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	� '��3��� �4� '� 56�� 	
��� 	��� �������� *7������ �8�12 	� ��  ���� '� *(9� ��: ,� �8 ��;� "<��8 '��3��� �� �� ��<
�8�� ��=� �� ���8  

��$->�?@� 7� !"# ,�2�
 � 	A��: *+�� BC� '��3��� �� �4� '� 56�� 	
��� 	��� ����� D *,E��1� 7� �� ."�;� ��<F�GH +��� ,� -��� *

 ����� �� ��IF ��: ,� �� ���� ���6 J"� ����	� K
��� 	
��� "#��.  

��� :�� LMH �98���
� ���� ��� ,� ��  D<�N8 �� "�;O"� 	�'Overlap polymerase chain reaction) 	�E�"� LMH D *D64V(  ��

,<A�� � '��3��� �� D<�<��8�� ,�C� "<;
R$ ��  �"��psPAX2 	���8 D<�N8 �� � ��=�  	��G
 7S ."��F "<T8 *	��HEK293T  "<;
R$ ,
 ��

psPAX2  *('��3��� �4� '� 56�� � 	E<U:)pLOX  � (>�V��� "<;
R$)PMD2G  �� � /#���� -��� *WX
 ."��F /N)C���8 (Y����� "<;
R$)

 	��G
 7SHEK293T  �3#�� F �� ��<� �� <� ."��F BV���Green fluorescent protein )GFP *'�� (� Z"� ,� *(>�G
 �� �� ��� ("# BV�

/�
��GO Y�N
��N<� �� 56�� � 	E<U: -��� �� "��F 	
���. 

����� :�� ��"E8 L��� �� >�G
 ("��� ��<� ��� �  ��GFP �� �� #<K R�[ �� >�G
 ���  BV���("# �� �-�� U:<E	 �� >�: (��� ("��\� ���[ .

�� B��V�* �� ���� �-�� ��� 56��* L��� "#"� �� ��"E8 >�G
 ��� ("��� ��<� � �� GFP �#��<[. 

����� :����  *,E��1� 7� ��psPAX2  '��3��� �4� '� 56�� 	
��� 	��� �������� ,� ��� ��\� ]��� ."��F "<T8 � ,�2�
 '��3��� �4� '� 56��

	� *K<8�8 7� ,� ."#�� "����� � ��IF Z��^ ,� �� ��<� ���� �"<)� �� �� "���8  J"� K�E��� �� ���� ���6 	� JIA 	E<U: -��� ���F.  
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��� ��� ��   ) 
� ����� ���Gene delivery  �� (

���� �      �������� ��������� ����� �� ������

  ) ���� !"��� �� ��Adeno-associated vectors  �� 

AAV ����� �� � ( .$��"� ��%� &'���� & ()

   !"��� ����� �� � &'�������� ����� �� *�"�+

  ,�-' �� ����       �� � .�"� � ��$�/ �0��1 / ���

��2���� 
� $�.3� ��� &/ ��    4�� 5�6' �� �/" �$7��

  $( .� 
� ����� �� ���8)1( & () ����� �� .

      
� ����� �"�� &:'�(/ ���.� ����";�" &'����

&/  &/ �� "�< =$(7��  $(�"��   >�?   @"��" A" &B�'�

,�-'      �"$��� 0��C �� D�E-� ��� �� A" $B� "� ��

 $(���� !��)�)2(     &GH� ���$(���� �,�I/ ��? �� .

)HIV-1  �SIV    J$� K��� �� &C�L M" ��? �� (

&/ !�N (�"  $��7)3(.  

&�"�N� ���/ &���  �� ���� �� ��" A" !��1 '" �� P

    ��Q�" �6M � K��� �� �� �� ���� $(��/ 
� �����

*R% ) &-M"$� &�"AInsertional mutagenesis (

 ��"� ��%�)4(   
�EE�/ ��6M ��" 
��� � �� �"�� .

