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1)<70- =�0>)�)��)2�?4@�#&�?�)�A� �- "���BC �� D,�3�0�� =��4�")3! �- ��"E-" FG� � �> H�G��2" 
3I0��- ����� �� .03�-0���- �"0����A"� � ��0,�30JG," ��#GA HK*� �) ." �� G4 .G�MN2"#C &�GO�� � .

�)2�?4F� � #P	�"EQ �> KR�( @�# 3I0C .0,"#�0,� �- �? �)0S�� �% �G���)�)GM����" ��)G� G4-���"#GR 
J(#Q.
� ���% #�� �

�� T4-#UC �O�� ��&�)2�? J7�, �" V�4A#C)2 @�#0G2> ���G, �� �> V2"#C �)W� &D��" ���N�G," �G-
 ���#Q��:?1�<�7"��?S�� �-PCR F� �3I0OC .00�")C .���"4-��K	.�G� �)GX3� �-4&.G�MN2"#C Y

DNA H)%, �" �K	 Z"#[�," ����" ���N�," �- �K	 JMN2"#C ��G�#Q��:? G1�<�7"��> V2"#GC S�� �G-
PCR ,�#- ��)��J(#Q �"#R .C0� #�4S�� �- @�#Real-time PCR �" ���N�," �- �#Q��:?���[�C0<�#-
���DNA � �" �K	 Z"#[�,"0� ="E4OC @�#00K	 ..

,��� �
2> ���, �� �> V2"#C �)W��A#C)20�" ���N�," �- D#Q��:?���1�<�7"�F� � �> V2"#C 3I0OC .00�")C .�

�C04K	 K.,�#- �DNA H)%, �" �K	 Z"#[�," ���HEK 293A �()� &�K	 JMN2"#C0A J0N�"� .�MN2"#C
�C ��)�04�"#R K�"� �F�3I0� ="�\ �"KOC .4�" ���N�," �- @�#Real-time PCR ��KG/]^_×6KG/"� ��
FU/)�0%��0#�(K	 ���?#-.

��� ,.����
/"#a �-�,K35� ��K3�(K�#Q��:?&���")C�()�0J4�()� bK! �0A =�)1 �- "� .�MN2"#C J0N���A ��

���)�A� �-��)2�?4,�#���" &#P	�"EQ �> KR�(4-���)�2 .F�3I0S�� �" ���N�G," �- .Real-time PCR �
-�Q��A0#�S�� �����,"KW D,�3��� c��A b)2>4� �" @�#0��KB� �" &�? ="E4J���C0,"#�0A �)0GN�

�)2�?4@�# ��� d�3�W"4K.
(*����*� /:?@�#4�)2� &.�eN2"#C &��PCR 

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

�PhD ����� � ��� ����  !"�#�	�$%�� ��� &�'(�� )* +�% ,�  +-.�/0 +#�1 2345/ � ��� &�'(�� 6�'7'8	 9:�/  ;�</ �7��	 =�>���� +�-9� =<
����� � ���?	 

@& 53/ A#5/ �:PhD +(3� B <CD � ����� � ���?	 � ;�</ �7��	 =�>���� +�-9� =<����� ��(4� � !"�#���$�� :��� 
E�27'� =�>���� +�-9� =<����� ��(4� � &�F*� !"�#����  ��� GHI	 B�� 2#�!��$7� 6�'7'8	 9:�/  <7?- +�-9� J�K1 =�>���� ��:��: !��.���/ +��� !�%
?� +(� ������ � ���?	 
��PhD ����� � ���?	 � ��� &�'(�� )* +�% ,�  +-.�/0 +#�1 2345/ � ��� &�'(�� 6�'7'8	 9:�/ �����(4� � ��� ����  !"�#�	�$% 
��PhD ����� � ���?	 � ��� &�'(�� )* +�% ,�  +-.�/0 +#�1 2345/ � ��� &�'(�� 6�'7'8	 9:�/ ��7���� � !"�#�C�	�7� 
L�PhD ����� � �?-�� � �?-�� +�-9� J�K1 =�>���� +�-9� =<����� �����(4� � ��� ����  !"�#�	�$% 
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���	� 
�%��(N !N�	��7) ���0�&��'(�� ��9��� ����C1 2� ; �
'8	 �� �"7�� 6��' �� O�%  2�CP7��3� ���/�� �� Q7��!.�

�7��$!3N�   �%74�C7<���� �����N ��)��.(�D�H�76�
.�(3+ ���0�U� ; �7����	 �+�* 2� �" &�'(��74 A7V+

&�K4 .� �%!3'	 &�W ��7	 M2(F�  O7X�� �(! ��4 �+ 
� � 9�� YZ47��(N  2� �� �0 M�" [���	 ��!&<\/ )4�C/

�4� =��N)�.(��%��(N  ! ���0��4 �+]�	<�$1 �* .� �� ^
�" _�W �%!E1  E3  ���0����3�� ; �+	 ��47`@ 

�M ���������a,+.����4<C��$% �� �����H'�!)replication 

defective (��W��*+��/+� .�  <����-��������  � Q!bc	��7 �
(propagation) &�K4 2��%!/�	7Qd	 �� =<CCN7QE1 U� M�7�

+#�K4 =��HEK 293A �7<���� .�)L.(�c+���>� .�+��%!
��N  ���0 ��(N  ���; �(AdV) M�� &�$(W� 2�<�/0 ���e 

!.����4<C��$% +��������	 ����� ; �� ������0)Replication 

Competent Adenovirus (RCA) (V$e ��7 ����0 ��; �
.�4<C��$% ��H'� ��!�4� .��fg�  ��<��� RCA (�72�h

