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Abstract 
 

Background and purpose: Toxoplasmosis is a common parasitic disease throughout the world and one-

third of the population has antibodies to Toxoplasma gondii. This disease causes serious medical problems in fetuses 

and immunocompromised individuals. As gene encoding protein GRA14 can be considered as a suitable target for 

DNA vaccine and designing diagnostic kits; the aim of this study was to do cloning and sequencing the gene 

encoding GRA14 protein of Toxoplasma gondii RH strain. 

Materials and methods: DNA extraction was performed on harvested tachyzoites from mouse peritoneal 

fluid, then PCR carried out and amplification products were analyzed by gel electrophoresis. GRA14 gene was cloned 

in pTG19-T as a cloning vector, then recombinant plasmid confirmed by the colony-PCR and restriction enzyme 

digestion using HindIII and EcoRI, followed by sequencing. 

Results: Evaluation of PCR products by agarose gel electrophoresis and analysis of nucleotide sequencing 

of 1227 bp gene encoding the protein GRA14, revealed the complete homology with the recorded sequences in the 

gene bank. Furthermore, cloning of GRA14 gene in pTG19-T vector was confirmed with colony PCR and restriction 

enzyme digestion. 

Conclusion: The results showed that the GRA14 gene was successfully cloned into the pTG19-T vector and 

this plasmid can be used to design DNA vaccines and diagnostic kits in further studies. 
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0���. 6>? *_
+0 �	 Z��  ��FD Colony-PCR �  LF`D  �F-0��G  IFC  I�+F��  L0�F�G  ��FD  ��
F)
 
�
  & HindIII  �EcoRI ���[%�	 
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1227 6[? ��C� �C �O 14GRA I0�� RH 6de �
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6���C ����iG )Reverse( 

  

 
+[�  �	
Fa*106 × 8 -5  �&�F*       �"�[F= �FM	� ,��F= IFC 6F+Y��
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� �� I(+"�94   �%��F� IF?��     W�FB*	 IF�<�
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 ��	�� )Extension(  ,

 IC45  �� I+��e
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FF 03 

 W�B)
 �	 �%+4���+
 IF�<�
 J0	   �F�0� ��FC  WO ���1  
F=�� 

 ���7��%�4	.
�  

  

 �O gFF +���&14GRA 
+-FF�.� �� T-19pTG  W�FF(%�	 �

 
a%/
 ��%&�C IC �GEcoli  Z��10Top 

C Ia4�f
 J0	 �� I6+& �	 g +���& ��'�	 ��n 
 -T PCR 

cloning vector19pTG  6&�FF�Vivantis 
FF� ���[%FF�	 .

 6>?  ��F'�	   �� ��F& JF0	 HF0  �F+*���+
� 5/0 +
 �F�   ���F%+4

 L'< IC �� &	�30  IC �%+4���+
  ���-F� W�
? ���2   � IF+>*

 ,

 IC1  ��F
� �� 6��� 22   �%��F� IF?��     IFC X^F� � �	�F�

 ��
� �� I��d� ,��=4 �%��� I?�� .
0��� IC���	 �	��  

 Z�0qFFFFF� 6FFFFF>? o�FFFFF7 b FFFFF&	� ��FFFFF'�	 �	 XFFFFF�

)Transformation� (
+-�.  �O ���<14GRA�  ��%&�C �	

Ecoli )Escherichia coli  Z�F� (10Top     IFC �
F� 
a%F/


 L+FF/�& 
FF0��& Z�� ���[%FF�	
FF� )13( ���FF& 
a%FF/
 �	 XFF� .
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��%&�C  �
+-�.� Z�0q� �	�C �D10   ��D
+-F�.� �	 �%+4���+


   �
F� 
a%F/
 ��%&�C ���< ��+*���+
 IC �n� ���
 �O ���<

� �*�	�< x�� �	 ���[%�	 �C 60�>� �� � 
0��� I7�m	  
+-F�.