  ��2���� ��T-�U $8�V &'���� & () ����� ��

) A"�N (�"Integrase-defective lentiviral vectors  ��

IDLVs!���� &H"�? "� (   
� ���� �� ��" W�;/ .$�"

&�" 0��C �� X������ ����� K��� �� W'"   ,�/�A

&/ (&/�A�/��� Y��M) $7��� & �� 
�  "� &'���� ���

&/ 
��� K�V ��" ��      
$7 !�N (�" 0"�6M � $(����

 $��"$� "� &B�:? @"��")5( .  

��������� �� &+��)� &? ��    �R(� �� ���DNA 

���- &/ !�N (�" 
��;�/ K��� �� &'����    �T-� ����+

 A" &B�Q�DNA &�"   ��E-H A" �� ��"� ��%� ,�/�A

 
$7cDNA  !$7 � M�' �     !�N (�" ����� K���

 ��%� �� !$G�!$/�   W'")6( .  

E-DNA   �T7 �� �� ��E-H ��LTR   

)Long terminal repeat (�  ��LTR   ]� �' WG�� 

,�-' ����� !��)� �WV� /&���+   *(�"� �� ,�" @�� .

Autointegration  ��&/ ��%� $��   &�"��A�� �� �Q(/ �

    ]� &:������ �� ��E-H ,�T7"  M�'&   

)Homologous recombination( ���  ��LTR 

 /&  ��7     �� K� �� �' ,�L�" A" K�� @�� .LTR  ��

cDNA��� � M�' !$7 � �����   / ��%� ��& � �$ 

)7( �<�+" .DNA  / K��� �� !$7 ��"�� 
��;   ,�_./

)���$ � 0"�`���� $%�$ W'" *E� 
��/ ��" �� �/" �

E-DNA &/ K�-B/�� !�"� 
�G� 
"$(�G�"� .$7��  �� $�"

E-DNA �a.� ,�BV ��? �� &/ ��"���  � ��7  

E-DNA ,�-' �� ��E-H ���  !$��7 ]�.E� ��b ���

 $��"� ��cH)7(�� .���      �"�� X-b" d8�� ���

 �a.� W�)�BV &���A�"  ��"���E-DNA  !��1 '"

&/ ����� & () �� � ���+  ]�;�� �� dE� �"�"� ���

 &�� 
��;�/ K��� ��"� �A"�N (�"   � $��7E-DNA  ��

,�-' &/ e�Q� !$��7 ]�.E� ��b ���  $���)8( .  

����� & () A" !��1 '"   ]�;�� �� dE� �"�"� ���

W���$�/ �A"�N (�" ���+ ��" .��"� &���  ��    0$/ ��

,�-' �� &�4�? 
���� $(��/ ]�.E� ���8 ��b ���   ���

,�-' � ����V����/ &/ !$�A �g���/ ���   �� �/" �$(��/

,�-'     
�g�� ]�.E� ,�H �� ��� ,�-'   ���T �

    � 7"$� 
� W-U � $( .� &����� ��U ���� �"�"�

  �� �A�'$(���� hG(/E-DNA  &/     ���� �� $7��

,�-' �� 
� i1H A" �/�U  ]�.E� ,�H �� ���

&/ ���+�-%  &���� �/" "�j+ W���/ A" .$����E-DNA 

!�R� &��/�� 
� ��  &/��� 0"���B� .W'" !$7 ��"���

J$� ,�-' �� �"�  (/ ��� �� !$7 �E����� & ()  ���
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 &/ !$��G/ d8��   ��7)1( ���+ .   &�" ���   ,�/�A

&/ "� �� ��     �� �k� ���/ 
� �l_/ 
��� WR% 
"��

       A"�N (�" �k� A" d8�� ����� & () �� �� � G��

 .������ ,� (� W��  

] .�' � .� ���    �.� �' �� &'���� & () �$(�

�E:? !$7 �$(� � .� ����� �� ,�" �.� �� .$�"   �$(�

 & ()�����     &/ �$U �� !$7 &'$(R/ ���   .$7��

2��������� ;��/�� ;���]�� � ���� ��V� :��%& ��� 

��  �'m��$ � 
�  n�)��" A" � ����  ��/� '"� �o 

A���4�T )Vesicular stomatitis virus G ��  

 VSV-G   ��"� �"�8 ��N�� $��'m� ��� ()9( �� .