4��N7iC� 0� 2��a �7#���	 Q+��%!�� ���e�/ j��#�$% 
 �����0�N�	�� ; ���7 +#�K��4 =�� J����"  )HEK 293A 
�4�)k.(���e 2� �hC/ ��<�� Q�9>�C+W�� �� �" [���	72

E1 � 2�  =<-�	�	 Q7)RCA �+�7#�K4 =�� .� .�+l�$c/
(complementing cell line) #�	��7��/ <+����-)m.(���c+.�

KN l��W��/��7<! ���� ����N���%��(N! ���0���4 �+n�����o
Q����cF3���	(transfection) V	  7���7g� Q���7����4 M^� f

�����c	� 6��p ��<�V	 ���2���$� �� ; � =��7�p)stock(
�4�)�M�.(qV�+��%��(N  .�! ���0��4 �+�" <�e� 

�>-��9a(reporter gene) � .� 2N <C(3%�/ ��>%� Q+����	
/7'��/ ��976���D 2� �� Q�cF3���	 �'(�3/7.�� O����+

�����N)�.(!����%��(:  �� �>���-��9a �" �����e  J<���1
+4 �� ���0M+/ Q��F3���	 o��� ��� <8/ r1�� ���- .

�s� �� )7:�	�� ��(: ���0 6��p ��<V	0&�K�4 ����: =��#
]�(��?�  _<% 2���3$% ��W ��7�3� ��U� ����/ �" !.��4�9

� � Q7''8/ ��# M�4� �7$%��%!FK(I/+��� ��!V	77Q
	7 ��( �� �� ; � 2���N +�/�7a ��<�C(\/ 2�N+� �  � ���

=.�<���� a��7�!�����F1 6��p �.(infectious) ���	��� �7l��c
 ���; �)�����F1 6��p  �. t��7������F1 �.(���4� .6��p

���F1 �.! ���0�c��	 � �  � ��� ; �7. �  uv�� l
���F1 ���� ��: !�.��%])TCID 50 (Tissue-culture 

infectious dose 50% [=.�<�� a7�!/+��-)�.(	7�4��(7��
 ���0�c�	 � � 2� ; �7� <8/ uv� l���%!�<V(/!

� �� M�����#�K�4 =�� x��� � � Q+y(/  ���	���� M7��%�!
�/.0�%�>���+	 M7��4��(7 ��������8	 �� ; � �����g x�V���#�

/+<C%� .O�% �CP7�X��* ���/. Q+)@��	�2�(F% (J��h��
�/.0�I�	 6vc�/  o7uv� G��%!c��	 z�P�N7l

#� 2���� =<���-���7� J<���1 l���7d	 ����� ��7j����/ Q� 0
 ������0�; �)adenovirus death protein(M� .������>
� <8/���%!���/ {�38/ � � Q+<���-)�.(��<�V	

	���7lc ����0�; � ]�	<�$1 ���� {��e .� =��F(�4� ���!
�p 2����$���7 =����; �(viral stock) |���/ &���* ��@L� 

�(/���� J�h�� /+���=.�<��� �K1 2� 2N �� a�7�!O�% ���/.
DNA �3}N <�g��7<(non capsidated DNA) O�%  �CP7Q

 Gg�� J��"�; �(incomplete genome) �$I	 2� ���g7Q
8D78+	 .�7���F1 �( �.! �� ; �7�3).(	74��(7��

 �����0�� � ���� ; �Real-time PCR .� =��F(��4� ����
�a.�t0�%!D�H(��+DNA  ����0�; � �� J��h���2�(�� 
�4�)��@.(� �� �� .� =��F(�4� ��� 2�V#�Z/ Q�a.�t0 ��%!

��D�H(��+'��/ M�" [�����	��7 ����(N  Q���cF3���	 �
 ���0�N�	�� ; �7� � 2�� �>�-��9a �" <g�� )PCR  
O% CP7	 Q7�4��(7 �� �� � � 2�� ; �PCR �$N+)Real-

time PCR(.�� ���/���+���a ���g .


�� � ��� ��
����h	 x���� .� =<��- J���h�� 2��V#�Z/+����� .����(N  .�

pAd/CMV/V5-DEST )�" �(����C�� (����(N  �����C1 2���
 ���0�; � <- =��F(4� .

)7N�	�� ; �� ���0 ���4:
#��	+=<CCN<N(CDS) �"jag1 "��#�Cc	 .� =��F(�4� ��!

gateway 9���0 ~��4�	�O)�" �(����C��(LR clonase II  .�
��KN)!���: �"(ORFEXPRESS-shuttle M<H'/ ��(N  2�

)�" �(��C�� (pAd/CMV/V5/DEST &�'(�� <- =���  =.�4
�"+pAd/DEST-jag1 c�	7l��a�<.� 2�� �� ���UC/ Q�� 
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� � �� ��74��(7	  +4 �� ���0 )7:�	�� !�%��(:  �����$%  !���Z1 ���/�: +#��#�/ !�% 

��� 

���KN .� J�a����ORFEXPREES-shuttle =���$% 2��E��
���� �� <H'/ ��(N  .� J�a����)m/�pH(TE (Tris-EDTA) 

OhW 2�m/7# �c74� �(7�� 9�� .� [�  </7# �c7�(.�
9�0�O)�" �(��C�� (LR clonase  II M6</ 2�m�� �1��4

 ��/� !ºC @�<��- 2���c�� .�?��]��( �� 9��� ����/7# �c7���(
proteinase K ���4���c��  7���g�72���' �!��ºC EkM

�(N��� 2� oCN�  &�H8/!DH5α��  <�- J��F�3���	 M
8/7~LB  �W!(�0+�7	�7z}/0+47K7<�- =��� ���N Q.

