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����%�7' 
23( $� expressed sequence tags (ESTs) �� ��B�"C���-D����E*(%! ��� ��F.�G,3!������, H�F���)FI�

��J�-D�F���"C�����E*(%! ��,��(K��( intron length polymorphism (ILP) +�FF���&�����&��!�T%(����(��"J%! , 
153 (����(� +�F23( $��&�,"'�'� EST 2(% "��&�-�!�"% 30,401 ESTs �
  386,403 bp �,�����'F"'23( $�
�&�,"'�'�+��� +�F "��&�-�!�"% ���((F�''G��� (��G,3�"J%! , 112 G��� (�� +�F'���
�2(%�(KF\(���* �
�"FI��(�.�"FI�\)*%��T( '���
�2(%(����(�(�$T �,� 71 G��� (�� �� ��B���* -�� ��,��(K��(��* ��
� +&�����
�&��!�T%�,��
 ���G,3�&� �H�3�-D����E*(%! �� ILP H�F��
������!��
� !��F!�����%�"�#.F�� ������%��3�%
2(%F�.T -����F��'$T,&� (Jatropha curcas) 59 �"
(�T�% ���E*(%! �� ILP ��J �� ��B��
+�'�(�����"J%! , 152 
�(����  ��T� PIC (polymorphism information content) �a��*� 0.35 +�F
������!�F��+",F�.T �"
(�T�%�'$T,&� �� ��B
+",F�.T G,3 6 F�.T !�"F �(,��3(%F"'�!�T%��* �2(%�"
(�T�% �T� coefficient of gene differentiation ��� gene flow 
index ��,%H!3�!K�
T���,"'2(%�
� ��F�T�%��%�"�#.F�� ��!
T�%F�.T -����F��"J% 6 F�.T  �T(�23�%�*&� c�2(% 
analysis of molecular variance �'
T��
� !��F!�����%�"�#.F�� �T
�H!eT (97%) (�$T
��H�F�.T -����F� 
\)*%��JH!3�!K�B)%F���!�E*( \3(�F"�2(%�
� !��F!�����%�"�#.F�� 2(%F�.T -����F��T(� ���E*(%! �� ILP ��*
�"C��+�FF���,�(%��J��,%H!3�!K�
T��� ��BH�3�-D����E*(%! ��H�F���)FI��
� !��F!�����%�"�#.F�� 

��H��-g���� J. curcas G,3 
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Abstract 
A large number of expressed sequence tags (ESTs) are available and has facilitated the development of 

molecular markers in many plant species. In the present study, intron length polymorphism (ILP) markers were 
developed in silico from EST sequences and genomic sequence of cassava. Of 153 predicted introns, 112 primer 
pairs were designed to conserved exonic regions flanking introns, using 30,401 cassava unique transcripts 
alignments to 386,403 bp cassava genomic sequences. Of total primers, 71 primer pairs gave single-copy loci 
for ILP markers and were selected to assess genetic diversity and population structure of 59 Jatropha curcas 
accessions. A total of 152 alleles were detected by ILP markers. Average PIC (polymorphism information 
content) was 0.35. The cluster analysis revealed six groups based on geographic sources or origins of collection. 
The coefficient of gene differentiation and gene flow index indicated relatively low level of genetic 
differentiation among the six groups. Analysis of molecular variance showed that the majority (97%) of genetic 
diversity was within populations indicating a high level of overlaping and little population subdivision with 
respect to geographic area. ILPs developed in the present study have been proved to be alternative molecular 
markers used for studying genetic diversity within species J. curcas. 
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1. ���8� 
(����(� (intron) �-D��T
�2(%�����*G T �F��

�-��!"�  �F��F��+���"
(�$T�"* 
�"J %+��� 2(%
��*% ���
�� � E*(����'F"�'���
��(KF\(� (exon) ��3
  