  &/ !��1 '" ��"�/ � G�� �� A�(� �� K�� �.�   ����+

     ����� �";%" �"$B� *��� ��HIV-1   

)Human immunodeficiency virus �� (gag �

pol� rev  �tat� ,�� H" "���Q �6M A� .& ��:R�  /&

�$�� )10-9(  .  

�� �.� K�� ���� ��� � .�$(��   ()& � ����

��� '$(R/& !$7 �' �$U /& $7�� .
�  ���/  �k� 

�B)�6/ � �r�H �'m� ���$  ��1.�"��gag� pol  �rev 

�'m� ���$ � .�$(�� � 
� n�)��" A" ����� 

��/� '"� �o A���4�T �� �'m��$ n�)��" �"�8 ��"� .

�"�N�& �6M A� .& P���/ �� )�� �$ �� '��&  W'" 

�� �� ��? !�E)�� A�'$(����� ����$ )RCL �� 

Replication competent virus(.   ��R< �K�' �.�

� .� $��'m� �� ��1.�"�� $��'m�) ��� ��   �$(�

&/ (n�)��" $��'m� �  $7��)11( .  

r�H s�E�� K�Q�" A" J$�  & () �� WM�' ��

      �� &B�:? @�� A" A"�N (�" �k� A" d8�� �����

� .� ] .�'     4�� &�"��� �� �� ��� K�� �.� �$(�

&/ ,�-' ��"� ����+ &�� K�b�" K��� �� �/" �7�.  

��� 	
  

 $��'m� �'PSpax2 � .� $��'m�)  (�$(�  

 �T7)1 �(PMD2G  � (n�)��" $��'m�)PLOX 

 
� ���H �1.�"�� $��'m�)GFP   �� .$���+ ��R� (

 $��'m�PSpax2  ��H�� �� � 3969   ��� !�N��% �

 !$((� ��$�/ ]�;�� � EcoR V  ��H�� �� � � 5700 

!$((� ��$�/ ]�;�� ��� !�N��% � Afl II  ��"� ��%�

 
�$� �64   ��R< .W'" � V�+ �"�8 ��H�� �� ��" ���

��H�� �� &T� ���"�� � 3969 )F1 ��H�� �� &T� �( � 

5700 )R2 !��$�/ �� �� �� � ( �   
�$�64   &T�]

Reverse )R1int &T� � (Forward )F2int �� �� �� (

 
�$� ��64   ���"�� �� .$7 &H"�? [��"� 
��'���/

]� ]� �� v'�  ,�$%) W7"� &��7��1.(  

PCR  ���"�� �� ,�"F1  �R1int  �PCR  �� K��

"����� F2int  �R2   K�Q�" $7   �� �B68 ,�? .PCR 

,�" ��"�� 1400  &/�� �� �400   .��� A�� W1%  

 �� ��PCR   ]�;�� ��Taq DNA polymerase 

)Thermus aquaticus( �(�R�      ]�;�� �� � $7 �A�'  

Pfu DNA polymerase )Pyrococcus furiosus (

   �� �� ,�L�/ .$���+ K�Q�"PCR   A��+� ,� ���  

1  &'��� $C��7$      A� (/�V W�� �� ��1L� ��U .

 K�Q�" ,�L�/ �� �� ��� ��B)"�� '� s��6/ �

    �"�� � &'��� A��+� ,� ��� ��� ,�L�/ !�����

 K�Q�"Overlap PCR .$���+ !��/�  

 ,�L�/ ��PCR  �K�� � ,�" �� Overlap PCR 

"�� ����� F1  �R2 ' ���T �/�&� 94 �%��� 

 ��'& �"�+ �� 8����E w(� '��T 94 �%��� 

 ��'& �"�+ 30 ��l�� � 60 �%���  ��'& �"�+ 5 8����E 

'& '��T 94 �%���  ��'& �"�+ 30 ��l���   

58 �%�� �  ��'& �"�+ 30 ��l�� � 72 �%��� 
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 ��'& �"�+ 4 8���E � 5 8���E �� �/�� 72 �%��� 

 ��'& �"�+ ��+ K�Q�"�$  �� A" �k� ���/ ,�L�/ .�  ,�

 Y"�a '"� PCR ��2-��� 
$7 �V�r" WR% �k� ���/�$ 

A   ��dATP �  ]�;�� Taq DNA polymerase   ���T�"