4�/��F3���	 .� [�7$4v� M��7<��KN �%!��� =���N <-�
 N .� =��F(�4� �7 �High pure plasmid extraction �N��-

 � ���� ��UC/ 2�  |��I(4� =<�.�4 l$V#���(4� ^\*�o
��qW ��" =.��4 �� �" [���	+ � M=.�<��� ��U� .�!&"
.��a0m/�<- .��� �(c#� <D��.

H�KW�:�� �> V2"#C �)g/ �,�#- �� ���N�," ��)� ���#Q��:?
�)0,"#�0C � .�eN2"#C &�2> ���, 

c��$ ��")C ���#Q��:?)full length(
CGC GTC GAC ATG CGT TCC 

CCA CGG ACJag1-F 
CCC AAG CTT CTA TAC GAT 

GTA CTC CAT TCGJag1-R 
bpEL�k!�7b�	 2VZg =.�<��

���#Q��:?�<0[�C
TGA AAG ACC ACT GCC GCA 

CGA CReal jag1-F 
TTG CAC TTC CCG TGA GGA 

CCA CReal jag1-R 
bp@�!�7b�	 2VZg =.�<��

�*0$#C ���#Q��:?
TAA TAC GAC TCA CTA TAG 

GGT7 promoter 
TCCCAGCCTTCCTTGCAGACRT jag1-R

bp@��E!�7b�	 2VZg =.�<��

�" =<��CC:<: +#����	 ����qW <��7��	Jag1 +���" =.���4 ��
pAd/DEST-jag1 :

��(N pAd/CMV/V5/DEST �e ���N�	�� =�>7\+���
����!(�0 2� �/ �'/ �"+�7	�7CF/��KN z7��� 2�N ��4� lc

 oCN�  J�h��LR �/ _�W+&����t ���UC/ 2�� ���# M����a
��KN �%!�2c��	 ��U� .� =</0 �4�7l��c��	 J<�1 �7l
��KN �%!M���	�/ ��KN �%!O% �\b/  � ��/.!8/  �7~

LB  �W !(�0+�7	�7z�%!}/0+47K7Q CF/��KN7lc��N
<�<- =��� .O%�CP7���KN Q� � ��� ��%PCR �4  2��72K
!�%�a.�t0I�	7H+bc	 2�VZg =.�<��� ��� �7�!bp @�  
!�%�a.�t0+#��	 l/�:(Full length) bc	 =.�<��� �� �7�!bp 

EL�k V	77�% Q��<�<�- �.Q(���a ����g ��?e �8�D
 ��" =.�4 �� �" [���	+���/.0 ���PCR .� =��F(�4� ���  

�a.�t0RT-jag1 reverse )W��*+2�� &�H	� ��UC/ 2� =<-
�?(��!'E»	�dKN��7<@E@�«CDS �"Jag1 (  �a.�t0T7 

promoter )W��*+��(N  ��(��4 2� &�H	� ��UC/ 2� =<- (
<���� ����bc	 2��VZg =.���7�!bp @��E .�� �����/�����+�����g
���a)<e�&  @(.�?��]�( �8�D  �" [����	 ���e 
�?e ���g Q(��a �0�" =.�4 ��+�c+���KN .� ��%)���KN

 =��$-@(V	 ��77#��	 Q+4���+<-.

H�KW+:JX%: � #4���� �)��? �� �K	 ���N�," ��� ���PCR 

h#O��(#<� ���Y4���?)�)��?(�N3� H#�3$

PCR grade dNTP mix 
µM@��

)<7	�dK:�� �%(
µM@��

)<7	�dK:�� �%(
Upstream primer µM�/�µM�/�

Downstream primer µM�/�µM�/�
Template DNA ng���
PCR reaction 
buffer,10XµL�/@µL�/@

Water,PCR grade µL@�up toµL@�up to

Taq DNA polymerase U/reactionU/reaction

&�K4 Q�cF3���	 �%!HEK293A :
���" =.���4+pAd/DEST-jag1 9���0 .� =��F(��4� �����O

.�dKN�� <�� PacI Z�+��a�< �/7�.� 2� �0 .� J�a �c!
������ &�K4HEK293A ���3KN 6�F�3� .� =��F(4�7O

<- �cF3���	)�(.2(F% �! ���� �7$+.��8/7���N ~
(DMEM/High glucose) �V	�M2�(F% 2�4 .� [�  <- �

#7 6�9 �� �* ; �+�� ��� 2�KW�/ 2�4 ��  9�����a ��+
&�K4 �%!?	 =<- �cF3���	7<- 2.

&�K4 Q�cF3���	 +4��� !�%HEK293A :
/�c#�&�DNA ��/ �.  ��c#�#��+ON)low molecular  
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��� 

weight DNA ( .� =��F(��4� ����DNase ).� .����(W� ���?e
 !.�4�<eDNA <73}: <g��(� �  Hirt &�K�4 .� ��%!

O%  =<- �cF3���	 CP7&�K4 Q��%!=<��� �cF�3���	
)&�(CN ���C1 2� (<- |��I(4�)�.(� 2�� �� �<�(�� ���UC/ Q

��<V	@������ &�K4HEK 293A ��E/7K+#7�8/ ��(7~
��NDMEM/High glucose  2��472K��/7# �c7.� ��(

#7 6�9� <�- =��#0 ; �@������ &�K�4HEK 293A 
<- 2(��a �U� �� &�(CN ���C1 2� .
&�K4 {�4� . � 24 .� [� �%!&��(CN  =<�- =��#0

Oq% ���� �� =<CCNMDNА6<�/  </0 �� &�K8/ lc- 2�
L� g�7�� 2'ºC Ekd	 ��� O�q% [}�4 M<�- 2��c��7��� Q

.� =��F(4�Proteinase K 4���c��  7��@�� 2(1��4ºC Ek
�� J�h������ .�X�/�� &�K8/ 2( 2.� =��F(�4� �� =</0 �4�

NaCl �2� �X�/4� �X�/7 <��� . � 2��\�- zºC �
���g <- =��� .