.
� �(% 
 ��%&�C �M	� IC A+&�*��  

  
 ���	
 ����29:�#$;) <�=#� >:)�� �? @* �� �*?�A6 � ?�$6 :  

�	
(
 ���
 

µl 5  PCR product 

µl 3  Vector  
µl 6  x Ligation buffer5  

µl 1  DNA Ligase 4T 

µl 15  Nuclease-free water 

µl 30  Total 

  

X^� ��%&�C J0	  	
%C	 �D   ,
F
 IFC60  � IF(+"� �FM	   ��*�FC���	

�� �	���+FFF� 37 �%��FFF� IFFF?�� �	�FFF�  �� �p+FFF)
 6FFF�& LB  

)Luria bertani ( E0�

"�7 �%�G  H+*�+C� 
� ��	� 6�&   �	 XF�

 �G 6F�& p+)
 J0	  ��rpm 5000    ,
F
 IFC2    O�[0�%��F� IF(+"�

0���
.  ���� �	�"�C     �F%�G ���F< 6F+�� IFC �
��
  HF+*�+C   �F^
G

J+�+FFF�� X-gal )indolyl-beta-D-galacto-pyranoside -3 -

chloro -4 -bromo -5 ( �IPTG )thiogalactopyranoside -

1 -D - β1Isopropy (I7�FFm	  
FF�IFF�+� IFF�+
 HFF-& IFFC �  �	L 

 bT� 6+�� ��(� ��-* �� ���
0���    ,
F
 IFC �18 -16   6��F�

 ��*�C���	 ��37 �%��� I?�� 
� ��	� �	�" �	��.  

      �FM	� IFC AF+&�*�� 
+-F�.� W�F(%�	 � g +���& ��'�	 �	 X�

Z�� �	 �O g +���& 
+0_* 6>? ���%&�C   :
� ���[%�	 �0� ��D  

1 - ����& �+��*  :
+[� � �CG ��D 

��%&�C 6�& �	 X�  p+)
 �f� �� ��
� ���[/�	�* ��D

 �6�&� �&       IFC IF& AF+&�*�� 
+-F�.� 
F"�7 � �&) �CG ��D

 I0�'* � �	
0��%&����%C �% � �+4�X-gal  
+4�* �Indolyl  IC

�FF
 �
FF0� �FFCG gFF��  
+-FF�.� ���FF< �FF �&) 
+[FF� � (��FF�

 (A+&�*��
� 
D	�M �+��* 	�.  

2 -  ��'�	Colony PCR  �& �	� :
+[� � �CG ��D 

 ��& J0	 �	�C2-3 � �& �	 �
�      �F=�< 
+[F� � �FCG ��FD

 J0��0�? �	� � IC) ��T%�	 ���[/�	�* I�<�
DNA  �C � (��4	

  ���[%FF�	 �	PCR Master Mix  6&�FFF� ��FFDBioneer 

��+'�� b &	�    6F�� IFC W�B)
 X^� � 
� ��'�	 �	�-+�� �	

 WO �� �

G1 0��� ���7��%�4	 ����G 
=��  IFaf" ��?� �* 


.���� 
+0_* �n� ���
 �
� ���& 

3 -  �-0��G Z�C �	 ���[%�	DNA :�
+-�.� 

     
+-F�.� �	 �Fn� ���F
 IFaf" ����	
? � �-0��G Z�C 6>?

 A+&�*�� 	
%C	 ���%&�C� ��<� A+&�*�� 
+-�.�   p+F)
 ��LB 

X^� � 
� ��	� 6�& E0�
   
+-F�.� \	�T%F�	 6+& �	 ���[%�	 �C   

)1-3030- AccuPrep® Plasmid Mini Extraction 

Kit, Cat. No.: K(   6&�F�Bioneer � -F�.�+
 �	  �%&�FC� 

,��FFFF= IFFFFC �FFFF-0��G Z�FFFFC ��FFFFn 
 IFFFFC .
FFFF� \	�T%FFFF�	  

Double digestion� L0�FFF�G �� �	 EcoR I  �Hind III 

 6&��Fermentas  �� ���-4G  HF0 ��F+*���+
  �0�%F�	  ��

 L'< �0�>�40  �%+4���+
���[%�	  
F�    �
�F� b F&	� W�F�)
 .

