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�%�_cģ�$ĢõÚ¸0HcPAėħénvâ7Ėó�4���EBL`

tĝ7�]R?Ic�$HcPAė#�Đ! 7�µ�4��52#�¤xı

7�ýĕ´xı��(� 

fÄ��ýĕ´xı#&���HcPAėk#:`@Mc×�#[I`�$�

QFKc0Ě��¢�ăHcPAė0 RNA÷�HcPAė! �¬®�HcP

Aė�-25�HcPAė:`@Mc[I`�ĚíĢõ (PRMTs) "13đ¡�

54��Ĳöā7â��ĐÍ	2�lč![I`�Ģõ��4 PRMT1"14:

`@Mc[I`�
�ğt¢æÞ0 DNAx¶�EBL`tĝ! ��±!öā

TbGF7Ėó�4��
���5��4 (1-3)��	��{ę�# PRMT1 ğ

t¢ÔÀX<F
ĀàĆÖ7ë��. (4)�àu"�4 PRMT1"14:`@

Mc[I`�
�µ�4ÓĂ$Ħ2�ÊĐÅ����� 

ì��#àu}�$�ô 10 gîİ#HcPAė
�5�5"ÓĂ�4��

�ČĬ!à�Ú�7�Ă"���4��	��HcPAė#ĔĒ���4ğt

¢$ô 2 gîİ��4��
Å2	"�5��3�/�ĵ�#ğt¢	2ĵ�
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#HcPAė
à�º�54��4��2gĘ2�#HcPAė�	�º�Ì!

���"!4�Ī25�ğt¢	2�Ñ!HcPAė7áà�4ÓÐ
�&�

�#ğt¢	2ġ�#fĠä!4HcPAėĳFT^;FO_:cKĴ7ČÂ

v3���Ğ¼çFT^;EcB��4�FT^;FO_:cK$��5�5

ä!4ÓĂ7É�4����ğt¢#ÓĂ7³��½�4�Ă¸
�4��5

,�"�yu"�4O_:cK#ÓĂĐÍ"Ĩ�4��$*�8 Û���

#ßã����yuaV`�pªç"O_:cK7Ô d�à�4»Ċ
h�

�������
þ�254��#�į7ĐÙ�4»Ċ����2013 sĩ�

CRISPR/Cas9 EFJZ
Ã��CNZûī»Ċ���·Ĝ"Æ���CNZ¹

�7ą�"Ç�¿�4��
�Ă"!�� (5)�ñ 2ð�$�CRISPR/Cas9EF

JZ"13�Ğ¼çFT^;EcB7�µ��X<Fyu}�Ý§#O_:c

K#-ÔÀ��4��7Ïē�4�|"�FT^;FO_:cK#ÓĂ	2�

àu"�4 PRMT1 #ÓĂ7ĐÅ�)��PRMT1 #FT^;FO_:cKÝ

äç!ÔÀX<F7vċ��PRMT1#ÔÀ
X<FyuÓĂ"�+�²Į7Ï

ē��� 

ñ 2 ð�Òï��X<F#Āq	2úøĈöā (MEF) 7Ėċ��PRMT1

O_:cK#ÔÀ
öā}#ğt¢æÞ"i�4²Į7�ÕjrEeA=cD

e7â�� RNAEeA=cF"13ĐÍ����	���5�5#öā�ğt

¢æÞPHec"%2��
����ĥà��ÔÀ��B`eT����ĭ�

4��
�Ì!	�� (Fig. 1A)���6
�ãÌ�4Āq#¸��MEF7��

��~¯lº��Í7ĉ���ğt¢�"13 2 �#A^FHe"�4��


�Ì� (Fig. 1B, 1C)���#àÜ"$�>F�[F#¸�
£���oġ"1
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ď§�5�[F$é�! XÎću7¾�#"¨��>F$ XÎću� YÎću

7¾� (XY�)�PRMT1O_:cKÔÀX<F#ĐÍ	2�MEF"���/ã

Ì�4Āq#¸�"13�ğt¢æÞ#TbS9;`
ä!4�Ă¸
Ď��

5�
�¸�"�4ùüçğt¢æÞ7Øě����$Û�����ñ 3 ð

�$�MEF#¸«"êè��ĥà� C57BL/6X<F	2>F�1'[FãÌ#

MEF7Ėċ��RNAEeA=cFĐÍ"13�¸�ħ"14 MEF#ğt¢æ

Þ#«0��#�µÓÐ"���ĐÍ��� 
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2  
	 PRMT1 	 2  

( ) 