.� <�V� z$� �UKt o%�N �?e "�F��(���4 KI	  �72
�/�f ��+M/ 2�� �7 ������  � ��9 # � O�hW �7 2�� ��Z'/ {0 2

g�� {�4�7 <�- 2���� =<��$DNA �*+2�� 2�KW�/ 2�4
	�	��7 ������ x�\��-� &���K8/ .� =��F(��4� ���� )TE Ml��C� ����

l�����C�/J������� �KN /��/0 9�����7 l�����c#� l):@�:@�( 
J���� �KN/��/0 9��7l��c#� l):@�(.� <��V�  <��- |��I(��4�
)74�	 �24 7�� G#�� l��	� 2K��/7# �c7��Z'/ {0 ��(

</0 �� &�K8/ �#�W 2� .DNA &�K4 .� =<- |��I(4� �%!
&���(CN  =<��- �cF��3���	M.� =��F(��4� ���� !���%�a.�t0

I�	7H+�	 �?e  �7.� =��F(4� �� <!�%�a.�t0 N�	7\+2�
� �PCR .�� ���/���+���a ���g.

2K74  2� ; ��  ��74��(7	Real-time PCR .� =��F(�4� ���
!�%�a.�t0 +H7I�	:

DNA / �.  �����#���c#+.� O��N��/7# �c7# ���(��7 6�9
 �����  <��- |��I(��4� ; �k�/7# �c72��� ���Z'/ {0 ���(

<���/0�� &����K8/ ����#�W .$���4v� .�7���KI	 <7=<���- G
pAd/DEST-jag1 �UKt ���/�E/ �� J�a����7# �c72�� ��(

  6��p ��<�V	  <- =��F(4� ���<��(4� ���C1 �� �� ��� ; �
 Q(��a �U��%.�� �Fe ��<V	!c��	7l2\�4�8/ �0 =<�C%�

��a�<.���(N  &�*pAd/CMV/V5/DEST &���V/ELLmL

W �� 2N �4� .�� �Fe7oCN�  J�h�� QLR M@@�E �Fe
/ _�W �0 .��+�e 2�  ���a!�" [����	 2VZg &�* �0

bp EL�k J�$q�� 2�L<e .�� �Fe �� ��" =.��4 ���  <+
=<- <�  �	�	 Q7=.�4 &�* )�"+pAd/DEST-jag1 �#���
 ��EmL�/ .��� ��Fe+���- . 6��p ��<�V	 �� �� ; �

$4v�7KI	 <7. &�/�� .� =��F(4� �� =<- G�<�- 2\4�8/ �
���g� .�  ���%!����>#�$(+�� ���	L�� �����C1 2��� �0

<- =��F(4� ���<��(4�.
)L�� *��*2VZg &�*)/(�@E *�@@/L*��<'/DNA 

J�a���� )3W �� =(; ��  6��p ��<V	 
�?��]�( oCN� Real-time PCR N .� =��F(�4� �� �7 �Fast  

)�"���7:(start syber green   !���%�a.�t0 I�	7��H+����
 =�>(4�Corbett Rotor-Gene 6000 2/���� ^\* ���. J��h��

������)& <eE(:
��-�4� DNA ���!�g�7�� 2'ºC ��)�4 z7lc(
����s7�� 2ºC ��
����s7�� 2ºC �m
����s7�� 2ºC k@
�lW��/ ���c	@�	����!��47lc

H�KW�:JX%: � #4���� �)��? �� �K	 ���N�," ���Real-time 
PCR 

h#O� �(#<� ��� ��"K2��," 
Y4���?

)�)��?(
H#�3$
�N3� 

Fast start syber green µL�µL�µL�
)µM�(Real jag1-F µLµLµL
)µM�(Real jag1-R µLµLµL

=97���� �Z'/ {0µLkµL�/�µLm
Standard template µL��

Test template �µL�/E�

����$� 97#��0 { p)melting (����� �� ��2/��PCR ���
�� iC7K7�0 27��sºC �m�	 6���W o��9��  ºC ��!�.� 2�

ºC /������� J�h�� 27��s �� .l�74 &�* �� M��7b�	 !��%
 l�7���4 ����% �������� �� [�����4��K� 6<���-elongation 

=.�<�� 7a�- !��<.Q7W 2(4�7� 6��D 2� [��4��K� ��97/ 
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� � �� ��74��(7	  +4 �� ���0 )7:�	�� !�%��(:  �����$%  !���Z1 ���/�: +#��#�/ !�% 

��� 

=.�<�� �/� +h��<	 o��9�� �� { p l�74 <- !�7a .

����� ��
 ���0 ���4�� ; �N�	�7):

2� 4��� ��UC/+oC�N� LR M$�4v�7�%<!|��I(�4�
 .� =<-�8/ �� =���N <�-� ���KN7���N ~LB ���a0

 �W!(�0+�7	�7}/0 z+47K7<- .��� �(c#� MQ.$�4v�7<L
=.�<�� �U� .� ��KNM��qW &�$(W�CDS �"jag1 ��Z/ ��

/+��N)lc-(.

ce	�:�)%$ K0�,9� ��)(�#�e�" Y3$"� ���LR H> ��� #-
 ����Q?�/�K1�� .�)�,SM #$��� E4�, �- j)-#�kb ���"K2" &

���K0�,9�+&
&;&�&�����)g/ H���/"CDS �>jag1 "�
�� k# � K4��2 .

ce	+:=l)<B� ��)(�#�e�"PCR �)%$ ���K0�,9� J*m� ���
�<0[�C ���#Q��:? �" ���N�," �- .����Q? H> ��� #-+K1�� .