7 $)Taq treatment.(  


�-� 
��� �B68 �    �� �� �� �k� ���/

TA/cloning :*(�"�  ,�L�"  ���  �B68 �   A" �C�H

Overlap PCR  ��)Taq treatment �� A" � !$7� 

  ��Q� �� �� � (��� !$7 Y"�a '" ,�� TA/cloning 

 0$/ �� ,�L�" ,�L�/ � WV�+ K�Q�"��   �� WU�'

�/��  �� X7 0$/ K��� � y��"�,�ga   $7 � 7"j+= 

o3'� � ��� ��� E. coli Top10 )Escherichia coli (

$B ./ !$7 �� ��� .-��] "�-���$ K��1.�"�� ��+�$  .  

 �!�+ 
�� ������ ��� �/�v LB    

) Lysogeny broth (   ��H ��+�� 100 /� K�+��T   ��

/�-& )��  3/�&'�-��     �
� A" o� � $�$7 !�"� WG�

Colony PCR �� "�������� /��U& M13  K�Q�"


�-� .WV�+��&� �� �B68 � 1800 A�� W1%�  ���/

 �� �$( 7"� "� �k��  �/�v LB    � $�$7 !�"� �"�8

�'m��$ 
� A"�� Y"�a '" ��+�$.  

  

  
 ���1���	 .  ����� �psPAX2  

  
 ����1 ���� �� ������� ���� �� !"�!� #��!$ .psPAX2 %�!&�'"� !(	 %� )*�	  

����� �����  �����  

ACACCAGGGATTAGATATCATTA3ʹ´5  F1 
´TTCTAAATGTGTACATACTAGCTGC3´5  R1int  

´AGCTAGTATGTACACATTTAGAAGG3´5 F2int  

´TTGTACTTGCTGTCTTAAGATGTTC3´5  R2  
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 ]�;�� �� �� !$7 Y"�a '" $��'m�Afl II  �

EcoR V     ,� ��� � WV�+ �"�8 ]c� ��U W��

  �B68 .$7 � 7"j+ � 1800   ,� A" �A�� W1%

      W�B8�/ �� *R% ��Q�" $��h� WR% � Y"�a '"

D64 ���"�� �� �R2 .$���+ &)"�� ���B�  

 $��'m�PSpax2   ]�;�� �� ��Afl II  �EcoR V 

 ,� ��� � $7 ]c�1   �B68 �� .WV�+ �"�8 $C��

�� P���/  1800       �� P���/ ��N�� � �A�� W1%

&/ $��'m�    �B68 �� $7�� �   P���/   $��'m� ��

 ��U .$���+ Y"�a '"Ligation �B68 �� ��� � 

1800   W�B8�/ �� *R% �"�"�D64  $��'m� �

    �� ��� �� �,�L�" *(�"� ,�L�/ .WV�+ 0��C  

E. coli Top10  �� !$7 $B ./  $�"�-� ]�.-�

 �� ��� .$���+ K��1.�"��    v��/ ��� ��LB   ��+�

 ���H100 &-�/ �� K�+��T�/  � �)&3/�    WG� ��-�'

 ��U � $7 !�"�Colony PCR &��-� ���  ���

.$���+ K�Q�" &/��U ������"�� �� �C�H  

  A"�N (�" W�)�BV $8�V � &B�:? ����� & () $�)��

!�� �� �  &)�-'HEK293T   $��'m� �U��Q/ �� :

 � .�  �/�7 �$(�PSpax2  �� V�� *R% � &B�:?

PMD2G   !$((� 
��� �1.�"�� $��'m� � �  
�GFP 

)Plox &-� v'�� (  ��/� TV2000   

)Invitrogen USA ,�-' �M"� �� ( !�� ��� � 

HEK293T   0���;% � ,�-' �"$B�) $7 WT1.�"��

  WT1.�"�� A" �:8 A�� ��) (W�� ��B)"�� '� s:?

,�-'   oT-3�� "$ �" .($7 !�"� WG� ��  

DNA-Polyfect  v��/ � !��/� �W��7 �T���� s:?