¨wƁ%ı 65%%Ű�¹&�ůÝĚI^h=GmD3Ų�%pűĖ#5L

mXCŢ (I^h=IWi;mQ) 8ÊÚ��ęď�5LmXCŢ$·øÖ�Ē

,65�PRMT1&�;jBTmÿ²%eMj��Õ8Ŗ¸�5ųĲ �4�õ

3ĴŅŢ$º¯�5LmXCŢ8ùĚ!��ť�1GDSj�Ŭ#"�·Ë

#ĴŅûņ8�Ð�5�!3�Ēč»Ě$ŵœ#¬¹ �5�!�ŀ�36

5�,��PRMT1$&�ĴŅ�Ä¯%Ė#5 2�%vœ#I^h=IWi;m

Q (v1, v2) �º¯��v1&õ!ĴŅŢ$�v2&ĴŅŢ$%-Ä¯�5��%Ä

¯Ö%ŭ	8Ē.Wi;mQ��PRMT1%·ø#ûņ8�Ð�5�!�âĊ�

65�����ŤÖ% PRMT1 üåb>I�ęĒêî (ńĒ 6.5 é) $Ŋþ8

ġ��/�PRMT1%��ûņ%Ğħ&+!9"ŪÅ���#����� ï

Ğħ &�I^h=IWi;mQ%ŕñ3�PRMT1%Ē�ûņ8Đŕ�5�

!8ŀ��� 

b>I��8Ĕ	� PRMT1 Wi;mQ%ûņ8ŕñ�5�/$�

CRISPR/Cas98Ĕ	�EVd%Č¶Ėļã$24�PRMT1%I^h=GmD8

�Ð��PRMT1v2 %ĎĖĚüåb>I8úĨ���PRMT1v2 üåb>I&�

emPj%ą�$Ï��ŞĒ���%Î0ŶĒ°!¡ø$ĒŃ���,��/

$�PRMT1v2%üå�Ē�$t�5Ìſ8ë3$�5�/�ŶĒ°b>I8

Ĕ	� PRMT1v2%ęď�¶��5ð~8áĳ����%ķò�|Š%uÓĚ#
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ŉª �5łŉ �PRMT1v2% mRNAŷ�DjFoI$ÕĪ��¶��5�!

�ë3!#����� �úĨ��b>I%į|Š$ĝĜ��DjFoIš

ōśƄ�2)=mIimšōśƄ8Ő����%ķò�PRMT1v2üåb>I&�

=mIimÞÜÖ8�
ŁįņĖÆ8ġ���,��PRMT1v2üå�Ű�¹ę

ď$t�5Ìſ8�RNA GoC@mI$24ŕñ��łŉ$�	� PRMT1v2

%üå$�	ęď�¶����įÃė$Źũ�5Ű�¹Ľ8¡½����%u

$&�į|Š1cQFmRi;ûņ!%Źũ�ġ©�6�	5 tRNAeMj�ų

Ĳ�¢,6��4�¾ż�PRMT1v2 üåb>I%łŉ & RNA %eMj�%

¶��ŝ/36��ý	 �2ý�ŽĄĆ�ą!ÜeMj�;jBTmÜ�8Ĕ

	�>@ILm]lNO<mDą8ĵ- 7��Ûą$24�PRMT1v2üå$

25eMj�%¶�8ö�����3$��ő��b>I3MEF8şő��

ŕñ�5!�ĴŅµĀ$���cQFmRi;ûņ$¶��ŝ/36��}r

%�!3�PRMT1v2�Ű�¹ęď1;jBTmeMj�8y���b>I%

į|Š%×ÆÖ8�Ð�5�!�ġ©�6�� 
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LmXCŢ&�imŴ�ngZAMm�n;JMj����eMj�#"%