�)�,SM #$��� E4�, �- j)-#�bp ��� �)�, &NC �- j)-#�
H#�3$ �N3�))P�" KR�((�)�, &PC J*m� H#�3$ �- j)-#�)�)%$

ORFEXPRESS-shuttle KW"�CDS �>jag1 (�)�, ������C;
�)%$ K0�,9� �- j)-#� J*m� ���.

4��� �� +L� ��KN 2��4� =<�/0M�%7����0 .� z��%
 �!8/7�W ~� �!(�0+�7	�7�CF/��KN z7 ��c� <-� lc
<���	�	 Q7�$(W� )�c�	 &�7���KN l%��!��	�/�F(C/ �+

��a�< ��* .�+��qW &�$(W� �" =<�CC:<: +#���	jag1 
��KN �� �%!���a 6�g ��N�/ .�	 ���UC/ 2� �7� ���qW <

�" =<CC:<: +#��	jag1 ����KN .� =��F(4� �� �%�a.�t0�%!
I�	7H+ � l/�: +#��	  !��KN �%!�\b/MPCR J��h��

 /��$	 �� ��U� ���/ =<CC:<: +#��	 ��e   <-+���KN ��%
�	7�<��a�<)lc-�%!@ E(.

ce	�:=l)<B� ��)(�#�e�"PCR �)%$ ���K0�,9� J*m� ���
 ����Q? H> ��� #- c��$ ��")C ���#Q��:? �" ���N�," �-�K1�� .

�)�,SM #$��� E4�, �- j)-#�kb ��)�, &NC H#�3$ �- j)-#�
�N3�)KR�( )P�"(�)�, &PC J*m� H#�3$ �- j)-#�)�)%$

ORFEXPRESS-shuttle KW"�CDS �>jag1 (�)�, ������C;
�)%$ �- j)-#� J*m� ��� .

<7��	 ��UC/ 2� =<�CC:<: +#��	 Q(��a ���g �?e �8D
 �"jag1 +���" =.���4 ��pAd/DEST-jag1 =��F(��4� ���� .�

+��\7:�	 !���%�a.�t0T7promoter  Real jag1-R MPCR 

 +#���	 ��?e �8�D Q7�\/ �0 2�h7(� 2�: ������ J�h��
��K: +/�$	 �� �U� ���/ =<CC:<: ��� �\b/ !�%)l�-�.(

���K: .� +��� <7$4v� ���?� �� ��%)=��$�- ���K:@(
���qW �0 2�h7(� 2�: <�- +#��	 Q77V	 +��?� <7��	 �?e

 �" =<CC:<: +#��	jag1 ��� ���g <7��	 ���/ �� .

�cF3���	 o���&�K4 Q!�%HEK 293 A =.��4 2K7�4  2�
 +�"pAd/DEST-jag1 :

�� ��UC/ 2��.� =��F(�4� ��� Q�cF3���	 o�a.�t0 ��% !
	I�7H+��  �!DNA I(4��- |���K4 .� =<��&�%����!

cF3���	�- ��(CN  =<�&�)=<�� �cF3���	(M��/.0PCR  

SMNCPC�+�
6;

SM �+�
6;n������

SM NC PC �+�
6;

Kb�

bp���

bp���

bp���

Kb�

bp��	
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��	 

cM	
:=l)<B� ��)(�#�M�"PCR �,9�0��K��)%A ���J*m�
 �" ���N�," �-���#Q��:? A#C0*��� #-�����Q? H>�K1�� .�)�,

SM �, �- j)-#�4#A��� Ekb��)�, &NC N3� H#�3A �- j)-#��
))P�" KR�((��)�, �����C;�)%A �- j)-#� ���J*m� 

(� 2��N M<��- J���h��7/ �0 2��h���5<'��/��7 Q���cF3���	 �
&�K4 �%!��� �U� ���/)lc-�(.��$% ��* lc�- �� 2N

�/ 2UWv/+<���� ���e  M���- bp @� J � ��(�4 ��
 <��� ��e  bp�m� & � ��(4 ��)&�(CN (2��e!���/ <���

�U�)bp@�(M�$��'��/ �>��7��� Q�cF3���	 �..��0��e
&�K4 2N��%!HEK 293A �"Jag1 )�" [����	 (� �� �7 ��

/+�	 ��UC/ 2� M<CCN �7�(� <7�� 2�h 2��� �� =<�/0 ��4��o
.� =��F(��4� ���� Q���cF3���	�a.�t0���%!I�	7��H+MDNA 

&�K4 .� =<- |��I(4� �%!��� &��(CN  =<�- �cF�3���	
 .� =��F(��4��a.�t0���%!N�	7��\+���7��4��� �����/ 9+�����g

���a)lc-L(.

� � 2�� =<�/0 ��4� 2�� ; ��  6��p ��74��(7	 Real-

time PCR +H7I�	 !�%�a.�t0 .� =��F(4� ��:
Real-time PCR =�>(�4� .� =��F(�4� ���corbett Rotor-

Gene 6000 �� J�h���<� ����Q	�	7$I	 �� 2N )7Q��×
@k/@ =�p�/ �� ; �7# �c7$4v� .� �(7KI	 <7 =<- G
��F(4� ���g� .� =�� %��!��>#�$(�+�� �	��L�� M�0 .� 

amplification plot 2��$��%!��(4��$4v� ���<7�4�	 <7�O
<-)lc-k(.

