sci. U. S. A. 111, 2373–2378.  

Steffens, A., Jaegle, B., Tresch, A., Hülskamp, M. & Jakoby, M. 2014. Processing-body 
movement in Arabidopsis depends on an interaction between myosins and 
DECAPPING PROTEIN1. Plant Physiol. 164, 1879–92.  

Weber, C., Nover, L. & Fauth, M. 2008. Plant stress granules and mRNA processing 
bodies are distinct from heat stress granules. Plant J. 56, 517–530.  

Yan, C., Yan, Z., Wang, Y., Yan, X. & Han, Y. 2014. Tudor-SN, a component of stress 
granules, regulates growth under salt stress by modulating GA20ox3 mRNA 
levels in Arabidopsis. J. Exp. Bot. 65, 5933–5944. 

Zhang, X., Zhu, Y., Liu, X., Hong, X., Xu, Y., Zhu, P., Shen, Y., Wu, H., Ji, Y., Wen, 
X., Zhang, C., Zhao, Q., Wang, Y., Lu, J. & Guo, H. 2015. Suppression of 
endogenous gene silencing by bidirectional cytoplasmic RNA decay in 
Arabidopsis. Science 348, 120–123.  

ĬĭĵĜ 2017. ŶƗ]RNA�u°²�²~ŻŸCǟį]mRNApřŗJ[>§

y��¦ BSJ-review 8, 58-70. 

ĒȄǓƆȢ 2017. pre-mRNA��­u�²~CæľLmŶƗ]Ʀƞ³ƝĎŃƾ³

ăěÜƞ  BSJ-review 8, 81-99. 

ƖÒƪƴ & Ųòłē 2017.  RNA�u°²�²~YŶƗvu¯� BSJ-review 
8, 48-57. 

ȨŨņ¼ɑǥƄšő & ïǦơÌĕ 2017.  mRNA]£®AȬpÀJQȍÝļæ

ľ  BSJ-review 8, 111-121. 

ȧƠ÷Ɯė 2017. ŶƗ]ØȌpȮȊȽƷǩLm RNA  BSJ-review 8, 122-130. 



������� ����
� 	�
��
�

 

����#&#����"�� �'��

����!�$��%� ����
� 	�
��
�

�

 

mRNA��� A6����3�!�" 

 

ǠĶĚ�ǸƦŕĲĥǸ·Ʃů�è 

µřǓäêäêǧ� ŬÍƀêǧ 

�060-0810 µřǓĺÿüµ¶µ 10ĻƲ 8}Ÿ 

µřǓäêŪêǘ 5Äǵ 

�

Yuya Suzuki, Tomohiro Arae and Yukako Chiba 

Poly(A)-dependent Post-transcriptional Regulations 

Keywords: deadenylation, mRNA decay, Poly(A), Post-transcriptional Regulation 

Graduate School of Life Science, Hokkaido University 

Sapporo, Hokkaido, 060-0810 Japan 

DOI: 10.24480/bsj-review.8b8.00118 

 

98	�
� 
Ǘ�èŴũ&½ó$®Ē'ǸƏƞ&gmCNSLN&ƕĦ2ǸƏƞ¤
4*Əƞâ&ūß

á´%ǖĖ�7�0%ǜƳ!�7�PyXsuYHj"��©èŬŤê&ÛĹ¼Ū%ſ�8

74�%ǸǗ�ěÜ'ÛĹŶ% DNAǸmRNAǸSy`Gǃ&ǯ%�ǔ�87�ÅőǪ%
�

7ŴũƼƉ�ĴƑŶ$Sy`GǃǞ;Ŗï�7&%ǜƳ!�7|į!ǸǗ�èŴũ®Ē%ǥ

�7ã�&Žƃ'Ǉ¦®Ē%šŠ�ĉ 58 
6ǸǇ¦ďƼƉ"6:� mRNA©Ƶ%47

Ŵũ®Ē&Žƃ�'�.6ã�$�����$�5ǈāǸmRNA &ëï´2ƚƷ²Ũ&ƼƉ

%47Ǘ�èŴũ®Ē&ǜƳĘ�Ō�"ı5�"$� 
6Ǹƴƨ"� '$5$�ǜƳ$

®ĒőǪ!�7"ƶ	7�ĹƗƻ' mRNA& 3’ĸƆ%�±�87it AǢ%šŠ;ĉ Ǹi

t AǢ;���Ǘ�èŴũ®Ē;�ē"��it AǢ&Č°%�� Ǹ��ĮāŃŤ&©ǝ

!ı5�%$���Ľ;Ɛ��7� 

 

:8�� A6� � 
źŁŬŤ!'ǸŁ¤!Ǉ¦%46Æğ�8� pre-mRNA � 5’FoUeŇǎ&�±ǸNes



������� ������ 	�
��
�

 

����#&#����"�� �'��

����!�$��%� ������ 	�
��
�

�

@LyHǸ3’ĸƆ,&it AǢ&�±"��ewPLyH;Â�Ǹğţ mRNA"$6Łâ,

ĭ¨�87��%�­&Ǘ�è%
�7Ƶļ�5ǸmRNA&it AǢǣ'Ǘ�è�"%Ų$

6Ǹit A Ǣ' mRNA &ëïĘ2ƚƷ²Ũ%ċǮ;�	7"���"�ſ�8� (Preiss et 

al., 1998; Tucker et al., 2001)�|į!Ǹ�8.!'I^lx@Y$it AǢǣ&Çï�ġƮŶ

%Óǭ!����0Ǹ���� mRNA&ëïĘ2ƚƷ²Ũ%
�7it AǢǣ&ǜƳĘ'�

­&Ǘ�è!&ǀƽ%ű.� ������Ǹ��Įā&Ǥ% polyadenylation state array 

(PASTA)ǸTAIL-seqǸpoly(A)-tail length profiling by sequencing (PAL-seq) $#&Ǹit AǢǣ

