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� �� �20-  %�;��  �

��2�! .)* ���)Pf2 ���3  

 5&9&� �5��P2 ��RNA     ��-�L���HA� �� 1��9��!� ��� �1)* %�^�!

 ���3B K'2  w�2� � )I��   )�&+� �C�&
B    .)�* vG�]
 �)���
��� 6-�

 5&9&� �@&�J�(RNA     ��-�
 %�� �3�-�AB 6)� �M2 �� �1)* u��G�!�

 �� �-;-
 6-�)&2�-3 � ��L �-J�( ���&�&*TRIzol    %�� �@&{+���U �

  Xg��; ��C��&
 �)��2�-^ ���� :��&+�+260  %���230  � ��
-2���2260  %���  

280 1��)2� ��
-2�2  5&�� .)* ��&3RNA   Xg�; #�� %� �1)* u��G�!�

  ) |���-2��2 1�f��!� ��2000c �Thermo scientific �2�-��&A �  � @&�&	+ (

 ���H� ����$
 5^�! ����cDNA  .)* %�L�3 ��� %�  

PCR ��� 	
�� ��
� ��� )qRT-PCR:( ���.� ��U���   1��9��!� ��

6�2 ��   ��C�L�Beacon designer 8.13 )PREMIER biosoft� �
B� ��H (

� yN. -fA�� ��� 6�72� )*:  

1��� (� 3-F;&�� 3�-AB ���  %�DNA 
-2' �&�#   �
�)��� �H�  ��

��U��(��� U&��]  ��� U&��� �� ��� ��C3�  .�$+ ���. �(�    K-�. .)�*

������� �&@ ��@ ��C3� �; �+ �(��     )�* X��G�2� }�C�� �5*�� ��H
� %�

ZH+ 8a-z\
 �+&�  �� �6-2'cDNA   .)2��3 �C7
  

2��U K-. (��(�� �&@ 25 -18 +-{F�-+&)   )�I�� � )* X�G�2�GC 

�B � �(&@ 55 -45 � .)* %�L�3 �M2 ���@ ��U���(��  +a-�z\
�    K-�. ���

�&@ 150 -90 � ��� 59;���7 
� )2���  .  

3� �� (���7 ��U��(��� �/� 59; �� �(� AT /� ��� GC   5��! ��

'3 �P�2��� 3-F;&��   ���� ��
� n)*� ��U� ���(��   �-�;� ��# G  ��� C  ��

 5�!'3 �P�2��� �� �M2  .)* %�L�3  

4   1��� #��2�� @���i2B d�����! #���� %��� ���(�����U )��&�[+ (  �
National center for biotechnology information primer- 

Basic local alignment search tool )NCBI Primer-BLAST (

) )* 6�72�http://blast.ncbi.nlm.nih.gov/Blast.cgi.(  

  ��I�z�^� �!��� �-M�
 %� �1)* ����. ��(�����U �5��P2 ��

   K��z+� 6)�� �������U ����� �&H]+ 6)� �_)( �A�-+ %� K�z+� ��-�

%����2  1��9���!� ���� �6�� ��(���^���! �&H��]+ 6)��� � ���;6���2 ��  ��C��L�  

Oligo 7.56 )Molecular biology insights�H��
B � �!��� ��-
 (

    K�)�; �� 1)�* �����. ��(�����U 8�zG]
 .)��L�3 ���
 ���P21 

   %�	A�T
 y�N. ��� �1��9�!� ��-
 ��(�����U 5MF/ .5!� 1)
B   ��FN
 �

%�&P�  )* ���!)21(.  

 �����qRT-PCR     1�f��!� �� 1��9��!� ���Corbett 6000 Rotor-

gene thermocycler )Corbett Life Science, Australia  #��� %� � (

 w��2�CyberGreen ) )���RR820L �SYBR Premix Ex Taq II �

@U�'.)* 6�72� (  
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 ����1 .�	
��
 ����� �� �	����
�� ���� ��	���
 �� ��
 � !	"�* 

��  

(������ ���) 

�����  

����� 	
 
(������) �����  

����!�� "�#  

($	% �&') 

 "�#

"�()�  

($	% �&') 

 *	��

 +�, �!)!�

)C°(  

GAPDH 
(NM_002046.5) 