25  �FFF%+4���+
DNA   �7�FFFC ��
+-FFF�.�X10   �	�FFF+
 IFFFC8 

  L0�F�G �	 HF0 �D �	 ��%+4���+
   �FD1    6F0�>� �� � �F%+4���+
5 

�FF%+4���+
 .��FFC �FFf(
 �G FF�X^ �FF+*���+
 ,
FF
 IFFC ��16 

) 6���Overnight ( ��
� ��37   �%��F� IF?��   �	�F�  IFC���	


0��� . �60�>� ��5 )
 �	 �%+4���+
   ��� �F-0��G Z�FC W�B

 ����G WO1 
=��  ���7��%�4	.
�  

4 -  �O �4	�* J++a*14GRA �
� ���&: 

 �O ��D
+*�P�&�� �4	�* J++a* �	�C14GRA   ��
F� ���&

 �	 \	�T%�	 6+& �	 ���[%�	 �C �-0��G Z�C �	 �=�< W�B)


 WO)1-3035-Bioneer, AccuPrep® Gel Purification 

Kit, Cat. No.: K (\	�T%�	   N+F�T* � 
F� �  6F>?   J+F+a*

 �4	�* 
F� W���	 H*�+C	�7 6&�� IC    �O �4	�F* J+F+a* IF'+%� .

   �F%��% 0	 60�F� �	 ���[%�	 �C �
� ���&www.ncbi/blast  �	

 �O �FFFC ,�FFF7.%M	 � ,�>C�FFF�* �FFFn�14GRA  �-FFF�.��/&�*


���0 H��C �� ��?�
 � �O ���>?.
0��� I/0�(
  

  

/23
� 
�  
    \	�T%F�	 ��F& �W�	 IF�<�
 ��DNA     6F>? � 
F� ��F'�	

 ����G WO ��� \	�T%�	 W�B)
 �
+0_*1   ���F7��%�4	 
=��
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  �	�
��
 ����
 �
����� � 

 

  

46  � 
������ ������������ ����� 	
�   
���� �	���� �  !"# 
���112  ��%&��� �1393 

������ 

 �+� I��-� 6n�i .
0����C  ���[%F�	 �	  ���%F��  �%
�*�7��%�^F�	 

��
< �� �	������ 151 ������� �� ���+
�%+4 ���G�C 
� . 

��+'�� b &	� ��'�	 �	 X�  �	 �	�-+�� �	DNA   �FC �
��O

  �O �	�FFC �
FF� �FF<	�U ��FFD�-0	��14GRA  ��-FF�.��/&�*

 WO ��� �C b &	� W�B)
1  � 
� ���7��%�4	 ����G 
=��

 ���
)
 �� �
��Cbp 1227      �
F D� ��F�� IF& 
F0��� �
D��


    J+P*��F� �
FF  & 
F& �O �FF=�B%M	 �F+]�*14GRA �FF
  
FF��C

 ���-� �0�B*)1.(  

  

  
 ���	
 �*$B�1 �$B56 ��$���C�,� :PCR  
�14GRA   

 ����! �� ��� �� �*�#$� �	%&'$()$�1  �D�?  