��(g +����8/y����># 6����D 2����$(+<��W M���4�
(threshold) Kc- 2�+V	77�/ Q+W�� �� ��	 ���- �7 �Z� 2+
bc	 ����$�7a ���g �7��.f*�'	 2Z'�amplification plot �%

����C1 2�� <�W ~�� ��� 2��$�threshold cycle (Ct) value 
�V	�/ A+��-.

ce	6:=l)<B� ��)(�#�e�"PCR H)e�)� ���DNA Z"#[�,"
H)%, �" �K	 H#�3$ � �K	 JeN2"#C ���)�K�2 JeN2"#C (�-

�<0[�C ���#Q��:? �" ���N�," .�)�,SM #$��� E4�, �- j)-#�
bp ��� �)�, &NC �N3� H#�3$ �- j)-#�PCR ))P�" KR�((�)�, &
PC J*m� H#�3$ �- j)-#�)�)%$ORFEXPRESS-shuttle KW"�

CDS �>Jag1(�)�, &��- j)-#�DNA �" �K	 Z"#[�,"
H)%, �)�, � �K�2 JeN,"#C ���+�- j)-#�DNA �K	 Z"#[�,"

H)%, �" �K	 JNe2"#C ��� 

ce	;:H)<B� ��)(�#�e�"PCR H)e�)�DNA �" �K	 Z"#[�,"
H)%, �*0$#C ���#Q��:? �" ���N�," �- �K	 JeN2"#C ��� .�)�,

SM #$��� E4�, �- j)-#�kb ��)�, &��- j)-#�DNA Z"#[�,"
H)%, �" �K	 �)�, � �K�2 JeN2"#C ���+�- j)-#�DNA 

H)%, �" �K	 Z"#[�," �K	 JeN2"#C ��� 

SMNC�+�
6;

Kb�
SMNCPC@

bp@��E

bp@��E

kb@

kb�

bp���

bp���

bp��	

SM��
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� � �� ��74��(7	  +4 �� ���0 )7:�	�� !�%��(:  �����$%  !���Z1 ���/�: +#��#�/ !�% 

��� 

cM	n:amplification plot  �2)�2 �" ����,9� ��"K2��,"0K� �"#�� �-0� ="E4@�#)JR� �- � JR� ��K- �����/�����/�.(oC00V2�,�)%( #
(Norm. Fluoro) , �"KOC c-��� ��0cMPCR ,#C0J," �K	 F.p7�("���2 E�#R4#P2� K/(threshold) "#- �? �" �A J," �OC00.Ct values 

� ���N�,"��)	 .�2)�2 ���� ="�\ KW"�4,�#�(copy number) -0, �� "� K/ #��0�� cM04.#C�� q R�rI J�, ���KB� �� q* ��- � K33A
� �"#R �"�)�2�Q0K2# ." ��4�"�)�2 .&��"0�2)�2 ."�� q R "� K/ �A�"�"� &K3A ����×�n/+sA��,9� �"0A#C)2 K0�)2�? D4J," @�#.

cM	�:��"� �"#R �- ��"K2��," �"�)�2Ct c-��� ��copy number �,9�0"#- K�,#C ��"K2��," �2)�2 #�0� F��)	 .���KB� �A��"�)�2
,#C ��"K2��,"0- �K	 F0.���*�n/+�C���*�
/+J," .�"�)�2 ����O� �3*� ��"K2��,"��*,�B�copy number �2)�2 ���@�," #- H)5U�Ct 

�? � �"#R ���Q0�#.R^2 :coefficient of determination &Slope :&p7 D0	y-intersept :�)B� �- �"�)�2 �R9C cB�y��.

J�� ��9��Rotor-Gene 6000 ���� ���g ��Ct �%��z
2��$� .� �%!l��'/ �� ���<��(4�copy number �����$� M�0

/ O4� �� ���<��(4�+<CN .O%CP7� Q�J�� Q�'/ ��� ��9���2�3
Ct 2��$� �%!M���<��(�4� �����$� ��� &�?h/copy number 

2��$� �%!/ 2\4�8/ �� ��N�/+<CN)lc-m(.

=� <8/ �� { p ����$� 97#��0mm+(���4 2�e�� M����a
 O�%  =<�- +�W��* !��%�a.�t0 {�KZ/ +a,�  .� ����

+a��#0 J<1 Q7CP)mispriming ( ��$��� �a.��t0 l7��	  
����)l�-�.(
��F(4� ��6�97# 2��$� �� ; ��  �(7	 M��. &�/�� .� =�� 

No. Co
lou
r

Name Type Ct Given 
Conc 
(copies/ml)

Calc Conc 
(copies/ml) 

% Var

1 ST1 Standard 7.26 2.27E+08 2.07E+08 8.7%

2 ST2 Standard 10.12 2.27E+07 2.45E+07 7.8%

3 ST3 Standard 13.33 2.27E+06 2.22E+06 2.3%

4 ST4 Standard 16.27 2.27E+05 2.45E+05 8.1%

5 ST5 Standard 19.37 2.27E+04 2.43E+04 6.9%

6 ST6 Standard 22.68 2.27E+03 2.04E+03 10.1%

7 T1(nea
t) 

Unknown 16.54 2.01E+05

8 T2(1/1
0) 

Unknown 19.42 2.34E+04

9 T3(1/1
00) 

Unknown 22.37 2.56E+03

10 NC NTC NEG 
(NTC) 

Quantitation data 

R=0.99981 
R^2=0.99961 
Slope=-3.079 
y-intersept=32.867 
Efficiency=1.11 

Standard curve
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��
 

cM	�:�"�)�2melting � �2 �� &meltcng ��	� ��DNA � "KW F� �"�� � K2)	0� Y��A J!#, �- V2�,�)%( �"E�4K-� .b#2 � �"E("0�"E
oC00*2 ="#����� �- V2�,�)%( K/"�(df/dt) �� "���)B�yoC c-��� ��00�� ��� ="#��)B�x� �"#R�K- � K��4C#C .0�"�)�2 Dmelting 
��24� ��"� Y��)	.