;ƖƘŶ%ĪŝzÇï�7Ġŗ�žƅ�8Ǹit AǢǣ"Ǘ�èŴũ®Ē&ǥ:6%�� 

I^lx@Y$vfu!&ǀƽ�$�8ç0 �7 (Beilharz & Preiss, 2007; Subtelny et al., 

2014; Chang et al., 2014)��5%Ǹ�85&it AǢǣ&I^lx@Y$Ƶļ%4� ǸmRNA

¢�&it A Ǣǣ&©ý'ŬŤƁ%4� ä
�Ų$6Ǹit A Ǣ&ĀÖǣ'ǚŒ!ƍ 30

ÞÛǸÎ�ǳ!ƍ 82 ÞÛǸ�� ŃŤ!ƍ 58 ÞÛ!�7�"�ſ�8� (Subtelny et al., 

2014)���!'ǸǚŒǸÎ�ǳǸŃŤ%
�7żƴ;Û%Ǹit AǢ&Č°%�� ņƻ�

7� 

:798�� A6�,/ 
mRNA&it AǢ&Č°"� ƚƷ²Ũ&®Ē�ħ�587�mRNA' 5’ĸƆ&FoUe

Ňǎ%ƓÆ�7Òè!�7 eukaryotic initiation factor 4E (eIF4E) "Ǹit AǢ%ƓÆ�7Sy

`Gǃ!�7 Poly(A) binding protein (Pab1p) � eIF4G;�� Ź��ŭ�7�"%4� ū

ŦŇǎ;Á7 (Tarun & Sachs, 1996)��&ūŦŇǎ%46ǸƚƷƑƓď%|Ą mRNA�5Ƶ

Ǭ��thR{l�¥* mRNA& 5’ĸƆ%tGu{X�82��$6ǸƚƷ²Ũ�~İ�7

"ƛ	587 (Hong et al., 2017)�.�ǸÇ� mRNA!1ǣ�it AǢ;Ħ�1&'Ƿ�ƚƷ

²Ũ;ſ��"�5ǸƚƷ²Ũ&®Ē%
�7it A Ǣǣ&ǜƳĘ�ſ�8� (Preiss et al., 

1998)����$�5�8.!Ǹ��&Ǘ�è%
�7it AǢǣ"ƚƷ²Ũ%ǥ�7Žƃ&

ã�'Ǹ�%>ctDVmEBu$#&»ŒƏƞ"��Ņ0 ťŐ$Əƞ;ŭ� ƭ:8 


6Ǹ�5%�85&I^lx@Y$Źǥ%�� 'ǣ�ǤƵı�8 �$����ǈāǸ

ǚŒ;ŭ��it A Ǣǣ&ƖƘŶ$ÇïĠŗ&žƅ%46Ǹit A Ǣǣ" mRNA ~&th

R{l&óĄ%Ŏ&Źǥ�ſ�8� (Beilharz & Preiss, 2007; Lackner et al., 2007)��&�"'

ǚŒ%
� Ǹǣ�it AǢ;Ħ� mRNA'ƚƷ²Ũ�Ƿ��È��7�";ſ� �7�

|į! PAL-seq "thR{lewc=@tyH%47Ƶļ�5ǸQdsc?ULp2>ct

DVmEBu!'ƝŴŬ¬ĵ%��7ƞƝĵ.!&Əƞ!it AǢǣ"ƚƷ²Ũ%Ŏ&Źǥ

�ƴ587&%ô�Ǹ�&ď&¼ơƝ&Əƞ!'�&Źǥ�Ðæ�7�"�ſ�8� 

(Subtelny et al., 2014)��85&�"�5Ǹit AǢ%47ƚƷ²Ũ&®Ē'�7ťï&ĳĵ

2ťï&Əƞ%
� ŊƟ�7"ƛ	58 �7�ŃŤ!'�&4�$I^lx@Y$it

AǢǣ"ƚƷ²Ũ%ǥ�7Ƶļ�ķ�ƭ:8 
5�Ǹ�ď&Ƶļ�ĵč�87� 
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:7:8�� A6� mRNA���# 
mRNA&it AǢ&1�)"�&Č°"� ã�ǀƽ�8 �7&�Ǹit AǢ" mRNA

&ëïĘ"&ǥ:6!�7� 

źŁŬŤ%
�7 mRNA©Ƶƒǆ'ă��é�8 
6ǸƠ>W[u´ǚƎ%47it A

Ǣ&Ǩ¾�Ĵ¬&őǪ!�6ǸĎǍőǪ!�7"ƛ	58 �7�it AǢ�Á6Ǩ�8�

mRNA 'Ɣ� ƠFoUeǚƎ!�7 Decapping 1 (DCP1)/DCP2 ƱÆ�%46FoUeŇǎ

�Á6Ǩ�87  (Beelman et al., 1996; Xu et al., 2006)��&ďǸmRNA ' 5’ĸƆ�5

Exoribonuclease (XRN) %4� ©Ƶ�87�Ǹ3’ĸƆ�5 EXOSOME %47©Ƶ;Â�7 

(Ô 1ǸLarimer & Stevens, 1990; Souret et al., 2004; Mitchell et al., 1997; Chekanova et al., 2007)� 

Ơ>W[u´ǚƎ'ƱĮƁǳéÕ�ǸǚƎŘĘYm@y&Ňǎ�5ä
�©� Asp-Glu-

Asp-Asp (DEDD) " Exonuclease-endonuclease-phosphatase (EEP) &+��&c=kt{%©ǳ

�87�ǚŒ%
�7�Ƴ$Ơ>W[u´ǚƎ' EEPc=kt{%É.87 Carbon catabolite 

repressor 4 (Ccr4p) !�6ǸDEDDc=kt{%É.87 Ccr4 associate factor 1 (Caf1p) "Ź�

�ŭ�7�"%46ûä$Sy`GǃƱÆ�!�7 Ccr4-Negative on TATA (Not) ƱÆ�;Ċ

ğ� �7�Î�ǳ"ŃŤ' Ccr4p" Caf1p&gnwH%±	 ǸPoly(A)-specific ribonuclease 

(PARN) "4(87Ơ>W[u´ǚƎ;Ħ��ǚŒ"Î�ǳ!' Poly(A) nuclease 2 (Pan2p) 

/Pan3pƱÆ�1Ơ>W[u´ǚƎ"� �
ǸCCR4-NOT ƱÆ�"¹Ƽ� it AǢ©Ƶ;