 
$C%)1 �,$�;6 
�� �� �E#��# :bp 100G  

  
$C%2 +HIJ :1227  
� ���� �L�14GRA(  

PCR :Polymerase chain reaction  

GRA  :14 Dense Granule Antigen 14 

  

 �O W�FF(%�	 �	 XFF�14GRA  
+-FF�.� pFF��*T -19pTG  IFFC

 ��%&�C �M	�Ecoli  I0��10Top      �G 6F�& � ��FC�+
 �	�F � IFC

 p+)
 ��� �CLB �%�G ���< ���G  �F^
G H+*�+C   �J+�+F�X-gal 

 �IPTG����& �        �
F D� ��F�� IF& 
F� �+�F�* �FCG � 
+[� ��D

  
F+0_* 6>? J+ V-D .��C �n� ���
 ��%&�C ���� IC 
+-�.� W�(%�	

 
+-�.� �� A+&�*�� �O ��?�T -19pTG  ���F�& �	    
+[F� ��FD

b+� ���
� � �0�
� ��*��� ~dU I%[�   �	�FCPCR    b F&	� �IF+4�	

��FF+'�� W�FFB)
 ���FF7��%�4	 �FFC � 
FF� ��FF'�	 �	�FF-+�� �	  b FF&	�

 �O ��?�14GRA  ���-� �0�B*) 
0��� 
+0_*2.(  

 �C A+&�*�� ���& 
+0_* �	 X� I
	�	 ��PCR 
+0_* 6>? �

����& ��-0��G L`D Z�� �C   � 
F� ��	� 6�& �O ���< ��D

   L0�F�G K�Fa
 �� �6F0�>� �� � 
0��� \	�T%�	 
+-�.�   ��FD

 �e�	��
FF)
EcoRI  �HindIII  ��FF�4	 �� IFF& 6FF7�� �	�FF"

4	 ���0� � 
+-�.� IC ��C�
 ��0 I& 
��C �� �G ����7��%�

 �
��C1227    �O ��F?� �
F D� ���� I& �
+*�P�&��14GRA 

  �F
 �
F� ���&       ���-F� �0�FB*) 
F0��� �
D�F�
 �
F��C3 �� .(

    �
F� 6Fde �O �FC �G I/0�(
 � �n� ���
 �O �4	�* J++a* 60�>�

 ��NCBI    �O �FFFFC �4	�FFFF* JFFFF0	 IFFFF& �	� ��FFFF��14GRA 

/&�*      ��O ���F>? HF��C �� �
F� 6Fde �0
F��� �-�.��100 

 ���-� �0�B*) ��	� ��	�T-D 
=��4.(  
  

  
 ���	
 �*$B�2 �#$;) �$B56 ��$���C�,� :PCR �#$;) ��  ��! � ��L% ���

 ����! �� ��� ��1  
$C%) �D�?1 �,$�;6 
�� �� �E#��# :bp 100 
$C% G2 :

 �$B56PCR  
� �J�� ��! �#$;) ��14GRA 
$C% G3 �$B56 :PCR  ��

 �#� +HIJ ���� ��L% �#$;)1227  
� ���� �L�14GRA(  

PCR :Polymerase chain reaction  

GRA  :14 Dense Granule Antigen 14 

 

 
 ���	
 �*$B�3 �	*.#! -�� �$B56 ��$���C�,� :��	%&' T -19pTG  ����

 
�14GRA  ����! �� ��� �� �*�#$� �	%&'$()$�1 
$C%) �D�? ��� 1  �

4 �,$�;6 
�� �� �E#��# :kb 1 
$C% G2 +HIJ 46�
 �	*.#! -�� �$B56 :

1227  
� ���� �L�14GRA  
$C% GP�� �? ��	%&' � Q�*�' �?3 ��	%&' :

(�	*.#! -�� 
��� �R# ?�$6 
� ����  

GRA : 14 Dense Granule Antigen 14 
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�������� ����� 	
�� 
������ ����   
���� �	���� �  !"# 
���112  ��%&��� �1393  47  

