
����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	�  ��	!")$(/�	&'�� ()*+ 

��� 

�,-./- 0
1��2 3���4 5
6 7�� � ���� �� �8�&,9 :�
; ���.� �- ��	1&�- 	� 

��-��	� </� 
	�.=,	�, 


�	�	
� 7�'> 0�?�(@�	�,	A B��	��- 0���C@�,	�& D �E-.�� 	F�0��(�
�-.� 0�?� G�	�.! (

�0�8" 

,-./- 0
1��2 3���4 5
6 7�� � ���� �8�&,9 :�
; .F	> H�I	J� �� �)�,	KL� � �	K�.!� @�	K�-.A 
�.� @�	&��.� 
�.� @��	M
� (	K�

 ��-��	K�</� .2�	ND 314 O  �- ��	1&�- 
-)McMA2 @McMA26 @MAF64 @OarCP26 @OarAE64 �OarFCB304 ( 0K/�.2 �K��.� .

O
�-� 
	�PCR <M� 	�.2�	ND �	�; 	� OarAE64�H0/�.2 �	M,- ���A .�	=/	4 ��	�; 3���4 H�� �� 	� �0K,��� B8K  0
" 	.BKID HK�

 � �	�-.A 
�.� 3���4 
-.� �	=/	4 �� �� �Q	R&A-HHS>T� B�	U �,-�-.� �I� 0�D 3�� 0
& -0, 
- .�H�	=/	4 
-.� �,	L� 3���4 <4

McMA2 3���4 ��	�; @�	=/	4 �� H�I	J� ���� 
	� ��-��	�</� 
	� 
��	� ��	�; �� ���.� ���� 
-V0,��� W.�
/-�)XX+/XP<(.7/.&��

 �8�&,9 H�Q	� 7/.&��� �DA�H3���4 7�� Y�;.; �	�-.A 
�.� � �	&��.� 
�.� 
	�)C)Z/X(�,	L� � ��	M
� 7�� �))**/X(�H3��

0�D .��.2 �� 3���4 
0
� �8�&,9 H�Q	� [/.;	� \	�- .� 	�DA
�-�M�� 0,��6 ]�� �� 	� H� @)NJ ( �K,�� .�N ���.2 314 ]�� �

�� ^/.� �- ��	'> 7�=,	)UPGMA ( ��.K2 GK/ �� 	!,D 	� ��	M
� [_� � �� 	� �	&��.� 
�.� � �	�-.A 
�.� 3���4 �� @0  �	M,-

 0,�-� B�8�; -<M� ��.2 G/ �,	L� � �	�.!� 3���4 � 3�.2 �-.U .� 3���4 .� 
-.� H� @�&���4 ���� :�
; 7/.&�� � 7/.&���H`��Q

 � �	S&,- ���� �&���=/-��.&� a��&� �	=/	4 H�� �3���4 H� b��.� Y�;.&� @0/�.2 ���D.� 	� �	K�.!� 
	K�)*Zc/X(�	K�-.A 
�.K� �

)cZZ/X(��� .��
�.� 3���4 �� 7�� d	e�,- �	�� 7�
"ZZ+� �	� H��-� �,-�f�� �f/�	; 0�-�  	� H� 0�D 3��.

�9-� 
	� 
0��� :&,9 :�
; @��-��	�</� 
	�.=,	�, @�,-./- �-0
1��2��8  0
" @�&���=/-��.&� @�8� 

H�0e� 

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

!
� "�#$ �� 
%& '�$�( ) �
)�* �+'��,
-. 
��	 ) '�/ '��01( �


 2���3( 4�$�5� )� ������ 6�,
 7�3� ) +��3�8
 �0 '/ 9:;�

 '��,%*��)=.(@�8 
� �� ) ������� ����A��;� ���B
 ����+C�,)

�����A��;DNA �

-�
 �� ) +'�D �	���� 6�EE:�� �
�, �� 

) ������� F��( �� G���� H�I$�J� �KL M8��� ) ����N
 O��P

 '���',��Q O,'��R( ����I�L 2������ H���I$�J� .S����� 6��,
 
� 

�.M�(�( ��T��/
�0S
�K( +�A;�
� ���
)�;0 +'�;�
� ���
� !�UN S

��;�
� ) '/

 

V.(��� W:� 
�,���8
X�0 �
�;0 ��
� !�UN H�5�5#( �Y8Z� ����$��� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
37

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               1 / 7

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.37.8
https://jstnar.iut.ac.ir/article-1-638-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��	!" )$(/�	&'�� ()*+ 