ƭ� �7 (Yamashita et al., 2005)� 

ǚŒ& ccr4 áŲŀ!'�ƯŶ$ mRNA &it A Ǣ�ǣ�$� 
6Ǹ���&¸Ŝĵ�

ǣ�$7 (Tucker et al., 2001)�.�Ǹit AǢ%ƓÆ�7Sy`Gǃ!�7 Pab1p� CCR4-

NOTƱÆ�%47Ơ>W[u´ÀĖ;Ǧñ�7 (Tucker et al., 2002)��85&�"'ǸǚŒ

%
� it AǢ� mRNA&ëï´%ǜƳ!�7�";ſ� �7�I^lx@Y$Ƶļ�

5'Ǹit AǢǣ"¸Ŝĵ&Źǥǥ�;ƴ¨��"�!
7�jAN&ÚǴƏƞ!�7 NIH 

3T3 ;ŭ��Ƶļ!'ǸmRNA &it A Ǣǣ"¸Ŝĵ%Ŏ&Źǥ�ƴ58� (Chang et al., 

2014)�|į!ǸǚŒǸÎ�ǳ&ÚǴƏƞ
4*ŃŤ;ŭ��Ƶļ!'Ǹit AǢǣ"¸Ŝĵ

� XdDR$��
�%8;�r
�YP�*�\^�dN&s?
�*)��$E��
��BT�
*)Zb�8; � r�he�
*�O��/:27_a$he�
��
�$>H$BT�c'�#
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%'�
6"��Źǥ'ƴ58�Ǹć�ǂ&Źǥ�ſ�8� (Beilharz & Preiss, 2007; Subtelny 

et al., 2014; Kappel et al., 2015)��&Ǖ��ðǶƌ&Ǖ�%471&!�7ÃƟĘ1�7�Ǹ

mRNA&it AǢǣ"¸Ŝĵ&ǥ�%�� 'Ǹ�ď�5$7Ƶļ�ĔƳ!�7"ė:87� 

 

;8%'�-�����5+ 
mRNA&it AǢ'Ł¤!it Aitms{Q%4� �±�87��&ďƏƞǃ¤!Ơ

>W[u´ǚƎ%47it AǢ&Ǩ¾;��� mRNA©Ƶ��ǐ�87�"!Ǹǖª$Ǘ�

èŴũ&ƼƉ;ÃƟ%� �7"ƛ	587�ŃŤ'�ƯŶ$Ơ>W[u´ǚƎ"� CCR4Ǹ

CAF1ǸPARN& 3Ɓǳ&Ơ>W[u´ǚƎ;Ħ��ŃŤ&Ơ>W[u´ǚƎ&Žƃ�'ǚŒ

2Î�ǳ%œ-7"'7�%÷$��Ǹ2004ā& AtPARN&Ƶļ;ŷª6%Ǹ÷���!'

�7�Żð%Žƃ�ǐ<!�7���!'it AǢǣ;®Ē�7Ơ>W[u´ǚƎ%šŠ;

ĉ ǸŃŤ!&Ơ>W[u´ÀĖ&ŬŪŶ$Ĝƙ%�� ņƻ�7� 

;798CCR4 
ŃŤ%
�7 CCR4 'Lw@\ZOZ"@]!ƴ��� �7�Lw@\ZOZ& CCR4 

(AtCCR4) 'ǚŒ Ccr4p&gnwH"� ºǬ�8� (Dupressoir et al., 2001)�AtCCR4'Lw

@\ZOZ! 7 �&Ǘ�è�5$7c=kt{;Ċğ�Ǹ�!1 AtCCR4a 
4* AtCCR4b

�ǚŒ Ccr4p "Ĵ1Ƿ�ŹÇĘ;ſ��atccr4a/4b �ǜáŲŀ;ŭ��ǊǗ�êŶƵļ�5Ǹ

AtCCR4a/4b �Wyey�ƾ%ǥ:� �7�"�ı5�"$���atccr4a/4b �ǜáŲŀ!

'Wyey&ŇğƳƎ&)"�!�7>kw{N&Ǟ�à±� 
6Ǹ�5%Ǹ>kw{N

ÆğǚƎ;J{Y�7 Granule-bound starch synthase 1 (GBSS1) mRNA&it AǢǣ�ǣ�$

� ����&�"�5ǸAtCCR4a/4b %4� Ŗ.7 GBSS1 &it A Ǣǣ'Ǹ>kw{N

&Ǟ&®Ē%ǜƳ!�7�"�:��� (Suzuki et al., 2015)�mRNA ©Ƶ%ǥ:7ã�&ǚ

Ǝ'Əƞǃ¤! Processing body (P-body) "Ì(87ǲƋŦ&§ǫ�;Ċğ� �7 (Xu et al., 

2006; Iwasaki et al., 2007; Zheng et al., 2008)�AtCCR4a/4b1Çň% P-body%øÕ� 
6ǸƬ

 ƫŵǃ¥Ňğŗ (bimolecular fluorescence complementation) %47Ƶļ�5ǸAtCCR4a/4b'

AtDCP1/2ǸAtXRN4 "����& mRNA ©ƵǚƎ" P-body %
� Ź��ŭ�7�"�ſ

�8� (Suzuki et al., 2015)�OsCCR4a
4* OsCCR4b'@]%
�7ǚŒ Ccr4p&gnwH

!�6Ǹ�851.� P-body%øÕ�7��5%ǸOsCCR4a/4b' in vitro!it AǢ&©Ƶ

ŘĘ;ſ�� (Chou et al., 2017)�EEP c=kt{%É.87Ơ>W[u´ǚƎ'ǸCCR4Ǹ

NocturninǸPDE12ǸAngel& 4�&KdHu{e%©ǳ�8ǸAtCCR4a/4bǸOsCCR4a/4b'"

1% CCR4Hu{e%ú�7 (Dupressoir et al., 2001; Chou et al., 2017)�AtHesperin (AtHESP) 

'Î�ǳ& Nocturnin &Lw@\ZOZ%
�7gnwH!�6Ǹin vitro !it A ǢťŲŶ

$©ƵŘĘ�ſ�8� (Delis et al., 2016)� 

;7:8CAF1 
ŃŤ%
�7 CAF1'Lw@\ZOZǸ@]ǸXAEsL!ƴ��� �7�XAEsL

& CAF1 (CaCAF1) 'ų¼Ƨ&ĝľ%4� Ŵũ�ƺõ�8ǸCaCAF1 ;ǒ¯Ŵũ���Ċ

ǃǇīXjX'Ĉ�ųñĤģĘ;ſ�� (Lee et al., 2004; Sarowar et al., 2007)�.�Ǹ�&Ċ
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ǃǇīXjX!'ųñĤģĘǗ�è!�7 Pathogengesis-related gene 1 (PR1) 
4* PR6&

Ŵũ�ęþŶ%à±� �� (Sarowar et al., 2007)�Lw@\ZOZ!'ǸAtCAF1' 11�

&Ǘ�è�5$7c=kt{;Ċğ� �7�AtCAF1a " AtCAF1b 1.�ų¼Ƨ&ĝľ%

4� Ŵũƺõ�Ǆ�6Ǹ�5%NXvNĖƈǥǏ&ŃŤguny&ś±2�ñ$#%4�

 1Ŵũ�ƺõ�87 (Liang et al., 2009)�AtCAF1a' CaCAF1"Çň%Ǹǒ¯Ŵũ��7

�"!ŃŤ�%Ĉ�ųñĤģĘ;1�5�Ǹ�&ǒ¯Ŵũŀ!1 PR1 
4* PR2 &Ǘ�è

Ŵũ�à±� ���.�ǸAtCAF1a/b' in vitro !it AǢ&©ƵŘĘ;ſ�ǸAtCAF1a/b

£ǌ&ŉŶ mRNA"� MoNnyǛƺõĘǗ�è!�7 Vegetative storage protein 1 (VSP1) 