�»�Ƃ8��5�! �ćÖ1¼½Ö�ĴŅ�Ä¯#"�şĬ�65�Lm

XCŢ%eMj��Ƃ &�iHmnYIMHmn;jBTm�ùĚ!�65 (1)�

iHmÿ²%eMj�&�YIQm%eMj�nŇeMj��Ƃ#"%@[E

Vd�Ð$ŵœ#Í�8ò���	5 (2)�YIMHmÿ²%eMj�&�2010

Ç$�ŌųĂ$�	��iaKodLmXCŢ �5 RPL3u%YIMHmÿ²

8eMj��5ųĲ�ęŔ�6�iaKod÷Ũ%÷ĭ1ĿŚûņ$Źt��

	5�!�ġ©�6� (3)�;jBTmÿ²%eMj�&�1996Ç$ Gray3�

�ŌųĂ$�;jBTmeMj�ųĲ RMT1 �(4)��3$¨wƁ$0�%`f

lD��º�6�	5�!3 (5)�ųĲ%¡½$2��Į�Ě$Ğħ�Ū/3

6����¨wƁ%LmXCŢ;jBTmeMj²ťĤųĲ\:cio 

(PRMTs) &�SAM (S-adenosyl-L-methionine) 8eMj²�t�!���;jB

Tmÿ²%D;VGj²$eMj² (-CH3) 8ťĤ�5 (6)��čĴŅ &�10

ĦƁ% PRMTs�eMj²ťĤ%øÈ3 3�%L=^$�Ɓ�65 (6, 7)�L

=^ � PRMTs &�fVeMj��2)žÁģÖHeMj�8ß
 (PRMT1, 

PRMT2, PRMT3, PRMT4, PRMT6, PRMT8, METTL23)�,��L=^� PRMTs

&�fVeMj��2)ÁģÖHeMj�8ß
 (PRMT5, PRMT9) (8, 9)���

��L=^� PRMT&�fVeMj�%-8ß
 (PRMT7) (Fig. 1A) (10)� 

L=^�$�Ɓ�65 PRMT1&�ĴŅ�%;jBTmeMj�%ı 85%8

ß
vœ#ųĲ �4�õ!ĴŅŢ$Ä¯�5YIQm1ť�¬¹�RNA ķ 

LmXCŢ�imŴ�ųĲ#"�·æ%LmXCŢ�²Ţ!��³¤�6�	
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5 (11)�PRMT18y��;jBTmeMj�&�GDSj�Ŭ�ť��Ð�DNA

�Ñ#"�ĴŅûņ$��5ŵœ#�Ðû÷$Źt�5�!�ë3$�6� 

(6, 12)�}r%2
$�±ƃĴŅk_j % PRMT1%ûņ%Đŕ&Ū9 	5� 

ÉĞħ¿ &�PRMT1 $25ť�¬¹ FOXO1 %eMj���ĴŅ%Ŵ�

IQkIÕĪ$Àt��	5�!8³¤���� (13)�ìŧ &�PRMT1%�

�k_j%ûņ!��&�ĺŎ8Ĕ	�ŕñ3�PRMT1 $25ť�¬¹

DAF-16 %;jBTmeMj��Â§8�Ð�5 (14) �!8ë3$���p

è�PRMT1%�Ťüåb>I�ęĒāŻ (ńĒ 6.5é)  Ŋþ8ġ� (15) �!

#"8Đĕ$�ŸÇ in vivo Ğħ�ŪÅ���#���ìŧ�ÉĞħ¿ &

PRMT1 %ĵĻĎĖĚüåb>I8�őnŕñ�5�! �PRMTƅ%Ē�ûņ

%ŕë$�4ĵ9 	5�uóĢĶĎĖĚ PRMT1 üåb>I%ŕñ3&�

PRMT1�ĢĶĴŅ1ň%ęŬ�ĒÎ%Ē§ĸà$Ôƀ �5�!8ë3$�

� (16)�,��ŏī�ěĴŅĎĖĚ PRMT1üåb>I3&�ęĒūĥ ŴĲ

1ôƃĲ8�Ť*Òđ��5ŏī%ÊÚ$ PRMT1 �ŵœ �5�!8³¤�

� (17)�������ìŧ�ÓĩĴŅĎĖĚ PRMT1 üåb>I%ŕñ3�

PRMTƅ�Óûņ%×ÆÖĸà1ůÝĚI^h=GmD$Źt�5�!8³¤

�� (18)��%2
$�ĵĻă$ PRMTƅ%ŵœÖ�ë3$#4���5� 

EVd^lH?CQ$2���LmXCŢ%řŗ!#5Ű�¹& 2qĦƁ

�Î �5�!��ë����Ē��$& 10qĦƁ}r%LmXCŢ�º¯�

�	5��6&�(!�%řŗ3ŒæĦ%LmXCŢ��36�	53

 �4��%{ĵ-��ůÝĚI^h=GmD� �5�ůÝĚI^h=Gm

D$2��ť�ēč%Ų�÷Ú�ű�Ě$¶���Ė#5LmXCŢ (I^h=
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IWi;mQ) �ĿŚ�65�I^h=IWi;mQ&�Ď½%ĴŅ1ęĒāŻ

