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�����
)&( � *"��$ 

�� �-�� �+5�  *6�7 �� �8 �9 ��*1 :���4� ;+$/ �� �8 <=/� ��	 ���� ���0 �����0��
, (�8 .3=?@�A� B=�� ��

 �� �-�� #����"C<D+� ��*1  1 #0�
0� B*1+$E��1 �9 cDNA �+�"�4 ����=�F7 #@+$/ ��� �� #0�
0�  �
=��8 

#-*G)CHO (�	 ���� ���0 H� ��+@�I�+�*/  7+�� , ; �-" <J7 .

+��� !��� �(
�K0� 3?@�A� �+1 #1 K7 L+0 �� ��	 M.�� �-�� :8�N, B�� ��&���=E� B*=1 #0�
0� B*1+$E��1 �9 (�=8&��

cDNA �+�"�4 ��	 ���� #0�
0� .cDNA �+�"�4 �� �� =�-�� �=.�� cDNA �+�"�=4 #=?*!O �P�+=2 3=1 

#0�*1 �*�/Q, �� �� H� �� +@�I�+�*/  7+�� , </� B*��, �� '30�E��.pcDNA3 30�
�8 �/�0�	 (� .R,

���/ '#@+S@+� ���T�/ �*��7 �� (�8;+$/ B�SU
0� 7 (� 1 ��	 3�T�/ V*" 7+0 (�8CHO �� D ���U�/� ��+� 

�-�4 E .;+$/ <�" W*J� 0� 7 (�8
�+�"�4 V*" 7+0 B*X7� , ��*1 (��/��S	Y �+Z-� 31 ��	 <SU�#0�
0� '

[�. 3$� � \� �+��Y ��+� � (��Y Q, (��  1 ��]?0� (� �+�"�4 �D�4 (��/�<4 E �� D .�+=Z-� 3=1 R^=/ 

��*1 <J2 �*��7cDNA �+�"�4 �;+$/ �� <	+0�� �+��Y �1 �Y �+5� 'V*" 7+0 (�8 �*��7 H+S?� (��� 1

�	 .

*���� �(
���� 3*@�� 3
��]� W*J� �� ���Y </� 31 ��]?0� (�8 ;+$/ <�" (�8 �*�=/Q, ��  =8 �1 ��	 <SU
0� 7 (�8

 � V*" 7+0 30+�0 �1 3
��]� �#U-� ; �-" (�8'�+�"�4  I0�*1 ����*� 31&_�7_��2�� �� =E ��  =8 W=/+7

;+$/ (�8�+E E� ��	 �+1.;+$/ (��]?0� <*@�?4 �� `2�� a���0 3
��]� B*-G b8 ���=/ �=.�� (�=8 (�=8

 �+�"�4 <*@�?4 :���4�  I0��0 'V*" 7+0����*� 31 ��	 ��*1 &�7��=J� �� �=2�� ;+$=/ <�=" W* (�=8

;+$/ 31 <!
0 �� �-�� �.�� ���/ �1 ��	 �+E E� �+1 �� �-�� �D�4 ���/ �1 ��	 �+E E� (�8 .�+��Y B*-G b8

<	+0�� �+�"�4 ��*1 � c-*
�Q^/� �-�Y 4 <J2 'H+S?� (��� 1�;+$/ �� �+�0 �*��7 �� V*" 7+0 (�8 .

,�	� *-	�� 
-�� �+5� <!d�  *6�7 e*]J7 B�� �� �� �C�+�"�4 ��*1 ���*�  1 B*1+$E ��1 f�=	 ���� ���0 #0�
0� .B*=% �� 

�+�"�4 ��--" ��*1 (�8�*�/Q, <T�/ �1 ;��f#0�
0� ';+$=/ (���=��, #=/� 1 (� =1 #!=/�-� ���=1� (�=8

 �+�"�4 �*@+7 (� 1 ��	 <SU
0� 7f�	 b8� 4 \*7���
*/ P�+2 31 #1�F�0� W*J� �� .

.���&	�� /�:�"�4 �+�'B*1+$E��1 '�8�� �-�� �8';+$/ (�8CHO 

������ ����	:�/
�/��
����� ����	:�/
�/��


������� � �����  ��! "#�$ ���%#��& '�()*$� ++,�-).�/�'0���*�1�$ 2�3435	 6&�� � '���%� �7�8 � 94:*0 ��"%;� ���< ��! ,�-)*$� '0��= � >�= 
?$�;	 ��#6� 

�� +@�A7� B�A :PhD + ������� 94:*0 ��4)*$��:7� C�"%D + '���%� �7�8 � 94:*0 ��"%;� ��� ,�-).�/� :����E
�
FF 
�+PhD�;#�G H��� I4�J ,�-)*$� �����:�$ + ������� � �����  ��! 
�EPhD'���%� �7�8 � 94:*0 ��"%;� ��� ,�-).�/� �����:�$ + �14#�4G 
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?��:%�$
�*�7*$ K4G��L�:G ?0 ���:&�� �M�� ?�4G N@�O� '��3O*$ '���8 �P�4�! �:&� ���?$���1. �

���

����	 
��4��1.B'��+14G 8$ <Q17��& �� R+S�	 ���+� '�+.

 �+�$ �*���� ?0 8$ ,��T:�$ �G ?���� .��4��+1.B8$ �+�� 

'��14G �+� � @V:+J$ R+(4:* �� R& ��$ '��3O*$ �47� '�.

 ��:&�� ��W1&N�� XD�Y ��# .2��+D R+G '��+14G K+�$

  �8����& RG R:7G$� Z��[�X�+� \�$ R+G ?$6+4� � "+��

 ?= �	$�++	�����/
��++� �++�$ ?�++;S ��)
.(K++�$ ?�++��� 

��:&�++� _++��6	 R�4++�� R++G '��++14GN8$ ,"++# `$�a:++�$ 

I+�$� ?= b+4&�	�* c�+* de$�+4J$ � �*�7+*$ �O4Wf '�1�V�

�++�$ .K4g	��++� ?�++4G h�$6++�$ '�:++�$� �� 2�++O��i� '�++.

 >:74� �� b4&�	�* R+G �*���� ?0 j". �G �	����&�� '�.

 2��Dex vivo �in vivo� "4��	 �� �k++�$�# �� K+4g	��

in vitro,�-)���8= ��& ��:�� �� �$�+M �4*� �� '�"O:� '�.

 ��$ R:��L .K4g	��� ?�4G ?��G l�G b+4&�	�* '�.<"+%�8�4* 

�+G �+14m%	 �+D�%! R+G 6;(� �*�4G '�."41�V� 8$ ,��T:�$

 ��$ ,"%�$6�$ h3*)�.(�� �+14m%	 �+D�%! �+�& ��+f R+G

 �$�M �*0 ,"%%&"& �4n �Y$�*R:��L "*$)FE�.(8$ h4+GN�%

��$�	 8$ ,�;� �-�� � ?�7*$ �� ���*0 '�. R+G _+�O:� ?$�$�

��$�	 ��$�	 �� � ,"%%&"& �4n '�. �+4��O� �+G ,"+%%&"& '�.

 ��$  ��O��*)�<�.(�	����&�� ,"# R:J�%# ��4:*0 �D�%!

 ?0 ?�4G ?$64� >4m%	 �� '"4�& h3* R&"+*�$� �.<��+f R+G 

��� X��++++# ,"++++1!?0 �++++��l�G �� �++++.�	�� <�++++.

,"%�$6�$ �.)Enhancers ( ?0 �+�� K4��� �� ���l�G �� <�+.

��$�	 ��$�	 64* � �7��*�� ,"%.� R1	�J '�. �� �p�+� '�.

��� "%�$�� �� ?�4�V4*�=?0 ��� K4��� "%:7. �. .

�� K4%q >. ��& ,��#$ ?0 ���(� �D�%! �J�G RG ?$�	

 Ra7* 8$ "OG >4m%	 R&�Y$�* �� � "*�$� ,";! RG $� '�$��G

 R1S�	 XG�M �4n'F�'�"+*�$� �$�+M ?0 '�;:*$ �� �� )
�E

�.(���Y$�* ?��:%�$ <?0 ��J$� ?��+G $�$� �+G RiG$� �� �.