2NXvNǥǏǗ�è!�7 Chitinase B (CHIB)Ǹ Lipoxygenase2  (LOX2)Ǹ�5% AtCAF1b

&ťŲŶ$ŉŶ mRNA"� Phosphatidyl -inositol 4-kinase (PI4Kg3) �Çï�8� (Liang et 

al., 2009; Walley et al., 2010)��85&�"�5ǸCAF1'ťï& mRNA&it AǢǣ&ƼƉ

;�� Ǹų¼�ĝľ$#&ŬŤŶNXvNĖƈ%ǥ:� �7"ƛ	587�@]%
�

7 CAF1 &gnwH!�7 OsCAF1b %ǥ� 'Ǹ�&Ŵũ�>dLMyǛ (ABA) 2�ñ

Ėƈ!ƺõ�87�"Ǹ�5% AtXRN4 "&£øÕƵļ�5 P-body %øÕ�7�"�ſ�

8� (Chou et al., 2014)� 

;7;8PARN 
PARN 'ǚŒǸLrAMrA_B%'éÕ�$�Ơ>W[u´ǚƎ!�6ǸŃŤ%
� 

'Lw@\ZOZ!aX PARN &gnwH!�7 AtPARN �ºǬ�8��AtPARN '�&Ŋ

ƟŋĬáŲŀ�ƝŴŬƣŏ%$7�"�5ǸŬƜ%Ĕǰ&Ơ>W[u´ǚƎ!�7"ƶ	7 

(Chiba et al., 2004; Reverdatto et al., 2004)�.�ǸAtPARN&Ş¨ƄŢáŲŀ'Ǹ¤Ŭ& ABAǞ

�à±�7�0%âŬ& ABA %ô� ǷĝÂĘ"$7Ưũ×;ſ�� (Nishimura et al., 

2005)�ƤËŚ��"%ǸAtPARN �kXJyYt>%øÕ�7Ơ>W[u´ǚƎ!�7�"

�ſ�8Ǹit A itms{Q"¹Ƽ��kXJyYt> mRNA &it A Ǣǣ&®ĒŊŇ

�ı5�"$�� (Hirayama et al., 2013)��&�"�5ǸŁ2Əƞǃ��!$�ǸkXJyY

t>$#&ƏƞöÑî%
� 1Ơ>W[u´ÀĖ�ǜƳ$Č°;1��"�ſ�8�� 

 

<8.���.����
 mRNA�02 
źŁŬŤ%ă��é�8��Ƴ$Ơ>W[u´ǚƎ&��ǸCCR4 
4* CAF1 ' CCR4-

NOTƱÆ�"��ûä$Sy`GǃƱÆ�;Ċğ� �7�.�Ǹ�85&Ơ>W[u´ǚ

Ǝ'ŉŶmRNA;ƹƿ�7�0%ĔƳ$RNAƓÆYm@y;Ħ�$���&�0ŉŶmRNA

&ƹƿ%' CCR4-NOT ƱÆ�"ǸmRNA & 3’UTR %éÕ�7ÞÛǙ«2�ŌŇǎ;ƹƿ�

7 RNAƓÆSy`Gǃ$#&ƼƉÒè"&Ź��ŭ�ĔƳ!�7�"�ǸǚŒ2Î�ǳ&Ž

ƃ!ſ�8����!' CCR4-NOT ƱÆ�"ŉŶ mRNA ƹƿŊŇ&ņƳǸ�� ŃŤ%


�7Žƃ�;Ɗº%Ɛ��7� 
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<798CCR4-NOT.�� 
CCR4-NOTƱÆ�'ǸNOT1;ǅÝSy`Gǃ"� CCR4/CAF1ǸNOT2/3/5ǸNOT4ǸNOT9Ǹ 

