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V�5�þ���-.S&:n]�´�û

üli�%hTU��TS&�
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�

�

<H>efgh�.icefgj�kl�

���
�!.�*¥]�´�):Â cDNA
�	7!½v�º»z	e!vù�

-I2�Á» !"]!Wð CAGE01�short RNA01�PPI�qRT-PCR01"!

wx01!klhì�´����
�2oJïð�5&�

^5��Î/����	
01�������fD�!� P�Î/����	
øù

!5ú!E7btGÊûE�DE7!HI�P�� !fýyêzP��o¼QQQ! 

!u	{!{]�S� ]�´!¦[�dÈ.5& 

�

�

<m>N�n<12opq�rstuDv[wxy�z{|}�

.�*¥]�´�6��������	
�D��¾¿	�]¦[�����
�

2³4S��z	e!-E!.qh¶>5&×I� CAGE01�qRT-PCR01hþ}

ú��Í�þ���z	ehSù��s��5&�

W.2÷+hù|�´³��-I2ù|h�9�´iS�!�TS&^5�}�

����ðT>5�!]��ðJS&�

�
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2.2. STU~�+�p*\]	����+cDNA*'p����
^_12`��<^_-.>�

~ê� ����P�Lo¼Oö��o¼Q�

�

<=>���

9� þ�Vd� ]�´�����,-/ª�2L>´i56� cDNA 
�	7

hot2`%�01hd·�!]�´�sx¼ !�P�����¼�m !s7e	Q

]��2¦[����2�Wð�TUV=/�!;<=h.q2 cDNAhF-���


/â
e	Ü;! cDNA!ö
�	7x��� cDNA
�	7F-z	eâ	BhZ

�bÍ[�S	]h
/]�´kl-.5& 

):Â�� cDNADEFDGZ¡��h[i´��-.56� cDNA
�	72�

i´þ�1�23�1�):Âx!����
/â
e	;!ö
�	7x�y2RS

�ê]�Ã�í!�ë�dÈ.5&-I2�z	eâ	B2RS,�!8s�¼½!5

ú!�D��¾¿	�!HI2R���ä�ä[!��ðe[Ã!�iopq�6�

cDNAG�	B���-.5]i¦S&sx¼ !�]�¦[!�����h���S

�k�5 cDNA 
�	7É�89-.�� �!Ê8kâu@	8I��ð2@d!

��h%´iS& 

&'�9� !�%h)[�5�äb���ä[ !��]-.�-I2¥¦�St

/uvw�2�oJïð�S	]�´-.S&@a�9� ðHI�5 cDNA


�	7É2N^.S1��Ç��):Â
�	7!����&'!DEFDG!e²

�[2ÚÛhë¦S���TS��	.Ih�
�	7hNú5G�	B:nh�2

s����õiá	�	!)[2½-.S	]�)^.S& 

	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

�

<?>126��abBc96d�

��/289-.5
�	7!�þ�Z
ò!� 90�ðT��	!�ðþA=�5

 !�!/2�¨m·H���%hTU5]i¦S&	!�%2R������e�

S cDNA G�	B!��56/2ÕÃ�5&-I2��Ã,��z	eâ	B!89

2R>´�G�	B!)[²³!37����!t/uv!�2�ïð�S]�¦I

.�	.I!�2�i´þ���ðJS& 

 12



 

@a�DEFDGHI��!És/�n ðTS1��Ç��):Â
�	7!��

þ�9� ð89-.5 cDNA 
�	7É:n!��2ÚÛhë¦&'!
�	7!

e²�[h�USî+Ã�TS&9� !W 2	.I!��hH�2d·	]�ð

J�8>5	]þ��ðTS& 

 

 

<H>efgh�.icefgj�kl�

9� ]sx¼ !�]!¦[2R>´�6� cDNA 2¥�SÀÌ/pq!÷�b

,�G�	B�HI-.´³��	.Iþ&'!;<=*+ !2R>´;<¯°��

��	
h0\�S(!Ù|���]��·S�!ðTS&	!±ü2³i´�9� 

þ GNP×n!��h�úS	]2oJïð�´iS& 

 

 

<m>N�n<12opq�rstuDv[wxy�z{|}�

9� ð%I.5ot!÷�b,�G�	Bþ�ã!892R>´@d!t/uvw

þ�-.5]i¦S��&'þõ@B!)�[2½��-I�St/uvwh©G

ù��5�¯°2¥G©Æ	]��úI.S& 

G�	B×n!e[Ã]��/�|þ�i	]8I�X
�	72¥�S,�h:´

�>��7�h�
�	7hNú5G�	B:nh�2s����õiá	�	!)