9 F: 5′-CCACTCCTCCACCTTTGACG-3′ 
 �)�*�)8( 

R: 5′-CCACCACCCTGTTGCTGTAG-3′ 
 �)�*�)9( 

104 107 9/84 

RPL37 
(NM_000997.4) 

4 F: 5′-GTGGCAAATGTGGCTACCCTG-3′ 
 �)�*�)2( 

R: 5′-ATCCATGCCTGAATCTGCGGTA-3′ 
 �)�*� -.�/0)4-3( 

205  �)3� 4�)3-2 (

 )1607  �)3� 4�)

4-3( 

132 1/83 

RING1 
(NM_002931.3) 

7 F: 5′-
AAGAATACGATGACCACCAAGGAG-3′  

 �)�*�)3( 

R: 5′-GCTTCTTTCGGCAGGTAGGAC-3′ 
 �)�*�)4( 

128 106 7/84 

eEF2 15 F: 5′-CCTCTACCTGAAGCCAATCCAGA-3′ 
 �)�*�)10-9( 

R: 5′-TGCTCGAAGGTGGTGATGGT-3′ 
 �)�*�)10( 

447 147 6/87 

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; RPL37: Ribosoal protein L37; RING1: Ring finger protein 1; eEF2: Eukaryotic 
translation elongation factor 2 

8��i.� * �-��
 %� ��(�����U ��-
 1��9�!� �� @�� %	A�T
 %� 1���( ��)�� �!��!� �' �( � ��)	+ ��C3� ��( �����U ��]&U )F (� ��&U )R �(5&	
-
 �(�����U �� ��C3� �(�()K-. ������� 

@&� ��C3� ��( �_)( K-.  ���
� �\�
� X�, K-z\
 PCR 1)
B 5!�.  

  

 �����PCR  ���P2 07� ��10     5�MF/ �-�h� �� ����&A��H&


2/0     � ��(�����U �� #�� ��( �a-
��H&
1×  ��CyberGreen   6��72�

 .)*PCR      ���
� �� %�&A�� ����� 5�*�!�� �
�* %F��
 %! ��95 

%;�� ��2�! �  8)
 %� ���34  �%$&
�40     ���
� �� 5�*�!�� %�^�Y  

95 %;�� ��2�! �  8)
 %� ���310  ��
� �� K�z+� �%&2�Q60  %�;��  �

��2�!    8)�
 %�� ���330   ���-. �%�&2�Q    ���
� �� ����!72  %�;��  �

��2�!  8)
 %� ���330  � � %�&2�Q      0�!� ����� %�^�Y #�� �5���P2 �

 ��&� �!��� .)* 6�72� �X�, ��\�
mRNA  ����
 ����$
 #�� %�

 ��cDNA  %�^�Y �)� @&f2�&
 � )* 6�72� ����H+ %! 8�-I %� �  �

5&�� ) �7�!Quantitation cycle   ���Cq    �)�	� ���(C&A�2B ����� (

.)���3 5NQ  

A�2B&C �\�
� X�,: )	�  ��^B ���@  %�^�Y � ZH+ �&� PCR  �� ���� 

 1�f�!� CN! w2� K�2��Corbett 6000 Rotor-gene thermocycler� 

A�2B&C �\�
� X�,�        .)�* 6��72� 1)2���! 5���* ��	A��-��!� y�N. ��

�CL��� �
�� 1 %;�� � �2�!�  ����3�  ��PCR� �� 65  %�� 95  %�;�� � 

�2�!� ���3  6�72�� �-2 Xg; :+�
 8�-I %��  6��2 .)* 1)2�-^   ��C�L�

%G�2 � 7/1  1�f�!�Corbett 6000 Rotor-gene ����  A��2B&C  ��\�
� 

  .5L�3 ���
 1��9�!� ��-
 X�, 

::!��
  ;�
 (��()�' X�G�2�      �� 1��9��!� ���  �;�
 �' ���PY

"�� �&U ���� ���!� �� �-;-
 ��( �' ��&�     :�!��
 _)�( ���(

qRT-PCR  �' .)* X�G�2� ��� �-fA� ��!� ��GAPDH  ��-�� %�

    @&���]&U 8����	A�T
 �����!� ����� � �G������+ �' #����)22(�' �   

Ring finger protein 1 )RING1  1��� #�2�� ���!� �� (   @��i2B �

Genevestigator )https://genevestigator.com/gv/biomed.jsp(  �

�'  ����������(Ribosomal protein L37 )RPL37 � (  

Eukaryotic translation elongation factor 2 )eEF2 ��!� �� (

1��� d2������H&
 �� �I�� ��( )23(� X�G�2� )2)*.  