NOT10/11$#�ƓÆ�7ûä$Sy`GǃƱÆ�!�7 (Ô 2)�ǚŒ2Î�ǳ!'ǸƱÆ�

&ǅÝSy`Gǃ!�7 NOT1;ŋæ��7"ƣŏ&Ưũ×;ſ��"�5ǸCCR4-NOTƱ

Æ��ŬÍŘ³&ƕĦ%Ĕǰ!�7�"�ŪƵ!
7 (Collart, 2003; Shirai et al., 2014)�ǚŒ

& CCR4-NOT ƱÆ�' Ccr4p/Caf1p %47Ơ>W[u´ÀĖ&®Ē��!$�Ǹ�&Kdq

[UX%47Ǉ¦2Sy`Gǃ©Ƶ&®Ē$#ǸǗ�èŴũ&ň�$őǪ&®Ē%ǥ:� 

�7�ǚŒ CCR4-NOTƱÆ�&Kdq[UX!�7 Not4p' E3qbFTytE{Q!�6Ǹ

ƚƷ�&thR{l� mRNA ~!�ō�7�" (ƚƷ>vNX) %46ƺõ�87Sy`G

ǃ©Ƶ,&ǥ��ſÏ�8 �7 (Mulder et al., 2007; Dimitrova et al., 2009; Inada & Makino, 

2014)�ƚƷ>vNX' mRNA�5&thR{l&ƵǬ;Ć
Ǆ����&�"�Ć
ǟ"$

6ǸNot4p%47ƚƷ�ǋ�!Ƒ����ì¢$Sy`Gǃ&©Ƶ�ǐ2Ǹ�&ǡ×"$� 

�7 mRNA &©Ƶ�Ǆ�7�.�ǸNot2/3/5 ' RNA itms{Q�&Kdq[UX!�7

Mediator of RNA polymerase II transcription subunit 17 (Med17p) "Ź��ŭ�ǸǇ¦®Ē%ǥ�

�7 (Lee et al., 1998)� 

ŃŤ%
� 1 CCR4-NOTƱÆ�&J>Kdq[UX'�é�8 
6Ǹ@]! OsCCR4

" OsNOT1 � OsCAF1 ;�� Ź��ŭ�ƱÆ�;Ċğ�7�"�ſ�8� (Chou et al., 

2017)����$�5ǸŃŤ& CCR4-NOTƱÆ�&¢ò'ķƵı!ǸÅKdq[UX&gnw

H%ǥ�7Žƃ�1.�÷$��ǚŒ Not2p &Lw@\ZOZ%
�7gnwH!�7

AtNOT2a/b'ǸDicer-like 1 (DCL1) 2 SERRATE (SE) $#ǸmiRNA&ğţ%ǥ:7Sy`G

ǃ"Ł!Ź��ŭ�7 (Wang et al., 2013)�.� AtNOT2a/b&ŊƟŋĬáŲŀ'ƣŏ&Ưũ×

;ſ�Ǹewn{S{ǱØ,& T-DNA&Ĩ¡¿* RNAi%4� AtNOT2a/b&Ŵũ����

 �7ŃŤ�!1Ʃ&ĊĞŲþ2ƥğ&Ǒą;ſ�ǸmiRNA;É/ã�&Ǘ�è&Ǉ¦�Ģ

®�87�3	% CCR4-NOTƱÆ�'ŃŤ%
� 1Ǘ�èŴũ®Ē&łĂ%��:7ǜƳ

$ƱÆ�"� ŊƟ� �7"ƛ	587� 

<7:8&* mRNA02 
ǚŒ2³Ť!'�%ǉ-� CCR4-NOTƱÆ�&J>Kdq[UX%±	 ǸŉŶ mRNA&

% ���� ��
���	� *������+(��#��'��
�� !&�,)�

XdDR#W�Jf�*�o-
35<ItmnAH �����
�

%�]C��) 
�
� 1=60`
#�������	� 'j$ 
�
1=6
0`�SA��1=60`nAH
��)�o-35<Itm��)
�������	� %iF ��
� ,Ug
�) �
� SA49.=,Q���
[lF"iF��
�$Ug%�
�
SA1=60`"!$LqkG�
�����
�
 nAH MpVK�)
� #(��@+*��)��
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ƹƿ%��ƼƉÒè�ƱÆ�"Ź��ŭ�ǸŉŶ mRNA&©Ƶ2ƚƷĢ®;ƭ���&4�

$ŉŶ mRNA &ƹƿ%�� RNA ƓÆSy`Gǃ"� Tristetraprolin (TTP)ǸPumilio/FBF 

(Puf)ǸMmi1ǸRoquinǸBicaudal CǸSmaug$#��7�Î�ǳ!�é�8 �7 TTP'ǸAU-

rich elements (AREs) "Ì(87Ǚ«;ƹƿ�7�"! CCR4-NOTƱÆ�;ŉŶ mRNA%t

Gu{X�ǸTumor necrosis factor-α (TNF-α) $#&K@XD@y2�<¼Ǘ�è&Ŵũ;Ģ

®�7 (Lykke-Andersen & Wagner, 2005; Fabian et al., 2013)�ǚŒ& Pufc=kt{%ú�7

Puf4p " Mpt5p 'ǸĩÆ×Ǉī;®Ē�7 HO endonuclease mRNA &Ŵũ;ǂ%®Ē�7�

Puf4p " Mpt5p '�8�8� HO mRNA & 3’UTR ~%éÕ�7 9-10 ÞÛ&Ǚ«;ƹƿ�Ǹ

HO mRNA&©Ƶ2ƚƷĢ®;ƭ� (Hook et al., 2007)�.�ǸRNAƓÆSy`Gǃ&�%1

ŉŶ mRNA &ƹƿ%ŊƟ�7ƼƉÒè"� miRNA �ÜÊ�8 �7�Î�ǳ&

Trinucleotide repeat-containing gene 6 (TNRC6) ' miRNA ƺõĘK@vyLyHƱÆ� 

(miRISC) " CCR4-NOT ƱÆ�%Ź��ŭ�7�"!ǸmiRNA %ŹưŶ$Ǚ«;Ħ�ŉŶ

mRNA&it AǢ©Ƶ;�ǐ�7 (Fabian et al., 2012)� 

�&4�%ǚŒ2³Ť!' CCR4-NOT ƱÆ�;���ŉŶ mRNA &®ĒŊŇ&ƸƏ�

Đ�%ı5�"$� 
 �7����$�5Ǹ TTP2 TNRC6$#&�&źŁŬŤ!ÜÊ

�8 
�ƼƉÒè&ã�'ŃŤ!'�é�8 �$���&�"�5ŃŤ'³Ť2ǚŒ"

'Ų$7ŧƢ&ŉŶ mRNAƹƿŊŇ;Ħ�ÃƟĘ��7�ŃŤ!' AtCCR42 AtCAF1&ŉ

Ŷ mRNA"� ǸGBSS1ǸVSP1ǸCHIBǸLOX2ǸPI4Kγ3�ı5�"$� �7�Ǹ�85&

ƹƿ%ǥ:7ƼƉÒè%�� 'ķƵı!�7 (Suzuki et al., 2015; Liang et al., 2009; Walley et 

al., 2010)��ď�85&ŉŶ mRNA&®ĒŊŇ;ı5�%�7�0%'ǸŃŤ%
�7 CCR4-

NOTƱÆ�&¢ǁ;Ƶı�7ĔƳ��7� 

 

=8���� 
it A Ǣǣ&ƖƘŶ$ÇïĠŗ&žƅ2Ǹ��&Ơ>W[u´ǚƎ&Žƃ%46ǸmRNA

&it AǢ&Ǘ�èŴũ®Ē%
�7Č°%�� Ǹ÷���!'�7�žð%żƴ�ƪƂ

�8 
��ť%ǸŃŤ%
� 'Ơ>W[u´ǚƎ&gnwH�Įã�éÕ�Ǹ�5%��

&Ơ>W[u´ǚƎ&áŲŀ�Ų$7Ưũ×;ſ��"�5ǸǚƎ�"%ťŲŶ$ŉŶ

mRNA;Ħ�"ƛ	587�|į!ǸƠ>W[u´ǚƎ&ŉŶmRNA&ƹƿŊŇ%�� 'Ǹ

�&©ǝ&Žƃ�ǐ<!�7ǚŒǸÎ�ǳ%
� 1��÷$�ǸŃŤ!'ķ�ÜÊ��$

��Ơ>W[u´ǚƎ&áŲŀ;ŭ� I^lx@Y%it AǢǣ;ń¨�7�"�!
8

(ǸƠ>W[u´ǚƎ&ŉŶ mRNA;ƖƘŶ%Çï�Ǹ�5%'ƹƿ%ǥ:7LNǙ«&Ƶ

ı,"�$�6đ7�.�ǸŃŤ%
� it AǢǣ;���Ǉ¦ď®Ē;ƭ��"&ŬŪ

Ŷ$Ĝƙ�ı5�"$8(Ǹ�&©ǝ&Žƃ;ä
�ǐù��7�"%$7!�9�� 

 