ATGCAGGCGATAGCGCGGGGGGACCGCTCGTCGGGGTGGTCGAGTTGTAGCTGGCTTTTCTATTTTTCGTTTCTGCTT
CTAACGAGTGAAGCAGTGGCTGCAGCTGCCAGTTTGGAGCAGACAATTCCCTATTCTGTCCAACATCAACCGCAGCAG
GAAGGCATCCTCGGCACACAGAAACCCCAGACTGCCCCAACTCCTCAGCAGCTCATTGTGCCCGTAAGCTATCTAGGA
GATGGTTTGTCATACTTCTCTGGAGTTCTTAGGCGTTTACCCCTCGATGTTGCATTGGAACGTTTAACTAGTGCTCGG
GAAATACCAACTGTGGCAGGTTTTGTTCAAAAATATGTGCTGGCGGCCCAGCTATCTCGATCCCTTCAGAGCACGGCG
AACGGCGTGAAGAAGATTCTAATGCGTCTCGATGCAGCCAAAAATGAAGAAGGATTTATAACAGATCTGTTGAAGTCC
GCTCCTGAGGTTCAAGAAGTTCTGAGCCGTTTCCTTGGTTCTGTTGCGTCTGCACTTGCTCTTTTGGACATCAATGGT
CTCCATGAGGCGGTTGACGCTAGTCTCCCCGTGACAAAAGCAGTGGTCATGCTGTACTTACATCTAGTGAGTGTCGTA
CCGCCGAAACAACGGGATCCTTTCTCTCCTTTCCTTCTTTATCTGCAAGATGCCGTGGGAGAGTTCAAGATCATGGAG
GACCATGTCGCCTCTGTTGTTGCTGGTGAGGCACAGGAGGAAAATGTTATAAACAGTCAACCACAGGGAACGGAAACG
TCGCACAGGGCGGTAGTGAGAGGGGGCATAAGAATGCTACAATCTGGGACCTCCGAAACCACGAAGCTGCGGAGGACG
TGGTGGAGGTTATTTAAAGTGGCTGCTCTCGCCGTCTTAACGATGGCACTGCTGAAATATGGTACGCCTCGTGTGCGC
GCTTTTCTCGAGAGAAGGCGGATGCGCCGAGACGGAGGTGGGGACAGTGGAGACTTTGGAGAAGAGGGGCGCTCAAAA
GGAGACGTGTCAACTTCTGATGATATGCCCAGAGAGCCGCCGCCGCCGTACTCTCCGCCCATGTATCCGTTCGCCGAT
CCTGAACACAGATGGGCTGGTACGTACGGAACGTCTCATGGAGGTTATCGAGTACAACCGACAGCTCCACCCGCCCCT
GCGTCTATGCTATATCCGAGTTTACACAGGCTGGGCTACCAGAGACCAAGCGAATAG 

 ���	
 �*$B�4 �,�$� :DNA  Q�S���' ��::) �) 
�14GRA ? +*$% �RH �	%&'$()$�  

GRA  :14 Dense Granule Antigen 14 

 