1��� C&A�2B   6��2 �� 1��9��!� �� �(   ��C�L�BestKeeper    � )�* 6��72�

) ��)^� :��O �
�� ��)$
r  ��C�&
 � (P     @��+��)���U @&��G+ �����

  %��h&� 5��L�� ��  ��;�
 (����()�'   )��* u��G���!� �����2� �)24( .  

05/0 < P  �T! ��-�� %���	
 .)* %�L�3 �M2 �� ����  

  

���-	 	
  

 $%�& � $%�%& '����RNA   

���(  �H* �� %� �-.1     %�� �-���
 )�2�� 8)* �5!� 1)* vG]


28S rRNA   %�� �-��
 )2�� 8)* ����� �� ��)�18S rRNA   .�-��

 Xg;260  %�230  �� ��
-2�21��)\
  �1/2–9/1   Xg�; �260   %��

280 1��)\
 �� ��
-2�2  �0/2-8/1%2-�2 6��+ ���� �  ��(RNA  5NQ
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 1)��(� ��]2 %� )*    �a��� 5�&9&� �RNA     6)�� � 1)�* u��G��!�

 5!� 1)��� ��P
 ��-
 %� �3�-AB)21(  5�&�� .RNA    1)�* u��G��!�

%2-�2 ����  �N��$+ ��� �� ��(30 �F&
    @&�� �6��3700-200   6�3-2��2

  .)
B 5!� %� ��&A��H&
 �( ��  

�(%)�  �*	�PCR 

���� 	+&&@ ��+&: P� 5MF/&%� � ��U���(��  ��9 ��+&:   5�MF/ 8��9�


��U��(��� U&��] U �&�� 5MF/) �(� 1 -25/0 
&�a-
��H  )�* 1��9�!� (

)21( �( .�# ��+ ��&8�N �MF/� ��U���      %�� � ����H+ ���� �� 8�-�I %�

 w��2� #����CyberGreen�  ������� ��qRT-PCR  )��* ����)21( .

A�2B&C �\�
� X�, ���� 5MF/ �(� EF�G
 ��U� ��(��� U& ���] � U �&��� 

5P; 	+&&@ I�z�^�� ��-� K�z+� ��U��(��� U&��] � U&�� 6�72� )*.  

����  A���2B ����!�&C ���\�
� ���� �X�,� 5��MF/ �� ���(� a�����   

1 
&�a-
��H  �( ���# ��U ����(��� U&��] U � �&���  �(&k  U %�2-3 �&# 

ZH+&� ��U���� �\�
 �K�Z
 ��-�� %�) )]2 1)(�]
� ��U 5MF/ X�,� ��� 

����  �'GAPDH�  �H*2� .(�@ ��2�< ���� %� ��� ��]2�@ Cq  ����� 

 �'GAPDH� 21/0 ± 45/13 � � �-������@ Cq �����
 5��MF/ ���  ��

��U��(��� U&��] U �&�� )5 
& �a-�
��H   ��( �� ��#    .)�
B 5�!� %�� (

}�C� �+�@ Cq ����  �'GAPDH� ��+ ��&:  ��MF/� 10 
& �a-�
��H 

��U��� U&��]  �5 
&�a-
��H ��U��� U �&�� )17/0 ± 99/13   5�!� %�� (

 K�);) )
B2 .(  

%� ��@ +�+&�: �MF/� ��U ����(��  ����� P�& %��  ���!�   6��72�qRT-

PCR ���� %� )* X�G�2��@ Cq 
 ��]2 ��� )(� � %�� %;-+ �� . ��@   %��

��2�< P��]
� ���� $��
� ��U��(��       ����� ��P�+ %��NA�) )�
B 5�!� %� C&2

 @�����Cq �' <���2 �&O-+ %� �P�+ �(GAPDH .5!� 1)* �9���  

  