,�-' WG� 7 z��B� ��,�-' �� oT-3�� ��" .$   ��

   A" $B� WG� v��/ � �V�r"14   z��B� WU�'

 o3' .$���+� ,�-'   n�T'��T�/ v'�� ��

WV�+ �"�8 &'��� ���/ W('��-V .48  A" $B� WU�'

,�-' &��� n�' �WT1.�"��     �� � $7 � 7"��� ��

 ��/�4 �%�� & ��' �   WU�' �� �"�+ 4500  �� ���

  0$/ �� �E�8�5   ��/� �� � ��1�� ��' �E�8�  

70- �%�� � & ��'     W7"��� .$���+ ��"$RN� �"�+

,�-' ��� n�'       �-C�V �� �-H�/ �' &? �� �   

24   .WV�+ K�Q�" WU�'  

  :����� � �� ���B��"$B� 105 × 5/1  ,�-'

HEK293T  W�-� ��12 ���M  .$7 !�"� WG� �"

W8�  ���2-10 �3-10 �4-10 �5-10  �6-10  A"

& ()   �� K"$� �� � ��R� � V�� *R% � &B�:? �����

o3' .$���+ �V�r" ���M ��� ,�-'   ������T�" �� ��

 ��/� ��37 �%�� � & ��'      � 1� �� 0$/ �� �"�+

� ��"$RN� $C�� ,�-' ��� ;:' �� ��� 

�'�-V�� /� � �� �� ���M B����  $7.    ����� � ��

 ��"$�� '" �T���� s:?)12( .$���+ ���B�  

 ,�-' ,�E �"   ���HEK293T     ����� & () ��

   �"$B� :� V�� *R% � &B�:?105 × 5/1  ,�-'

HEK293T  W�-� ��12 ���M    A" .$7 !�"� WG� �"

 � V�� *R% ����� A" � ���M �� �� &B�:? �����

 ���M ��  �   ) �� ��N��Multiplicity of infection (

MOI   �� ��"��5     ,�-' o3' .$���+ �V�r"   �� ��

 ������T�"37 �%�� � & ��'     � $�$7 ��"$RN� �"�+

,�-' �"$B� �k� A" � $���� �k� W�� � 1� �� ��   ���

 !$((� 
��� � GFP      n�T'��T�/ �� �
��� 0$7 �

$( V�+ �"�8 &'��� ���/ W('��-V  

  

���	 	
  

 0�B68400  � &���1400   �� K�Q�" �� &���PCR   ��

 ������"��F2int �R2  �F1 �R1int   $7 �C�H  



 

  

  
www.mui.ac.ir  

 �	
�� �	���� ���� ������–  ���33  ���
 /326 ���� / ��!"��� #$� 1394 310 

���� ���	 
��
 ������� ���	 ��� ����	
 ���-�� . 

 �T7)2o3' .(�      �� �N)" 
"�(U �� 0�B68 ��" A"

Overlap PCR  ,� ��� ,�L�/ .$���+ !��1 '"  

1 �B68 .$7 !�"� �"�8 $C��  �1800   A" �$���2-���

 ��U !����� � Y"�a '" ,� ���PCR    ���"�� ��F1 

 �R2     �B68 ]� A�� .$���+ K�Q�" 
� ��� � 1800 

 .W7"� ��%�  

  

         
 ���2 ,��� -./� .1  0/��/�� ,%� !&	��	DNA 100  ���

 ,��� � �%�22- �34* � 400 (./�) �%�2 ���-  ,���1 !&	��	 

,%� /��/��0 DNA 1000  �%�2 ���� ,��� 2- �34* � 1400 

(8) �%�2 ���  

  

�B68  �1800    �� �� �� 
�-� }�' A" $B�

PTZ57  �� ��� �� ���~� �E.coli Top10 �� �LB 

 ��U � $7 !�"� WG� ��+�PCR  K�Q�" 
� ���


�-� .$���+ �B68 �� &��� � 1800    }�a �" �$( 7"�

 �T7) $�$73 �$��'m� &��;�� ]c� A" $B� .(

�B68 � 1800   J�"�� ���B� � $���+ Y"�a '" ,� A"