�++14m%	 X++�$�!<,/++�� ,�++-��S '$r�s++:J$ ��++J R++G $� 

�� "%.� .��$�	 K�$ X+J$� ,"+%%&"& �4n �Y$�* 8$ �)aG �.

 R& "%:7. �*0 @�+f �+*0 ,"%%&"& �Y$�* RG �W7* de���1!

 �+� r�s+:J$ ��+J RG $� '�:L�6G "+%.� .@�+f � �$"+O	

?��:%�$ ?0 �� �. �+	 �TD 8$ b4	�	 RG B�:a� '�.�F8$ �

�F ��$ �4[:� 8�G �TS �$6. "%q �	 )

.(����+3� j�+D

 ?��+:%�$ t+TY � �+4u�	 '$�G �$�� � '0�*$ ���8 �+.<"+��� 

?��:%�$ "4T� h3* �+�$ @��� �� �. .�+�� �4p�+	 >7+4����

 bW� �G �*��:%�$ �Y$�* 8$ �J�G '��14G ���%# ?�)* 64* �.

 ��$ ,"# ,�$�)
�.(��$6L �� ?�)* �. �� ?0 ?�4G R& ".�

 �� ?��:%�$ ��vY �� '��$�� "*$�	��	F�� h�$6+�$ �G$�G 

"G��)
�.(?��:%�$ 8$ ,��T:�$ $�� +4G ?��G l�G �;S �� �.�?

�K4g	�� b4&�	�* '�.<�$�+M '��+�8 ?�+335� R+S�	 ���+� 

��$ R:��L)
F<
�.(��v+Y RG R& ?0 9� �*�4G 2$�44[	

 �� ,�$� �W7* ?��:%�$ ��#<?�+q '�"O:� �W%S X�$�! RG 

8$ ?= R�+D�� �+m* 8$ ���G ?0 �� ?��:%�$ ���64� �4OM��

 '�;:*$ ��'F��'��+�$ R:7G$� ?0 )
�.(8$ '��47+G I��+:*

=h���8 �	�+���� R+G 9��6* ?��:%�$ R& ��$ ,�$� ?�)* �.<

��$� ?0 ?�4G >4m%	 �� '�:)4G ��$��&)
FE
�<�.(��v+Y

��$�	 ��$�+	 6+4* � ?0 ?�+4G ,"+%�$6�$ '�. R+G w�+G�� '�+.

,�-��S ?��+:%�$ �� �7+��*�� '�.��:&�� @�s	$ '�. �+.<8$

��$�	 K�$ �$�L�4p�	 X�$�! R�1S 7+. ?0 ?�+4G �G �."%:)
�<

F.(?��:%�$ �4p�	 R:7+. 8$ �7+��*�� @�s+5� `��J �G �.

 K+�$ �� <��$ �$�L�4p�	 ?0 ?�4G ?$64� �G 64* >�V��:4� RG

?��:%�$ ��vY �� RiG$�<R!�1(�  �+* R+G �%4g	��� '$EJC 

)Exson Junction Complex (�� X4�)	 R!�1(� K�$ <��# 

91& RGXM�* �G h%�1.�G �)n ���3:*$ '�.'R:7. <`��J 

�� X4;7	 $� �7��*�� @�s5� "+%&)
�<
�.(h%�1.�+G

 R!�1(�EJC XM�* �G ?0 8$ �.��L �� ���)n '�. '�+M �.

 �$�+M �4p�	 �5	 ��47G $� �7��*�� @�s5� `��J � ,��G

�� ?0 ?�4G <".� ?��:%�$ R*�L K�$ "S$� '�. 2"+# R+G �+.

 ��$ ?��:%�$ ��S� RG R:7G$�)��<
N.(?0 ?�4G �+4m* ���.

 R+G �+�$ ?��+:%�$ ��vY RG R:7G$� 2"# RG K4G��L�:G ?0

 ?��+:%�$ Z�4n �� R& '��f<���+*$�	 �7+��*�� @�s+5� 

�+�! � ��$� R:7. 8$ `��J �� �1& ��47G �� "+4��	 >+n�

 �1* R1S�	 � ,"*�� �M�G R:7. ��#)��<
N.(K4G��L�:G ?0

 @�f RG ?��:%�$ �� '$�$� �*�7*$ '�.
�� ��F�8�G �TS 

��$)�
.(R+G ���s+	$ �+D�%! >&$�+	 ?$6+4� �W7* ��f RG

 ?��:%�$ �� �7��*�� '�.��:&��
?��:%�$ 8$ �:)4G ?0 K�$ 

��� R& ��$ ?��+:%�$ �41.$ 8$ ����O*$ "*$�	
?0 K+�$ 

"#�G ?0 ?�4G ?��G l�G ��)��.(?��+:%�$ b4	�	 K�$ RG'�+.

 '"%1*$�	 �m* 8$ �*�7*$ K4G��L�:G ?0 @�s+5� `��+J �� 

*��+G �7��+>�V��:4� R<R%�6L ����G �;S �W��%� '�. 
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��� ,F<,��1#�<?�:7�8 ��

���

;��.&:�Y � 1��" � ��	 ���U�/� (�8 E��hY �8

����	
PCR 

<U. � 1��" E��hY #@�+7�8 E��hY M�0�8 E��hY 

5'- GGATCC GTT ATG CAG CGC GTG AAC ATG ATC-3' hFIXE1-F 

?�6L$ �4u�	
8$cDNA ��:&�� N5'- AAC CTT GAT ACC AAC CTG TAC ATT CAG CAC 

TGA GTA GAT ATC CTA-3' hFIXE1-R 
5'- AGT GCT GAA TGT ACA GGT TGG TAT CAA GGT 
TAC AAG ACA GG 3' hBI1-F 

�
?��:%�$ �4u�	
 �*0 8$ K4G��L�:G 

�*�7*$ 5'- ATG ATC AAG AAA AAC TAA GGG TGG GAA AAT 
AGA CCA ATA G 3' hBI1-R 
5'- TTT TCC CAC CCT TAG TTT TTC TTG ATC ATG 
AAA ACG CCA AC 3' hFIXE2-F 

�
?�6L$ �4u�	 '�.��	�8$cDNA 

��:&��N5'- CCT TGC AAC TGC CGC CATTTAAAC 3' hFIXE4-R 

5'- GGATCC GTT ATG CAG CGC GTG AAC ATG ATC 3' hFIXE1-F 
�

8$ XD�Y 2�OiM @�s	$PCR 


��)SOE-Mediated PCR 1(5'- ATG ATC AAG AAA AAC TAA GGG TGG GAA AAT 
AGA CCA ATA G 3' hBI1-R 

5'- GGATCC GTT ATG CAG CGC GTG AAC ATG ATC 3' hFIXE1-F 
F

2l�s5� @�s	$PCR ���

)SOE-Mediated PCR 2(5'- CCT TGC AAC TGC CGC CATTTAAAC 3' hFIXE4-R 
5'- GCGGCCGCAGTGATTAGTTAGTGAGAGGCCC 3' hIX-R1 

�(*$ �*��& "%�=��  �PCR 5'- GCC ATGGCCCCCTTTGGATTTGAAGGAAAGAACT 
3' hFIX-F2 
5'- GAAGCTTTCTCCCTTTGTGGAAGACTCTTCCC-3' hFIXE2-R 
5' CCT TGC AAC TGC CGC CATTTAAA C3' hFIXE4-R "%�=��  �(*$RT-PCR 
5' GGATCC GTT ATG CAG CGC GTG AAC ATG ATC 3' hFIXE1-F 

K4g	��� ?�4G h�$6�$ @��� �� b4&�	�* '�. ?$�$"*�:7� '�.

"%:7++. .��$�++	 ,�++W*$ >&$�++	 '�++.��:&�� R++G @�s++	$ '�++.