>814�

Ĺťǫ;�Ű�ǸÙƇ&Ŋ�;�	 �����şŮ ǩíŔǸĿ¼ ĕåŔ%ĝƾ�.�� 
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DNAǣǢBȣö�>nzGs�*�(Ƚȗ�ģë�ƗƊ�>Ȫ.v_[�Xx�*�(Ƚ{q\�u

.Ǫ÷�Ğ*�(©�,+ȽƎƆ-ğǤ�Ïū,ìȯ)Ũ�-ŪǐBŜ#�(
>Ȼâ 1Aȼ�ţƆ-
ǦƀBē(>*ȽţƆ�ȎÀ.ȑƩ)Ɖě�#RNAƊǸ.�'*�(ȽƴƲB��#RNA.ȢǾȭ 

(����
	&)6�02�%:57-�
	��� (�
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ƨǞ�Ƣ<?>Ȼâ 1Bȼ�ţƆ.ƴƲ/ȽƎ�#ƹǏ�<,=Ƚ¬ÐīƏƆȽ�,A%Şȸ³B­ȁ

-Ȑ2©�Bĵ'��ňȽƴƲ/­ȁ.ßüB',�Ƽǆ*�(Ƚ¨�.�>Ș�)ħÌ�#ģëB

¶.Ș�-�ȓ�>WQc|�ȓƽǿ*�(©��*9ȇČŊ<�-,=''�>�ƴƲ/ȋȒƼǆ

3*ƹǏ�³À�>ȑƩ)şBô
Ƚ�Ș.L|Nfz*ƹǏǺ-;&(ŧī�?#ƹǏ*,>�!

.#8Ƚş-¿Ő�?>Sguģë�Ȃ±�ǊǮ�?>�*/³À�#ƴƲƹǏ)/Ǽ�=�,
�

!?-9ȥA<�ȽƴƲ.�-/Şȸ³Ƚp|w�,+.�³øÀÐƆ.�-ȽRNAȽ]�iPǺ*


&#Ǝ�Ⱥ³ø�ùä�>�*�Ƚ1990 Č��Ȩ.ƴƲŻ³ŚBȋ�(ġȌ-Ŋ<�*,&#

ȻLough and Lucas 2006, Notaguchi and Okamoto 2015ȼ�Ě&(ȽRNA:]�iPǺ�×=.ƹǏ�<ƴ
ƲƹǏ3*Ƭ6Ȇ5?>*
��*)�>�ƴƲƹǏ.ȫ-/ƴȘ�ƹǏ�ä=Ƚ]�iPǺ:RNA

.Ƭ6Ȇ6/ƴȘ�ƹǏ�<ÈĔǺȍǀB��(ǞA?>*ǌ�<?(
>�ƴƲ�BȐ0?>RNA

³ø.ƪȴ/òŨ)�=ȽmiRNA, siRNA, tRNA, long noncoding RNA, mRNA,+Ƚȋċ.ƹǏ)©�
³øƪ.ò��Ƚ!.ŧī/ƕ,>9..ȽƴƲ�-9ǥ'�>�Ŭ��W�R�U�BƐ
#Sg

u�Gb, RNAǩŚĮǟ-;=ȽƴƲ�. RNA³ø-'
(¿Ĵƙ,ģë�ě<?>ŋ�*,=Ƚ

�ęƚ�.ƣƭ.ȵȀ�ǥȆ5?>�Ŗƫ)/ȽƴƲB��(ţƆ.­ȁBȢǾȭƨǞ�> RNA ³
ø.�%Ƚƃƀ���?(ƣƭ�Ȏ8<?(�# small RNA*mRNA-'
(ŦǴ�>� 

�

���%:�<9=57�����

��
	�

� ȇČ.sGP~E}G:Ŭ��W�PJ�U�BƐ
#ǩŚ-;&(ȽǗB´ņ�(ě<?>ƴƲ

Ż.�-/òŨ, small RNA�Ô5?>�*�Ŋ<�*,&#ȻMolnar et al. 2010, Buhtz et al. 2010ȼ�
miRNA: siRNA*
&# small RNA/ƴƲB��(­ȁ3ȢǾȭȄȊ�?Ƚȗ�øUG}�W�QȽ

ƍïĠƱȽŞȸș³Ƚ!�(ƗƎB¹Ĝ�>*ǌ�<?(
>ȻKehr and Buhtz 2007, Mlotshwa et al. 

2002ȼ� 

� siRNA-'
(/Ƚ­ȁƨǞ�> RNA.�)Ūǐ�Ŏ9ǴŊ�?(
>�siRNA.­ȁƨǞĢ-

'
(/siRNAƏƎ-ȥA>Dicer.ðƕ�BƐ
#ĸ�œþȹ-;&(Ŋƥ-Ʀ�?(�=ȽsiRNA

.­ȁƨǞ-;&(Ȃ±}o|.ȗ�øUG}�W�QȻTranscriptional gene silencing, TGSȼ*Ȃ±ę
- mRNA B³ǩ�>�*)Ǽ�>Ȃ±ęȗ�øUG}�W�QȻPost-transcriptional gene silencing, 

PTGSȼ.�ňBđ�Ǽ���*�Ƣ<?>��?<.ȗ�øUG}�W�QŪŧ/HF|Y,+.Ɩ

ÿ-�<�?#ȪȽ­ȁƙ-ĲİĢBƗļ�>�)Ȯċ-ȝǤ)�>ȻMolnar et al., 2010ȼ�TGS-'

(ƺ��>*ȽTGS/ siRNA.©�-;&(ȽRNA-directed DNA methylation (RdDM)B��#DNA

v^|ÀȽ�>
/P~s^�.�ŹÀ�Ǽ�ȽƾŜ*�(ũƙ�?#ȗ�ø.Ȃ±�į¹�?>�

Bai et al. (2011).ĸ�œþȹ)/Ƚ2ƪȴ.ţƆȽM{lz��wVGPHF|Y. 35S n~w�]�
-ƒř�> siRNA BĔī�>ţƆ* 35S n~w�]�) GFP ȗ�øBƗƊ�>ţƆȻCaMV 

35Sp::GFPȼ�Ɛ
<?Ƚ�Ǎ.Ȥ)ĸ�œBǞ�*ȽCaMV 35Sp::GFPţƆ-��>GFPȗ�ø.