[2½�S	]��9�%!�íh-I2�úS	]2���S]�¦I.S& 
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2.3. �+�����+'�����siRNA��������
^_12`��<^_-.>�

� ��� �� ��P�Lo¼Oö��o¼Q�

�

<=>���

9� þ�Vd� ]�´�6�:;<=2X��S� 2 �Íê!;<=2��S

siRNADEFDGh)�-M��������	
Ê7�	tg�v7�	22 ��

9���
�2RS;<=�®����	
!0\ !2��S	]h
/]�´

kl-.5&�

k(2�� 19,000 ;<=2��S>��?@ABCDEFDGhZ¡�5!2Ã¦

´��d/��ITU§¨V=h.q]�5>7w?EABCDEFDG�HI�5&

	.Iþ�ò//�!;<=]!X^Ã�.��8B{�w!�i siRNA 23h[

iS	]2R>´�ÀÌ/2��¯²³!�i�!]�´89-.�-I2DEFDG

!�¯²³!���kl-.5&�

Ã¦´�X;!Ê7B�D
�!�¯²%h¾@	N��
�´s��Sn¯�9¦

5z	eâ	B2RS,�!8s�¼½2R��e[Ã!�i siRNA DEFDG�H

I-.5],¦S&�

â
e	2¥�St/uvw!n 8IDEFDG2 !�W��.5����¹�

^ððþ�B 14 *¥2���� 13 �
�	7!2 hd>5&�8�����


���'!DEFDG!@Bs�2�i´� h��´³���!�ä�)^.S&�

� 	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

 
 
<?>126��abBc96d�

9� 2R�HI-.5DEFDGþ�e×2HI�5;<=�¯²%!�i

siRNA 7!237!pÊÃh�5�´³���¯²³!�i�!]�´89-.5&

-I2�ò//�!;<=]!X^Ãh���]�5 siRNA h[iS	]2R>´�

ò/;<=h÷ú/2�¯�S	]hî+]�´iS&̂ 5�>7w?@ABCDEF

DG2�i´��y!R·�23ð�TUðJS RNA?GvD	9����	e2R

>´NDEF-.S  ¡¢£¤�®â
e	h����DEFDGhHI�5&�
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7�!R·2�
/]�5DEFDGHI!�ðþ����ðJS�!]�´HI

-.´iS&�

@að�t/uvw!n 8I�B�	N¥!TSDEFDG!2 ]þ�>´³I

(����
���'!DEFDG!@Bs�2�i´�� h��´iS& !�

%�R·�ùWú5]	¶!R·ðT��@B;!)�[2RS�%hNú5&'!

(�2´�S& 

 
 
<H>efgh�.icefgj�kl�

� ¦|�TUV=2�i´þ��;<=2��´ÄÍê!>��?@ABC shRNA�®Ê

7�DB��Z¡-.�-I2�pol-IIC�Nú´§Íê! shRNA�®Ê7�DB�h)

[ðJSTUV=É�T��¦|�TUV=Éþ�rÜ�k2�¯î+]�>´iS&-

I2�	.Ihc¹2o[�S	]2R>´�Úò/;<=2��SÚÛ�.��ò/

;<=÷ú/�*+01hd·	]hî+]�´³��GNP!�íh�úS	]2��´

oJïð�5],¦S& 

^5�â
e	2¥�St/uvw!n 8I�W¹��.5�!!�ã!n h

¨©�����
� ;!2 hk®�5	]þ�GNP;!ïð]�´��ðJS& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

� ���
���'!DEFDG!@Bs�2�i´� h��´iS��HI�5

DEFDGhe²2�[�S5ú��!�ä�)^.S& 

&'!@Bs�2RS)�[!�]2RS�5� !�%!Sù�t/uvw!ª

%hì�´�9�%!�í�-I2�úI.S	]h´�S& 
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2.4. ���p�������<Y2H>	�� ¡¢�£�¤¥¦§�\¨h©