 ?��:%�$ �� �7��*��
8$ �	$��+& $� ?��+:%�$ K+�$ <?0 K+�$ 

?��:%�$��� ?�)* @�+f ?��G ,�	�& X4�� RG ���f 8$ <".�

 ?=7*?��+:%�$ ���+� RG �W ?��+:%�$ � �+.�<K4G��L�+:G ?0 

?��= ?= b4&�	�* ,8�� '8��:�� K4+%x1. <��+G ".$�J �	

 �� ?= X+��& @�+f 8$ ,��T:�$ ?���$ ?��:%�$ K�$ ?��G ,�	�&

 Q��y+1& X4�)+	 �+;S �� ?�6L$ �� k�$� "YEJC $� 

�� >.$�� �8�� .?��+:%�$ 8$ ,��T:+�$ H��$ K�$ �G
�+:G ?0 

G��L �*�7*$ K4)I1B(?�4G h�$6�$ j". �G <cDNA ��:&�+� 

N@��� �� '�.CHO �$�+M h.�/+� K+�$ ��+& ��:+�� �� 

�++��L .R*�7++1. X++Y$�� R++O��i� K++�$ �� '8�++�I1B K4++G 

?�6L$ '�.
��cDNA ��:&�� NK+�$ �4p�+	 64* � �*�7*$ 

�M�� ?�4G ?$64� �G ?��:%�$cDNA ��:&�+� N���+� ?�7+*$ 

�$�M ����G��$ R:��L .


 ��
� �
���
� �."41++�V� <?$�$"*�:7++� ����++� ,�� <'�:&�++G ��++�

�.�L8�n= 

O��i�+��G �G�(	 c�* 8$ ,"#  �(*$ R.:&�G ���+++'�

��&�4)��#$)�����= + ?/	$�:�$ (R*�71. XY$�� '$�G '8�+�

 "+# ,��T:�$ .����+� ,��CHO 9+*�G 8$ ,"+# '�$"+��J 

$�%! RG <?$��$ ����� ?�+4G �+;S �$"*�:7� ����� ?�G64� ?

��:&�++�z�++��L �$�++M ,��T:++�$ ���++� .b++4&�	�* ,8�++�

pK14hFIX {W%� ?$�%! RGcDNA ��:&�� NR+:��L ��+& R+G

"#)��.("41+�V�pET26+ )?�+1�= + ?0$��+* (?$�+%! R+G

 R*�71. XY$�� '$�G k�$� "Y ��:&� "+# ,��T:+�$ '8�+� .

"41�V� _435	 K�$ ��pcDNA3)�����= + ?0��:��%�$ (R+G

 ,8�� �Y$�f '$�G R��� ��:&� ?$�%! ��:&�+� �*�4G '�.N��

@��� ���L �$�M ,��T:�$ ���� ?$�$"*�:7� '�. .,8�+� '�+.

�++:*= R++G �++���3� ?0 "++S$� ,"++# R:J�++� �*�++4G 9++4	�4G

 "%:7+. �G�+a:*$ |J�+# ?$�%! RG K474:%S .'�+.�L8�n= 

+# k+��	 _435	 K�$ �� ,"# ,��T:�$ �*�+1�= �&�MWG 

"*"# R:J��)@�"S
.(

>�6*= <�)& k45� �4& � ���414# �$�� <�. �.

�)& k45� (Luria-Bertani)LB �)& k45� ?$�%! RG

"# ,��T:�$ '�:&�G .�+y�= X+4�����6�$ <K47+����*�& <K4�4+�

"�8�:&l�L�4	)IPTG ( �X-gal)�+m�n �+G b+4	�	 R+G��<
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?��:%�$
�*�7*$ K4G��L�:G ?0 ���:&�� �M�� ?�4G N@�O� '��3O*$ '���8 �P�4�! �:&� ���?$���1. �

���


�� <�������  �L���4� ��4� 9� �)+& k4+5� �+:4� (

,��T:+�$ �G�+a:*$ �)+& k4+5� ��+S� RG 8�4* 2��D ��

"*"++# .>�6++*= '�++.DraI<EcoRV <NotI�T4 DNA 

Ligase K474:4%S <)G-418(�4& <@�s+5� |4+�a	 '�+.

PCR"41�V� <<RNA + ?0�+4� K)+�T7*$�	 X��! ���

�++#�*�� >�6++*= H�++�O� �$��++GM-Mulv �&�++# 8$ 

}���)1�=?�("*"���L '�$"��J .>�6*=BamHI�HinfI �

"41++�V�PTZ57RT?0�%4++� 8$ )?$�++�$ ("++# '�$"++��J .

��:&�+� "+M�� '�1�V�N��4:+��%L��� �&�+# 8$ �*�7+*$ 

�L�:�$)R7*$�� ("# '�$"��J .�+G ?�7+*$ �+O4Wf '�1�V�

 ��:&�+� '��3O*$ h���8= ��$"*�:�$ �$��1* >�� j".NR+G 

� 8$ ��$".$ 2��D "+�= �+�� RG ?$��$ ?�J @�3:*$ ?��8� .

�)++& k4++5�DMEM)Dulbeco's modified Eagle's 

medium ( �Hams-F12 �&�# 8$ ��W4S)�+����= (�+;S

@��� "#� '�.CHO"# ,��T:�$ .

��� '8�� '�.DNA 

�+�� XY$�� R1. '��+&DNA ��� H�+�$ �+G '�+.

 "+#  �(*$ ~%4*��& ��$"*�:�$)��.(R*�7+1. '8�+�cDNA 

��:&��N"41�V� �� pcDNA3 h%+&$� 8$ ,��T:+�$ �G '�+.

 b++4&�	�* ,8�++� �1v++.pK14hFIX"++#  �++(*$ .DNA 

� ?�7*$ ?�J 8$ ,"# `$�a:�$ ���8����&cDNA ��:&�+� 

Nb4&�	�* ,8�� >v. 8$ R�D�Y pK14hFIX R+G b4	�	 RG 

�4u�	 '$�G �-�$ ?$�%!I1B ?�6L$ �'�.
�+	 ���:&�+� N

�*�7*$ "%:��L �$�M ,��T:�$ ���� .R*�71. ?��+:%�$ '8�+�


?�6+L$ X+D�� "Y �� K4G��L�:G ?0 '�+.
��cDNA ?0 

��:&��Nh%&$� R� R�4�� RGPCR h%+&$� �� � ��$"*�:�$ 

SOE-Mediated PCR )Splice Overlap extension 

mediated PCR (�����++�  �++(*$ .��++m%� K++�$ R++GDNA 

"# `$�a:�$ ���8����& � ?�7*$ ?�J 8$ ,cDNA ��:&�+� 

N?��++:%�$ �++4u�	 �++;S �++-�$ ?$�++%! R++G b++4	�	 R++G 


K4G��L�+++:G)PCR2(?�6+++L$ <
��:&�+++� ?0 N)PCR1 ( �

?�6L$ '�.��+	 ���:&�+� N)PCR3 ( �$�+M ,��T:+�$ ���+�

"%:��L)@�"S
.(

?�6++L$
��:&�++� ?0 N?��++:%�$ �
�++G K4G��L�++:G ?0 

K4+��$ 8$ ,��T:+�$ h%+&$�SOE-Mediated PCR �+TS �

�L8�++++n= hFIXE1-F/hBI1-R Xs++++:� �-�"++++1. R++++G 

"*"#)PCR4 .( h%&$� 2l�s5� '�+.PCR4 �PCR3 �+G 

h%&$� K4���  �(*$SOE-Mediated PCR 8$ ,��T:+�$ �+G �

`�8�L8�n= hFIXE1-F/hFIXE4-R ,"+# Xs:� �-�"�� RG 

?��:%�$ b4	�	 K�$ RG �
L$ K4G K4G��L�:G ?0 ?�6 '�.
�

���:&�� ?0 N���L �$�M )PCR5 .( @�s5�PCR5 8$ Q� 

R*�71. �� '8��PTZ57RT >�6+*= `�8 �G >v. �BamHI

�Dra1k++�$�"Y ,8�++� �� pET26-hFIX � "++���L ��$� 

b4&�	�* ,8��pET26-hFIX-I ?��:%�$ "S$� R&
R+G ��$ 

"�= ��� .>�6+*= R�4+�� R+G  �(*$�� '�+.BamHI/NotI<

cDNA ��:&�� N?��:%�$ '��Y R& �*�7*$ 
K4G��L�+:G ?0 

�++�$)hFIX-I ( "41++�V� R++GpcDNA3 ,8�++� � X++3:%� 

b4&�	�*pcDNA3-hFIX-I"# R:J�� .