 
�$� �� 
��'���/ .$764)D64V.$���+ $��h� (  

 $��'m�PSpax2     �B68 � $7 &��;�� ]c� � 

1800  ��U � $���+ &6M � $7 � M"$�" 
����

Ligation  �B68 �� ��� � 1800   � � V�� W����/

   0��C ��$� =WV�+ 0��C !$7 &6M $��'m�� 

 $��'m�PSpax2 integrase minus   ��" .$7 � M�'

   $��'m� � WV�� ���~� �� ��� �M"� $��'m�

.$���+ Y"�a '" 

  

  
��� 3 .,��� 1 !&	��	 ,%� /��/��0 DNA 1000   

��� %�2�  �  ,���2  �6- �34* � 1800 ��� %�2�  

  

 �M"� �� ����� & () 0�B68 :����� & () $�)��

 A" d8�� � &B�:? ����� �!$7 �"�' ]� ��� ,�-'

&/ $�)�� A"�N (�" 
� �k�     A" WT1.�"�� 
";�/ .��7

 ,�-' 
$7 ;:' $C�� ���    &/ !$�Q(' ��  ��7 .

 ��$H80  ,�-' $C��      $���� !$7 WT1.�"�� ��

 �T7)4.(  

 � �� ���B������   &B�:? ����� � �� :105 × 1/2 

 d8�� ����� � �� �105 × 1 .$/� W'� ��  

    
� �k� A" d8�� ����� & () ��T-�U &'���

A"�N (�"  ��$H ,�" ���A�� �� :70-60  $C��

,�-'  �/" �$���� ;:' ���M �� �� �� �� $C��

,�-'  ���M �� ;:' ��� �    ����� �� P���/   ���

 d8��A"  =W7"� �/"�" $��� ��" � $7 � �� ]G7 A��

���+ �� ,�-' A" &�� �"$B� ]�� A�� �� �� �"  ;:' ��

���M �� �� W'" &)�H �� ��" .$���� !$��/ �   P���/

 ��$H �&B�:? ����� ��50   ,�-' $C��    ;:' ��

 �T7) $����5(.  

             ٢ 3"� 4 

1          2 

1            2 

1   2    3   4    5   6 
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>)"    }  
 ���4 0/�<� ="> .HEK293T  0/�<� ="> � (./�) 0?!� ��	 ��HEK293T  ��	 ��UV   

)Ultraviolet @�� ��A �2 (498 (8) !���	�	  

  

) A"�N (�"-(  (+) A"�N (�"  

  
,�-'  ���HEK293T &��/ ��� ��  

  
5 ,�E �" A" $B� A��  

  
8 ,�E �" A" $B� A��  

  
10  A" $B� A��,�E �"  

��� 5 .��,�D  �� E	����<F ��	��<� � � HEK293T   

���'� ���  �2�"G�! � � HA�30 � )*�	 %� !(	 �"%�!&�'  

���  

   ] .�' @�� ��'" �� &��/�� 
� 
� �����   �� ��

��b � &'���� ���  &/ K�Q�" &'����  ���+ )13 .(

��� ��b ���   &'����  ��%� ��  4�� W�V��   �"��

,�E �"  
�  �� ,�-' 
��� � 7"$� �    � W��' �6M

�' �����. ����� �� �� �.��E/ �� �&(��" ] 

�"���M�� �� �� &�"��� A" &'����  .�$( )14(.   

�r�H ,�H ��� 70 �T���� $C�����  ��/�� 
�& 

�� ���� �� A" !��1 '"� ��'��& K�Q�"  /& �7� )15( .

"���(���� �% ���;N�� 
� 
������ b�� ���r� 

� ����  �� 
� ��/��&  �J$�  ���� ��� ��'��& 

H"�?& /&�7� � /&"��$� ��  ��  ��� + ��� ��T/� ]. 