ƗƊį¹�Ǽ�>�*�Ʀ�?#��<-ȽsiRNA �ƏƎ)�,
Dicer.�')�>DCL3.ðƕ
�BƐ
#ĸ�œþȹ)/ȽȞƎç)ǲ8<?> TGS � dcl3 ðƕ�ǎŌ)/đ�Ǽ��?,
�*

�<ȽsiRNA�­ȁƨǞ�>þ�)�=ȽTGS/ siRNA.ȄȊ«)đ�Ǽ��?>�*�ƦÝ�?#
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ȻMelnyk et al. 2011ȼ�RdDMƽǿ-'
(9ƌǩ�ż5=ȽDCL3� 24îê. siRNABƏƎ�>�

*ȻQi et al. 2005ȼȽRdDM/ 24îê. siRNA-;=đ�Ǽ��?>�*�Ŋ<�*,&#ȻLaw and 
Jacobsen 2010ȼ�Lewsey et al. (2016) /­ȁƨǞĢ siRNA-;>DNAv^|À-'
(Sgu�Gb

-ǩŚ�ȽsiRNA-;>RdDM/DOMAINS REARRANGED METHYLTRANSFERASE 1 (DRM1) * 

DRM2-£ù�(Ǽ�>�*BŊ<�-�#���BÐA >*ȽTGS/5�DCL3-;> 24îê
. siRNA.ƏƎ-ö5=ȽŬ-ƏƎ�?# siRNA.­ȁƨǞȽƨǞ«).DRMs*.ǣÐ�BĔī

�;1RdDM.Ɨ¾*ǂ�ȽŎƻƙ-ũƙȗ�ø.ȗ�øUG}�W�Q�ƥƮ�?>*
�.�Ɗ

ƈ.ƌǩ)�>�,�ȽDNAv^|ÀƈĨ.ðÀ/ȽW~GecZc.ƕ,>JT]GnȤ)ĸ�œ
�#ìÐ:ȻLewsey et al. 2016ȼȽH{Ƨ:cYƧ.ƕ,>ƪȤ)ĸ�œ�#ìÐ-9Ť²�?(�=

ȻAvramidou et al. 2015, Kasai et al. 2016, Wu et al. 2013ȼȽąřƙ-/þƐ¡Ɔ-�
(9Ƚĸ�œB��

(JkXIf`F_P,ðÀBǳĆ�>�*)ŐƐĔǺB���>*
&#Įǟ�Ǝ5?>ÏǐĢ�

�>� 

� �ňȽmiRNA.ƨǞ-ȥ�>Ɨǥ/Ƚ�ǤŞȸƸ.�')�>{�ȻPȼ3.ĠƱŨĐ.ƣƭ-/

�5>�{�/ȽATPȽşțȽ{�ǑǺ-Ô5?>ğȱªƸ)�=ȽƂŪ{�țȻPiȼ*�(Š�<

Ë=Ȇ5?>ȻSchachtman et al. 1998ȼ�Pi/ȽǃƲŗBȐ0?>Ȫ.�Ǥ,ĔĨ)�=ȻBieleski 1973ȼȽ
Pi.ū�ŋ-/Ƚū�ƈĨBǡ�#8Pi.ÕÊ¼/Ⱥ5>ȻDrew and Saker 1984ȼ�Pi.ū�ƈĨ-�

�?#ţƆ/ȽmiRNA.�ƪ)�>miR399BȺƗƊ�ȽmiR399.ũƙ*,> PHO2ȗ�ø.ƗƊ

Bį¹�>�PHO2ȗ�ø/yjO^�ƾÐȚƸBT�b�ȽmiR399-;>PHO2ȗ�ø.ƗƊį¹

/Ƚ!.�ź-�
( Pi az�Yr�]�ȗ�ø.ƗƊ�ŉBđ�Ǽ��Ƚ!.ƾŜȽǚ-��>

Pi.ǜƬ�¥Ȏ�?>ȻBari et al. 2006, Fujii et al. 2005ȼ��.;�-ȽmiR399/PHO2WQc|�ȓƽǿ

-;&(Ƚ{�.­ȁƙ,ș³�ǵŃ�?(
>�!.ę.ƣƭ)Ƚ�.vMdZu/Ũ�,ţƆ-

ď�¦ù�?(
>�*9Ɗä)/Ƣ<?(
>ȻBranscheid et al. 2010, Zhang et al. 2016aȼ�{��ñ

.ŞȸƸ-'
(9Ƚ­ȁƙ,ș³.ǵŃ.#8-ȴ��#Ūŧ�©�ìÐ�ǥ'�&(�=ȽƤț

î.ū�ŋ-9miR395*
�miRNA.ƗƊ�ŉ�ǲ8<?ȽƾŜ*�(Ƥțaz�Yr�]�ȗ�
ø.ƗƊ��ŉ�>�*�ëÖ�?(
>ȻBuhtz et al. 2010, Kawashima et al. 2011ȼ��-XxNGw

)/miR172*miR156.ƨǞĢ�ëÖ�?(�=Ƚ!?</Ǖī:íǗĔī.]Gt�QB¹Ĝ�(


>ÏǐĢ�ƦÝ�?(
>ȻMartin et al. 2009; Kasai et al. 2010; Bhogale et al. 2014ȼ���ȽmiRNA/
ƹǏǒĘƙ-©�ìÐ��ǔƙ)�>�ȻSchwab et al. 2006ȼȽ�ǭ.¢-�>;�-Ƚ�Ș.miRNA

-'
(/¨�}o|.­ȁĢ.WQc|�ȓȻȢǾȭWQc|�ȓ*Ù0?>ȼ-©��*�ƦÝ

�?(
>�,�Ƚ30�90îê* si/miRNA;=/Ȣ
 small noncoding RNA-'
(9 in vitro)+

C,ŹĢBĵ'�ǵ4<?#�*��=Ƚ]�iPǺǊǮ.ȧÿŹĢBƦ��*�ëÖ�?(
>

ȻZhang et al. 2009ȼ��.;�-ȽţƆ.¨�.�-/Ũ�, small RNA�ȢǾȭƨǞ�Ƚ³øƪ�*

-ƕ,>ŨĐ)ȽƨǞ«.Ƽǆ-��>ũƙ³ø.ƗƊ}o|BǵƳ�(
>� 

�

���%:�<9=57����
	�

� mRNA.ƴƲB��#ȢǾȭȄȊ/Ƚ�?5)-ǣł.ţƆƪBƐ
(ƣƭ�?(�(�=ȽȄȊ
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�?>mRNA.Ñý:!.ȄȊŪŧ-ȥ�>Ƣǥ9Ȭ5&(�(
>�ǓØż
�*-Ƚǣł.ţƆ