��$�	 K44O	 

,8�� �� ,"# ?��& 2�OiM b+4&�	�* '�+.pTZ57R/T-

E1-I1-E2-4),8�� ?$�%! RG?��+:%�$ X��+# k�$�"Y '$


6L$ � K4G��L�:G ?0?�'�.
�	���:&�� ?0 N(<pcDNA3-

hFIX)X��+++#cDNA ��:&�+++� ?0 N(�pcDNA3-hFIX-I 

)?��:%�$ X��#
� K4G��L�+:G ?0 cDNA ��:&�+� ?0 N(8$

"# ��$�	 K44O	 d�eV��& R:#� �� �. .��$�+	 �+G ��&�+� '�+.

 ,�-:�� 8$ ,��T:�$ABI 373)+ ?�1�=MWG ( 8$ ,��T:�$ �G �

'�.�L8�n= s:J$ "+���L K44O	 �D�.��$�+	 R7+��3� '�+.

 R+��*�G 8$ ,��T:�$ �G R�D�YBLAST �+*0 9+*�G R+4�! �+G 

"#  �(*$)�F.(

K)�T7*$�	 � @��� �)& 

@��� '�.CHO '��� �� ���:*�� RS�� ��)+� <�$�+L

F%CO2�+W4&�	 �)& k45� �� �Hams-F12 �DMEM 

�W7* �G
/
'��Y 
�%<R��+��L K4+%S  �+�U/ml 
�� 

�%� K4�4�G�µg/ml 
��7����:��:�$ 4�%n K<,�$� "+#� 

"*"# .+ ?0�4� � 2�T7� + >47�& ��� �� �G K)�T7*$�	

��4�� �� R+*�J h# '�. �+��L 2��+D '$ .K+�$ '$�+G 

@��� ��m%� '�.CHO ��"Y ��h%+&$� 8$ X+WM �!�+� 

>&$�	 �� K)�T7*$�	
��,��� +

�,��� '$8$ R+G @��� 

R*�J �. "*"+# ,�$� �)+& .+G K)+�T7*$�	  �+(*$ '$�+G�
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+ ?0�4� 8$ ,��T:�$�<µl�+ ?0�+4� 8$ ��+G µl N�k4+5� 

R��� �)&)�:*= �  �� "M�� 94	�4G (2"+� R+G � w��a�F

"# ,�$� �$�M C�	$ 2�$�Y RS�� �� R34M� .C�+� w��a� RG 

µg�R+G ?��+1* w�+�a� 8$ Q� � R��P$ b4&�	�* ,8�� 8$ 

XM$"Y 2"���$ '��� �� R34M� 	"# ,�$� �$�M C�.w��a�

 @��� RG de�143:7� Qy� ���;* �� �.ml �k45� R+��� �)& 

"���L R��P$ .>47+�& ��� R+G K)+�T7*$�	 h%+&$� '$�G

2�T7++�<µl 
�� 8$ F/�@�++� CaCl2�++G µg �F,8�++� 8$ 

�G � R:a�� X��:�$ R��� 9� �� b4&�	�*X
/�TE >+(Y 

RGml 
"# ,"4*��� .$� C�+� @�+�5� 8$ >+(Y 9� Qy�

 8$ >(Y 9� �GX�HEPES ,�+iM ,�iM K4��� �G ,"# ���G 

w��a� Z�J <,��& 2"+� RG R�D�Y @��5� ���� R+34M� 

$ '���	"# ,�$� �$�M C�.

�+. RGml �)+& k4+5� 8$ <µl 
�� ���+;* @�+�5� 8$ 

XM$"+Y 2"+� '$�G K)�T7*$�	 h%&$� � "���L R��P$�

�$�$ �!�� ���� R.{+1S R+��� �)+& k45� Qy� � '��=

 X��& �)& k45�)'���+P 2�+W4&�	 8$ �+4n k4+5� K+�$

 @��� "#� '$�G K4��:�� "S$� �.K�m�n�G F�� �L�*�+* 

��4� �. '$8$ RG�+�$ �)+& k45� 8$ �:4� (@��+� R+G �+. 

"+���L R��P$ . �+� �  �� 8��)��"+Y������!�+� (

K)�T7*$�	 8$ Q�<$�G �)& k45� {+1S ����G ''��=

@��� RG ,8�	 k45� �"# R��P$ �. .

,8$"*$ ��:&�� '��3O*$ �4��O� '�4LN�*�7*$ :

��:&�+� 9+�0���4G �4��O� N8$ ,��T:+�$ �+G ,"+# ?�+4G 

��:&�+� "M�� �*�7*$ '�1�V�N�PTT )Activated partial 

Thromboplastine ( >.$�+� X1O�$��:�� �G _G�i� ,"# @�O�

#"+���L K4+4O	 ,"+%%& "+4��	 �&�+# R�4�� RG ," .'$�+G

 ��:&�� �4��O� ?$64� K41a	N,"# ?�4G �*�7*$ <�$��+1* 8$ 

'��+3O*$ �+4��O� 8$ ,��T:�$ �G R& "# ,��T:�$ '��$"*�:�$F

�+++O4Wf ,"+++# R	$�:4+++� '�1+++�V� 8$ B+++�:a� �+++M�

?�7*$)
��/
<��/
<��/
<��/
<
�/
( �+1	 �n�& '��

�1:���-���G ,"# >4��	 ��3O*$ ?��8 R4�! �G .

'��3O*$ h���8=  �(*$ '$�Gµl 
�� �+G R+*�1* �. 8$ µl 


�� ��:&�+� "+M�� '�1�V� 8$ IX �µl 
�� 8$ PTT @�+O� 

de�34M� � w��a� ,"#�2�$�+Y R+S�� �� R34M� ��R+S�� 

�:*�� "# ,�$� �$�M �$�L .Qy�µl 
�� "+���& >47�& mM 

�F �L XWM 8$ �� ,"#  ���:*�� RS�� � R��P$ ?= RG �$�L

,8$"*$ ��3O*$ ?��8 G R*�1* �. '��3O*$ �4��O� � "# '�4L+�

"���L K44O	 ��$"*�:�$ �$��1* H��$ .

?��8=RT-PCR 

RNA @��� 8$  �	 �+G ,"+# ��T7+*$�	 b+4&�	�* '�+.

�%4� ?��:%�$ "S$� ?0
8$ ,��T:+�$ �+G �*�7*$ K4G��L�:G ?0 

&|4�a	 �4RNA "+# `$�a:+�$ .Qy+�cDNA k+��	 

�#�*�� >�6*= H��O� �$��Gm-MulV 8$ ,��T:+�$ �G RNA 

�G ,"# ��14	DNAase 8$ '��! RNAase � �+-�$ ?$�+%! RG

�L8�n=����s++	 �++�$6-. '�++.)Random Hexamer ( _++Wf

 "++# R:J�++� ��$�++:� R++�Y�� �� �� ��$"*�:++�$ ��� .8$

s5�+*�� @�++#�+�+G+O� '�$�� �+-�$ ?$�+%! R+G H�+�

 4u�	 �;S+	�OiM �+8$ �cDNA:&�� ?0 +��N@�f �G '�+.

�
���F
 �++TS '�G��++& �++G b++4	�	 R++G �L8�n= '�++.

hFIXE1-F/hFIXE4-R �hFIXE-F/hFIXE2-R"# ,��T:�$ .

�� ����� 
b4&�	�* ,8�� �J�� 

b++4&�	�* ,8�++� �J�++� pcDNA3-hFIX ?�++4G '$�++G 

cDNA ��:&�++� N?$�++%! R++G ��++G 8$ Q++� �++Wu� @�++:%&

 '�."41+++�V�pcDNA3 �pK14hFIX>�6+++*= �+++G '�+++.

