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�)� 	 �3�NW ?�C�W \����	 
C3:C3� %�(��� .!���� N� Y����?D� Gene Pop 8��< ��?��i����	 8������7 e3<�� �< i9 iCW8� @���"� ���"N� ��!�� iCW8� �{j�& O���� 3���8� ��I>� 
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�!��f� Y��� .!  8��< ��?��i����	 8��W N� Y����?D� SPSS %�(��� ! .   �����  ]����� i��)^ N� 
�����< R��<�	� 
��:���S O���<  4 @���" ��3� 
���< N� �?� 	  ����9  �<  %�(���� N� 10 ��NVW P[��� &%!   t3���  
�:���S  
����8��� ��  O��<  @����" ��  �:� W  .�3���  ��!��� 10 ��N��VW �� t3��� 192 ��3� i<f 
��N���� ����  .!����9  !�)�� 
�: !�M Y�� ���NVW 100%  .�3�<  O���x�<  ��!��� !���< R���3� ��N��VW 13-ISSR )40 (!���< 	 O������9 ��!�� !�< R�3� ��NVW 58-ISSR )3 (!�< !�C3�  .!�   %N�!���  8�!��<  �����  %!�  ��  %�	!��� 1100 -100 @(" N< .�3< ��NVW 13-ISSR   O���x�<  ��?��� PIC )39/0( 	 MI )6/15( �� @ ��. �< O�� l��  ��N�VW 13-ISSR O���x< ��!f B�:(� 
�: !�M 	 t3�� �� ���� �	!") 2.(    *��� 2- -.���, ���A)�D< ISSR �'0� ����#	�  ��&!	'�& %&��' !"�#$� ���A Bunium persicum  E�$ �A)�D<  !2�0? )ʹ3→ʹ5(  ��� *�,?�  1H�7& ��8 )˚C(  6I�$ ���$�&  �"8�HJ!  �0#:� ��KLM�  !�"8�HJ )PIC(  NO�8  �/$�.$ )MI(  ISSR-12  AGAGAGAGAGAGAGAGT  8/51  7/7 )100%(  19/0  33/1  ISSR-13  AGAGAGAGAGAGAGAGG  8/51  40/40 )100%(  39/0  6/15  ISSR-14 GAGAGAGAGAGAGAGAT  8/51  26/26 )100%(  25/0  5/6  ISSR-15 GAGAGAGAGAGAGAGAC  8/51  36/36 )100%(  38/0  68/13  ISSR-21 CACACACACACACACAG  8/51  30/30 )100%(  35/0  5/10  ISSR-53 AGAGAGAGAGAGAGAGC  8/51  5/5 )100%(  19/0  95/0  ISSR-55 GAGAGAGAGAGAGAGAG  8/51  25/25 )100%(  23/0  75/5  ISSR-57 CACACACACACACACAT  8/51  11/11 )100%(  27/0  97/2  ISSR-58 GACAGACAGACAGACA 6/47  3/3 )100%(  17/0  51/0  ISSR-59 GAGAGAGAGAGAGAGAA  8/51  9/9 )100%(  21/0  89/1  
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�S 
4� )16/0±29/0( 	 ��!�� aT  ��I>� �3�  )22/0±45/0( �� @���"8� e3<�� �< ���� �?� ����< N� @���"8� ���9 �3<r �<8�3> �9 �� ���� ���9 ��?�� O�� aT � �<b���� )33/0±87/1(& )32/0±43/1(& )16/0±26/0( 	 )22/0±41/0( .�3<    *��� 3- >0H? !"�#$� 
�& 6������ ��() !$���� )Bunium persicum(  6����  *na  *ne  *h  *I  ����? 4�"��� !�"8�HJ  �P'� 4�"��� !�"8�HJ  �5( )Pop1(  32/0± 88/1  33/0± 50/1  16/0± 29/0  22/0± 45/0  175  38/88%  4���� )Pop2(  33/0± 87/1  32/0± 43/1  16/0± 26/0  22/0± 41/0  173  37/87%  9�  17/0± 97/1  30/0± 50/1  14/0± 30/0  17/0± 47/0  192  97/96%  *na= ��!�� iC�8� %!��� &%!  *ne = ��!�� iC�8� &�{j� *h = t3�� 
�S &
4� *I = aT  �3�     L=> �3�NW L<�� &i��� ��?�� � 3T8� �< �� J	� � 3T8!�< UPGMA ) Group-Pair weighted-Un Average Arithmetic using Method(& O���:��?� ��2�� )SLINK( 	 O����	� ��2�� )CLINK( < %�(��� N� b���c �<�� L<�� &%�� ��9" 	 Dice Y��� .!  < �"3� �< b��c B���D39 N� b��c �<�� ��9" 	 d���35C� UPGMA �<)i�C� ���� ��3< O���x< ��!�� 79/0r=(  8��< %	��8!�< %�(��� !  �	!") 4( 	 Y���	�!�� e3<�� �< �W d���� !���� i: ) 1.( ��?�� � 3T&8� �EM @���" %��N 
