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5��Z�7�]&� "�,��^� ,"%�"]��� �_7�Z+�� !��5!�����%�"�#.5�� _(%�'$X,&�+)%�-Y���*%�&��"[Z�5���5̀'�'� 
��8](�"�#.����5���%�a��&�!�"'5��-�"'-�.%�"�#.� ���8*(%! �� simple sequence repeat (SSR) 92 ���8*(%! �� ��*
�"f���,��#�5��!��&�,"'�'�Z! X,7��#� pyrosequencing \,72$5�&� �������!����Z�7�&�!�"'5��������!��� 
!��5!�����%�"�#.5�� _(%�'$X,&�����"�#.���* �5̀' �+�5
$ �
���X�% g Z�-�����\�� ����&��_7�+�5
�X�%-����� a�5��������!��'X� � 24 ���8*(%! �� ��*��,%�(�� (��ij )̂ Z��'$X,&���*�&� ��,�('  ��X� 
polymorphic information content (PIC) (�$X��!X�% 0.02 2)% 0.39 )̂*% ��X��m��*���X�5"' 0.16 ��� ��X�,"����� 
�! 8(�(�$X��!X�% 0.32 2)% 1.00 � 8*(������!��� �" �"�#���%�"�#.5�� �,�Z�7�X�,"����� �! 8(� �'X�
�� ��2+",�'$X,&�((5\,7�-Y�  4  5�.X    �,�  2  ����"�#.� �'$X,&���*\ X ���6+�5� ̀5 �̂�5���  2  ����"�#.�  +�5(� ��5�2$5 
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Abstract 
Jatropha curcas L. is one of many plants that holds a great deal of promise as a biofuel and could 

emerge as a major alternative to diesel. Understanding diversity of J. curcas is important for germplasm 
collection and planning for breeding programs. Ninety two simple sequence repeat (SSR) markers developed by 
next generation pyrosequencing were characterized and used for evaluation of genetic diversity of J. curcas 
accessions collected from different regions within Thailand and introduced from other countries. Of the primer 
pairs tested, 24 identified polymorphism among all of J. curcasaccessions examined. Polymorphic information 
content (PIC) value per SSR primer ranged from 0.02 to 0.39 with the average of 0.16. The similarity 
coefficient ranged from 0.32 to 1.00. Cluster analysis base on genetic similarity coefficient indicated four 
clusters which two non-toxic from Mexico and two USA accessions were clearly differentiated from other 
accessions. 
 

Key words: Jatropha curcas L., genetic diversity, simple sequence repeat (SSR) 
 

1. ���C� 
�'$X,&� �-Y��8��]& � "����,!�)*%��* ��.�
��

�]&� "��$% �� ��2Z�75"'���8*(%����,��^��,�\ X�7(%
a� �]& � "����,(8*� �'$X,&�+)% �-Y��8���*�X ���Z+ 
�,��m���Z�
��-u++.'"���*�]&� "�,��^� ������$% 
�(5+�5+��-Y��!�X%��"%%����8](����%��*�&��"[��7 
� �̀,�'$X,&��"%Z�7-�������Z�,7��5���&�(�!���"�� 
���5&�+",�"��$�8� ���-.v�(�������(�5,7� [1] 

5���+"���8*(��7�%����"�#.��'$X,&���* ��� �-Y�
������%�"�#.5��  �,�Z�7��������%,7���"�#.������
� ��5.���8*(�)56��� !��5!�����%�"�#.5�� 
���5���"f�����8*(%! ��� ��5.��&�!�"'�X�Z�5��
�",��8(5�"�#.��'$X,&�  ��� +&��-Y��&�!�"'�"5�"�#.
����������"5-�"'-�.%�"�#.��'$X,&� ���8*(%! �� 
simple sequence repeat (SSR) !�8(\ ����^����

\��� (microsatellite) �-Y����8*(%! ����* �-�����#� 

��Z�5��Z�7�)56��"�#.������ ��8*(%+�5 �5��
2X���(,�"�#.5�� �''_X �X   �5��5��+���"_(%
���8*(%! ��,��(̀��(�"*�"]%+���  %X�� ����,��`Z�
5����+�('���8*(%! ��,��(̀��( ��X5���"f��
���8*(%! ��\ ����^����\����,��#� ���y�� �
_"]��(��X(�_7�%�.X%��5 Z�7�"]%��� ��� ��X�Z�7+X��
�X(�_7�%�$% [2] �&�!�"'Z��'$X,&� �5���"f��
���8*(%! ��� ��5.� SSR ��*�"%+&�5", �5 [3,4] 

,7�����������.X�Z! X_(%5��!��&�,"'�'�
+��� �,��#� pyrosequencing �&�Z!7�� ��2������!�
���(X���&�,"'�'�\,7�� �55X� 400 bp �&�!�"'5��
������!�,��(̀��(��X��]� ���Z�5��������!�!�)*%��"]%
�� ��2a���_7( $��&�,"'�'�\,7 �55X� 500 Mb (454 
GS FLX Titanium Series) �&�Z!75��!��&�,"'�'�
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+��� �� ��2�&�\,7\ X��5Z���*% �������* ��&�,"'�'�
]̂& � �5 ��X� Z��8� �'$X,&��"'�-Y��8�Z����5$� 
Euphorbiaceae ��* �+��� _��,� �̀5 �8(  �+&���
���� �^  2n = 22 -�� �� GC  �+&���Z5�7����%
5"' Arabidopsis �X�-�� ��_��,+���  ��X�Z5�7
5"'_7� �8( 430 Mb [5] ,"%�"]�5��������!��&�,"'�'�
_(%+��� Z��'$X,&�+)% ��� ��,5�,��`���
�� ��2�&�_7( $��&�,"'�'�+���  ��&�5���7�!� 
(data mining) ����"f�����8*(%! �� SSR \,7%X�� 
�,�Z����%5���+"���*�5�*�_7(%5"'���%���+"���]\,7!�
�&�,"'�'�_(%+��� �'$X,&��,��#� pyrosequencing 
����"f�����8*(%! �� SSR \7�-Y�+&��� �5 (5����
�"f�� (.�}65�+, unpublished data) 

%���+"���] �-Y�5��-��� ��-�����#�
��
�'8](%�7�_(%���8*(%! �� SSR '�%�X���8*(Z�7Z�5��
������!��� !��5!�����%�"�#.5�� _(%�'$X,&� 
_7( $�+�5a�5���,�(%_(%%���+"���]�� ��2
�&�\-Z�7-��������&�!�"'5��-�"'-�.%�"�#.��'$X,&�\,7
�-Y�(�X�%,� 
 

2. (D�+�e
����[�+�� 
2.1 �-'�&�(/ 

�" (�X � %�'$X ,& ���* Z�7 Z�5���,�(% �
�"]%! , 43 �"(�X�% -��5(',7��'$X,&�+�5 4 �8]���*

$ �-�������*��5�X�%5"�Z�-�����\�� �8( 13, 9, 5 
��� 3 �"(�X�% +�5
���!�8( 
����"�((5�m��% 
�!�8( 
��5��% ���
��Z�7 �� �&�,"' ��� 12
�"(�X�% +�5�X�%-�������* �+�5�X�%��-5"� �,�
-��5(',7� 6 �"(�X�% +�5��-�(���� �8( 1 �"(�X�%
+�5�� ����"%5� (���,�� 3 �"(�X�% +�5� X� ��� 2 
�"(�X�% +�5��-�(i��5� �8( �^��5"�����(i��5�Z�7 
��� 4 �"(�X�% +�5��-(� ��5� �8( 2 �"(�X�% +�5

� ̀5 �̂�5 ��� 2 �"(�X�% (� ��5� �,� ��_` _� (Ixora 
coccinea L.) )̂*%�-Y��8���*�� ��2a� _7� 5"'�'$X,&�
���(�$X Z����5$� �,� �5"'�'$X ,& � �-Y�  outgroup 
�"(�X �%�"]%! ,��]2$5Z�7 ��8*(5��� �����!��� 
�-�-��_(%�(��������(�� (��ij )̂  ��8* (
������!�-�����#�
��_(%���8*(%! �� SSR ���
������!��� !��5!�����%�"�#.5�� _(%�"(�X�%
��*�&� ��)56� �5",,� �(̀��(+�5�"(�X�%Z'�'$X,&�
�"]%! ,,7��#�_(% Gawel ��� Jarret [6] ",�� 
�_7 _7�_(%,��(̀��(��*\,7,7����8*(%",5��,$,5�8���%
�X 5"'5���"%�5�5����8(%��%_(%�2',��(̀��(,7� 
(���̀5����i�� �̂�Z��+�(�5���� 1 % 