(����(�+� ��
� !��F!��� �FF
T� �����H�F��
�",��E(F�,�#�� ������3
H�'���
���*�-D�(����(�
+� ��
� (�.�"FI��3(�F
T�'���
���*�-D��(KF\(� [1] 
,"%�"J�'���
���J+)%�� ��B ��
� !��F!���G,3 �F 
�"
(�T�% ��T� �T��a��*�2(%+&��
� SNPs �T( 1000 bp 
H�(����(� (12.1)  � �FF
T��(KF\(� (3.6) B)% 3 ��T� 
��!
T�%23�
 8 ����"�#.� [2] �
� !��F!���2(%
2��,�"J��' �FH�'���
�(����(� ,"%�"J� intron 
length polymorphism (ILP) +)%�� ��BH�3�-D�
���E*(%! ��� ��F.�G,3 [3,4,5,6] ILP �� ��B
��
+�('G,3,3
�������-o�F������$F�\T�(��� (���  

(PCR) �,�H�3G��� (����*((F�'' �H!3+&������T(
'���
��(KF\(���*��T( �T
���*��,
T��-D�(����(� [5] 
\)*%
�#��EJ�q����*H�3�&�����&��!�T%2(%(����(� �E(
F���-���'����'�&�,"' �'���!
T�% cDNA !�E( 
expressed sequence tags (ESTs) F"'�&�,"'�'�2(%    
+���  ,"%�"J�+)%�� ��B��'.�&��!�T%��*�-D�(����(�
G,3H���*% ���
��!������, 

23( $�2(%�&�,"'�'� EST ���+��� 2(%�E� 
H��E�
%��  Euphorbiaceae 2(% "��&�-�!�"% 
(Manihot esculenta)  �23( $��&�,"'�'� EST ���
�&�,"' �'�+���  �F��*�., (�F�"J %�" % ���,"'2(%
�
� �� ��BH��&�23( $��"�#.F��  �H�3H��'$T,&���*
�T(�23�% �F [7] +�F23( $�,"%F�T�
 +)%�� ��B�"C��
���E*(%! �� ILP H��'$T,&� ,3
�F��((F�''G��� (��
��*+&������T(�(KF\(���*��T( �T
�2(%(����(� �,�
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H�323( $�+�FF���-���'����'�&�,"'�'� EST ���
+��� 2(% "��&�-�!�"% ���E*(%! �� ILP ��*G,3+�
�&� �H�3H�F��
� �����!��
� !��F!�����%
�"�#.F�� 2(%�'$T,&��"J% 59 �"
(�T�% ��E*(�)FI�
���%��3�%�"�#.F��  ���* �
� �23 �H+  ���H�3
-�������H�F���FK'�
'�
 �"�#.��'$T,&��&�!�"'
���%F��-�"'-�.%�"�#.� 
 

2. ���%5'5���[
��
��4�����%�', 
2.1 	��'�7�,��#7%8� 

�"
(�T�%�'$T,&���*H�3H�F���)FI���"J%��J � 59 
�"
(�T�% -��F(',3
� 42 �"
(�T�% ��*�FK'�
 �
  �
+�F�EJ���*��* ��
��
$ �-�������F�T�%F"� 4 �'' H�
-�����G�� ���(�F 17 �"
(�T�%  �+�F 9 -����� 
H� 4 �
�- �
 F"'�"
(�T�%�'$T�,% (J. gossypifolia) 1 
�"
(�T�% ��*H�3�-D��"
(�T�%�(FF�.T  (����%��* 1)�&�H'
(T(���T���"
(�T�% ��F",,��(K��(,3
�
�#�  CTAB 
(cetyltrimethyl ammonium bromide) 2(% Gawel and 
Jarret (1991) [8] �����
+�('�.�
������
� 
�23 23�2(%        ,� �(K��(,3
�
�#�  agarose gel 
electrophoresis ��� spectrophotometric �� �&�,"' 
�.,�3��+)%�+E(+�%�"
(�T�%,��(K��(H!3 ��
� �23 23�
�(�! ���&�!�"'F��
� �����!�,3
����E*(%! ��          
,��(K��( 