��V 

+

����-,
 ��)Microsatellites(S��[�� +C,) ��,
-� MR8 �� 

�
��R�� �!��� �8�(�8 
� �.��E( �,��( ���,� 
��Y� �U�/'�\

 �( !'N �S���1�
��� ���K�D ��� �N��E�� ) ��I�R	 ]��:��
 ��^

 '��( M8��� ��I�L 2���� H�I$�J�)�=.(

�38�Q'�]�Y�#� S
��,
 �
�� _K� ��
� ��� ��� ) ����Q

 W�:� �+���& ) ����
C� F���( ) SD ���I�L S��� ��,� "�#$

 O��/ 

 S
�,
 ��
� 2���� �,�B` �
 �Q
-� �� ���/.6,
������ 

��I�L 
� ��L�� F��( �,�8��/ H
)�a ���� '�38�Q ���

 �3�b) �K�D S��� �U���( c�
)
 6��I( ) S
�,
 ��� ��0 ��8
 �


N
�;0 !
� d e
 ) 2���� 6�EE:�� f'K �� '/�� .S��0��(

 F���� 6��,
 �
 ���I$�J� 
���K\ ���K�()�
�g=h ���( �ggg(�)


 !�i�
 S
�,
 ���� S
'�38�Q+'/ �8
 )��j��)��(�K�( �0

 �A��;��� �
 ���K�D �
 ����, 
�DNA ���8
 +'��/ +��3���8
 )�.(

�I$�J� 6�$)
 �a�� k�5#( F��( �8
�� �� �0 �8
 �
 ) S)
�

 -��� ) ���
�,
 S
'�3�8�Q �
 �;�:� 
� ���L�� ����I�L 6��

 �A��;�� 2��0 ��� S
'�38�Q �
 W:� 6,
 6�� �U���( c�
)


+

����-,
����
��* .

]�� � �-�� 	�

����� W�0
��* ��5J�� �
 S�B ���l����� '�3�8�Q ���I�L 

S
���,
)) �����m� �S���8
�B �����0 �S����8��0 �����0 ����i���8

S���K� (
��$�$ ) ',��Q �
)D ��L ��5I�
 'a +��� �)�� ���

 X
�:�8
DNA f'�/ ����K� n)
 �� �K�D �
Salting-Out)V�(

'/ !�i�
 .����� �
'I( ���I�L �
��� �� ����0 ����i��8 ����

 � ���m� ) S���K� �S�8
�B ���0 �S��8��0�M�(�(jl�Vl�Vl�

V� )jV����� .����o�(DNA �
 +��3���8
 ���� hD ���3L �Q����&

+

��������-,
 �
)McMA2 �McMA26 �MAF64 �OarCP26 �

OarFCB304 )OarAE64) (@)'��L �(�,���K� _��i� 
��l

'�/ !��i�
 �,� c,
�/ �� ) ���$)����)��0 ��8
 ��0` ��� !�p

W�0
) ��� PCR +�A,�L �� G����OarAE64q�� �)
 �
 2�,

����� ��R� k.�� ��: (
PCR buffer 1X, MgCl2 3.5mM, Each Primer 0.25µM, 
dNTPs 200µM, Taq Polymerase 1U, DNA 100-200ng. 

������Q��&D �
���� �,����� ��������McMA2 )McMA26 �

������ 
� ��$)
 ���8 ��/�8
) H
�egl��L
� �����8 �
��Q 

H'� ��l/V� ) �5�P� �SD @�R��Vg��/�8
) O��/ �B�\ ���8

 ���� 
�gl�L
� ����8 �
�Q'� ��Hj��Q���&D @�E�(
 �����^ 

���� 
�lV�L
� ����8 �
�Q H'� ��j�
� �Q��&D cY� �����^ 

����gl�L
� ����8 �
�Q H'� �� j�cY�� !�i�
��8 ) �����^ 

���� 
� �Q��&D �,�K�gl�L
� ����8 �
�Q H'� �� l/V��5�P� 

'/ ���K� .+��A,�L �,�8 �
�� �,��� ������ �� -��� ����H
��e=

�B�\ ��/�8
) O��/ ���� 
� ���8gl�L
� �����8 �
��Q ��� 

H'�j���� ��� G����� @�E�(
 ����� 
� �Q��&D @�E(
 �����^ 

tu8 ) �Q��&DV����/�8
) O��/ �B�\ ����� 
� ����8g�

�L
�����8 �
�Q H'�� ��j������ 
� �Q���&D @�E�(
 ������^ 

'/ ���K� �Q��&D �� �� G���� @�E(
 .� �JY� 4U��� q�� �v� 


';�� ��.�Q .�����Q��&D �
��� ����K� @�E�(
 �����MAF64 �

OarCP26 )OarFCB304���� �M����(�(h��hV)h����L
� �

����8 �
�Q��'�D �8� .