2.2 ���-�(/1)�� SSR   
���8*(%! �� SSR ��*Z�7Z�5���,�(% �

�"]%! , 92 ���8*(%! �� ��*\,7�"'5���"f��,7��#�5��
!��&�,"'�'�,��(̀��(�"]%+��� _(%�'$X,&�����"�#.�
� ̀5 �̂�5�,�Z�7�#� pyrosequencing (5�����"f�� (.�}6
5�+, unpublished data) �&�5���7�!��&�,"'�'� SSR 
+�5�&�,"'�'�+��� �"]%���,��*�-Y� perfect repeats 
��� compound repeats�,�5&�!�,+&��� ]̂&�_"]��*&�
_(% di-repeat,tri-repeat, tetra-repeat, penta-repeat 
��� hexa-repeat �-Y� 7, 5, 4, 4 ��� 3 �� �&�,"' ��7
((5�''\��� (��,7��-��5�  Primer3 [7] +�5
_7( $��&�,"'�'��!�X��"]� �,�5��5&�!�, parameter 
�X�% g Z�5��((5�''\��� (��,"%��] �X� GC content 
(�$X��!X�% 50-75 �-(���^̀��� annealing temperature 
(�$X��!X�% 50-65 °C ���a�a����� �̂(���(�$X��!X�% 
150-400 �$X�'� 

2.3 +����&��-(+�����)�������[�W��

���-�(/1)�� SSR  
+�55���+"�5X(�!�7� [8] ����"�#.��&�-�%

���� ̀5 �̂�5 ��� !��5!�����%�"�#.5�� �$%+)%
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2$5�&� �Z�7Z�5���,�('5�����* -�� ��,��(̀��(
����",��8(5\��� (�� 92 \��� (�� 5X(���*+��&�\-
�)56�Z��'$X,&��"]%! , �,�(%��-��5('_(%-��5�����
�� �̂(��� �-�� ����  20 µl -��5(',7�,��(̀��(
�7��''-�� �� 20 ng, 1X PCR buffer pH 9.0, 20 
mM dNTPs, 1.5 mM MgCl2, Taq DNA polymerase 
+&��� 0.5 U, forward primer ��� reverse primer 
�� �_7 _7� 0.175 µM (.�!
$ ���*Z�7Z�5���&�
-��5������� �̂(������* ��*(.�!
$ � 94 �C 5 ���� ����X(
,7� 35 �(' (.�!
$ � 94 �C 30 ����� (.�!
$ ��X% 
annealing �-��*���-�%�� ���,_(%\��� (�� 30 
����� ��� 72 �C 2 ���� +�5�"]�(.�!
$ ���* 72 �C 5 
���� !�"%+�5�&�-��5������� �̂(��� a�a����� �̂(�����*\,7
+�2$5�&� ��,�('�'8](%�7��,�(���̀5����i�� �̂�Z�
�+�(�5��� ��� �_7 _7� 1.8 % !�"%+�5�",��8(5
���8*(%! �� SSR �'8](%�7���7 \,7�&����8*(%! ����*
�",��8(5\,7 ��)56�Z��'$X,&��"]% 43 �"(�X�% �,�Z�7
(%��-��5('_(%-��5������� �̂(������(.�!
$ �
�,��5"'_"]��(�5���",��8(5���8*(%! �� SSR a�a���
�� �̂(�����*\,72$5�&�\-�&�5��������!�!��(�� (��ij )̂ 
,7�(���̀5����i�� �̂�Z��+�����(������\ ,��� 
�_7 _7� 6 % �7( ,��(̀��(,7�����7( �̂��(�� [9]  