  
 +,-1 $%�%& .RNA  *�	./ �0 *��1���,!
 *
 ��	���
 	�2  � �3��

45�  .$�
 ��- 678� ��	��� 9���%:
 �;%�/  

RNA  �� ����� �5	� +�	- '<3
 �5	� �� =����75 $�� 9	:28S 

rRNA  �18S rRNA '� >	85 
� >	�� .��� '� ���	8� �& ���  =��-

 �� ����� �5	� ��-28S rRNA  ���?2 �� ����� �5	� ��- ��
�� 

18S rRNA  .$�
  

  

  
 +,-2$@<A B�C '(D(� ;%!	5/ .  >0 �	����
�� E<�7� �	�Glyceraldehyde 3-phosphate dehydrogenase )GAPDH (

�5	��/ �? 	�  �11/0  

  �%J5	%�Tm  	� ��
��20/0 ± 92/85  >0 '3	N�O
 �%P,: �� �����GAPDH >	�� .$�
 ���� ��%� � ��8%� �	����
�� Q��:  �& ���

'� ���	8� $@<A �� '�?) ���
�� ���
� �5	� R%� =��- '�5 ���� (	����
�� �S	� �	� .��-  

     95             90               85               80               75              70               65 
�=��) ����$0�* !(�
"> 

20/0 

15/0 

10/0 

05/0 

00/0 

d
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 ����2. �(%)� �*	� $@<A ���
�� >0 Glyceraldehyde 3-phosphate dehydrogenase )GAPDH( 

 �����  �./0(�1����2��) ��3�   (�1����2��) ���  �����  �./0   4�56	��±  �	��� 7��)6�Cq  

20 20 15/0 ± 62/13  

20 10 23/0 ± 88/13 

20 5 16/0 ± 56/13 

10  20 05/0 ± 51/13 

10 10 04/0 ± 73/13 

10  5  17/0 ± 99/13*  

5 20 20/0 ± 91/13 

5 10 16/0 ± 97/13 

5  5  21/0 ± 45/13**  

Cq: Quantitation cycle;  
#Y-� *  @��+Cq#Y-� ** n  @��+Cq  

 ���� ��&U � ��]&U ��(�����U 5MF/ :&��+ @���P�qRT-PCR  ����cDNA  �'GAPDH #Y-� .)* @&&	+  ��)$
 @��+Cq 5MF/ %� )* �I�� �2�
� �  

5  5MF/ �� ��]&U�����U �a-
��H&
5  %�L�3 ��� %� ���&U�����U �a-
��H&
.)*  

  

  
 +,-3>0 �
�� ��
�5	��
 '(D(� .  �	�Glyceraldehyde 3-phosphate dehydrogenase )GAPDH(  �Ribosomal protein L37 )RPL37(  

 *
 � �T/A  ��ND� 4(%5�<&Polymerase chain reaction )PCR>0 (  �	�GAPDH  �RPL37  =U�	(� ���&� ��10  ��	? $V� �	���1010  'W&

 	: (X�� >0 'W&) ���&�101  Y(&
� .�- �%P,: =(X�� >0 'W&) ���&� 'W&PCR �(%)� $@<A ��  Z�� ��
�5	��
 '(D(� � �- 9	[5
 ��%� � ��8%� �	����
�� �

�5	��/ �
�\� �%% : 	� .����.  >
;%� =U�	(� �2r  '�
�	& �PCR  >0 �
�� ���	\� ��
 .�- �%% :GAPDH  	� ��
�� =(45� �	%� '(D(�)91/0  >0 �
�� �RPL37 