#"$Õ��®í%ûņ8í�5!ŀ�36��%·ø#ûņęď$2���

Ē�&ø�#đ´$ŮÕ�5Ē§ć�8�ņ$��	5 (19)� 

YQ PRMT1$&ůÝĚI^h=GmD%ķò�@CKm%ĵ- 7��Ė

#5 7�%I^h=IWi;mQ�º¯�5�in vitro%Ğħ3�7�% PRMT1 

Wi;mQ (v1�7) &�Ė#5ĴŅ�Ä¯8ġ��!�³¤�6�	5 (20)�

��'�v1&ĴŅ� ĴŅŢ$Ä¯�5%$Á��v2&õ$Ä¯���6�6

ķ �5LmXCŢ0Ė#5 (20, 21)�,��wĘĴŅ &�PRMT1%ęďŷ

��Ď$ v2 �µ��5�!�ë3!�6�	5 (20)���k_j$�	��

v4�7 $Ź��&ź36�ĵĻ$�6�6�ęď�5%$Á��v1�v2�v3 &

�Ť%ĵĻ$�	�ęď��	5�!�³¤�6�	5 (20)�PRMT1&�õ!

ĴŅŢ ûņ8ęä�5�/��63%Wi;mQ��PRMT1%·ø#ĒĐû

ņ%�Ð$Źt��	5�!�ŀ�365�ïĞħ &���k_j PRMT1

%I^h=IWi;mQûņ8ŕë�5�! �Ē�$��5 PRMT1$25;

jBTmeMj�%ŵœÖ8ë3$�5�!8ĜĚ!�5� 
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,��ĵĻă% PRMT1Wi;mQ%ęď8öŘ����%ķò�b>I%

vœ#ĵĻ PRMTƅvƅ! v2�2�%Wi;mQ�ęď�5�!�Ġŝ�6��

ý$�b>I��8Ĕ	� PRMT1 Wi;mQ%ûņ8ŕñ�5�/�PRMT1

%I^h=GmDû÷8ğĹ��5�! �PRMT1v2%ĎĖĚüåb>I8ú

Ĩ���ïb>I&�emPj%ą�$Ï��ŞĒ���%Î0ŶĒ°!¡ø

$ĒŃ���ŧÇ�PRMT1&=mIimGDSjĶţ%ìsĈ$�ļ�5ť�

¬¹ FOXO1%eMj�8y���įçĒ$Źt�5Ű�¹%ęď8şĬ�5�

!�³¤�6�	5�ŋ¥ĉ	�!$�ïĞħ % RNAGoC@mIŕñ$2

4�PRMT1v2üåb>I%łŉ$�	�įÃė$Źũ�5Ű�¹Ľ�¡½�6

���� �į|Š$ĝĜ��DjFoIšōśƄ�2)=mIimšōśƄ

8Ő����%ķò�PRMT1v2üåb>I&�=mIimÞÜÖ8�
Łįņ

%�s8ġ���,��ńz3úĨ��ĺĸŌĴŅ (MEF) 8Ĕ	�ŕñ3�

PRMT1v2�cQFmRi;%¦£ņ1ÊÙ$Źt�5�!8Ŕ�����3$�

PRMT1v2%ùĚ¬¹%áĳ$24�cQFmRi;$Ä¯�5LmXCŢ�¡

½�6�� 
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��$�4Ŧ,6�DjFoI&�ŕįİ$2��[jZmŴ*|Š�6�c

QFmRi;$�	��C@mŴ«ţ�Ž¹�Ŭİ8y��ĴŅ%@UjBo

ċ �5 ATP%ēĒ$�Ĕ�65��6, $ÉĞħ¿ &�Prmt-1üåĺŎ

$�	��cQFmRi;ûņ��s�5�!8³¤��	5 (22)�PRMT1%

v2 8ĎĖĚ$üå��b>I&�į|Š$���cQFmRi;ûņ$¶��

ŝ/36��}r%�!3�ĴŅŢ$Ä¯�5 PRMT1 % v2 �cQFmRi

;%ûņ�Ð8y��į|Š%×ÆÖĸà$Źt�5�ņÖ�ŀ�365�x

Î�PRMT1v2$25Ű�¹ęď1�;jBTmeMj�%ŜĴ#ŕñ1��%

sĈ%�¹û÷8ë3$�5�!$24�PRMT1�ůÝĚI^h=GmD8

���PRMT1v28ēĒ�5�!%Ēč»ĚØľ8ë3$��	� 
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anti-Histone H3  (Cell Signaling 

Technology, #4499) anti-H3K4me1  (Cell Signaling Technology, #5326)

anti-H3K4me2  (Cell Signaling Technology, #9725) anti-H3K4me3  

(Abcam, ab8580)  