2.4 +��������1
0%()$� 
'"��)5a��&���`+_(%5���&��� �̂(��� '"��)5

�2',��(̀��(_(%���8*(%! �� SSR �-Y�+���\�-���*
-��5(',7��$X_(%�(���� ������!�-�����#�
��
_(%���8*(%! �� SSR ,7��-��5�  Power Marker 
V 3.25 [10] )̂*%-��5(',7�+&���+���\�-� (NG) 
+&����(���� (NA) �X� gene diversity (GD) ����X� 
polymorphic information content (PIC) [11] �&���
�X�,"����� �! 8(� (similarity coefficient) [12] _(%
�$X���8*(%! �� SSR ��7�&��X�,"����� �! 8(���] �

��7�%�-Y��,��,�5�  (dendrogram) �,�Z�7�#� 
unweighted pair group method with arithmetic 
averages (UPGMA) Z�5��+",5�.X �� �" �"�#���%
�"�#.5�� ,7��-��5�  NTSYS pc-2.01 [13] 
 

3. #�+����B������B��e
 
3.1 +���&�(�+������)���)�e&��(g��(

���-�(/1)�� SSR 
+�5\��� (�� SSR �"]%! , 92 �$X � 8*(

�,�('5"'�'$X,&� 2 �"(�X�% �8( �&�-�%���� ̀5 �̂�5 
��8*(�)56�-�����#�
��Z�5�����* -�� ��,��(̀��(
���5���5�,�(�� (��ij )̂ �'8](%�7� a�5�����* 
-�� ��,��(̀��(��,%Z�����%��* 1 a��&���`+_(%5��
�&��� �̂(��� �("��� 57.60 �-(���^̀��� (53/92) a�a���
�� �̂(�����*�� ��2Z!7�����\,7 ( �!�)*%!�8(�(%�2'
��*�",�+�)  � 31.50 �-(���^̀��� (29/92) _(%\��� (��
�"]%! , ��� 26.10 �-(���^̀��� (24/92) ��*Z!7a�a���
�� �̂(�����* �!����2',��(̀��( +�5+&���\��� (��
�"]%! ,��*�&� ��,�(' � 26.10 �-(���^̀��� (24/92) ��*
 ��(�� (��ij )̂  ��!X�%�"(�X�%�'$X,&��"]%! ,Z�
5���)56���"]%��] )̂*%\��� (����*��,%�(�� (��ij )̂ ��]
+�2$5�&� �������!�Z�_"]��(��X(\-   
 
	���/��� 1 a�5���,�('5�����* -�� ��,��(̀��(

���8*(%! �� SSR +&��� 92 �$X 
 

PCR evaluation Number (%) 
PCR success rate 53  (57.60) 
None PCR product 39  (42.40) 
Scorable PCR product 29  (31.50) 
Multiple band PCR product 24  (26.10) 
Polymorphism rate 24  (26.10) 
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a�5���+"���]�'X�("����� �&���`+_(%5��
�&��� �̂(��� ��",�X��$%� 8*(����'5"'%���+"�_(% Wen 
������ [14] Z��X���*Z�7 genomic SSR )̂*% �("���
�� �&���`+(�$X��* 37.56 �-(���^̀��� � 8*(�-���'����'5"'
���%���+"�_(% Saisug ��� Ukoskit [15] 5"' Wen
������ [14] Z��X���*Z�7���8*(%! �� EST-SSR 
�'X� �("����� �&���`+_(%5���&��� �̂(���_(%5��
�,�(%�"]%�(%(�$X��* 97.70 ��� 55.85 �-(���^̀��� 
�� �&�,"'  +�55���-���'����'a�5���,�(% 
+� �!`�\,7X �5���"f�����8*(%! �� SSR �''  
EST-SSR Z!7("����� �&���`+_(%5���&��� �̂(����$%
5X����8*(%! �� genomic SSR �"]%��](�+��8*(% �+�5
5��((5�''\��� (��+�5�&�,"'�'�+��� �"]%! , 
(whole genome) _(%�'$X,&� )̂*% ��(5����*\��� (��+�
2$5((5�''Z��&��!�X%��*\ XZ�X��� (non-coding 
region) �$%5X��&��!�X%��*�-Y���� (coding region) +)%
(�+�X%a�Z!7-�����#�
��Z�5�����* +&���_(%      
,� � (̀��(�X(�_7�%�7(�5X����8*(%! �� EST-SSR 
��8*(%+�5�X���*\ XZ�X����&�,"'�'�+� ��� (�.�"56�
�7(�5X� )̂*%Z���*% �������* �+���\�-��X�%5"�+� �
�(5����*�&�,"'�'�Z�'�� ����*\ XZ�X��� ��� 
��5�X�%5"� �,�(�+�X%a��X(5��-�����#�
��5��
+"'_(%\��� (���X(,��(̀��(�7��'' �(5+�5��]�"%�'
+&���\��� (����*Z!7a�a����� �̂(�����* �!����2' 
,� � (̀��(�X(�_7�% �5 )̂* %��] Z!7 �!`�X�\��� (����*
((5�''\ X ��� +&������X(,� � (̀��(�&��!�X%
�-��! ����*�7(%5�����* -�� �� !�8((�+�5�,+�5        
,��(̀��(�-��! �� �5��-��5�!����&��!�X%Z�+���  