2.2 ���)�*�����+�',-��� ILP 
23( $��&�,"'�'�+��� 2(% "��&�-�!�"%

B$F,�
���!�, �+�Fq��23( $� Phytozome V5.0 
(http://www.phytozome.net/soybean) ���23( $�
�&�,"'�'� PUT (PlantGDB-assembled Unique 
Transcript) 2(% "��&�-�!�"%B$F,�
���!�, �+�F
q��23( $� PlantGDB (http://www.plantgdb.org). 
�!�.c���* � �E(FH�323( $� "��& �-�!�"% �H�3 H�

F���)FI���"J%��J ����� "��&�-�!�"% �F��
�
"C��F��
HF�3��,F"'�'$T,&�  �+&��
�23( $��&�,"'�'� EST  �F
��*�., ����-D��-g����H�
%�� Euphorbiaceae ��* �
F���)FI� �F��*�., F���&�����&��!�T%2(%(����(� 
���F��((F�''G��� (�� ILP �"J�+��&��� 
�#�2(% 
Yang et al. (2007) [9] \)*% �2"J��(� �E( �&�23( $� 
coding sequence 2(% "��&�-�!�"% ��&�F�� 
alignment F"' �&�,"'�'�+��� 2(% "��&�-�!�"%�,�
H�3�-��F�  GeneSeqer [10] ��E*(H!3G,323( $�
�&��!�T%����
� ��
(����(� 2(% "��&�-�!�"% 
+�F�"J�((F�''G��� (����*+&������T(�&��!�T%
2(%�(KF\(���*��T( �T
�2(%�&��!�T%��*��,
T�+��-D�
(����(�(�$T ,3
��-��F�  Primer3 [11] ���* -�� ��
��J�,� �(K��(,3
�-o�F�������\�(���  20 µl \)* %
-��F(',3
�,��(K��(�3��'' 50 ng, 1X PCR buffer 
(20 mM Tris pH 9.0, 100 mM KCl, 3.0 mM MgCl2), 
dNTPs �"J% 4 ���, 400 µM, �$TG��� (��(�T�%�� 0.4 
µM ��� Taq DNA polymerase 1 Unit ���H�3�
�
�
H�F���&���\�(��� 94�C 1 ���� �� ,3
� 35 �(' 2(% 
94�C 30 
�����, (45-57)�C 30 
�����, 72�C 1 ���� 
����.,�3����*(.�!
$ � 72�C 5 ���� !�"%+�FF���&�
��\�(��� c�c�����\�(�����*G,3+��&� �
������!�,3
� 
agarose gel 1.5% ��� deneatuing polyacrylamide 
gel 6% ����3( ,3
�����3( �%�� [12] 

2.3 ���������
-
S$'�#� 
F���&��
� genetic diversity parameters 

2(%23( $�+���G�-���*G,3+�F���E*(%! ��,��(K��( �,�
H�3�-��F�  PowerMarker [13] (http://www. 
powermarker.net) -��F(',3
��T�+&��
�+���G�-� 
(NG), +&��
��(���� (NA), gene diversity (GD), 
heterozygosity (H), ��� polymorphism information 
content (PIC)  F���&��
� pair-wise genetic distance 
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	���,��� 1 �"
(�T�%�'$T,&� (Jatropha) ��*H�3H�F��
������!����%��3�%-����F� 
Geographic origin Accession identity Sources Accession number 