BamHI/NotI�cDNA ��:&�++� N)hFIX-cDNA ( @�s++	$ �

?= ���L  �(*$ �.)X�#
.(��&�� b4&�	�* ,8�� ��:J�� 

"+���L "+4��	 �+�8 ��# RG ������� 64��*= 8$ ,��T:�$ �G .8$

>�6+*= �+G "41+�V� K�$ ��G '�+.BamHI/NotI��+f R+G

 ROiM '�$�T*$ @�f RG '$�N�N8$ � "�= ��� RG 8�G �TS 

>�6*= �G ?=  $�	 >v. ��&�� '�.<@�+f �+G ROiM �� '�+.

F��� �
�FN �-*�)+* b4	�	 RG R& "# XD�Y 8�G �TS 

 �+++� �+++iJ '�+++.pcDNA3 �cDNA ��:&�+++� ?0 N

"%:7.)X�#�EB�$ .(

<?��+:%�$ "+S$� b+4&�	�* ,8�+� �J�+� '$�GhFIX-

cDNA >�6*= �G ��G 8$ Q� '�.BamH1/NotI�� pET26 

R*�71. b4&�	�* ,8�� � "# '8��pET26-hFIX ��� RG 

"�=)X�#
.(8$ ,��T:+�$ �+G ��&�+� b4&�	�* ,8�� ��:J��

 "+���L "+4��	 �+�8 ��# RG ������� 64��*= .�+G 64��+*= K+�$
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?��:%�$
�*�7*$ K4G��L�:G ?0 ���:&�� �M�� ?�4G N@�O� '��3O*$ '���8 �P�4�! �:&� ���?$���1. �

���

`S	&:c-*i+/ `�� �PCR���/ <T�/ �\*7��	 P�+2 31 #0�*1 � W/�� �� V*" 7+0 (�8 

PTZ57R/T 
Kit

Ligation 

pCDNA3 and pET26 
Digestion 

Isolation of Dra1I/BamHI 
fragments & ligation 

Isolation of NotI/BamHI 
fragments & ligation 

Isolation of NotI/BamHI 
fragments & ligation 

SOE-Mediated 

PCR 
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`S	�:���/ #@+S@+� �*@�0Y V*" 7+0 (�8 .j@� :V*" 7+0 ���/pcDNA3-hFIX j��� &: "���HindIII/EcoR I .  j=��� (�=8�'�'
��:

`S	 ��	 #AT (�8pCDNA3-hFIX �1 Bam H I �Not I  .j���_:M�+7 b58pCDNA3-hFIX �=1 BamH I �Not Ik:V=*" 7+0 ���=/

pET26-hFIX . ���j&: "���Hind III/Ecor I j��� '���:`S	 ��	 #AT (�8pET26-hFIX �1 V*7 7 31 BamH I �Dra I . j=���
:

M�+7 b58pET26-hFIX b��0Y �� �1 BamHI �DraI . j����:M�+7 b58pET26-hFIX �1 Dra I �Not I.

`l	��V*m 7+0 n?AD #@+l@+� �*@�0Y� <T�/ `�� � E1-I-E2-4 . `S	��j@��j��� <T�/ `�� � &: m�����j=��� '(��=1 <U. �:

;+oJ�PCR1 )���E�&�+�m�4 �.(j����:;+oJ�PCR2 )  �� �-��&1+$E��1 B*.(j���
:;+o=J�SOE-Mediated PCR1)E1-I1 .( 

 j����:;+oJ�PCR3 )  ���E���7
�+�m�4 �.(j���_:;+oJ� SOE-Mediated PCR2 )E1-I1-E2-4 .(  `l	��k:#=���0Y 3�=]0

 V*m 7+0 n?ADE1-I-E2-4 .`l	��p:V*m 7+0 n?AD #@+l@+� �*@�0Y.j���&: m��� ��� '(��1 <U. j���:V=*m 7+0 n=?AD E1-I-E2-4 '

j����:V*m 7+0 n?AD b58E1-I-E2-4 �1 EcoRV.j��� 
:V*m 7+0 n?AD b58E1-I-E2-4 .�1Hinf1)q!/ (�8�0�1DNA `=1�D Rl% ��

�r<
*0 <�(.

�����
���


����

���
����

���

�����
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�����

���


����

���
����

���
������

B�$

���

���

���

B�$
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?��:%�$
�*�7*$ K4G��L�:G ?0 ���:&�� �M�� ?�4G N@�O� '��3O*$ '���8 �P�4�! �:&� ���?$���1. �

���

l	 `
�V*m 7+0 (�8 ���/ #@+l@+� �*@�0Y .j@� :V*m 7+0 s��/ pET26 -hFIX-I j=���&:=� m��Hind III  . j=����:�*�=/Q,pET26 '

j����:V*m 7+0 s��/pET26-hFIX-I'j���
'��_:`l	 (�=8 ��=	 #=ATpET26-hFIX-I V=*7 7 3=1 �=1 BamHI'NotI�DraI'

j����:M�+7 b58 hFIX-I�pET26 b��0Y �� �1 BamH I �DraIj=��� '�:M�+=7 b5=8pET26-hFIX-I �=1 BamHI�NotI.k:pcDNA3 

�Y V*m 7+0 (�8 ���/� .j���&: m��� Hind III/EcoRI.j����:�*�/Q,pcDNA3j��� �:M�+=7 b58pcDNA3 �=1 BamHI�NotI'

j���
:cDNA  �+�m�4 �9�.j����:V*m 7+0 s��/pcDNA3-hFIX . j���_:cDNA �+�m�4 �9 V*m 7+0 �j=��� '�:V=*m 7+0 s��=/

pcDNA3-hFIX-Ij��� '�:V*m 7+0 s��/ M�+7 b58hFIX-I�pcDNA3 �1 BamH I �NotI.

>�6*= '�.BamHI<NotI�DraI $�+	 � '�$�+T*$ ��f RG 

"+#  �+(*$ .8$ 9+� �. �G b4&�	�+* ,8�+� >+v. X+D�Y 

>�6*= ROiM ��&�� '�. @�+f RG '$���� 8�+G �+TS ) �+� 

�++iJpET26-hFIX ( �++	 >v++. 8$ � <�++�$ �++G ?=  $

>+�6*= '�+.BamHI/NotI@�f RG R+OiM �� <'�.F����


�FN  �+� �+G w�+W	�$ �� 8�G �TS �+iJ '�+.pET26 �

cDNA-hFIX "�= XD�Y .>�6+*= �+G ?=  $�	 >v. 8$ '�+.

BamHI/DraI@�++f R++G R++OiM �� 6++4* '�++.���
��
� 

 �+� �+G w�+W	�$ �� 2�+OiM K+�$ <"+�= XD�Y '8�G �TS

 1�V� �iJ "4pET26-hFIX�� ?�6L$ "M�� R& "#�G '�+.


�++++	 �R++++OiM �E1-E2-4 8$ cDNA ��:&�++++� ?0 N

��$)X�#�EZ.(R*�71. j". �G ?��+:%�$ '8�+�
?0

?�6++L$ X++D�� "++Y �� K4G��L�++:G '�++.
��cDNA ?0 

��:&��Nh%+&$� R� ?���S �� <PCR ?�+#�y1. 2�+OiM 

,��1+# ?�6+L$ R+G w�G��
��:&�+� ?0 N(PCR1) (E1) <

(PCR2) I1B ?�6+L$ �,��1+# '�+.��+	 ���:&�+� ?0 N

(PCR3) (E2-4) '�+.�L8�n= `�8 8$ ,��T:+�$ �+G b4	�	 RG

hFIXE1 - F / hFIXE1 - R<hFIXE1 – F / hBI1 - R�

hFIXE1F/hFIXE2-4R"*"# �4u�	 .R+G 2l�s+5� @�s+	$

 8$ ,"�= ����h%&$� PCR h%&$� �� ?���S �� ��&�� 

SOE-PCRROiM � �+��L 2��+D b4&�	�*E1-I- E2-4 

)Y+%�$ '��+++++ ?��++:
:G ?0 +4G��L�+Y �� K+"�+�D+X

?�6L$ '�.
����:&�� ?0 N("+�= �+�� R+G)X�+#�E

B�$ .(XY$��SOE-PCR ,8�� �J�� <� b+4&�	�* '�+.

 94	�1# X�# �� k�$�"Y
��$ ,"# ,"4)& ���s	 RG .