3.2 +�����)�������[�W��0(/

���-�(/1)�� SSR 
��8*(�)56�-�����#�
��_(%���8*(%! �� 

SSR +)%�&�5��� �����!��(�� (��ij )̂ _(%

���8*(%! �� SSR �"]% 24 ���8*(%! �� Z��"(�X�%
+&��� 43 �"(�X�% a�5��������!��'X� �+&���
�(�����"]%! , 53 �(���� -��5('�-Y�+���\�-� 56 
+���\�-� �,�+&���_(%+���\�-� ��X%�"]%��X 2 2)% 4 
+���\�-�  ��X��m��*���X�5"' 2.33 ± 0.56 ���+&���
_(%�(���� ��X%�"]%��X 2 2)% 3 �(���� �m��*���X�5"' 
2.21 ± 0.41 �X� gene diversity  ��X%�"]%��X 0.02 2)% 
0.50 �m��*� 0.20 ± 0.19 �X� PIC  ��X%�"]%��X 0.02 2)% 
0.39 �m��*���X�5"' 0.16 ± 0.14 (����%��* 2) � 8*(����'
5"'a�5���,�(%_(% Wen ������ [12] Z��X���*
Z�7���8*(%! �� genomic SSR 20 ���8*(%! �� 5"'�'$X
,&��"]%! , 45 �"(�X�% �'+&����(������* �55X� 
�8( 64 �(����  ��X��m��*���X�5"' 0.32 )̂*%28(X�
���8*(%! �� SSR ��*�&� ��)56�Z�5���,�(%��] �
��,"'�(�� (��ij )̂ (�$X Z���,"'��*\ X�$% �5�"5 
(�X�%\�5̀��  ��,"'5���5�,�(�� (��ij )̂ _(%
���8* (%! ��_)]�(�$X 5"'+& ��������,"'�� 
!��5!�����%�"�#.5�� _(%�'$X,&���*Z�7Z�5��
-��� ��-�����#�
��_(%���8*(%! �� ��X� Z�5���
%���+"�_(% Saisug ��� Ukoskit [11] Z�7���8*(%! �� 
EST-SSR 71 ���8*(%! �� ������!�Z��'$X,&� 59 
�"(�X�% )̂*%�-Y��'$X,&�Z��.,�,��5"�5"'5���,�(%��]
��XZ�7+&����"�#.��'$X,&� �55X� �'X��X��m��*� PIC 
��X�5"' 0.37 

3.3 +���� ����1
���)1��+1�����/

���[D+��) 
� 8*(������!����8*(%! �� SSR �"]%! , 24 

���8*(%! �� 5"'�"(�X�%�'$X,&�+&��� 43 �"(�X�% 
� �7  �& � � ��X � ," ��� �  �  � ! 8 (�  (similarity 
coefficient) ��7+",5�.X �� ��7����)%��%
�"�#.5�� ,7��#� UPGMA �����,%a�Z��$-�''
�,��,�5�  (dendrogram) �'X��"(�X�%�'$X,&���* 
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�$���� 1 �a�
���,��,�5�  (dendrogram) ��,%�� �" �"�#���%�"�#.5�� _(%�"(�X�%�'$X,&� +&��� 43 
�"(�X�%+�55��������!�,7����8*(%! �� SSR +&��� 24 ���8*(%! �� 
 