���9 e3<�� �< 	� ���� �?� 	 ���9 �� �� 6 � 3T %	��8!�< ��9 �9 B� %	�� �W B�3u� �3< e3<��) �< (�"���. < �"3� �< &Y���	�!�� ���D� L���� �< �� @���" 	 �� �� ����� 
��D��k" �� � 3T � � 3T8� �?�� ���f ��D��!�� �9 O�� %	��8!�< < %�	!�� 
�!�9��7 
��D��k" ��3��� }=��� .����     *��� 4- 1�(�R� S�'�� T�#-�  ��&U	' E��A�'�$�  V(�?���� 1&�.?                          U#('0/2�  Dice  �'����  W&�3? ���	  UPGMA r = 77/0  r = 97/0 * r = 73/0  
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�)� �g�[� �< ��?�� ]��� 8� �< Y3� 	 Y	� &�	� b����32/26% &97/17%  	27/16%  t3��� ��) !�� ���<�� �� ��I>�56/60% �< �"3� < .( i: 2@���" & %��N 8�
���9 ) �?�pop1 i�  (  )Y1  	 ?��E� =Y2  (�9��� =@���" N� wI�9 O�� 8� ) ���9 �� %��K1 	 o��� =K2%!  �!" (�"��� = !��
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� ( �	!") ! <5.(     9"8 1- E��A�'�$� 9P�� )� 1(5B? 180O� ��& 4 6���� ��()  Y = �?� )Y1 = ?��E� 	 Y2 = (�9���& K= ���9 )K1= o��� 	 K2= (�"���      9"8 2- '��0�$ �� ��& 1(5B? 1& ��,#-� !�P� )PCoA( ��& 4 6���� ��()  Y )pop1=( �?� )Y1 = ?��E� 	 Y2 = (�9���r K )pop2=( ���9 )K1= o��� 	 K2= (�"���    *��� 5- 1(5B? V$�('�� !20"20� ��& ����? !"�#$� 
�& 6������  ptφ  �P'� >0H?  Est. Var  
�/$��� ���&��  >0�B� ���&��  1�'� ��)<  ;IH� �����=?  **12 /0  12  913/4  2/85  2/85  1  
�& 6������    88  067/36  067/36  2/649  18  4�'� 6����    100  98/40    4/734  19  9�  **: 
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�	��� ���� ������ �����	�36 %��  &2     311  *��� 6- Y���?�� !(����8 !(�	�H8 ��8 )� V$�	� 9P�� )� ���A Bunium persicum '� 4 ��/.(�' �'0� !	'�&  �'��8 Y���?��  NO�8 '��)�&  )RI(  �P'� Y���?�� �0�0� '� V$�	�  4���'�  5(�7�  4����	  Z��	  1 α-pinene 935 9/0 8/0  9/0 3/1 2 camphene 954 4/1 2/1  - - 3 sabinene 976 - 1/0  6/0 8/0 4 β-pinene 979 1/2 2  8/1 4/2 5 β-myrcene 988 - -  8/0 7/0 6 α-terpinene 1019 - -  1/1 9/0  7 ρ-cymene 1026 8/7 4/7  7/8 2/10 8 limonene 1032 8/4 5/4  2/5 3/6 9 β-phellandrene 1034  -  -  7/0  5/0  10 1,8-cineole 1035  -  -  6/0  8/0  11 cis-ocimene 1039 - -  6/0 5/0 12 γ-terpinene 1060 6/22 9/21  6/23 6/25 13 cis sabinene hydrate 1073  -  -  -  4/0  14 linalool 1098  -  -  3/0  -  15 trans-decalone 1106  1/1  3/1  -  -  16 terpinolene 1183 1/1 4/1  - 8/0 17 ρ-cymen-8-ol 1186 - -  4/0 - 18 cuminaldehyde 1253 4/19 2/19  3/19 1/20 19 2-caren-10-al 1289 - -  8/7 8/5 20 γ-terpinene-7-al 1296 - -  3/19 1/22 21  cyclopentanone 1337  1  13/2  -  -  22  acetylphenylcarbinol 1401  9/6  8/6  -  -  23  1-amino-1-ortho-chorophenyl-2-(2-quinoxalinyl) ethen 1433  8/0  8/0  -  -  24  5-methyl-2-phenylindolizine 1440  7/0  -  -  -    %5��	� �� \��� %�N< �"��� &?��E� &�9��� 8� �< o��� 	 b����4/2% &2% &3% 	 &2/4%  N� .!�W @�!< ���� N� i)^ \��� ��?�� &%��N 8�13  �� �� b�9��  %5���	� N� B�   &�?�� 8��16     N� B�� ��� �� b��9��%5��	�b�9�� .!  