:?�B&      ,�E �" J$� ,�-' �� "� �k� ���/ 
� ���M

�7 .$(���e���� ���� ��� ��'��&  ���/  !��1 '" �� 


� ��/��& �/�7 �������������� ������� ���

.�"��(�� ������ o��� ���������� �����   

o��� '�oT-3� �Adeno-associated virus  �  

 ()&  �����  / ��&  7��$ )16(.     & () �
��/ ��" ��

,�-' 
��� !��)� &���"�� ��)� �� ���� ��  ]�.E� ���

!��� �� � !$��7�   � !$��7 ]�.E� ��b  ��(g���   ��

 ,�-' K��� 
��� �� �k� ���/ 
� Y���J$�  
�T/" 

��
� &/ ]�"�V "� 
� 0$/ &�4�?  $((�)17(  .  
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����� 0"�`�'��&� ��H� 2 3�& �
�.T  A"

RNA  � 7� ���    )�? �� W:I/&   ��$H ��10 -7 

��A���- /&(g�� .$(7�����  ;���] ��&�  " $(��/� A"�N ( 

)IntegraseW7���� � ( ��TB/ �"���  

)Reverse transcriptase ($��"�   �� �� ��  *7�� 

2�����(& �� .3� K���$ e8"� !$7.3� .$�"�$  v'��  �� 

�Gb� �� 4�� � )�3�$�  �?�H"/& ��7 2���� .��   ��� 

G7��& )Envelope� (�;  "�A �T7 ��� $

-+�2�����T�(& A"  Y��M 
�/& $��7  �R/ *E� �&  ��

B���� C�L M"�W ��������� ���� 7"� ./_ ,�

�Gb �� 
$7 K�b�" � ,�L�"� / ,�-'�
��;  /&  .$(7��

RNA ��������� ;�� v'���] RT  ��DNA 

/ !$�"��+��& o3' .��7DNA � 7� ��"� � ���� A" 

�?�s ;���] "�A"�N ( ��"� � .� �   !$7 !��)� ,�-'�  ��

 
� K���K�b�" /& ��+ .���  ���Q� DNA ��� - �� '��& 

�� ,�-'���  $B� �.���; / �E (/&  ��7)1(  .  

  K��� �� 
$7 Y�� �$(��"�� � 7j+ �� $(<��

     0�B)�6/ w�� � �/" �!��� �%�� ���8 ���.� �,�-'

    W'" !$�G� *)�< �� "� @�r�/ ��" ��M")17( .

 ���H A" !��1 '" �� �� $�$7 sV�/ 0�B)�6/ A" &M��

)Insulter 
� 
$7 ��"� �l" �� �� "� &��T/ 0"�l" �(


� �� &'���� &/ ��"� oTU�� � J"�?" ���  ����+

 $(�� *���)19 -18.( ��)� ���� ��� *����   �� ��

    �
$7 Y�� �� d8�� ����� �� & () $�)�� W�'

   ���/ ��Q�" s��? A" � ���� WV�G��  
� �� 
��'

) !$((� Y��Integrase  
�$� ����� �� & () �(

) 
$7 Y�� &���"��IDLV    ��2���� .$�$7 $�)�� (

� .� �� �"�"� A"�N (�" �  �(�/�$�'" �' �� &-C" � 

) ����rE152 �D116  �D64 W�)�BV �"�� (

&/ �� �)����    !�"� 
�G� 0�B)�6/ .$7��  " W'   ��

 ��" A" K"$� �� ���~�   dE� �� �Q(/ �(�/� ���$�'"

&/ A"�N (�" ��2���� ��T-�U  ���+)20( .  

&�" �T7 �� ���� �� ��"  &/ &8�� ,�/�A   � $(��/

,�-' �� &)�-' 0���.E� &? 
�7�"$B�  ]�.E� ���

&/ *��� !$��7 $��� ]�� &/ ��� A" ]� ���= $(<��� 

,�-' ��     &8�� ����"$��� 0��C �� ��/�M ���

&/   ��"���(� .$(��/� IDLVs  &/   $(�"��   
��� X:'

,�-' �� W8�/   �� �"$��� 
��� � ��IT� ,�H �� ���

,�-'       � &B�:? v��/ �� !$��7 ]�.E� ��b ���

   & () �� �.��E/ �� .$��7 &��NG��/A� v�"�7

 Y�� ����� ���!$��7 IDLVs  �6M  *R% "A &� 

�� ��  ,�� H"     !�` $�)�� � ";%" ��� &:������ � 

     &(��" @��Q/ �� � � �� �/�� &'����  & .�A

)Biosafty  �� ,�H ��U �� .$��"� �� G�� (

��";+ ���   J$� 
� A" �� �� 
��� D6' �� ���)�"