)ȢǾȭƨǞ�>mRNABÑý�>*ȽƇý.ȗ�ølDt{�.mRNA�ǵ4#ǣł.ƪ)®ȋ
�(ǥ'�>�*�³�=ȽmRNA .ȢǾȭƨǞ/¦ù�?#ƊǸ)�>�*�Ĺă�?(
>

ȻNotaguchi 2015-(ŦǴȼ��<-ȽƴƲ�-/RNAƾÐ]�iPǺ�ǥ'�>�*ȻBalachandran 

et al. 1997, Xoconostle-Cázares et al. 1999, Aoki et al. 2002, Gómez et al. 2005ȼȽ!?<.]�iPǺ/ũƙ
mRNA�.Ƈý.șµ-Ą�(Ƈƕƙ-ƾÐ�ȽȢǾȭƨǞ.#8.RNA�]�iPǺǣÐ�BĔī

�>�*�ƦÝ�?(
>ȻHam et al. 2009, Cho et al. 2012ȼ�5#ȽƴƲ-/!9!9RNA³ǩȚƸ

.ŹĢ�Ť²�?,
�*9Ƣ<?ȻSasaki et al. 1998, Doering-Saad et al. 2002ȼȽţƆ-ħŝ�>ţƆ
HF|YȻò�/ RNA HF|Yȼ/�!<�ā�.ţƆ�Ő�>ƴƲȄȊWY`uB·Ɛ�(
>

*
�Ĺă9�ǔƙ-,�?(
>ȻNelson and Citovsky 2015ȼ���/ȽţƆ/ ��<.mRNAB

ȢǾȭȄȊ�>ŪŧBƉě�ǃĵ�(�=ȽȄȊ�?>mRNA-/ <�.ƎƆûƙĥǉ��>�*
BĹă� >����Ƚ�?5)-ƴƲ�BƨǞ�>mRNA.ƣƭ/Ƶ¼ƙ-ǞA?(
>9..Ƚ

!.Ė»-'
(/Ů+Ŋ<�-�?(
,
�Ǳƹ-'
(/ȽŖƫ�ñ-9¶.ŦǴǶńBÉƅ

�?#
ȻKehr and Buhtz 2007, Harada 2010, Spiegelman et al. 2013, Notaguchi 2015ȼ� 

� Ŏȇ-,=Ŭ��W�R�U�BƐ
#Sgu�Gb,ǩŚ�ǞA?Ƚĸ�œ:ĂƎ*
&#�ƪ

ȴ.ţƆ�ĸÐ�#ìȯ)/Ƚ!?<.ţƆ.Ȥ)łƘ�<łÂ.mRNA�ĸÐȘ�Bǽ�(ȢǾȭ

ȄȊ�?>�*�ëÖ�?(
>ȻKim et al. 2014, Notaguchi et al. 2015, Thieme et al. 2015, Yang et al. 2015, 

â 2 A, Bȼ��Ș.mRNA-'
(/�<,>ŪǐǩŚ�ǰ6<?ȽmRNA�ȢǾȭȄȊ�?#ƾŜȽ
ȄȊ�?#«.ƗƎƊǸ-ĕȰB���>�*�ëÖ�?(
>ȻKim et al. 2001, Haywood et al. 2005, 

Banerjee et al. 2006, Notaguchi et al. 2012, â 2Cȼ��?5).ƣƭ)/ȽȄȊ«)mRNA�]�iPǺ 

(���1#$�"�!�"�4��02�%:57-��
	�'*�

ȻAȼ�ƪȴ.ţƆBĸ�œ�>*Ƚ­ȁƨǞĢ.mRNA/ĸ�œȘ�Bǽ�(Ɲĭ.ţƆ3ƨǞ�>�Ŭ��

W�R�U�BƐ
(Ɲĭ.ţƆ.mRNABǄǇǩŚ�>�*)ȽƨǞ�(�#mRNA.șµģëBËě)�Ƚ

­ȁƨǞĢ.mRNABÑý�>�*�)�>�ȻBȼRT-PCR-;>ƾŜ.ȉǯ�ȻCȼ­ȁƨǞĢmRNA*�(

Ñý�?#Aux/IAA mRNA.Ǝƌ¡Ɛ-'
(ŤǬ�#ĸ�œþȹ�!?"?.þȹ.Ǳƹ/ȽÈǛǶńBÉƅ

ȻA, B: Notaguchi et al. 2015, C: Notaguchi et al. 2012ȼ� 

mRNA RNA-Seq 解析

Illumina GIIx Sequencer
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3ǊǮ�?(
>�*BŊƦ�#¢/,
�ȽǠƊç.ǩŚ�<]�iPǺ3.ǊǮ/Ǽ�=�>*

Ĺă�?(
>�ǛǍ<.�º.ŤǬ)/ȽȢǾȭȄȊ�?>mRNAǈ.ƇĝBSgu�.­mRNA
.Ƈĝ*űȃ�(6>*Ƚ mRNA .Ȣ�-9Ƚȗ�øn~w�]��.șµw^�l-9ȽmRNA

!.9..șµ-9ȽƇư�4�Ƈĝ/ǥ'�<,�&#ȻNotaguchi et al. 2015ȼ�ǓØż�&#./Ƚ

ƨǞĢBƦ�mRNA.�-/Ƚ/�8�<­ȁ)ƗƊ�>hHYO�k�Qȗ�ø9ò�Ô5?(

#�*)�>�!?<.mRNA���(¨�.�BƨǞ�>ğǤĢ/�
;�-ǌ�<?>#8Ƚƨ

ǞĢ mRNA .�-/WQc|�ȓ-ȥ¤�>9.*ȥ¤�,
9..�ň�Ô5?(
>.)/,


�*
�.�ǛǍ.Ĺă)�>�,�ȽȢǾȭȄȊ�?>mRNA.ƗƊȟ*ƨǞĢ.ȥ¤Bǵ4>
*ȽÅƷ,ƗƊȟ�ƨǞĢBǴŊ�>Ǯ)/,�ȽƨǞ-/ <�.¹ĜŪŧ�©��*�Ĺă�?

#ȻNotaguchi et al. 2015ȼ�#$�Ƚ¶.ƣƭQ|�n.ǩŚƾŜ)/Ƚò�.mRNA.ìÐ-'
(

ƗƊȟ*ƨǞĢ.Ȥ-ȥ¤Ģ�ǥ²�?>�*9ƦÝ�?(�=ȽƴȘ�ƹǏ�<ƴƲƹǏ3.

mRNA .ƨǞ-'
(/ȽȖıĢBĵ&#¹ĜBÌ�>ƨǞ*ȽƗƊȟ-Ġ�#�ý}o|.žŸȽ

Ç%ȖıĢ.�
ȽȖıƙ¹ĜBÌ�,
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