ª¢��«¬c®

^_12`��<^_-.>�

� o«� �� ��P¬�®�L¡Z�Q�

�

<=>���

� 9� þ�Vd� ]�´�JKL	MEFG�NOPY2H OQ!opq01h¶

��S5ú2�W-.5�!ðTS&¬�®�L¡Z�!��� Y2Hh[i´�6

�TUV=]XYZ[�SÍ;e7û
~hopq2cd�S	]2R��TU§¨2

³4Se7û
~WXYZ[����	
:n¯!0\]]�2��p§¨*H!�

¨b01�-I2Sò�� !;ä[�S	]h
/]�´�°±o¼�sx¼ !�

!YZ!�]kl-.5& 

� Y2H O2þ�²³Ã�²´Ã"!��/�n ���ZR�Vµ-.´i5��e

7û
~¶·h[iSaO�̧ �D
�t¹	9g�sE2RSÒm�º"2R��o

���»�ºúI.S&^5�TU§¨����	
!s02345e7û
~WXY

Z[����	
!z	eþ 2,000 ¼h½¦�k<2RSz	e�]�´þÀÌ�opq

!otz	e�89-.5& 

� º» !!@�]�´����
� !â	Ð2ä¦I.SBi	A!01tBu

�hHIbÍ[��Á» !8I!wx01!¾)2�ä�´³�����
�2�

�Sïð��i]ºúI.S& 

� @a����
� !�!e7û
~WXYZ[!ôO� Y2HOhd>´iS�

! !*¥"]!,-�H�Þ>5]þ,iP�̂ 5��[�²%2¥�´¿n��

S]!±¨�T>5& 

� 	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

 
<?>126��abBc96d�

� Y2H O2þ�²³Ã�²´Ã"!��/�n ��T��aO×n2�Ì�TS]

�¦I.S��9� ðþ�Y2H O!01��!372ÀZ���!opq���


�],-�´ÁÂ�iÃxÃh%´iS&¦2e7û
~¶·h[iSaO2�i´

þ����8.5]	¶ðT>5��ã!ÃxÃ�>-.5	]þoJi& 
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6�TU§¨V=h.q]�Se7û
~WXYZ[����	
hH��SXY

Z[!�ù2�i´þ�2,000¼h½¦SXYZ[h�¨��-I2�ã! 70%/72

�i´¸�D
�t¹	9g�sE2RSÒm�º"hd>´³��t/�~/]�2

H���%�%I.5]Ò}ðJS& 

ÃxÃ!��2¥�´þ��A¹?7g�sE��EÄE7¾¿{u@
B2RS�

��kl-.5���! !*¥"]!,-�{(��H�Þ>5]þ,iPi�!]

ºúI.S&TU§¨����	
2³4SXYZ[!±ü�4"!��þËÌ !!

�%2�ÅI.´iS5ú�z	es�'!&'!(��´-.S& 

 
 
<H>efgh�.icefgj�kl�

� TU§¨V=h.q]�Se7û
~WXYZ[����	
!z	eþ��ð26�

�������	
�D��¾¿	�hì}´@Bs��-.´³�����
�!�

íh�úS	]2oJïð�5& 

º» !]�´�Á» !8I!wx01!¾);!�äÞ4ð��Í�����

�����!�~"�#$ !*¥W!¦[2�Àú�9���
�2³4SÆÇ�

H�2%5-.´iS& 

�8���I����
� !�!e7û
~WXYZ[!ôO]!,-b��!

�ð-I�S¦[!ÈÉ�T>5�!]�¦I.S& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

�  !z	e!s�þÊ§2]úI.´iS��÷2Á» !8Iwx�T>5z	e

!V«�s��&'!� ]�S& 

�  
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2.5. STUq���¯°��±§u��+ ¡�²³'pU�\¨
^_12`��<^_-.>�

� }Ë� ¨Ì��P�Lo¼Oö��!io¼Q�

�

<=>���

� 9� þ����:nhÈ�	]�01î+�eEG7fg>Eh[i��� !