     &�" �� "�< =W'" !$7 !��7" K�A     !A"$�" �� ��

��� ����� �� - $/"��� � �l_/ �&/�A�/��� &'����

&��   $(7��)21 �17( �B)�6/ �� . �  �r�H�   *���

,�-' �"$B� !$((� 
��� ��� �  
�GFP   �� �"� 
�G�

����� �� A"�N (�" 
�  d8�� ����   !��T� ��U � 

 ����DNA      !$7 � a/ 
��;�/ K��� �� &'����

�B)�6/ �� .W'" �"  ��N��    & () �� A"�N (�" 
� ��

����� ) $���� ��Q�" *R% K�' �.� ���22  �� (

�B)�6/ w�� � �� ���G/ &Q�� � �  .W7"� �r�H 

IDLVs  &/ �W8�/ 
��� �� !�mU  �� $(�"��

  Y��M �A�'$(���� ] .�' � 7"� 0��C

 �A�'$(���� hG(/ $(��/ &/�A�/���SV40 & �� �  
�

 ��;�T   .$(7�� � 7"� 
��� &�4�? 
�/A 0$/ �"�� �

 *���� ��Yu       hG(/ � V�+ ��� �� �� 
"��T�� �

 �A�'$(����SV40,�-' �� "� 
� ��+$��/ 
��� �  ���
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HEK293T & �� ���H  ��;� 
�T   �����SV40 

 $���� !$��G/)23(. 

    �B)�6/ A" !$/� W'� �� w�� � �    
�G� �r�H

&/ �/�H �� $��       ]�;�� �� dE� �� K�� �.� ���

 �/�H �A"�N (�"      
� �� !��1 '" WR% &:'�(/ ���

&/ &��/�� �� "�< =$(7���   >�Br ���.� ���� �� ��"

&/ ��"� K��� �� *R% �6M � $��7   �� &-M"$� &�"A

&/ JjH �/�� ��? ���+.  

  

������� � ����  

Ga� &A" e��(/ )�/ &"��  5�?  G���� &A"  !�NG�"� 

K�-U T7;� &
"�R� � Ga� &A"  y�$(C ��H �W A" 


"�NG���� ��W'� ��R�% ��h/�� ��+�!$ W'".  A"

������C ���T�� �    � �� �� *a� K� �/ 
�(����

    !$TG�"� �;��/ !�NG��/A� � &)�T)�/ ���)��� � 

  � �TG� 
�R1C" &T7;� K�-U !�NG�"� &T7;�

&/ ��U �� &�"��$8 $��. 
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Abstract 
Background: Lentiviral vectors are very efficient tools for gene therapy. But, proviral integration 
make their use dangerous; therefore, the safer integration deficient lentiviral vectors (IDLVs) can be 
produced through the use of integrase gene mutations that specifically prevent proviral integration. 
This study was launched to design and construct a second generation integration deficient lentiviral 
vector suitable for transient gene targeting with viral vector.  

Methods: Applying the site directed mutagenesis strategy through the overlap polymerase chain 
reaction technique, a missense mutation (D64V) was induced in the catalytic domain of the integrase 
gene in the psPAX2 (packaging) plasmid and was verified using DNA sequencing. The HEK293T cell 
line was transfected using the psPAX2 plasmid (native and integrase minus), pLOX (transfer plasmid) 
and PMD2G (envelope plasmid). The viruses were harvested and the HEK293T cell line was 
transuded. The levels of expression of the green fluorescent protein (GFP) reporter gene were 
monitored in the cells transduced with either native or defective virus for ten days. 

Findings: We observed a slight slope of decrease in the number of GFP-positive cells transduced with 
native viruses during the period. In contrast, in the case of defective viruses, a significant decrease in 
the number of GFP positive cells was noted. 

Conclusion: In this study, the integrase-minus psPAX2 was constructed and confirmed. The results 
demonstrate that the IDLV can provide a useful tool for efficient transient gene expression and can 
help to avoid disadvantages of gene targeting using the native virus. 
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