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) ��d	��Transmissible Spongiform Encephalopathy 

(TSE) '& <
� E8 + #%I
)4 �#%
& $�)I2 5���!8  : (

$� 3!k�? ��)!g 5E&3� $hX2 �	�!
 5+�  '8 �? + ���C4

5�3l8 $l����� B+� m!� ��g �* ':��� �#
� ) <
�Laurén 

et al., 2009($D�36
� .  ��#%I
)4 '& �� ��8 G![+� 5�38

#� $:�
�%� �D+��,  �#	8�`h
  L!Tf + 3!� #![)? ���&

 ���� ��h�� '8 �� ��)!g n3� <:��� �� + �#� ��)!g �#�

)Oesch et al., 1985 .('%!�� G:� ��, �):�3D )prion( ,

?+3D�)1
 �� 5��2 �)o '8 '& <
� $%!H  $hX2 5�� ��!8

$� ) �)�Goldmann 2008 G!H?+3D G:� �" �� ��F .(

p2�8 '8 �#� �* ��	(�
 �� 3!!^?  G!H?+3D '& 5�)o  5��

$� '	=�: ��F�#� P�	K� #%��)? ��)? +  �� $%!H?+3D 5��

�)1
 �� ��)? G:� .#%%& ��K:� $hX2 5��  ��`h
 

D)[�I��*?�$ $� E^� �� _6� $K%I
� 5��#�)�. $D�36
� 

5�q2� �� $6: $?�D)[�I��� 53�� $K%I
� 5��,  5���!8  :


&  1��_!1r? + �#%<
� 5E&3� s�X2� �	�!
 �#�38 

)Dawson et al., 1998(. $4-:+ 5�� $	�:�  $:�!�!�)!8 +

 5���!8 �8 �* b�h?�� + $�)I2 _��2 G:� �3= '8 3Xr%�BSE 

)Bovine spongiform encephalopathies ( + +�4 ��CJD 

)Creutzfeldt-Jakob disease ( ����� �� �)%&�? 'F)?

�� 5��:� '8  .<
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)4 $D�36
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)Boukouvala et al., 2018(  

) �):�3D G!H?+3D �"PRNP  �:Prp ����� �+�)�+3& 5+� (

13  �� + '	=34 ��3V #%I
)4'
  + �+E4�+� +3	%:� _!6
? �

 �" �� $6!	�" j)%? .<
� �#�PRNP �+#& ��  5��:� 5��

<
� �#� �#��
�, ���  ��K�� �)%&�? '& $?�T[�U� '8 'F)? �8

'& �#� ���� ��
� ,<
� �#�  $(38 �� $16�#%� �)F+

��7:�F  �+E4� �� ���� $�+#& 5��3 �+#&)  5��136 ,154  +

171 $D�36
� j)V+ �8 ( th?3�<
� )Belt et al., 1995; 

Bossers et al., 1996.(  ORF )Open Reading Frame( 

�+E4� '
 G:�  �"�8 �)o ��  �+#g768 <IF '& ��8 

G!H?+3D �):�3D  �)o '8256 #!
� '%!�* �� #& $� ,#%& 

��� G:3? �R8 G:� �" s)�r� $� �)� )Oesch et al., 

1982(.  
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 G!�c* 3!!^?)A   G![�+ '8V( ,154  G!�"�* 3!!^?)R  '8

 G:#!	�!�H ( +171  G!��?)14 3!!^?)G  G!�"�* '8R  +

 G:#!	�!�H ( e%D '8 �� ��#%I
)4 ,�):�3D $�" ��7:�F ��

 ]�)0 '8 $10� �+34R1-R5 ,`!?3? '8  G:� <!
��g

\!?)�")1D��  <h�� ��$D�36
� 5���!8 '8, �!�d? 5#%8
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)Dawson et al., 1998((,  $u:�?)�")1D�� ]�h!&3? �)%&�? +

 _��� $I1	R�ARR ,ARH ,AHQ ,ARQ  +VRQ  '8

 ��)%2$�)�2 $u:�?)�")1D�� ]�h!&3? G:3?  5����-� ��

<
� �#� B��E4 #%I
)4 L1	R� )Belt et al., 1995(.   
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�
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 ���8 ]�!0)X( $(38 _![� '8 L���+� #%I
)4 <
� $[�


 5�+��8 ]�I0 ��W� 5�38) 5��-� 'F)? ��)� ��3:� �� (c�8

$V/? ��K�� <�F ��-� G:� ]����+ '8 ��#V� + '	=34 ��3V  534

��)�� $6!	�" �)h�8 v#� �8 $�)8 5����-� �8  ,#�� G:� ��

 �+E4� �� $16�#%� ��+-D3  �� �):�3D G!H?+3D �"
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�38 ��)� L���+� + ��83�� ��-� ��#%I
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 Q�3R	
� ���� �? + �#�DNA  �E:3= ��20 -  'F��


O)!�1 .#�#� 5��#�7�  

 Q�3R	
�DNA:  Q�3R	
� 5�38 DNA <!& ��DNPTM Kit 

 Q�3R	
� .#� ���I	
� (�"�%!
 <&3�)DNA  ��7
:���* ��

 ��K�� �%!
 $12)8 ��7
��� $��� �)12 �+34 $[)6[)�  !	�"

#�.  ,G!%x�� <!I!& + <!�& DNA �8 �#� Q�3R	
�

	
� + ���4* �" �� ���I	
�l��)��� ��7� y) �#�NanoDrop 

One ,Thermo Scientific ( .<=34 ��3V $
�38 ��)�  

�3!K�� �%&�+ $1D 5� ) ��3�PCR(: 8l
�38 5�3l$ 

%�l16�#l �" $ ,�)l:�3D Gl!H?+3D�3!K�� �%&�+  5�

$1D �3��  3!W6? <�F  :'TUV  173 <IF 5��8  ��8 ��498 

 �?670  �" '
 �+E4��):�3D G!H?+3D �"  ��8 ����� �8 

XM_001009481.1 3l4��lz* <IF  : �� ���Il	
� �l8 ,

'T[�U� �� �#� ���%
!D Zhou et al. (2005) 4 ��K��l<=3. 

$[�)? *34��z�� :#��)8 3:� _6� '8  

5’-GGTGGCTACATGCTGGGAAGT-3’   <=�  

5’-GTGATGTTGACACAGTCATGCAC-3’   <
438  

 �%&�+PCR  �� ���I	
� �8 316:�
)�3? ��7	
�) �#l�SG51 

A14-5A Life Technologies,(  $:��� �Kg ��20 

 3	![+36!� �� ���I	
� �810 3	�� 3	![+36!�S6!� ){������ 

Ampliqon, (�  : , 3	![+36! 3� ��34��z*  <
438 + <=�

) <Z1z �810  ,(3	![+36!� 3� �� �)�)6!D :  3	![+36!�

DNA  $�)�" +7 3	![+36!� * ��K�� 3!Ud? ��8+� _:3	
� s

#� .3!W6? '���38 E!� _��� �)8 3:� _g�3�: '	�3
�+ 5��


'![+�  5��� �8˚C95  ]#� '810 'd!V�  +35 ��� '(3�_ 

 '1g3�'	�3
�+':)��k 5��
  5��� �8˚C95 '8  ]#� : 

,'d!V�  '1g3�34��z* ��X?�  5��� ��˚C62  ]#� '845 

+ '!��k  '1g3�'T
)?  5��� ��˚C72  ]#� '8 :  + 'd!V�

��:�D ��  '(3�$:��� 'T
)?  5��� ��˚C72  ]#� '810 

'd!V�  �+#F)1(.  �%&�+ ��K�� �� SDPCR , ��%!�o� 5�38

 ��E!� + <r0 + 3!W6? _�2 ��DNA  �� �#� 3!W6?

 ]c)Xr� ��)=+3	6[� �� _0�gPCR  ���4* �" 5+�5/1 %

.#� ���I	
�  

'	�� $:�q= $16�#%� B+� ) �3I%� 5��SSCP(:  <�F

 B+� ��K��SSCP  ,�#� 3!W6? ]�TUV 5+�5  �� 3	![+36!�

 �)Xr�PCR  '810  })XR� 3=�8 3	![+36!�SSCP 

�38) _%=  )1805/0  �)��!
 G1:E4 ,#0��05/0  ,#0��

 #!���3=95  + #0��EDTA 20  + '=�f� (�c)� $1!�

 ? 5�38 '���� �� .#� b)1R� '	��  ]c)Xr� ��3& 5�

PCR'�)�� ,  ]#� '8 ��12  5��� �� 'd!V�97  'F��

$	��
  ]#� '8 <23
 '8 + #�#� ���� ]��3g ��345  'd!V�

+� �� 53!4)1F <�F '	�� 5� '�)�� ,���8+� �#�  v3~ '8 ��

'�)�� Su
 .#%	=�: ��d	�� >: 5+�g  �� ���I	
� �8 ��

 5�)�2 ��)=+3	6[�)�l �#lPRO-21*22 cm  <&3�

(O��D ��+-D�:�D $1D  #!�/:3&*10  ]#� '8 #0��14 

 "�	[+ �8 <2�
150  5��� �� <[+5 $	��
 'F��  ��34

 !6I? .#�#�  �#�* <
#8 5��#��8 �#��
� <�F ��:�D ��

$1D �" 5+� #!�/:3&*��� B+� �� ,  �3d� ]�3	!� �8 5E!�*

1/0 ) #� ���I	
� #0��Sanguinetti et al., 1994(.  