�.
+�
) ���PCR +'�D �8� �� '���D O�,�0D �U* @� �)
 

�%O�$D ����8 S�,��� ) ',��Q �
�.)���$
 x��
 n)
 ��� ���

 +��5� H
���� �-��D)V�(�i�
 '�/ !� .�� �
 t�*�S�
)D ��8�

��
)
�. +�A,�L �
 2, �� �U$D ��� �_�5�Y� n
��/ n)
 �� ��

 ��
��� @���I( �
��� �,���� ��8
� �RY�� S���Dyz��R�,
) 

)��l/�P< ( +�A,�L {U�:� H�R�0�( �
 2, �� 
�y) ���I�L

 +�A,�L �
 2, �� 
� � ���
�
���I�L ����( �
 +��3��8
 ��� ���

 

-��.
 !����POPGENE)jj('��/ !���i�
 .���� !���� �
 +��3���8




-.
Microsat )VV(�U�e�. 
���I� ��� ������� Oe
�. t,�(��

 �

'���8
 ������Nei �, Ds)Vj()������� 4U�e�.DA)V�()

�
 +��3��8
 ������ ������ �

%�A,�L 
��� ���)Bootstraping(

��'��D ��8� .)� ��� -��� !
�Q)
'��� �

��i�� '����* n)


(Neighbor-joining Method) (NJ))V=(���������3L n)
 )

���Y��� 6�A������ k��,�	 �
 �����) ����& ����)�Q(UPGMA)  
Unweighted Pair-Group Method using an Arithmetic Avereage 

)jV(

-.
 !�� ��POPTREE)j�(�� )����
��� �

%�A,�L 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
37

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               2 / 7

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.37.8
https://jstnar.iut.ac.ir/article-1-638-fa.html


�,-./- 0
1��2 3���4 5
6 7�� � ���� �� �8�&,9 :�
; ���.� �- ��	1&�- 	�... 

��j 

��04 (.�	=/	4 `	Rf�� H�I	J� ���� 
	� 

%B�� f
��/
�8��8�** 

+'��/ 

��('�
) ���Q��&D 
(5´-3´) 

��IP�� ) +�A,�L !��
��)���)�0*

�g AF098773 (AC)28 TCACCCAACAATCATGAAAC 
TTAAATCGAGTGTGAATGGG 

McMA2 
(13) 

�g AF098961 (GT)31 TCTCTGCTTTCCAGCCTTATTC 
AGAGCTTTTAGGACAGCCACC 

McMA26 
(18) 

V� M62993 (TG)13 AATAGACCATTCAGAGAAACGTTGAC 
CTCATGGAATCAGACAAAAGGTAGC 

MAF64 
(1) 

�� U15698 (CA)11CG(CA)15 GGCCTAACAGAATTCAGATGATGTTGC 
GTCACCATACTGACGGCTGGTTCC 

OarCP26 
(4) 

�l L13869 (AC)24 TGCAAGAAGGGCAGACCTTGGAG 
CAGACCACTCTCTTCCCTCCACG 

OarAE64 
(7) 

�L01535 (TC)6GC [(TC)4GC]2 (TC)11(AC)15 CCCTAGGAGCTTTCAATAAAGAATCGG 
CGCTGCTGTCAACTGGGTCAGGG 

OarFCB304 
(19) 

*:�8
 �P
) SD �)
 �	���� f

����-,
 �0 �8
 ��)���)�0 +
��/ -��
�* OB
� �
'N
 

**:S� 2������� 
� ������ +

��������-,
 6����,
 �
 2����, ������ ������ �����8��8� '����|0 ������ +
������/ 6����,
 NCBI ����������,
 T
�D ������

http://www.ncbi.nlm.nih.gov:80/entrez/viewer.cgi�� '/��.

����� ��',��Q _�8�( .� ���I�L S)
� F��( �c�8��� H
��e

 ����8�A,
�)��� M��,
|
 ���� 
���v��
 �
����)Vj(���� 

-��.
 !����

POPTREE '�,��Q �
)D�� .��U�L �
 �U��/ '��\ ����
��I�

 �^Z����� O����$D �
'����I( ) +'����/ +'��;����� O����$D �
'����I( 

)The Number of Effective Alleles()��(

-��.
 !���� ����

POPGENE �U������/ '������\ H������N 	
 �
�������#� )

(PIC) )Polymorphic Information Content ()g(

-�.
 !�� ��

HET)Vl(',��Q �R8�#�.