 	� ��
�� =(45� ���]&	O '(D(�)99/0 .���  

  
 ������ @&&	+ ����PCR    ����&U � ���]&U ���(�����U :!��
 5MF/ �

  ���� %� �1)* �-A-� _)( �' ���� ��(�-��� �&ZH+ ���� � X�G�2�

   K����! #�� �_)( �' ���� ��(�-��� @�� �� 1��9�!� �� .)* %�L�3

%�
�� �� 5
�  �1010  �+ �e�101   %�! �� � %&P+ (_)( �') �-��� �e�

 ����H+ ���qRT-PCR  )* 6�72�)21(   ������� �:�&+�+ @�� %� .PCR 

1��)\
 ��  �10/1-91/0 �' �
��+ ����      )�* 1)(��]
 _)�( ���(

 �H*)3 �� 6�a .(     ��)�$
 %�� 5�!� ���, %90/0 > 2r  %�;�� #�� �  �

 :!��
 ������ ���� a�� ���&�.�qRT-PCR �
 X-�\
 .�-*  

^��� (�	�)>0 '�	�*�
  

     8��	A�T
 �����  �;�
 �' #�� �� �&� �� 1��9�!� %� @�� %� %;-+ ��

 "�� %� �' ��&� %� �-��
qRT-PCR     5�!� �����O ���
�)10( �

 �' ��������    ��;�
 ���(GAPDH �RING1 �RPL37  �eEF2 �� �

١٠
١٠

                              ١٠
٨

                             ١٠
�

                               ١٠
�
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 %�&P� R���*PCR  ��)$
 @&f2�&
 .)* 6�72�Cq  6�72� �� �I��3  ���

  ������� #��� �����H+qRT-PCR  ��)��	+ ������15 %��2-�2  �OA �   

15 %2-�2  �NOA  ��L #� �
�)� �
�*)SCOS  ��GCA ��L #� �

MA  ��)$
 @&f2�&
 .)
B 5!� %� �(�'-+�
�e!�-e&( ��L #� �Cq  ��

6�2  ��CL�BestKeeper    �f���N�( C&A��2B �+ )* ����Pearson   6��72�

�' ��&� ���)��U C&A�2B .�-*    @������ %�� ��� ��]2 �)�)2��  ;�
 ��(

 ����&	
 8���L��\2�Cq :��&+�+ %��� �39/1  ������RPL37 �66/1  ������

RING1  �67/1  ����GAPDH  K�);) 5!� 1�-�3.(  

 �' �:&+�+ @�� %�eEF2  %�F��
 �� � )* _g�    �' C�&2 )�	� �

RING1 ��)$
 �&A� %� �r #Y-�  ) ��+697/0 �' �� �� (GAPDH  �

RPL37  K�)��;) )�����3 _g���  ��;�
 �' ��-+�)���)2�� ��3 %��� .(

 ��)$
 ��f�� 8��N�r  �� �����959/0  �927/0    �' �� ����� :�&+�+ %�

GAPDH  �RPL371)�(� ��]2 �      %�� �' �� @��� ���]&� ��H��C2 �

 v^����*BestKeeper  �' �� �@����� ����� ������ .5���!�RPL37  �

GAPDH�� ��-�� %� �    ��!��� �����  �;�
 :!��
 �' @&
�� � @&A

%h&� 5L�� �� ��&� )* X�G�2� ���2� �.  

  

8)%  

�' @&&	+ _)( �� �%	A�T
 @��  %����$
 ���� :!��
  ;�
 ��(   ���&� �
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Abstract 
Background: Real-time quantitative reverse transcriptase- polymerase chain reaction (qRT-PCR), is a fast, 
sensitive and reliable method of gene expression comparison that is prone to a lot of technical errors. On the 
other hand, historical reference (housekeeping) genes are not suitable for all tissues. Herein, we have tried to 
identify and evaluate the best reference gene for testis tissues for further qRT-PCR experiments.  

Methods: Testis tissues of 15 men with non-obstructive (NOA) and 15 men with obstructive (OA) azoospermia (as 
control individuals) were collected. Primer designing and verification of four candidate reference genes including 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH), ribosomal protein L37 (RPL37), ring finger protein 1 
(RING1) and eukaryotic translation elongation factor 2 (eEF2) were performed using Beacon designer 8.1 software. 
PCR pre-optimization for reverse transcriptase input RNA and best primer concentration were included. Melt 
curve analysis was drawn and values of quantitation cycle (Cq) were extracted. Mean Cq analysis was calculated 
using BestKeeper v1 software and suitable reference genes were selected afterward. 

Findings: Comparing the mean Cq values between the NOA and OA groups declared that RPL37 and GAPDH 
showed the lowest standard deviations of 1.39 and 1.67 among the other candidates. GAPDH and RPL37 were 
selected as the best reference genes in testis tissues with their r values of 0.959 and 0.927, respectively. 

Conclusion: The results of this study show that the best reference genes for normalization of qRT-PCR data of 
testis tissues are GAPDH and RPL37. 

Keywords: Reference gene, Testis, Real-time quantitative reverse transcriptase-polymerase chain reaction 
(qRT-PCR), BestKeeper software 
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