; �� �k*�@/�OhW <W�  ��)+K7/ �(7# (<- �� 0��:

)�/EReal-time PCR copy number/ (k�*�*)����
 �g� =; ��  �(7	 

�� &�$1��)�/E#� 2� M7.� =��F(4� lµL�/E.�DNA 
# .� =<- |��I(4�7 6�9��4� ; � .�� &�$1��)k�2�

#�7|��I(4� lDNA .�µL�� #7 6�9 �� &��K8/  ; �
�� �0 ���$� µLk� �� &�$1�  �Z'/ {0�)���?e

$V	7	 O7 �(�OhW <W�  2� ; �)/7K+#7�((�4� .
��� 
�" �%!�>-��9a(reporter) U��7d	 ��� �7[���4��K� Q
9\4(GFP) �4�# M7.�(NX�a�(�  .��F �� ��� ���UC/ 2�� .�<�o

� ��407\4�C/ _�<%� M��+���!#��079��<�$Kg Q��cF3���	
/+<��- .�$��� o7��GFP &�4 ����� ~4�	 +F#�P ��
/7�� ���9���� ��KN  �" =<CCN7~�4�	 �0 i�C ��-��� ��

&�4���M=�hC� �!���� =.��	!��%�����N!.�(�3+���Q
/�&�c# ���a)kML.(O%CP7�D�H� Q7�4�# 6�7.��FM

\4�C/ �>���� 2� �� �0+���!<�\	 �" &��'(������N l.���Q
/�c#�� &��g�<W ��$4 l7�� ����!#���(/73�#�K4 O�+.� M
�2(�� �%!a7%�+����e  !���40 2��  =<- |��I(4�+���

/�#7�(/�C=.�<�� l��g a7�!�4�)m.(�9/ J��$	 �� ���+�2�N
�" �%!0�� �� �>-��9a���KN <C7�% �a M<���� �" iC+.�

''8/7#� 2� Q7�9�� l���� o7��KN �7�W��* ���(N  i�C+
-�=<M� .��2a��N7��!C(e� �0�/ {��+<�.�  .CP ��7��Q

��-�Z+���'(3/ o72�� �U� ���/ �" l/�W ��(N  � �  O
/7���9��c/� ���� �79a���  �3��� ���� � .� <��%!t�7�

'(��3/7/ O�#���c#+U���7.�� ������+c���	 =.���47l����� 2��(��
 !�%�a.�t0W��*+��� =<-!($3g+��(N  ��$(��4 .���

���N =��F(�4� ��U� ���/ �" .���$% <�- =���-� 2�N ���*
	74��(7�%��(N  ��! ���0�4 �+N�	��7� � �� )Real-

time PCR .� =��F(��4� ����!���%�a.�t0 ��D�H(��+DNA 
 ���0��� J�h�� ; �����)E�.(

+a��#0DNA ��� =<�- G7�KI	 DNA <�g�� +�4 �� 
<73}: ; ��  Gg�� J��"  M� � ����(� _���8�� r1��

Real-time PCR Q7��$I	 �� )��7:�	�� ; �� �����0 ���(7	
+/ ��- .=�?� �� � � .� !�7a !.��4�<e =<�- �vD� !�%

DNA 2�� ���9� 27W�� +D�H(�� !�%�a.�t0 .� =��F(4�  
; ���  J���" ��4�� !�?(��MohC�4 �� ���e�/ f����/

 � � 2�� +�4 �� ���0 !�%��(:  �(7	 Y78DReal-time 
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� � �� ��74��(7	  +4 �� ���0 )7:�	�� !�%��(:  �����$%  !���Z1 ���/�: +#��#�/ !�% 

��� 

PCR <���a fF	�/)�.(�%��(N ! ���0�4 �+_��W ��
�" �%!E1  E3 lc- 2�replication defective / ��+0�<C

	 ��UC/ 2�  #�7 <�; � �7&�K4 2� .� �%!�K$c/+<�����
d	 �� 2N7�" Q�%!/ <N �� =<- _�W+<�CCN)k.(��c+.�
� <��8/�����%!#�	��7 <]���D�H� �.���� ����� �� ; �

&�K4 �%!N�	��� x��g  &�$(W� Ml$c/7\+�� j��#�$%7Q
 ���0  l$c/ &�K4 J��"�N�	�� ; �7��hC/ 2�N �4� )

�e 2��9>�C+�"E1 �e 2�!<� M=<- �" [���	�	�	 Q�7)
 ����0�; �replication competent (RCA) �� =<�- ���h

 �/ _��W ��U� ���/ �" [���	+����a)mMk.(� � ��%!
/�#�c#+	7�4��(7 �� �� 2�(��a ���N 2�� ��CN��	 2�N ; �

=<��- <����MB����(�� 2��� �����gRCA  ���0 ����(N  .����4 �+
N�	��7�?�  =��\� �" [���	 <e�  )�]�( _���8�� 2�� �hC/

�(����/.0 .� ��%!N7F+/+��- ./ �U� 2� ��#+�?e <4�
	7��4��(7 �����; �M.� =��F(��4�!���%�a.�t0 ��D�H(��+

�" [���	��!�%�a.�t0 N�	7�\+)2�VZg  �" [����	 �!.�
��(N  (2�� �\�3��a.�t0 ��%!B���(�� �� ���(N  6��VZg
 6��pRCA  ����0 ���(N  .��N�	�� ; � �7 ��(W�  ).� .�
$I	7_��V(/�� Q(overestimation) 	7 �(�8e�� M; � �7 �

<-�� 2(-�� .O%CP7.� =��F(�4� ��� Q!��%�a.�t0 G(�I/
�" [���	M'��/7��'��/ J<1 �7&�K4 Q�cF3���	 ��%!
U� l���$c/���7�HEK 293A ���4  2���� ��7����%��(N  2K!