����0 ) S���8��0 ���0 ��I�L )� S��� }�;�� _� ~�. ��

 M�,
|
�� �

'����8
 4U�e�. �
 +��3��8
 �� ) S�8
�BNei)Vj(S���� �

��5;�
 (Divergence Time) @����. �
 +��3��8
 ��� ��I�L )� 6,
 

�,�)��(��L�� �:,
�( 45��8 �� ) ',��Q �
)D��)V('/ �Y,�5�:

D̂ = Vαt

SD 
� �0D̂M�,
|
�� �

'����8
 ������� 4Ue�.Nei�t�
'�I(

OY� Q ��I�L )� ��5;�
 S��� �
 �0 �,�� ) ��8
 ��/%α���� 

�� +

����-,
 

��( �
'I( ���m( ��� '�/�� .S�Y��
 
��y��*l/�

���B WKL�� ���B�
�
�+'/ +'��;� ���Q �� 
� +�A,�L �� 

�8
 .) S���8��0 ����0 ���I�L )� ��5;��
 S���� �
)D�� 
�

 6,
 �
 -�� S�8
�B ���0 α�UY� 4Ue�. ~�. )l/j�
��� @��8 

,��Q +��3�8
 '�38�Q'.6�,
 ~�. �� tu8 ���I�L )� 6�,
 ��0

 �)'������.�, ��5;�
 _� �
 W�* @�8 M,
�a �'�
α��� �
��� 

+�A,�L �
 2, +

����-,
 ��� ',��Q �R8�#� �I$�J� �
�� �
 .

h?� � 5/	&, 

W�0
) ���PCR � ���Q��&D !��( �� �-LOarAE64 �� �����B

 ',��Q !�i�
)O�/�.(


� �e�E��B
 O�$D �8����0 ���I�L �
��� +��A,�L )�

 � S�8
�B����v� � O���P ���
)
�. ��$) '�D �8 '���/
'� �
 .

O�$D +�
'��
 4���
� ) F�� ��
'I( 4Y,�5� 4�I$�J� �
 O�e�� ����

 H�I$�J� �� �a���,S
��A )l�h�������V��j�����l��h

�g V��Vh)Vg(S�;� ��O�$D ���
�,
 S
'�3�8�Q �0 '�� ����

 

 �','L +�A,�L 
� �� 


� �I$�J� �
�� ��� �
 �B�� ) '�/��

O��$D H���I$�J� 
� ���0 �,����
��%��� 
� '������ +'��/ n

-��Q 

��I�L �I$�J� �
�� ��� ';� +',� .�
��� ����m� ��I�L �K�(

+�A,�L VMcMA �
� S�;� �
�#�
 @��I( �
 )��l/�P< .( 

@)'L V�t,�(�� � ������ Oe
�. �����
�� 

 +'�D �8� 

�� S�;� �v� �
�� 
��I� )� �� '�� .�K��;�� W��� ) _0 '�)


 ��� _;�\ ��� t,�(��� )� �� 
� �
��B .�0
-0��( )���)j�(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
37

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               3 / 7

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.37.8
https://jstnar.iut.ac.ir/article-1-638-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��	!" )$(/�	&'�� ()*+ 

��� 

��04C.3���4 7�� �8�&,9 BQ-�� [/.;	� H�I	J� ���� 
	� .��-0,	&�- �8�&,9 BQ-�� .JU 
i	� �-0�-Nei)DS(.JU ./� �-0�- �

�8�&,9 BQ-��DA�� 0
 	� .7/-[/.;	� 	� 	�(XXXH,��, 
�-j=/	4 �	� 	��H0�D 3��.

���m� S���K� S�8
�B ���0 S��8��0 ���0 ���i�8 

llg/����/��l�/����/�_____ ���i�8 

�h=/�j�=/�V=�/�_____ V�h/�S��8��0 ���0 

�g�/�jgl/�_____ Vj�/�j�=/�S�8
�B ���0 

Vgj/�_____ jlj/�j��/�Vhj/�S���K� 

_____ Vh�/�j=�/�j=�/�j��/����m� 

B8 (.-�	=/	4 
0,	� 
�=IOarFCB304�	�-.A 
�.� 3���4 �� .��	�  
	�(	;(*� �	�-.A 
�.� 3���4 �- 
�-.�- L1@

CL�)�Hk�	�  ��-0,- 
	�.=,	�, Y�;.;XIII @VIII �V3�.  Roche�� �	�ID �0
 	.