 

MEF  

MEF 13 C57BL/6

MEF  (25, 26) 14

10   (Gibco) 100 U

/  (Sigma)  

(Nacalai Tesque)  

 

MEF  

 DNA MEF

 [50 mM Tris-HCl (pH 7.6), 100 mM NaCl, 20 mM EDTA (pH 8.0), 1% 

, 100 µg  K] 55� 2

RNaseA (Sigma) 37� 1

7.5 M DNA 100

70  DNA

TE [10 mM Tris-HCl (pH 8.0), 1 mM EDTA] MEF
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Sry  Hprt PCR DNA

 [2 mM 10x Ex-Taq buffer (with Mg2+), 0.8 mM dNTP 

Mixture, 0.5 U TaKaRa Ex-Taq] PCR  

Sry  Hprt SYBR Green PCR Master Mix  

Thermal Cycler Dice Real Time System (TaKaRa Bio)  real-time PCR

Fabp2 

 

Sry: 5’-TATGGTGTGGTCCCGTGGT-3’ 

     5’-CCAGCTGCTTGCTGATCTCT-3’ 

Hprt: 5’-AAAGCCTAAGATGAGCGCAAG-3’ 

 5’-CAGATGGCCACAGGACTAGAA-3’ 

Fabp2: 5’-TGGACAGGACTGGACCTCTGCTTTCCTAGA-3’ 

        5’-TAGAGCTTTGCCACATCACAGGTCATTCAG-3’ 

 

RNA  

ISOGEN II  ( ) MEF RNA

 RNA-Seq 27  CLC 

Genomics Workbench 10.1.1 (QIAGEN)  

(mm10) 

CLC Genomic Workbench  (PCA) 

CLC Genomic 

Workbench 1000
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 (reads per kilobase per million: RPKM)  

(differentially expressed genes: DEGs) fold-change 	 2 or  -2  false 

discovery rate (FDR, p 0.05) 

ToppGene (http://toppgene.cchmc.org) 

Encyclopedia of DNA Elements (ENCODE) Enrichr 

(http://amp.pharm.mssm.edu/Enrichr)  

 

PCR 

ISOGEN II (Nippon Gene) 

RNA ReverTraAce (Toyobo)  RNA cDNA 

SYBR Green PCR Master Mix Thermal 

Cycler Dice  (TaKaRa Bio Inc.) 

ΔΔCt mRNA

Gapdh Table 1  

 

KDM5D  

KDM5D siRNA siLuc

Santa Cruz Biotechnology (SmcY siRNA (m), sc-153625) MEF

20 µmol/L siRNA Neon transfection system (Invitrogen) 
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MEF PBS  [20 mM Tris-HCl, 150 mM NaCl, 1 mM 

EDTA, 1% NP-40, 0.5% , 0.1% 

, 1x  (Nacalai Tesque), 1x 

 (Nacalai Tesque)] Bioruptor UCD-250 (Cosmobio) 

30 14,000 

rpm, 4� 10 Bio-Rad protein assay dye reagent concentrate 

(Bio-Rad) 

100 mM DTT  Laemmli 

99� 5  

15% SDS-PAGE Immobilon-P  (Millipore) 

Bullet Blocking One for WB (Nacalai Tesque) 

5 4�

 45  HRP

Luminata Forte Western HRP substrate (Millipore) SuperSignal West Femto 

maximum sensitivity substrate (Thermo Fisher Scientific) HRP 

X  (Fujifilm)   

 

Prism7 (GraphPad Software)  

Microsoft Excel 2016 for Mac (Microsoft)  t

p 0.05, **p 0.01, ***p 0.0001
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 ( ) 2  (Fig. 1B)

Y X 2 X

PCR Sry Hprt

PCR Sry

 (Fig. 1C) Hprt 2 (Fig. 1D)  

 

MEF  

3 MEF

 (Fig. 2A) MEF RNA-Seq

 

(Fig. 2B, 2C) CLC Genomic Workbench 

 (fold change �2 or � -2 with a false discovery rate (FDR) p

0.05) X Y

34  ( : 27, : 7)  (Fig. 2D)

34 28  ( : 23, : 5) 
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Fig. 4 KDM5D
ENCODE qPCR (A) H3K4me3 : 
Lhx2 Gjb3 Dleu7 Eif2s3y (B) H3K4me1 : Sod3 Angptl7 (C) H3K4me1
H3K4me3 : Wnt10a Themis2  n=3, *p<0.05, **p<0.01, ***p<0.001  
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Table 1. The primer sequences used in qPCR. 
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