 ���0�4 �+N�	��7��� ���/ �>-��9a �" <g�� )�����g o
��� .�/� � �� ��U� ����/ �" [���	 l$c/ &�K4 2���CP �7 ��
�$��� <8/ M<��� ��/ o�#�c#+�W��* �� Q�cF3���	+ 

{�I(��!�%�a.�t0 . &�* �� � �h/ � 9a�  � �� ^\ZC/ �� ��
��� �(C)long intron exclusion(f�F	�/ �/+����a .� �� �� Q

<������ �����e  2���V#�Z/ bp �m���(���4 ��lc���-�M
������ ����e  =<��C%� ����/����" ��(����4 �� �" Q+&�K��4
l$c/)&�(CN = �a (<���  bp @�/�5����/ =.�4 ��e  <

&�K4 �� �U� �%!�4� =<- �cF3���	 l$c/ .�'7]��C J<�1
���/ ��/.0 �� <��� ��#�c#+���a.�t0�%!N�	7�\+ �!

DNA &�K4 .� =<- |��I(4� �%!=<�- �cF�3���	M��?/
�	�7<!���/ =.�4 ��e  �� �4��� �U� &�K4 �%!l�$c/

/  +��?C	 2�� <����	+�'��/ <%��- �7 ���'��/ J<�1 ��7�
<-�� Q�cF3���	 .� ���'8	 Q7.� =��F(�4� ��� ^DNAse ��
 J��" |��I(4��; �MV4+.� �	 <- �4�C-+�DNA t7�

3}N7<!O% M���a {�C(e� CP7.� =��F(4� �� Q�a.�t0 ��%!
I�	7H+I�	 .� �U� ���/ �" [���	7G 6��p�4 �+

replication competent ��a {�C(e��<.

���������
��%��(N  �� �>�-��9a �" ��e  J<1! ���0�� �4+M

�� lW��/�� <8/ �� �� Q�cF3���	 o��/ 2e��/ �+<�CN .
/ �/�+=�?� �� ���	 a7�!� � .� ��%!/�#��c#+�C(\/+���

4<C?/+8D7Y�a.�t0'��/ M72� �� Q�cF3���	 �6��D
N7F+.�����+t 2/��� .�  ��$�7��KN <C$�<% �7%�� i�C �7 9

��: .O%CP7� <�8/ .� .���(W� ��UC/ 2� Q����%!N7�F+
	74��(7 ���; �M/+��e � � .� ����	�9>�QReal-time 

PCR ��� =�?� .�7/ ��?C�+�9�� �?e ���a�$	  �g� o79
 6��p����4 �+ ���������a,+.����4<C��$% �� �����H'�!

(replication defective)M 6��p .����4 �+��	 ��������+�
.�4<C��$%!(replication competent) O% =��F(4� �� .� ��/.

�a.�t0���%!I�	7��H+ �" [�����	�a.�t0���%!���?(��!
 J��" �4������/.0 M; � Real-time PCR 6���D 2��

multiplex �� J�h�����.

����������  
lD�W ^7'8	 Q������� !"�#�	�$% !��(:� 2/�� {�H/

 )�* +��% ,�  +�-.�/0 +#��1 2�345/ 6�'7'8	 9:�/
��� &�'(�� +/<-�� .Q�<� 2K74  .�9N�/ 6��'7'8	 &��'(��

  ��� ���� &�'(�� )* +�% ,�  +-.�/0 +#�1 2345/
 +����<��g  �����	 2��V#�Z/ Q���� 2��e��� Q7/���	 ���?e 2���

+/ ���a .
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Abstract 
Background and Objectives 
Biologival features of adenoviruses have made them vectors of choice for gene transfer in 
basic research as well as in clinical treatment and vaccination. The key steps in the trasnsfer of 
adenovirus vector gene are transfection monitoring and viral titer determination. We 
investigated the transfection of non-reporter adenoviruses as well as viral titration using 
molecular methods. 
 
Materials and Methods 
In this experimental study, after the recombinant adenovirus vector construction, the presence 
of transgenes in gene construct was evaluated by PCR with transgene specific primers and 
sequencing. After calcium-phosphate transfection of the packaging cell line (HEK 293A), 
transfection was monitored by PCR using transgene specific primers (diagnostic and 
compound primers) to analyze DNA extracted from the transfected packaging cell line. The 
viral titer was determined by Real Time PCR (RT-PCR) using diagnostic primer to analyze 
DNA extracted from viral lysates. 
 
Results 
The presence of transgene in gene construct was confirmed by transgene specific primers and 
sequencing. Evaluation of DNA extracted from transfected packaging cells confirmed the 
efficiency of  monitoring  of  transfection.  The viral titer was estimated to be about 4 × 107

viral particles/ml by RT-PCR.  
 
Conclusions 
Careful primer design is the key to the efficient monitoring of non-reporter adenovirus vector 
transfection. The appropriate genomic purification and the use of RT-PCR technique would 
also avoid the disadvantages of functional titration of adenoviruses.  
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