��I�DA�
�� 

 ����8��/ ��a�� S�
)D ��8�(Topology) 

M8��� ���#e ��Y�
� �( '�
 .S��� O�e
�. t,�(��� 
� ��0 
�	

 4Ue�. �� G����DA+'��;� �� �� �U�e�. 6,���0 ��/�M��(�(

 ��I�L 6�� S���8��0 ����0 ) S�8
�B ���0 ���)Vj�/�()

S��8��0 ���0 ) ���i�8 6��)V�h/�(����� �L�( �� �0 '/��

 �� _��;�
 ��0 �0'��
 S���� H'�� ) ����0 ��I�L )� S��� 

�K�D �,��.
�mL �,
'L ���)'� ��I, �
%Q���@��8 )V(��0

 ]�Y�#� ����(�0 
��Y�� S���� �U���( T��5� 
� ��� ) ���/

 ����0 ���I�L )� W�0
��* k	���� H
)�i� 4J8
�� 6��[��

 ���i�8 ) S��8��0)S��8
 +�;�����0 ) S���8��0 ��� () _�0 )

� W�� ��5J�� )� ��� 
� ��K�D �)� �� 
�����v� ��� ��5J�� 

�� '8
 .������� 4U�e�. -��� �K�D 2,�-� 
��Y� �u�(��. ���R/

'�,1( 

 �K�D 6�� _0��',���.

�� -�� �Ue�. 6,��;�� 
��I� )� �� ������I�L 6��� M��(�(

 ����m� ) ���i�8)j��/�=DA)llg/�=DS(����0 ���I�L �

���m� ) S�8
�B)j=�/�=DA)�g�/�=DS(����0 6��� -��� )

�����m� ) S����8��0)j=�/�=DA)�h=/�=DS(���� '��/�� .�


�,�i�D ~�. W�* 
� �0 �� �����m� ���I�L ��$)
 ����4J�8
)

 O����

 S���8
 ��I, SD W�0
�* O#� 6�� ��,� �,��.
�mL 4Ue�.

 +'��N �,��.
�mL ��
�� ��L) ) 
�;0 ]�& 4���� S
'�38�Q ��

 ��,
� '���� S��8
 S��� S��Y��0 ) 
-B S��8
�B ) O���

 ���

 ����� 

 ����I�L 6���,
 ���I�R	 �������� @�����R( S�����
 ���0

��I�L�,�8 �)'#� �I$�J� �
�� ������� �����8�2�, S
���N

 
'L +)�Q(Outgroup) 
�v��
 ��8
 +'/ ��.�Q �v� 
� ��� �)


 '�/�� ��/
� 

�P ��I�L 6,
 �o0
'� Oe
�. ��8 2, 
� �0.

H)�3( ��I�L �,�8 �� SD 
��/D �u�(��. ��� ��I$�J� �
�� ���

 '�,1( 

 ��
 6,
 -�� ��'�,��� .4U�e�. �$�����
 O�,p� �
 ���,

 S����K� ) ���m� 6�� c8��� ������)Vh�/�=DA)Vgj/�=DS(

�� ��P �0 '/�� 6,
 '�
�( ���/�Q ���(��. �UN �� S���K� ���

 �������� S��$���8 @���	 
� �'���

� ���0 �R��8��� ���o0
 c��8�( 

�� 

�P +��3�8
 �
�� G�5� �,�8 S


�'�38�Q ��.�Q '�
 .6,
������


���v��
���� G���5� ���A,� S
'�3��8�Q ���� '�3��8�Q 6��,
 �)
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
37

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               4 / 7

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.37.8
https://jstnar.iut.ac.ir/article-1-638-fa.html


�,-./- 0
1��2 3���4 5
6 7�� � ���� �� �8�&,9 :�
; ���.� �- ��	1&�- 	�... 

��l 

B8 C.�8�&,9 l�Q	� �- BQ	> �-.2��0,� DA]�� H� H� NJ3�- �0/�.2 B�8�; .�.2 
�� �-0�- �D �-.8; 0Q�� 	� �� -� �.2 

�-.2��0,� �- BQ	> 
	�(XXX
	4 �	� H,��, 
�-j2 �	�, 	���0��.

��� ����� ���
 6,
 �$) '/�� ��/
� �J8��� ������ 4Ue�. 
�;0

�

� ��;�� �8
��.

O�/ V������� 4U�e�. �
 Oe�� !
�Q)
'��DA��� ��0 



 n)
NJ S�;� ��8
 +',��Q _�8�( ��� '��� .�0
-0��( )��� 

)j�(� @����
�+��3��8
 �� 

 ��#e �8��/ �a�� S�
)D �8�

 �
DA'�
 ��Y�
� �(p�� .
��K\ �
 �B
� �8 �U0 �8��/ �a��

 S�Y�, ��R,�5( Oe�� �B
� �� ��B
� ��K�( ) '/��UPGMA 


��I� �
 Oe��DS�
� S�;�� 

 �0'��
 H)�3( .��a�� ��8��/ 

��a�� 2�, ��;�� �Ue�� �B
� 
�K\ �� .
�mL ��8��/ �,���

�8
 .