 $[�)? G!!T?DNA:  B+� ��K�� �� #T8 SSCP �#��
� +

�" ��� 5���#� 5E!�* ]+�I	� 5#��8 5��)7[� G!!T? +  ��

'TUV <!T�F �� 'T[�U� ��)�  ,�� �� �� ��#& 3�5��)7[� 

L1	R� �#� �#��
� '
  $[�)? G!!T? 5�38 '�)����
�� 

 ��#d� �)Z%� G:#8 .#�#�20  �)Xr� �� 3	![+36!�PCR  '8

 ��3��<
438 + <=� 5��34��z*  <Z1z �810  �)�)6!D

 <&3� '8 $[�)? G!!T? <�FBioneer  �3& �)
& ��  $8)%F 

��
�� �#�.#  

   

  

  

 �+#F1 -  $���� + $:��� '���38PCR  'TUV 3!W6? <�F173  �+E4� 5��8 <IF3 �" �):�3D G!H?+3D  
Table 1. PCR temperature and time program to amplify a 173 bp fragment of the PRNP gene exon 3  

1 cycle 1 minute 95°C Initial denaturation 

 1 minute 95°C Denaturation 

35 cycles 45 second 62°C Annealing 
 1 minute 72°C Extention 

1 cycle 10 minute 72°C Final Extention 
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$l
�38 _[* Gl!!T? ,$6!?���)I��)l!8 5�� \l!?)�" + �l� ��: 

	�l8 e:�l�* <
#l!!T? �� �#l[�)? Gl$  5#��8 5��)7[�

]+�I	� 	
� �8lR8 �� ���Il �MegAlign F)�l� �� �)l�3-

=�l ��EDNASTAR (DNASTAR Inc., Madison, WI. 

USA) 	
� �8lB+� �� ���I Clustal W  �� ���I	
� +

BLAST $[�)? �8   PF3��)l����  PF3� ��8l  �"  ���I	
�

�#�  �):�3D G!H?+3DXM_012188090.2( 7:�D �� �)F)� ��

 $�" ]�2/o�NCBI )https://www.ncbi.nlm.nih.gov (

'���� �� .#�#� '�:�d� 	=�: �8l�F + ]�3!!^? Gl�  5��

83�l[�)? '8 b)l7[� $l� 5��)lZ� ��)l3, F3?l'�  '8 ���*

!K��l�3  !
�l%!�* 5��#l' '1!
+ '8 �l=� �3l ��Etranslate 

tool F)�l:�
 �� �)l <ExPASy 

(http://us.expasy.org/translate tool/) K��l� ��l.#  ��

<:��� $
�38 <�F 5���� ���T? �)F+-  �� n3h%:�+

<!T�F ���)6
� 5�& �)��* �� $
�38 ��)� 5  ���I	
��.#  

 < �%�  

 <!I!& + <!�&DNA   �)Xr� + �#� Q�3R	
�PCR: 

 <!I!& �� _0�g e:�	�DNA 	
�l� Q�3Rl �)( �� �#

&l	6[� �� ���I	
� �8 ��#%I
)4 _��l��)=+3 4* �"l ���1  %

 '& ��� ��
�DNA  $8)( <!I!& 5���� �#�* <
#8 5��

#��)8  _6�)1.(  ,G!%x����& $8�:��� $DNA  Q�3R	
�

'�)�� '& ��� ��
� �#� <Z1z 5���� ��  �� $?+�I	� 5��40 

�? 510   �34)���DNA 36!� 3� ��8 3	![+l.#��)  3:)X?