������� 64��*= b4&�	�* ROiME1-I-E2-4 �+G ��+G 8$ Q� 

>�6*= '�.EcoRV�Hinf I"���L "4��	 .R)+3* RG RS�	 �G

 b++4&�	�* R++OiM >v++. 8$ <�++1�6*=E1-I-E2-4 >�6++*= �++G 

EcoRV@�+f �+G ROiM �� <'�+.����N�'8�+G �+TS 

>�6+*= �G ��&�� ROiM �1�6*= >v. ���f 8$ � "# XD�Y

Hinf I<�@�f �G ROiM �.'��<
�� <�F<��<
�N��


@0 �� ?= 2�+OiM 8$ �+J�G R+& "+# X+D�Y '8�G �TS

 �74* ���#=)X�+#�++� Z`.(R*�7+1. R+OiM '8�+�

 b4&�	�*E1-I1-E2-4 ~+%4*��& ��+:&� �� pTZS7R/T �+G 

?= 8$ Q+� � "+#  �+(*$ �1�6*= ��G ,�-��S ��(�$ j".

 �++G �1v++. h%++&$� 8$ ,��T:++�$ �++GBamHI/DraIR++OiM <

?�6L$ K�6-��S b4&�	�* '�.
�+	 �b+4&�	�* ,8�+� �� 

pET26-hFIX b++4&�	�* ,8�++� � "++���L pET26-hFIX-I 

"++# X+D�Y .b++4&�	�* ,8�+� �5++DpET26-hFIX-I �++G 

1v. h%&$� 8$ ,��T:�$+G �+>�6*= �'�.BamH I <DraI�

Not I� '�$�T*$ 2��D RG "++# "+4��	  $�+	)X++�#�++

B�$ .(

 �(*$�� Q� R*�71. XY$�� �5D 8$ ?�%41f$ 8$ <'8�� 

cDNA�+:&�+��N*$+*�7+�Y+:%�$ '��+1# ?��+,��
?0

����
���


����

���


�������

B�$

����
���


����

���
��
�

���


�������

Z
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`l	�:1 <�m W*J� (��]?0� <*@�?4 #/� 1 3;+$/ �� ���Y </� ���/ �1 ��	 <lU
0� 7 (�8 ; �-m� b8 �1 3
��]� �� V*m 7+0 (�8 �8.�j=@ :


� �9+*4 t�� �1 B�lU
0� 7 �� �?1 <%�/ �_.k:���9+*4 t�� �1 B�lU
0� 7 �� �?1 <%�/ �_p ':���=1 B�=lU
0� 7 �� �=?1 <%�=/ 

P�U
4 b*
$m t�� .;+$/ �� <�m W*J� �1 ���0 <lU
0� 7 (�8N;+$/ �� <�m W*J�� �1 ��	 <lU
0� 7 (�8pcDNA3 �1 NC ���� ���=0 

��	 �0� .
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?��:%�$
�*�7*$ K4G��L�:G ?0 ���:&�� �M�� ?�4G N@�O� '��3O*$ '���8 �P�4�! �:&� ���?$���1. �

��


`S	_:�� `2�� P�?AD ����0�PCR �7 �<	+0�� ;+oJ� (��  1 (�* #� �Y ��Z�0� 3m H+S?� (��� 1 `=2�� P�?AD #�m � (+I@� � ���

 ��PCR .j@� :�� `2�� P�?AD #l��*4 n�]0PCR#� �Y ��Z�0� 3m ��� .k:�� `=2�� P�?AD #�m � (+I@�PCR . j=���&: m��=�bp�� .

�� j��:3?AD�&�  ��� , <U. �� ���U�/� �1 ��	  *dS7 (��1 <U. hFIXE1-F/ hFIXE4-R . j����:3?AD��& �=1 ��=	  =*dS7 (��1 <U. 

 ��� , <U. �� ���U�/�hFIXE1-F /hFIXE2-R .  j���
:#U-� ; �-")RNA �1 ��	 ���*7 DNAase �� (��% RNAase+I@� ��+-% 31 (j=���

�:#U-� ; �-m)Y+I@� ��+-?1 k.(

8$ K4G��L�++:G ,8��pET26-hFIX-I ,��T:�$ �G>�6*= 8$ '�+.

BamHI/NotI�� "41++++�V�pcDNA3R*�7++++1. '8�++++�

"#)X�#
.(b+4&�	�* ,8�+� ���+���� 64��+*=pcDNA3-

hFIX-I>�6++*= 8$ ,��T:++�$ �++G '�++.BamH I �Not I R++G 

�����+� 2��+D  $�+	 � '�$�T*$ 2��D)X�+#�EZ.(

D��$�	 �5 R*�71. '�. ,8�+� �� ,"+# '8�� �*�+4G '�+.

pcDNA3-hFIX �pcDNA3-hFIX-I K4++4O	 8$ ,��T:++�$ �++G 

"# "4��	 64* ��$�	 .

��:&�� ?�4G ����G � K)�T7*$�	N@��+� �� �*�7*$ '�+.
CHO 

?��+:%�$ �+p$ ����G j". �G 
?�+4G �+G K4G��L�+:G ?0 

,��1+# '��+3O*$ ��:&��N�� �*�7+*$ @��+� '�+.CHO <

@��� 8$ Q� ,"# �)& '�.��>&$�+	 �G � �!�� F��+	 

�� ,8�+� �+G K)+�T7*$�	 '$�+G j�+� �i� "D�� '�+.

 b++++&�	�*pcDNA3-hFIX-I �pcDNA3-hFIX ���++++� 

"+%:��L �$�M ,��T:�$ .��� �+G K)+�T7*$�	 h%+&$� '�+.

 "#  �(*$ 2�T7� >47�& � K)���y4� .k4+5� �)+& '�+.

{1S �� ,"# '��= h%+&$� 8$ Q+�  �+� �  �� '�.8�� 

��:&�+� ���+1:Y$ ?�+4G �;S K)�T7*$�	N8$ ,��T:+�$ �+G 

R�Y�� 9� '��3O*$ h���8= "+%:��L �$�+M ����G ���� '$ .

�%O� h.�& {+1S �)& k45� ��3O*$ ?��8 �$� ,"+# '��=

 @��+� 8$ ,8�+� �+G ,"+# ��T7+*$�	 '�+. b+4&�	�* '�+.

pcDNA3-hFIX-1 �pcDNA3-hFIX� �� �+++++G R7+++++��3

R*�1* �T%� @�:%& '�. <�+G '��+3O*$ �+4��O� ��S� �-*�)* 

h�$6�$
��	��@��� k��	 '"D�� ��G b4&�	�* '�. .

��:&�+� �+#�	 � ?�+4G <'��+3O*$ �+4��O� K�$Nb+4&�	�* 

@��� k��	 b+4&�	�* ,8�� �� �. �G ,"# ��T7*$�	 '�.

 �� 2�Wp$ $� �)& k45� RG"+%& .�+4��O� �+-�� '�+� 8$ 

��:&��N@��� �)& k45� �� �+G ,"+# ��T7+*$�	 '�+.

 � ~%47+�Vy�$ "+%�=�� �5+D K4+W� <?��:%�$ "S$� ,8��

 j�YI1B �%4� ,"# �7��*�� h4� @�s5� 8$ R:J�� ?0

 ��$ ,"# .@��� k45� ��3O*$ ?��8 h.�& ��T7*$�	 '�.

 ?��+:%�$ "+S$� ,8�+� �+G ,"#<�+4��O� h�$6+�$ �-*�+��1* 

��:&�� '��3O*$N?$64� RG
�+	 ���+G R7+��3� �� "+D�� 

@��� k45� <��G ?��:%�$ "M�� ,8�� �G ,"# ��T7*$�	 '�.

Exon 1 hBG-int 1 Exon 2 Exon 3 Exon 4 

Exon 1 Exon 2 Exon 3 Exon 4 

1 2 3 4 5
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��� ,F<,��1#�<?�:7�8 ��

���

��vY �Wu� �4p�	 ��$ K�$ R&I1B ��:&�+� ?�+4G h�$6�$ �� 

N��1* ���#= $� .k4+5� '��+3O*$ �+4��O� � ��+3O*$ ?��8

 ,8�+� K)�T7*$�	 h%&$� �. 8$ ,"�= ��� RG �)& '�+.