S��B
� 
�NJ ��� +'��;� 
-i� 4/�B )� ���, ��0 ���/

 ���i��8 ) S��8
�B ����0 �S��8��0 ���0 ��I�L �8 O��/

 W�0
��* k	��� �,��.
�IL �

�i�� 6�.�Q �v� 
� �� �0 �8


 ) S���8��0 ����0 ���I�L )� 6�� ��,� �u�(��. ���R/ -�� )

_� ) ���i�8 ���I�L )� S���� }�;��� _� 6��\ O���P ����0

��L�( �� '/�� .��SD +C,) ����0 ��I, }�;�� _� ��I�L )� �0

tu��8 ) ���P
) +)���Q�,� 2��, 
� S���8
�B �����0 ) S����8��0

 �
� O��;�( 

 +)�Q 2, �K�D �� ���i�8 .���I�L S���� 
-�i�

 ���m�)@)
 +)��Q
� ���L�� ���I�L ��8 �
 OP
'�� (6�/)


�8
 .2�, 
� S���K� ) ���m� 6�.�Q 

�P �$) ��� ����� ��/�B

�

� ���;�� H�I$�J� .

��� O�B
� 
� p��� F��( �
 �0�� ���I�L S)
� F��( �,���

 ��I�L �
 2, c�8��� ��0 ���#� ��� ��8
 �I$�J� �
�� ���

 H���R�0�( ������( 
� M��,
|
 ���� 
���v��
 �
���� �����8�A,
�)��� 

+�A,�Ly� +�A,�L �� 
� ) ��I�L�
�
���I�L ����( ) p�� ��

 M8���)6���l�h/���( g�l/�(��� '�/�� .����
��I� ��8
��

 
� p��� 
��Y�� �U��/ '��\ �
 �0��� -��� �U�/ '�\ {U�:�

+�A,�L �I$�J� �
�� ����8
 ���
�	 {�,�I( T��8
 ��� �0

�U�/ '�\ �� 

 ��K�D !���( S
��(���%��v� 
� O��/ '��\

�.�Q .+��A,�L �� G���� +'/ +'��;� O$D �
'I( 6,��;�� ����

McMA2 )OarCP26 �� �j+��A,�L ��� G���� 6,���0 ) O$D 

OarFCB304 ���� =����� O��$D ._��� O��$D �
'��I( 6,��;���� 6����\

 +�A,�L �� G�����^Z�OarCP26 �� g/��G����� 6,���0 ) O$D 

+�A,�L ��OarFCB304 �� =/���� O$D .4����� �
'I( �� �L�( ��

 �Y�� �U��/ '��\ �
 �0�� 
�0%� �,��5� ��8
�� �
�� ���,� 
�

+�A,�L �I$�J� �
�� ��� ��'/�� .S��� 
�Vl+��A,�L M��0�( y

n�

 6,����0 ) 6,��;�� ���I�LPIC �� ���� G����� M��(�(

 +���A,�LOarCP26 ���i���8 ����I�L 
� )�lgl/�(+���A,�L )

OarFCB304 S��8
�B ���0 ��I�L 
� )�h=g/�(��� '�/�� .

�,��5� �Y,�5�PIC ��I�L �J8 
� � ���
�
�+�A,�L ����( ���

 S�;� ��8
 ��I�L �� OB
� 
� ��,%*���m( �J8 �
 �0�� �0

S���8��0 ����0 ��I�L �� G���� ��,%*���m( 6,��;�� �0 �
�

)=gll/�=PIC ( S��8
�B ����0 ���I�L ��� 

'5� 6,���0 )

)hgVj/�=PIC (�

� kUI( .

���0 ��I�L )� 6�� ��5;�
 S�����l� @�8 �'��D ��8�

 �/ �� �0�)'� ����� �0 �:,
�( '�
����� �0` 

 @�8 '���0

)V(�

� ��
�:�� .��� �� ���� ��5;�
 S��� �
)D�� �
�� ����m(

 +

����-,
 

��( �
'I( ��� ��I$�J� �
��)(α��� 
� ��0 '�/��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
37

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               5 / 7

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.37.8
https://jstnar.iut.ac.ir/article-1-638-fa.html


����� ��	
� � 
���	�� ��
� � ���� /�	���� /��	� ��	!" )$(/�	&'�� ()*+ 

��h 

+

����-,
 ��� �
 
'��
 ��I, ���Y�
 ����y��*l/�'/ +��3�8
 .

�R8�#� S��� �
 +��3�8
 �� tu8 �
 2�, ��� W�KL ��� �+'/

+�A,�L �� ��I$�J� �
��� ����+��A,�L 
� ��0 '�/ +�
)D ��8�

OarFCB304 ��$) '�/ ~�. 
'��
 �0 ��� �

'5� S��� ��5�P� 

+�A,�L �,�8 
� '/ +'��;� �I�8) H)�3( 4��
� ��.