6[�'TlUV �#� 3!W6? ]c)Xr� ��)=+3	  173 5��8 <IF 

 �+E4�3  ���4* �" 5+� �):�3D G!H?+3D �"5/1  E!� #0��

��  _6�2 $� �#��
� �)�. ����  �#��
� _6� �� '& �)o

$� )� 5��#��8 ,�173 '8 5��8 <IF   + G�+� ,�f�+ �)o

Z� ��)� 'TUV 3!W6? ,3:)X? �� E:��	�$� #!:�? �� 3.#%&  

  
Fig. 1. Genomic DNA extracted from whole blood of 

the animals 

 _6�1 - DNA ]���)!g _��& �)( �� �#� Q�3R	
� $�)�"  

  
Fig. 2. PCR products of the 173 bp amplified 

fragment of the PRNP gene exon 3 

 _6l�2 -  ]c)Xr�PCR  'TlUV173 5��8 <IF  �+E4�3 

 �):�3D G!H?+3D �" 

[�l
� 5��)7l� �#��l �#SSCP � �" ]�TUV ��l ��)


�38l$: $16�#%� �� �#�* <
#8 e:�	�  �#��
� 5�� �#�

38 '	�3
�+ O�
�  ? 5��
'	��  $:�q= ��	(�
 �� 5�

 �� $&�g ,�):�3D G!H?+3D �" �� �#� 3!W6? ]�TUV �)F+ '


 5�38 ]+�I	� $u!?)�" 5)7[� �+El4�3 #��)8 �" G:�, 8'  

5�)o  3� ��#%I
)4 5�38 3f�g w!dr? �� '& +�  ��-�

+� + ��83��5��)l7[� L���  ��)� �" �� ]+�I	� $lu!?)�"

'& #l� <=�: 3Z�  G:�7[�l�)5� 	�l
� ]+�Il� �#��l �� �#

�l _63 
�l� ���� ��l�# .#��   

    
Fig. 3. Three different SSCP patterns of the exon 3 of 

the PRNP gene in Mehraban and Romanov sheep 

 _6�3 -  '
  ]+�I	� 5)7[�SSCP  �+E4�3  G!H?+3D �"

L���+� + ��83�� ��#%I
)4 �� �):�3D  
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$[�)? �� _0�g e:�	� $8�: ]+�I	� 5��)7[� '�F3? +:  e:�	�

$[�)? �� _0�g 5��)7[� $8�:  ��)� �" �� �#�* <
#8 ]+�I	�
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Fig. 4. Chromatogram of single nucleotide 
mutation at position of 625 of PRNP gene exon 3 
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Fig. 5. Alignment of sequencing results of the 173 bp fragment of the PRNP gene exon 3 in different patterns 
and comparing with sequences reported in NCBI databases for sheep (XM_012188090.2). N is abbreviation for 

heterozygote mutations. 
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Fig. 6. The codified protein sequence and deduced amino acid exchange (R to Q) of PRNP gene exon 3 and 

comparing with sequences reported in NCBI databases for sheep (XM_012188090.2). 
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Table 2. Genotypic and allelic frequencies observed in PRNP gene exon 3 in Mehraban and Romanov breeds 

 Number  Frequency (%) 
Genotype Mehraban Romanov Both breeds  Mehraban Romanov 
GG (ARR/ARR) 52 18 70  61.2 46.15 
AA (ARQ/ARQ) 21 12 33  24.7 30.75 
AG (ARR/ARQ) 12 9 21  14.1 23.1 
Total 85 39 124    
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Table 3. Evaluation of equilibrium and disequilibrium of genotypes frequency using chi-square test  

Breed 
              Genotype 

AA AG GG χ2 P-Value 

Romanov 12 9 18 10.84 P<0.001 
Mehraban 21 12 52 38.6 P<0.0001 
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Abstract 

This study was conducted to investigate the polymorphisms of the Prion protein gene (PRNP) exon 3 in Mehraban 
and Romanov sheep. Blood samples were collected from 124 sheep (85 Mahraban and 39 Romanov). After DNA 
extraction, polymerase chain reactions (PCR) were performed to amplify a 173 bp fragment of the PRNP gene exon 
3 using a specific pair of primers. Polymorphisms of the studied fragments were explored using single strand 
conformational polymorphism (SSCP) and DNA sequencing analysis. In both Mehraban and Romanov breeds, three 
different banding patterns (AA, AG and GG genotypes) along with a single nucleotide polymorphism (g.625A>G) 
were identified, that deduced one amino acid substitution (p.171R>Q). Three haplotypes including ARR/ARR, 
ARR/ARQ and ARQ/ARQ were identified, which the most frequency (61.2 and 46.15% in Mehraban and Romanov 
breeds, respectively) was related to the ARR/ARR haplotype with high resistance to scrapie disease. The results of 
current study regarding the similarity of polymorphism in PRNP gene of domestic and foreign breeds could be used 
in sheep breeding programs. 
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