 7��3� �� b4&�	�* @�:%& � >. �G R�� �. @�"S ��X�+#

F��$ ,"# R�$�$ .

;��.v:���� ��+�m�4 (��]?0� W/+�� <*@�?4 fW*=J��� #0�
0� 

<�m;+$/ � V*" 7+0 (�8; �-m �8��� �� �8w�� R, M+/� M�� 

;+$/ <�m W*J� 'B�lU
0� 7 �=1 ���=0 <lU
0� 7 (�8N���=0 

</� ��	 ����.

���� 

)<%�/(

`��%

7B�SU
0�  
30+�0 �8

W/+��

���� ��]?0� 

)3*0�6(

W/+��

 <*@�?4

(��]?0�(%) 

NN� 
�

pcDNA3(NC) ��/N

�
pcDNA3-

hFIX ��/���F
�� K4S�4��

pcDNA3-
hFIX-I ��/���F

NN� �F/�

pcDNA3(NC) ��/
�� �F/F
pcDNA3-

hFIX ��/����
�� K4S�4��

pcDNA3-
hFIX-I �� ��

NF/N

�

pcDNA3(NC) �F 
F
pcDNA3-

hFIX �F ��
�� 

+ >47�&

2�T7� 
pcDNA-
hFIX-I F/�
��

@��� �W7* R7��3� 8$ ,��T:+�$ �+G ,"+# ��T7+*$�	 '�+.

��� T7� + >47�& ���3:*$ '�. ?0�4� � 2��

{++1S k4++5� ��++3O*$ ?�++�8 @��++� 8$ ,"++# '��= '�++.

 >47+�& ��� �G ,"# ��T7*$�	 +�+G R7+��3� �� 2�T7+� 

+ ?0�++4� ����8$ Q++� ��h�$6++�$ <�!�++� �F��F

R++iG$� �� b++4	�	 R++G $� '��++3O*$ �++4��O� '"++D���++G 

@��� ,8�� '�. ?�)+* ?��+:%�$ "+S$� � ?��+:%�$ "M�� '�.

�� ".� .O�@��+� '��3O*$ �4�� �+G ,"+# ��T7+*$�	 '�+.

 "+M�� ,8��cDNA ��:&�+� N)'���+� "41+�V� (��� ��

>47�& +�;%	 2�T7� N%�+�$ R:��� h�$6�$ .h�$6+�$ $�+�

 ��:&�� '��3O*$ �4��O�N>47+�& '�4L��+& R+G ?�+�8 �� +

>47+�& ��vY ���1:Y$ '�$�L�4p�	 8$ �m* j�D <2�T7�

�++� <k4++5� �� 8�++G "++*$�	 �W7++* ?��++G l�++G 8$ '���J

@��� "#�G ��� K�$ �� ,"# ��T7*$�	 '�. .

?��:%�$ ~%47�Vy�$ "%�=�� �5D "4��	 ?0 �����:. '�.

K4G��L�:G 

��S� "4��	 j". �G cDNA ��:&�+� ?0 N@�s+5� �� 

�#�*�� ~%47+�Vy�$ �5D "4��	 64* � H��O� '�$��G

 "++%�=��PCR�++#�*�� @�s++5� 8$ O� '�$��++G �++G H�++�

 �++TS �� 8$ ,��T:++�$ �L8�++n= hFIXE1-F/hFIXE4-R �

hFIXE1-F/hFIXE2-R "+#  �(*$ .�+4OM�� R+G R+S�	 �+G

 �G���-�$�.�L8�n= �G cDNA ��:&�� ?0 N�+� ��+m:*$ <���

 �+TS �4u�	 XD�Y �L8�+n= ��v+Y 2��+D �� ��&�+� 

cDNA R++G �	�++OiM �45++D ~%47++�Vy�$ � ��:&�++� ?0 

@�f '�.�
���F
 �TS R+x*�%q � "# 8�G cDNA ?0 

��:&�+� 2��++D ~%47+�Vy�$ �++�� "+#�G R:++#$� ��v+Y

 "#�G R:��-*<@�f RG �	�OiM '�+.������
8�+G �+TS 

�� ��m:*$ ���)X�+#�B+�$ +.(h%+&$� 8$ X+D�Y I��+:*

PCR X�+# �� R& '��f ?�1. �,"+# ,�$� h��+1* Z +

@�f RG �	�OiM <��$ '�.�
���F
 <��+G 8�G �TS R+&

 ��+S� ,"%%& "4��	cDNA ��:&�+� ?0 N>+. � k4+5� �� 

?��+:%�$ ~%47�Vy�$ "%�=�� �5D K4%q
K4G��L�+:G ?0 

8$cDNA ��:&�� ?0 N��G .

��� 
����G ?��:%�$ ��vY R& ��$ ,�$� ?�)* �. �)aG �� �.

 ?= 8$ 0 9� ��%& �� �. �� ??�+4G �i� �� �44[	 �!�G "*$�	

 ��# ?0)��<��<
�.(?�+4G h�$6+�$ �41.$ RG RS�	 �G $��

K4g	��� >:7+4� �� b+4&�	�* '�. ?$�$"*�:7+� �*�+4G '�+.<

�� ?��:%�$ 8$ ?$�	 �+� R+& �14m%	 X��! ?$�%! RG �. "+%*$�	

 "%#�G ?0 ?�4G ,"%�$6�$<,8�� ?��& "�=��& �;S �*�+4G '�.

 ��+1* ,��T:�$)�.(?�+4G �� ?��+:%�$ K+�$ 2$�4p�+	 �+���G

?0 '�+++.&��� 2l�+++� ��"+++4.� 8�+++:)Dihydrofolate 

Reductase ( RG�)+� ���+-�$ �+G �*�7+*$ K4G��L�:G ?0 64* �

��$ ,"# ��$6L)��<��.(2�3435	 �+� ?�)+* "+.� R+& 

?��+:%�$ ��v+Y  "! �� K4G��L�:G ?�4G
B+M�:� ?0 K+�$ 

�� ?= ?�+4G �+!�G ?��+:%�$ K+�$ ��vY R& ���Y �� <��#

�� ��#)
�.(Y h.�/� �� ��$�	 �4p�	 ����G j". �G �P�
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?��:%�$
�*�7*$ K4G��L�:G ?0 ���:&�� �M�� ?�4G N@�O� '��3O*$ '���8 �P�4�! �:&� ���?$���1. �

���

?��:%�$
��:&�+� ?�4G �G �*�7*$ K4G��L�:G ?0 N�� �*�7+*$ 

@��� '�.CHO <?��:%�$ 
@��O� ,�-��S �� K4G��L�:G ?0 

�� ��JcDNA ��:&�� ?0 N��:&�+� ?�4G � "# ,�$� �$�M N

�%4� k��	 �*�7*$ �+G R7+��3� �� ,"+# R:J�+� ?0cDNA 

��:&�� �O4WfN�	����� @�:%& �5	CMV R+O��i� ���+� 

���L �$�M .

��:&�� �4��O� N@��� �)& k45� �� ��T7+*$�	 '�.

 ,8�� �G ,"# b4&�	�* '�.<?�)* ��:&�+� ?0 ?�4G ,"%.�N�

@��� k��	 ��:&�� K�$ �#�	 K4%q >. �� b+4&�	�* '�+.

 ��$ ?��:%�$ ��vY  "! � ��vY .8$ ,"�= ��� RG I��:*

�4��O� k45� '��3O*$ @��+� �)& '�. h�$6+�$ K4+W� �+.

 ��:&�+� '��+3O*$ �4��O�NK4+G 
��+	 ��k+��	 "+D�� 

@��� ,8�� �G ,"# ��T7*$�	 '�. R+G �W7* b4&�	�* '�.

@��� �+T%� @�:%& '�.)N�NC ( �+� "+#�G .h�$6+�$ K+�$

 2�T7� >47�& ��� '�4L��& RG ?��8 �� '��3O*$ �4��O�<

�� ?���1* �:)4G �LK�$ �W7* '"�=��& ,"%%& Q�O%� R& ��

��$ �P�Y ��f �� ���.