���  ���9 ���� 8�  N� 
���    \������� &O(����9 i����=f �3���73�:����� &�3C���9� & i����i��D 	 �3��<�9-chorophenyl-ortho-1-amino-1 quinoxalinyl) ethen-(2-2 %5��	� �� E�� ���� 8�
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:���S 	 @�(�9 &�3g�� %��3�� ��3� �"3� %�3< .@�� ]��� i)^ N� O�� ��C�� ��� ��� �9 Y��  10 ��NVW 8���� 
�: !�M P3��� !��3< 	 �� t3��� 192 !�< ���� .!���9 �� O�� ��C�� ��!�� 38/88% 8��< @���"8� %��N 
���9 �� �?� 	 38/87% 8��< @���"8� ���9 
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���< 
:���S @���"8� %��N 
���9 )persicum B.( < %�(��� N� �() B�S3C3D�� 	 &
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��	��D 
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Bunium persicum (Boiss.) B. Fedtsch. in the natural habitats of  Yazd and Kerman   S. Hossein Jafari1*and A. Saadatfar2  1*- Corresponding author, Faculty of Natural Resources and Desert Study, Yazd University, Yazd, Iran       E-mail: Samirahosseinjafari@yahoo.com 2- Department of Medicinal Plant, Research and Technology Institute of Plant Production (RTIPP), Shahid Bahonar University of       Kerman, Kerman, Iran  Received: August 2019   Revised: March 2020      Accepted: March 2020  Abstract     Black caraway, Bunium persicum (Boiss.) B. Fedtsch., belonging to the Apiaceae family, is one of the most important medicinal plants in Iran. In this study, genetic and phytochemical relationships were investigated among some populations of this plant using ISSR markers and GC-MS method in Yazd and Kerman habitats. In order to study genetics using 10 ISSR primers, sampling of the fresh plant leaves was done. DNA was extracted using CTAB method. To investigate phytochemicals, the essential oil was extracted from black caraway seeds using hydrodistillation method and Clevenger apparatus. According to the results, ISSR-13 primer had better performance with 40 bands, the highest amounts of PIC (0.39), and Marker Index (15.6). Cluster analysis using Jacquard's coefficient and UPGMA algorithm divided the four black caraway populations of the two provinces into six groups. Principal coordinates analysis showed that three components explained 60.56% of total variance and completely separated the populations. The results of this analysis were consistent with cluster analysis and geographical distribution of samples. Based on the GC-MS results, 13 and 16 compounds were identified in Yazd and Kerman habitats, respectively. The compounds α-pinene, β-pinene, ρ-cymene, limonene, γ-terpinene, and cuminaldehyde were identified as the same and main compounds between Yazd and Kerman habitats. Based on the results of cluster analysis of phytochemical parameters and location of the habitats Sirjan (Kerman province), Mehriz and Ardekan (Yazd province) in one cluster and Sirch in a separate cluster, it can be concluded that grouping based on essential oil compounds does not correspond with genetic grouping and geographical distance in the natural habitats.   Keywords: Bunium persicum (Boiss.) B. Fedtsch., genetic assessment, ISSR marker, phytochemistry, cluster analysis.  