8!   
�%�G  �O �a7� ��D-   HF0�)* �� �->
 b(� ���	 �)��*

 �%�G �	 @�� J0	 I& ���U IC j
��	� ��C�+
 � -0	 L%/+� �O   �FD

6FF��[� ��     x�FF)
 � 
 %FF/D �O�FF��-0	 ��+FF/C ���FF/�	 ��FFD

��"  ��*�%�G IC 6d/�  �O    L%F/+� �	�FC ��%/+& � W��)
 ��D

�FF
 �4��FF� �FF -0	 �FF%�G �FFC IFF/0�(
 �� J+FF V-D .
 FF��C   ��FF* �O

   6+F��[ 4 �%F�+C �F+]�* � H0�)* Ad� ��-�.��/&�*   ��FDT 

�
   �F%�G ��� JF0	 �	 .
��� �O   �Fa7� ��FD-     �	�F � IFC �)F��*

 �FF���C �	�FFC AFF�� 
 �	
FF0
��& ��> FF�+� ��+FF�	�+��-0	 ��FFD 

�
�  
�	)8 �6 �3( W�F�	�� .      �-F�.��/&�* L&	�F%
 �)F��* ��FD

�	
�	 ��0
���    J+P*��F� � 
 %F/D ���F�0�� �)��* ��D   �0�FD

     ��F�i J+F V-D � t���7�%0�	��F� �FY�&	� ��� �++u* �� I&

 �F
 ���* ����	 ��(C � �[< 6>? �� �Y�&	� J0	    �F* .
F 0�-�

 W�F�	�� �	 ���0� �	
a* �� &    �)F��* ��FD   �0�F�� � L&	�F%


�
�     �O �F%�G ��F? �F�& ��FU IC I& 
�	   �Fa7� ��FD-   �)F��*

�
 �-�.��/&�*  
 ��C)12 �10 �9(.  

     L&	�FFF%
 �)FFF��* W�FFF�	�� �O �FFFm�< IFFFa4�f
 ��14 

  HF+*���&��� W��� �� ��C J+4�	 �	�C ��0
��� �-�.��/&�*

     �F
 ���F% 0	 IF+<�� 
F"�7 IF& 
� �
D��
 � 
0��� ���&   .
F��C

O �+4��G �	�C �
� 6de �O �C �G I/0�(
 � �n� ���
 �14GRA 

    �� 	� �%+FFF/+�O�-D ��FFF?� �FFF�O HFFF��C �� �-FFF�.��/&�*

        ,�Fa4�f
 �F]&	 
F ��-D �F+� IFa4�f
 JF0	 .�	� ��F�� �D
+*�P�&��

 �O ��� �FC I& ��0�       �
F� ��F'�	 �-F�.��/&�* hF�%T
 ��FD

 O JF0	 ��+C ��'�	 6>? �
aC ,�a4�f
 I0�� � �
" J+4�	 �6�	 �

�
 A+&�*�� J+P*��� I+>* �   JF/&	� I+>* I +
� �� .
��CDNA 

�.��/&�* ���	 I+�� �F%�G �	 ���[%�	 �+� � �0
��� �- �O   ��FD

6+& �<	�U �� A+&�*��     ��
Fa%
 ,�F(+()* ��FB+T�* ��D

Ia4�f
 �
	 j6�	 �
� ��'�	 �+�� � �	�0	 ��   ��F�& ��'�	 �	�C �	

 �O ��+C �0 �14GRA 	 �
�� ��'�	.6�  

 J+P*��FF� ��	��FF�-D � AFF&	�&35P  �-FF�.��/&�* �FF��	

 ��FFF%&� �� 	� �0
FFF���pGEM-T  �	�FFFC � 
FFF���-� ��FFF�&

  I0�F� �	 ��+��
��[/�	�*21LB     ���[%F�	 ��&�+F���	 ��%&�FC

  �� ��F?�
 �4	�* �C �n� ���
 �O �4	�* �Ia4�f
 J0	 �� .
���-�

  ��	�FFT-D �O ���FF>? HFF��C100  �	� ��FF�� 	� �
FF=��)14(. 

   ��FF+C �O ��	��FF�-D � �0�FFC�C  �
FF  &8GRA  �-FF�.��/&�*

(+) 
+-�.� �� 	� �0
���b28-pET 

  ��%&�FFC �� X^FF� � 
FF���-� ��FF�&Ecoli  I0�FF�α5DH 

 ��	�T-D H��C �O �4	�* �C �+� �O J0	 �4	�* .
���& ���[/�	�*

 6�	� �
�&)15(.  

  �O �
FFF  & 
FFF& 
+-FFF�.� ��	��FFF�-D � �0�FFFC�C5GRA 

   
+-FF�.� �� 	� �0
FF��� �-FF�.��/&�*1/3pcDNA  ��FF�&

 W��F� �	 �O J0	 ��+C ����C �	�C .
���-�   ��FDT-239 HEK 

     � ,.FFC ��%FF�� Z�� �FFC � 
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