�)56��� ��2��5((5+�5�_` _���*2$5Z�7

�-Y� outgroup\,7(�X�%�",�+�  ��X�,"����� �! 8(�
Z�5�.X �'$X,&�(�$X��!X�% 0.54 2)% 1.00 )̂*% ��X��,�
�m��*���X�5"' 0.81 ��,%Z!7�!`�X��� !��5!���
��%�"�#.5�� Z��"(�X�%�"]% 43 �"(�X�%  ��� ��7�� 

��)%5"��X(�_7�% �5 !�8( ��� !��5!�����%
�"�#.5�� \ X�$% �5�"5  

�"(�X�%�'$X,&���*�&� ��)56��� ��2�'X%
\,7�-Y� 4 5�.X  (�$-��* 1) �,�Z�5�.X ��* 1 �'����"�#.�
+�5�X�%-�����2$5+",5�.X � 5"'����"�#.�
��Z� 
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-�����(�$X'7�% ����X�Z![X�-Y�-�����Z��2'
��-�(���� �"]%��](�+��8*(% �+�5X��'$X,&�\ XZ�X�8�
�8]�� 8(%_(%-�����Z��2'�(���� �&�!�"'-�����
\����,X��'$X,&�2$5�&��_7� �Z��X%����������6��* 
18 !�8(�X%-���� "�5�.%���(�.#���,��X(�7���
�-��.�5� [1] �����m��"]���X��-�����5̀(�+ �5��
�&��'$X,&��_7� �+�5�X�%-����� )̂*% ��� �-Y�\-\,7
X�(�++��(� �+�5�2'(� ��5�5��%���(� ��5�Z�7 
)̂*%�"���6y��X��-Y��!�X%5&����,_(%�'$X,&�  [6] 

,"%�"]�-������X�% g Z�5�.X ��]5̀(�++��-Y�\-\,7X�
�&��"�#.��'$X,&� �+�5�X�%-�������X�5"� ����5�,5��
���8*(��7���!�X%�"�#.5�� ��!X�%-�����5"�Z�
-�� ����2' �( ��� �  a�5���,�(%��]  ( �,�Z�7
���8*(%! �� 24 ���8*(%! ��) +)%\ X�� ��2��5�"�#.�
+�5�X�%-�����((5+�5�"�#.�Z�-�����\��\,7 5�.X 
��* 2 �-Y� 2 ����"�#.� +�5(� ��5� )̂*%2$5+",��5((5
+�55�.X (8*�(�X�%�",�+� �"]%��](�+��8*(% �+�5(� ��5�
(�$X Z 5�7 5" '�!�X %5& � � �� , _(%�'$X ,& � +) % � �  � 
!��5!�����%�"�#.5�� �X(�_7�%�$%���� 8*(
��+����Z�5�.X ��* 3 �'X��-Y�5�.X ��* �����"�#.�

��Z�-�����\���"]%! ,�,� ��X�,"����� �! 8(�
�,��m��*�(�$X��* 0.92 5���5�,5�.X �X(�_(%����"�#.��'$X
,&�5�.X ��](�+�5�,+�55�����8*(��7���!�X%�"�#.5�� 
�''\ X(��"���� (5�*%�&�) 
��Z�-����� +)%�&�Z!7�5�,
�-Y����%��7�%-����5��X(�_)]� �X�5�.X ��* 4 ���
�"�#.�� ̀5 �̂�5 2 ����"�#.� 2$5+",��5((5+�55�.X (8*�
(�X�%�",�+� (�+��8*(% �+�5X�� ̀5 �̂�5�-Y�����"�#.�
��*\ X ������6���(�$XZ�2�*�5&����,_(%�'$X,&� +)% �
�� ��5�X�%��%�"�#.5�� +�5����"�#.�(8*���* ���6
�"]%! , �(5+�5��]�"%�'X�\��� (����* ��� +&�����
�X(����"�#.�� ̀5 �̂�5 � 4 ���8*(%! �� �8( JGM002, 
JGM012, JGM013 ��� JGM029   )̂*%(�+�&�\-�)56� 
  