fI����5��� ChIP-chipOPDNAw��h[iTUV=!Òm��h±²/

2÷d�SaOQ2R�TU¯°V=!Òm��]:TUv»!±²/8�dt/cd

hdi�TU¯°*H!°WÃ]¦[P>jk�	�Qh\I82�S	]h
/]�

´���o¼�SÍ�m !��oÎo¼!YZ!�]kl-.5&�

TU¯°2¥ÈSTUV=!ÏÂn7;!Òm��¾7EAh01�S ChIP-chip

��!�LþGNPhÐd�S7ðJÈú´Ñ[Ãbä[Ã!�iÙ|�u	{ðTS&

9� ðþ���� ChIP-chip01��h�L��H�� !�%hTU´iS&�

^5�9��h[i5Á» !]!¦[2RS Hes1� Sox9"!-^L^�TUV

=! ChIP-chip01þ�º» !]�´ GNP;!ïð���i�!]��ðJS&�

^5��Ò�eft	i7Bh� 2©v�SìÀ�t	i7é	hä[�5

ChIP-seqO]ù0! ChIP-chipOh,-�S	]2R>´�ìÀ�t	i7é	h[

i5 ChIP-seqO!Ó��01ôO!�L�� ChIP-seqO�Ñ��0¯��z	e!

YÇÃ"!ª���hiá�� 2³i´Ô\�5	]����ðJS&�

� 	.I! mh¥^¦´�¦.è�9� þÚç2ª.5�%hTU´iS]��ð

JS&�

 
 
<?>126��abBc96d�

� ���
�!�����ðVµ-.5n �PÊB��h�Õ�5k<Ö¼!�V

x�é	×B�P³R�z	eâ	Bxh��/2]úS	]QhrÜ
Gg	�´³

�� !�%þE�Ã�"��]����-.S& 

6�!Ê6	t7!ÏÂnÒm��h\I82�5}�ã!©s¼/±%h>�5

}h���´³��Ê6	t7¤!���¼/012�i´!}��!TUV=2

¥�S}��ð2AØ�´iS	]h�Õ�´��[�²%��i]�¦S&�
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<H>efgh�.icefgj�kl�

��� ChIP-chip ��h�L��ã!�%�l�!Á» !!(�2ïð�5�8

I����
�2��SïðþÙú´�i�!]��-.S&^5�01Ò%hÁ»

 !f��þÊ7�	tg� v7�	2s��S5ú!01�ÚÛÜtBu�³

R�01Ò%:Ýbs�z	eâ	BtBu�!HI�TU����	
hnÜ/2s

0�S5ú!gAÞGÐ�!HI�����
� ð!¦[hFx�5�!]�´�

�ðJS&�

-I2�R�0¯�!�i ChIP-seq��hiá��L�5	]þº» !]�´

���
�;!��/ïð��i&�

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

&'þ�÷2Á» !]!¦[2RS !z	e!�@Bs�2RS��5� !

�%!Sù�t/uvw!ª%�]úI.S	]h´�S& 

�
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2.6. In vitro Virus�	�� ¡¢�´µ¶�·¸¹\]
^_12`��<^_-.>�

� ßà� áâ��P¼ãOö#$%&Q�

�

<=>���

9� þ����
�ð{|���/����*+z	ePe7û
~WXYZ[

PPPIQz	eQhvù��Á» !�-./201�STUV=¥¦e7û
~��

Á» !!G
åB�e7û
~!XYZ[z	eh~bt]�2Fxb^)�S	]

h
/]�´kl-.5&�

	!
/!5ú��� !fI�e×2���5 in vitro virus�äIVVgOh)[�5

MEBA	����opq01tBu�hHI��6�TUV=!e7û
~WXYZ

[01hdi�%I.5z	e2RS�m01tBu�!���]úI.5&�

	!R·�opq01tBu�!HI2R� IVV O!ÃxÃh�ú5�2�i´þ

���ðJS�!]�¦S&^5�9 !2R��e7û
~lmn01�B�DE

B�Gg7�01hk®�S�ykµhTU´³��&'!e7û
~WXYZ[01

!�(2³i´�e[� !]�>5�!]�¦S&�

� -I2�Á» !8I!wx01�Ê7�	tg� ;!z	e!s�2�i´�V

«2kl-.´³��Á» !]!¦[2�i´�H�2%5-.5�!]�¦S&�

&'þ�9 !ð%I.5�%��2@Bs�-.S	]2R��-I2Ù|Ã��

^S	]2´�S& 

� 	.I! mh¥^¦´�¦.è�9� þª.5�%hTU´iS]��ðJS& 

 
<?>126��abBc96d�

�y��h[i5MEBA	���!opq IVV 01tBu�h����	!tB

u�2R>´%I.5Ò%þz	eâ	Bx-.�Á» !*¥2� 2¼½ðJSR

·2�S�y�opq01!�%]�´H���!h¼½�5&�

^5�9 !ð%I.5z	ehÌ!aOð%I.5z	e],-�S�y�´Ãx

Ãh�úS_G�ÂI.´iS&�

9 !ð%I.5�%h-I2�(-M´�©ª�¼�Ó¼!�ê2�ä[ðJSR

·ðT.è�-I2ã!Ù|Ãþ�^S�!]åÈ.S&�
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<H>efgh�.icefgj�kl�

 !z	eþ�ð2Ê7�	tg� 2s�-.´³��E7e	���hæ�´g


sBðJSR·2�>´iS&-I2�PPIz	e!ö®Ã�yhïß/2�ºðJ

SR·� GUIPgraphical user interfaceQ!89�d>´iS&�

^5�Á» !*¥!G
åB�2R�TUV=2�i´XYZ[�ùk<hdi�

ã!k<8I%I.501z	e2�i´�s�h���S�y�GNP ]!¥¦³R

�ïð�þ�i&�

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

IVVOh�[�5��2¥�S÷+�ù|�s�-.´³��t/uvw!��H

�2ÂI.´iS&�

� &'þ���/� !z	e!@Bs�2RS�5�(�2´�S& 
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2.7. º¶±§u� ¡¢�´µ¶\]	��STU~�+�p*�»\
^_12`��<^_-.>�

� æç� ,èâPuéOö8(- DNA !�Q�
�

<=>���

� 9� þ����
�ðê��01�{|�TUV=2¥�SrnDEFDGhH

I���������	
Ê7�	tg� 2¼½�S]]�2�Ê7�	tg�v7

�	!|ë2�5�ie7û
~Ùe7û
~WTSiþ DNAÙe7û
~Wlmn

!cdhd>´i	]h
/]�´kl-.5& 

� �� 18��8I! 3�Wð�TU¥¦e7û
~2��S?éj?G
�	ÔAr

n!Z¡b���rn��!5ú!XÍ�®Ü!Z¡���ì�v»!~t�12RS

e7û
~lmn01�
�{w7��ì�O2RS DNAÙe7û
~lmn01"

���Z/2]úI.´iS&@¦!TUV=2��S~!�irn!Z¡�]�ð³

��Z¡�5÷úrnh[i5 !�%���-.´iS	]8I�Ik��%�T�

>´iS]��ðJS& 

� ^5�Á» !"]!¦[2RSrnZ¡�EÙ/2dÈ.S]]�2�]�#$]

íìDE-.5z	eþ�z	eâ	B]�´DE�Í[-.����
� !�

! !�%2ïð�5& 

� @að�W.2��-.52�/2UGS]�-I�S�(�(�!ÈÉ�T>5

!ðþ�i8]!±¨�T>5& 

� 	.I! mh¥^¦´�¦.è�9� þH���%hTU´iS]��ðJS& 

 
 
<?>126��abBc96d�

� @¦!TUV=2��Srn!Z¡�]�ð³��Z¡�5÷úrnh[i5 !�

%���-.´iS&̂ 5�rn��!5ú!XÍ�®Ü!Z¡���ì�v»!~t

�1012RSe7û
~lmn01�
�{w7��ì�O2RS DNAÙe7û


~lmn01�kl-.�ã!Ò%�~!�irnZ¡��!�L2jë�S]]�2�

÷2���ì�v»!~t�1012RSe7û
~lmn012³i´þ
òíh½

¦St!lmnH�V=hcd�5& 

�  
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<H>efgh�.icefgj�kl�

� ���
� ðÁ» !"8Iwxh�4´Z��5rn!����^5���

!io¼]!¦[2R��Z¡�5rn!��ì�2RSëì DNA¶·!2301t

Bu�h�L�S�y�º» !]�´H��¦[bïð�ºúI.S& 

-I2�DE-.5z	eþz	eâ	B]�´Í[-.����
�v7�	3

42s�-.´³��GNP;!ïðþ���ðJS& 

 
 
<m>N�n<12opq�rstuDv[wxy�z{|}�

�  !�%]�´!Z¡rn�³R�]�#$]íìDE-.Sz	eh-E�´HI

�5z	eâ	B2�i´þ�&'��2@B2��[-.SR·289-.S	]

�)^�i& 
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2.8. �+STU~�+�p*WX¼�½U���
^_12`��<^_-.>�

� îïð� ñ��Po¼ëc)[*¥Oö,�btBu� !*H�L;<¼ !�Q�

�

<=>���

9� þ�ëc !òó]�´!6��������	
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