�-<=�	_� 

f'�;���
� ����
� !���UN +)���Q 6���� �0��;��� 
���0 k���5#( 6��,


 ) S
���K( +�A;���
� ��
)�;��0 �Y��8Z� �����$���(��� W��:� 

���A;�,���D ����
�0 ����( ) ��� 
�;0 ��
� !�UN H�5�5#(

 ���
� !��UN H��5�5#( �Y�8Z� �$���$�� 2���� +�A;,���D 
�

 '/ !�i�
 
�;0 .!�p ��B �� 6�3$Z� ��� ���0� S��,�PD �
 '���
�

+�P 2����( ����Q
�. 4����� 
� ��0 ���$)� ��0� ) �a�, ����

 ����. �
���� �	���� �����( �
����� ) ���
��� �
 -�� ) '�

 �Y�8Z� ����$���(��� W�:� +�A;,���D 
� S

���� ) S��8)�

 '�,��� ��;( 
�;0 ��
� !�UN H�5�5#( ._���0� _��B �
 6��\ 

Naoko Takezaki��� �

-��.
 !���� @���8

 �	���BPOPTREE 

_,

-A8�u8.

��	
� ���� ��	1&�- 

�.T ���
�D .�j=� .���� F��( �8
�� �0
�� �
 +��3�8
 �� ��
�,
 '�38�Q �
C� ��* 
� ��RAPD .S�,�* !��UN '�/

 ��8��/
�0 �����

-,�R( +�A;�
� ���
)�;0 +'�;�
� ���
�.

V.T ��$�8
 .d.)F.!.����#�.�j=� .S���8��0 S��8
 
� -B�� -� n
)�* ) �

� �UQ .S���8��0 S���8
 !
� 
���
 ���)�I��

��lyV�.

j.����	 $
 ����A, {.�j=h ._�Y�8 ������ F��( �8
�� ��0
�� ���Tf �OPA �Gc ���
��0 ) S
��,
 ����� S
'�38�Q �
 ��I� 
� 

]�5N
 �
 S���D 
� �K�D .S�,�* T
'� ����( +�A;�
� ���
)�;0 +'�;�
� ���
� !�UN '/

 �8��/
�0 ����S
�K( �.

�.
 ��
�3EN .�j=h .S
'�38�Q �
 �
C� +� 
� ������ ����0
��S
�,
 ���� .�Q'���8 ) W�)C*j�:�lhy�hV

5. Arranz, J. J., Y. Bayon and F. San Primitivo. 2001. Differentiation among spanish sheep breeds using microsatellites. 
Geneti Selection and Evol. 33: 529-542. 

6. Bancroft D.R., J.m. Pemberton and P. King. 1995. Extensive protein and microsatellite variability in an isolated, 
cyclic unregulate population. Heredity 74: 326-336. 

7. Barker, J.S.F. 1999. Conversation of livestock breed diversity. Anim. Genet. Resour. Inform. 25: 33-43. 
8. Buchanan, F.C. and A.M. Crawford. 1993. Ovine microsatellites at the OarFCB11, OarFCB128, OarFCB193, 

OarFCB266 and OarFCB304 loci. Anim. Genet. 24: 145. 
9. Buchanan, F.C. and T.D.Thue. 1998. Intrabreed polymorphic information content of microsatellites in cattle and 

sheep. Can. J. Anim. Sci. 78: 425-428. 
10. Buchanan, F.C., L.J. Adams, R.P. Littlejohn, J.F. Maddox and A.M. Crawford. 1994. Determination of evolutionary 

relationships among sheep breeds using microsatellites. Genom. 22: 397-403. 
11. Bunch, T.D. and W.C. Foote. 1976. Chromosomes, hemoglobins, and transferins of Iranian donestic sheep. The J. 

Heredity 67: 167-170. 
12. Crawford, A.M., K.G. Dodds, A.J. Ede, C.A. Pierson, G.W. Montgomery, H.G. Garmonsway, A.E. Geattie, K. 

Davies, J.F. Maddox, S.W. Kappes, R.T. Stone, T.C. Nguyen, J.M. Penty. E.A. Lord, J.E. Broom, J. Buitkamp, 
W. Schwaiger, J.T. Epplen, P. Matthew, M.E. Matthews, D.J. Hulme, K.J. Beh, R.A. McGraw and C.W. Beattie. 
1995. An autosomal genetic linkage map of the sheep genome. Genetics 140: 703-724. 

13. Diez-Tascon, C., R.P. Littlejohn, P.A.R. Almeida and A.M. Crawford. 2000. Genetic variation within the merino 
sheep breed: analysis of closely related populations using microsatellites. Animal Genetics 31: 243-251. 