Northern Thailand  N-PH  Phrae 2 (1-2) 
(N) N-LM  Lampang 4 (3-6) 
  N-CM  ChiangMai 6 (7-12) 
  N-NA  Nan 1 (13) 
  N-SU Sukhothai 1 (14) 
  N-TK  Tak 1 (15) 
Northeastern Thailand  NE-LE  Loei 1 (16) 
 (NE) NE-MH  Mukdahan 2 (17-18) 
  NE-NR  Nakhon Ratchasima 1 (19) 
  NE-CP  Chaiyaphum 2 (20-21) 
Central Thailand C-NS Nakhon Sawan 2 (22-23) 
 (C) C-PT Pathum Thani 3 (24-26) 
  C-CN  Chai Nat 1 (27) 
  C-UT  Uthai Thani 1 (28) 
  C-NP  Nakhon Pathom 7 (29-35) 
  C-KB  Kanchanaburi 3 (36-38) 
Central Thailand C-NS Nakhon Sawan 2 (22-23) 
 (C) C-PT Pathum Thani 3 (24-26) 
  C-CN  Chai Nat 1 (27) 
  C-UT  Uthai Thani 1 (28) 
  C-NP  Nakhon Pathom 7 (29-35) 
  C-KB  Kanchanaburi 3 (36-38) 
Southern Thailand S-ST Satun 2 (39-40) 
 (S) S-NT Nakhon Si Thammarat 1 (41) 
  S-PL  Phatthalung 1 (42) 
Asia A-I   India  3 (43-45) 
  A-V Vietnam 1 (46) 
  A-M D2 D2 Myanmar 1 (47) 
  A-M Mague Mague Myanmar 1 (48) 
  A-M Namlat Namlat Myanmar 1 (49) 
  A-M Rwar-Ngn Rwar-Ngn Myanmar 1 (50) 
  A-M Tanngue Tanngue Myanmar 1 (51) 
  A-M ync-36 ync-36 1 (52) 
  A-L Lao 1 (53) 
  A-S Sri Lanka 1 (54) 
America  USA USA 2 (55-56) 
  Mexico Mexico 2 (57-58) 
 Africa Senegal Senegal 1 (59) 
Outgroup species J. gossypifolia  Thailand 1 
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��!
T�%�"
(�T�%�&��
�+�F�T� similarity coefficients 
[14] c���*G,3+�B$F�&� ���3�%�-D� dendrogram ,3
�
�#� 
unweighted pair group method with arithmetic 
average (UPGMA) \)*%2"J��(��"J%! ,+�B$F
-�� 
�c�+�F�-��F�  NTSYS-PC V2.0 [15] 
genetic variability parameters ��!
T�%F�.T -����F�
+�
������!�,3
��-��F�  PopGen [16] \)*% 
parameter �T�%� -��F(',3
� +&��
��(���� (Na), 
+&��
�2(% effective alleles (Ne), �T� heterozygosity 
��*��,! �� (He), ��� Shanon genetic diversity 
index (I),  gene diversity �
  (Ht), gene diversity H�
F�.T -����F� (Hs), ��� coefficient of gene 
differentiation (Gst) �T� Gene flow (Nm) -��� ��
+�F�$�� Nm=0.5(1-GST)/GST [17] F��
������!��
� 
�-�-�
���%�"�#.F�� 2(%F�.T -����F�H�3F��

������!� analysis of molecular variance (AMOVA) 
[18] ,3
��-��F�  ARLEQUIN 3.0 �T��
� 
�-�-�
���%�"�#.F��  �'T%�-D��T���!
T�%F�.T  
���
��H�F�.T -����F� �,�H�3 1000 random 
permutation H�F���,�('��,"'�"��&��"e ���
�.,�3��H�3�T� FST (phi-statistic; øST) ��*G,3+�FF��
�&��
� AMOVA �-D��"

", genetic distance 
��!
T�%F�.T -����F� �����3�% dendrogram +�F�T� 
FST matrix ��J ,3
�F��+",F�.T �'' UPGMA 
 

3. "�����%�', 
3.1 ����8����	8��-�7,'����'���
����)���

�����[%��'.��'%$�����+�',-��� ILP 
�-���'����'�&�,"'�'�2(% PUT ���

+��� 2(% "��&�-�!�"%,3
��-��F�  Geneseqer 
��E*(�3�!�+&��
�2(%(����(�����&��!�T% spice 
site +�FF���-���'����' 30,401 PUT +�F "��&�-�-