� 8$+��:&�� �4��O� �-�� '�N@��+� 8$ R5#�:� '�+. 

?��+:%�$ "+S$� b4&�	�* ,8�� �G ,"# ��T7*$�	<�5+D 

�����:. �*0 �� K4G��L�:G ?0 ?��:%�$ ~%47�Vy�$ "%�=��

 �� "4��	 $� "%& .7�Vy�$ "%�=��4%�$ K�$ �45D ~%?��:<��

?08�:&��� 2l�� ��"4.� )Dihydrofolate Reductase ( R+G

 �+�$ ,"+# "+4��	 6+4* ��+���:. �+*0 ?$�%!)��.(?= ��

2�++3435	<?��++:%�$ 
8$ �++-�� �++J�G � K4G��L�++:G ?0 

?��:%�$ ,��1# �G �. ?��+:%�$ K�6-��+S 2��+T:� '�+.
?0

B��� � ,"# 8�:&��� 2l����"4.�DG44 ����+� ,�� 8$ 

CHO �+�$ R+:��L �$�+M K)+�T7*$�	 ?�+�8= ���+� )��.(

,8�++� ,"++# ?�++4G K4g	��++� �i++� R7++��3� b++4&�	�* '�++.

 K4g	��+� ?�+4G 8$ ��l�+G h�$6�$ <@�:%& RG �W7* �����:.

�++�$ ,�$� ?�)++* $� 8�++:&��� 2l����"++4.� .K4++%q >++.

 ,8�� �� 8�:&��� 2l����"4.� ?0 ?�4G ?$64� R7��3� '�+.

 4&�	�* �����:. �� ?�)* �-�"�� RG �W7* b�� R+& "+.�

 ?��:%�$ ��vY
K4G��L�:G ?0 <?�4G �i� �Fh�$6�$ �G$�G 

?��:%�$ ���� ��vY R& ���Y �� <R:��� �.�?�4G �i� �G$�G 

�� �44[	 $� ?0 ".�)��.(�+P�Y 2�+3435	 8$ XD�Y I��:*

 �� ?�)* 64* ��:&�� �4��O� R& ".�N?��+:%�$ ��vY �� 


L�:G ?0K4G��<
�	��?��+:%�$ "+M�� ,8�� RG �W7* "D�� 

�� ?0 K+�$ ?�+4G h�$6+�$ K4W� ��J R& ��$ R:��� h�$6�$

 ?��:%�$ ��vY
_G�i� 64* R(4:* K�$ � ��$ K4G��L�:G ?0 

��$6L ���� �G ��$ �. .

K)+�T7*$�	 �+;S ���3:*$ ��� �� 8$ h.�/� K�$ �� 

@��� '�.CHO ,8�� �G b4&�	�* '�. �+�$ ,"+# ,��T:�$ .

���3:*$ ��� �� �. �� "%q �.<��:&�+� '��3O*$ �4��O� N

@��� 8$ ,"�= ��� RG,8�+� �+G ,"# ��T7*$�	 '�. '�+.

 �T%� @�:%& RG �W7* b4&�	�* '��+3O*$ �+4��O� 6+4* � �+.

 @��� 8$ XD�Y k45� "+S$� ,8�+� �G ,"# ��T7*$�	 '�.

 $6+�$ ?��+:%�$ "M�� ,8�� RG �W7* ?��:%�$ <�+�$ R+:��� h�

 ��:&�+� �4��O� ?$64� ���N>47+�& �+G ���+3:*$ ��� �� +

+ ?0�++4� ��� �++G ���++3:*$ ��� R++G �W7++* 2�T7++��<

R7+��3� R& '��f RG <��$ ,�$� ?�)* �;S�	 XG�M h�$6�$

 8$ Q++� '��++3O*$ �++4��O���h�$6++�$ <�!�++� �F�++	 �F

k4++5� 8$ b++4	�	 R++G <'��++3O*$ �++4��O� '"++D�� '�++.

{1S @��� 8$ ,"# '��= ,8�� �G ,"# ��T7*$�	 '�. '�+.

��$ ,�$� ?�)* $� ?��:%�$ "S$� � ?��:%�$ "M�� .

@��� '��3O*$ �4��O� "M�� ,8�� �G ,"# ��T7*$�	 '�.

cDNA ��:&�++� N)'���++� "41++�V� (>47++�& ��� ��

 �+;%	 K)+�T7*$�	 8$ Q� ?��8 K41. �� 2�T7�N"+D�� 

��$ R:��� h�$6�$ .��:&�� �4��O� h�$6�$ $��N�+m* R��D 

k45� �� >47�& ��vY ���1:Y$ '�$�L�4p�	 8$ <��"+*$�	

 @��� �W7* ?��G l�G 8$ '���J8�G ,"# ��T7*$�	 '�. RG

"+#�G 2�T7++� + >47+�& ��� .R++& �++�$ ���++Y �� K++�$

 ��$6L 8$ '��47G ,8�� ���3:*$ �W7* �. R+G b+4&�	�* '�.

>47�& ��� +$� 2�T7� K4��� + ?0�+4� ���3:*$ ��� 8$ �	

�,��1* ��$6L ��$6L K�$ R:W�$ <"*$ @��� ���� �� �. '�.

 ����� ,�� 8$ 2��T:�CHO��$ )�N.(

h���8= K�$ 8$ XD�Y I��:* ,"+%�$6�$ h+3* �-*�)+* �+.

 ?��:%�$
��:&�+� ?0 ?�+4G �+G K4G��L�:G ?0 N�+�$ .K+�$

 �� c�P�� �)	 8$ '���J8�G "*$�	 �+%4g	��� R+!�1(� X4

EJC `��+J R+& "+#�G '�M h%�1.�G �G mRNA 8$ ���+G 

@�s+5� '�$"+��� �� ?= @�W*� RG � ,��1* X4;7	 $� R:7.

 �+�$ �$�+L�4p�	 6+4* >�V��:4� �� ��S�� �7��*��)
N<


� .( ��$�	 8$ �.�W*$ >&$�	 �-�� ���� 8$ R+G @�s+	$ '�+. 
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��� ,F<,��1#�<?�:7�8 ��

���

?��+:%�$ K+�$ @�f �� �7��*�� '�.��:&��<�+� "+*$�	 R+G 

%!+?$���:&�� ?0 ?�4G h�$6�$ �� ?= ?"# {M$� �p�� ��! 

N"#�G ��i� )��<F.(

����� ���� 
?��++:%�$ ���++*$�	 �++� 2�++3435	 8$ X++D�Y I��++:* 
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The function of intron-1 of human beta globin gene on the 
expression of biologically active human factor IX in a mammalian 

cell line 
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Abstract 
Background and Objectives 
Several studies have shown the positive effects of introns on the expression of heterologous 
genes in mammalian hosts. In this study, transient expression increment of hFIX in the 
presence of intron-1 of human beta-glubin was studied. 
 
Materials and Methods 
The intron-1 of human beta-glubin (hBG) was introduced into the human factor IX cDNA in 
donor/acceptor site between exons 1 and 2. The constructed hFIX mini-gene and a native hFIX 
were inserted separately in two expression vectors next to the CMV promoter. After 
verification, the two recombinant plasmids with and without intron were used to transfect 
Chinese Hamster Ovary (CHO) cells. The cultured media taken from the tansfected cells were 
examined for coagulation activity with a single step clotting test performed on FIX-deficient 
plasma. Then, to confirm the expression of recombinant hFIX by transfected cells, RT-PCR 
test was conducted. 
 
Results 
The preliminary data obtained from the expression analysis of the two groups of transfected 
cells in comparison with the cells with parental plasmid (as negative control) indicate of an 
increase of about 16 to 62% in coagulation activity of both groups of transfected cells. The 
same data show an enhanced hFIX coagulation activity of about 1 to 28% in the culture media 
taken from the cells with intron-containing hFIX-cDNA. Furthermore, RT-PCR confirmed 
correct splicing process and expression of hFIX from both transfected cells. 
 
Conclusions 
The positive function of hBG intron 1 on the expression of hFIX in CHO cells was shown. 
Besides, the constructed plasmids have provided tools for analysis of the stability of the 
transfected cells for production of biologically active hFIX in a systematic approach.       
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