14. Ede, A.J., C.A. Pierson and A.M. Crawford. 1995. Ovine microsatellites at the OarCP9, OarCP16, OarCP20, 
OarCP21, OarCP23 and OarCP26 loci. Anim. Genet. 26: 129-131. 

15. Ede, A.J. C.A., Pierson, H. Henry and A.M. Crawford. 1994. Ovine microsatellites at the OarAE64, OarCP16, 
OarHH22, OarHH56, OarHH62 and OarVH4 loci. Anim. Genet. 25: 51-52. 

16. Farid, A., E. O`Reilly, C. Dollard and Jr. C.R. Kelsey. 2000. Genetic analysis of ten sheep breeds using 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
37

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               6 / 7

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.37.8
https://jstnar.iut.ac.ir/article-1-638-fa.html


�,-./- 0
1��2 3���4 5
6 7�� � ���� �� �8�&,9 :�
; ���.� �- ��	1&�- 	�... 

��= 

microsatellite markers. Can. J. Anim. Sci. 80: 9-17. 
17. Goldstein, D.B. and C. Schlotterer. 1999 Microsatellites, evolution and applications, First edition. Oxford 

University Press, New York. 
18. Hedrick, P. W. 1999. Genetic of populations, 2nd ed., Jones and Bartlett Pub., Sudbury, MA, USA. 
19. Maddox, J.F., C.D. Riffkin and K.J. Beh. 2000. Dinucleotide repeat polymorphism at the ovine McMA1, McMA2, 

McMA5, McMA8, McMA9, McMA11, McMA14, McMA20, McMA24, McMA26 loci. Anim. Genet. 31: 148-149. 
20. Maddox, J.F., K.P. Davis, A.M. Crawford, D.J. Hulme, D. Viaman, E.O. Cribw, B.A. Ferking, K.J. Beh, N. Kang, 

C.D. Riffkin, S.S. Moore, K.G. Odds, J.M. Lumsden. 2001. An enhanced linkage map of the sheep genome 
comprising more than 1000 loci. Genome Res. 11(1): 1275-1289. 

21. Miller, S.A., D.D. Dykes and H.F. Polesky. 1988. A simple salting out procedure for extracting DNA from human 
nucleated cells. Nucleic Acids Res. 16: 1215. 

22. Minch, E., A. Ruiz-Linares, D.B. Goldstein, M.W. Feldman and L.L. Cavalli-Sforza. 1995. Microsat (Version 1.5d): 
a computer program for calculating various statistics on microsatellite allele data.  
http://www.lotka.stanford.edu/microsat.html.

23. Nei, M. 1978. Estimation of average heterozygosity and genetic distance from a small number of individuals. 
Genetics 89: 583-590.  

24. Nei, M., F. Tajima and Y. Tateno. 1983. Accuracy of estimated phylogenetic trees from molecular data. J. 
Molecular Evol.19: 153-170. 

25. Ott, J. 1989. Program HET Version 1.10 . Utility programs for analysis of genetic linkage. Rockefeller University. 
New York, NY, USA. ftp://linkage.rockefeller.edu/software/utilities/. 

26. Stahlberger-Saitbekova, N., J. Schlapfer, G. Dolf and C. Gaillard. 2001. Genetic relationships in swiss sheep breeds 
based on microsatellite analysis. J. Anim. Breeding and Genetics 118: 379-387. 

27. Saitou, N. and M. Nei. 1987. The neighbor-joining method: a new method for reconstructing phylogenetic trees. 
Molecular Biol. and Evol. 4: 406-425. 

28. Sanguinetti, C.J., E.D. Neto and A.J.G. Simpson. 1994. Rapid silver staining and recovery of PCR product separated 
on polyacrylamide gels. Biotech. 17: 915-919. 

29. Swarbrick, P.A., F.C. Buchanan and A.M. Crawford. 1991. Ovine dinucleotide repeat polymorphism at the MAF64 
locus. Animal Genetics 22: 375-376. 

30. Takezaki, N. and M. Nei. 1996. Genetic distances and reconstruction of phylogenetic trees from microsatellite 
DNA. Genet. 144: 389-399. 

31. Takezaki, N. 2000. POPTREE: Population tree construction. University of advanced studies. Hayama, Kanagawa, 
Japan. 

32. Weir, B.S. 1996. Genetic Data Analysis II. 2nd ed., Sinauer Associates. Sunderland, MA, USA. 
33. Yeh, F.C., R.Yang and T. Boyle. 1999. POPGENE. Version 1.31. Microsoft Window–based Freeware for Population 

Genetic Analysis, University of Alberta. Edmonton, AB, Canada. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

4.
37

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.4.37.8
https://jstnar.iut.ac.ir/article-1-638-fa.html
http://www.tcpdf.org