	���/��� 2 �� �-�-���(����_(%���8*(%! �� 
SSR +&��� 24 ���8*(%! �� 

 

Marker Motif NG NA GD PIC 
JGM002 (AC)18 2 2 0.04 0.04 
JGM010 (AG)15 2 2 0.02 0.02 
JGM011 (GA)15 2 2 0.02 0.02 
JGM012 (AG)15 3 3 0.48 0.39 
JGM013 (AG)15 3 3 0.13 0.12 
JGM026 (AT)13 2 2 0.50 0.37 
JGM029 (TC)12 4 3 0.26 0.23 
JGM042 (TC)11(TG)7 2 2 0.02 0.02 
JGM047 (TC)11 2 2 0.48 0.36 
JGM049 (CT)11 2 2 0.02 0.02 
JGM053 (CT)11 2 2 0.02 0.02 
JGM056 (TG)11 2 2 0.02 0.02 
JGM057 (TC)11 3 2 0.49 0.37 
JGM061 (CT)11 2 2 0.04 0.04 
JGM064 (AG)11 2 2 0.41 0.33 

JGM067 
(TC)10 
(TA)8(CA)6 

2 2 0.34 0.28 

JGM073 (TA)10 3 3 0.13 0.12 
JGM076 (CT)10 2 2 0.02 0.02 
JGM077 (AT)10 3 3 0.13 0.12 
JGM078 (GA)10 3 2 0.50 0.37 
JGM079 (GA)10 2 2 0.02 0.02 
JGM082 (AT)10 2 2 0.41 0.32 
JGM087 (TC)10 2 2 0.02 0.02 
JGM091 (AG)10 2 2 0.25 0.22 
Mean   2.33 2.21 0.20 0.16 

NG = number of genotype, NA = number of allele,  
GD = gene diversity, PIC = polymorphic information content 
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�X(X� ��� �" �"�#�5"'�"56��5�� ������6_(%�'$X
,&�!�8(\ X(�X�%\� 

+�55��� �����!��X�,"����� �! 8(�
�'X�����"�#.���* ��� �X�%5"���*�., �8( � ̀5 �̂�55"'
�&�-�% � ̀5 �̂�55"'����%Z! X � ̀5 �̂�55"'�X�� )̂*% ��X� 
similarity coefficient ��X�5"� �8( 0.54 _7( $��� 
��5�X�%��%�"�#.5�� �!�X���] �-Y�_7( $��&��"[Z�
5���%�a�5��a� �"�#.��'$X,&�Z����%5��-�"'-�.%
�"�#.��'$X,&� 
 

4. ��D� 
���8*(%! �� SSR ��*�"f��+�55��!��&�,"'

�'�,��(̀��(+��� �,��#� pyrosequencing )̂*%�-Y���*
��,55X���� ��X�Z�7+X���X(���8*(%! ��2$55X� 5��
�"f�����8*(%! �� SSR �,��#� ���y���� ��2
�&� ��)56��� !��5!�����%�"�#.5�� _(%�'$X,&�
\,7(�X�% �-�����#�
�� �� ��2-��� ���� !��5 
!�����%�"�#.5�� _(%�"�#.��'$X,&�Z�-�������*\ X
�$% �5�"5 _���,��5"��� ��2��,%�� ��5�X�%
��%�"�#.5�� _(%�'$X,&�����"�#.���* �+�5�!�X% 
5&����,�8(� ̀5 �̂�5���(� ��5�\,7(�X�% �-�����#�
�� 
_7( $���*\,7+�55���)56���"]%��]�� ��2�&�\-Z�7
-�������Z�,7��5��-�"'-�.%�"�#.� ���Z�7Z�5��
�",��8(5�"�#.��X(� X_(%�'$X,&���* ��� ��5�X�%��%
�"�#.5�� �$%��*�., ��8*(Z�7Z����%5��-�"'-�.%�"�#.�
_(%�'$X,&��X(\- 
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