!�"%F"'�&�,"'�'�+���  386,403 �$T�'�  �(����(�
�"J%! , 153 (����(� ��*�� ��B��'.G,3 (����(���*
B$F��E(F �H�3H�F���"C�����E*(%! �� ILP  �2��,
�"J%��T 47-9,369 �$T�'� �,��a��*� 613.66 �$T�'� +�F
+&��
�(����(��"J%! ,��*�&����G,3  � 133 (����(� 
��* �2��,2(%�(KF\(�23�%����%��
�(��*+�((F�''
G��� (�� ILP G,3 �,�(����(���* ��
� ��
 �F
�F��G-+��& �H!3F��
� �����!�+���G�-� ��
� 
���,���E*(���E*(%+�F23(+&�F",2(%�
� �� ��B��F
�
� ��F�T�%2(%2��,��J�,��(K��( ,"%�"J�+)%��E(F
�a���(����(���* �2��,��KFF
T� 1,000 �$T�'�  �H�3
H�F��((F�''G��� (����E*(H�3H�F��
������!�
�
� !��F!���2(%2��,�B',��(K��( +�F�"J%! , 
133 ILP G��� (�� ��*((F�'' �  � 112 G��� (�� ��*
��E(FG-�"%�����!����H�3���* -�� ����J�,��(K��(2(%
+��� �F,��(K��(2(%�"
(�T�%�'$T,&��"J% 7 �"
(�T�% ���
�"
(�T�%�'$T�,%(�F!�)*%�"
(�T�% +�F+&��
�G��� (��
�"J%! ,��*B$F�,�('  � 63.4% (71/112) G��� (�� ��*
H!3c�c�����\�(�����* ��.�
��,� �� ��B��FH�F���&�
(�����������\��G,3(�T�%�",�+� +�Fc���*G,3��,%H!3
�!K�
T��$TG��� (����*((F�''+�F+��� �F,��(K��(2(%
 "��&�-�!�"%�� ��BH�3H�F��BT���(��$T�'$T,&�G,3
(�T�% �-�����#�
�� +�F+&��
�G��� (���"J%! ,��*
�&� ��,�('  �G��� (����*�$T (4.5%) ��3�%,��(K��(
!����B' \)*%G T�! ��� �T(F��H�3�-D����E*(%! ��
,��(K��( +)%�",G��� (���!�T��"J�((F+�FG��� (�� 71 
�$T ��*B$F�",��E(F �  �G��� (�� 57 �$T H!3���� (����\) 
H� 7 �"
(�T�% �'$T,&���*�.T ��E(F � \)*%G,3B$F�&�G-

������!��
� !��F!�����%�"�#.F�� F"'�"
(�T�%
�'$T,&��"J%! ,�T(G- (����(���*H�3H�F��((F�''
G��� (���"J% 71 �$T  �2��,�"J%��T 153-481 �$T�'� �,�
�a��*� 284.32 �$T�'� ����T
� �F (88.73%)  �2��,



�
��
�����
�
����������������                                                                                          ����  20 #$%$��  1 '(�
�' - '��
�' 2555 

 74

��KFF
T� 400 �$T�'� (�$-��* 1) ("���F��BT���(�2(% 
ILP G��� (��+�F "��&�-�!�"%�$T�'$T�,% (J. 
gossypifolia)  � 73% (66/112) +�Fc���*G,3��JH!3�!K�
T�
(����(�H��'$T,&��T
�H!eT��*�&���� ��
� B$F�3(% 
\)*%��,%H!3�!K�
T�F���&�����&��!�T%2(%(����(�
H��'$T ,& � � , �(3 � % (� % + � F�E � �3 � �'' H�
 % �� 
Euphorbiaceae ��T�  "��&�-�!�"%�"J��T(�23�% �
-�����#�
��F"'+��"� Jatropha 
 
	���,��� 2 F�����* -�� ��,� �(K��(,3
�-o�F�����      

��\�(��� 
 J. curcas J. gossypifolia 

PCR success rate 
PCR failure rate 
Good quality PCR product 
Multiple band PCR product 
Polymorphism rate 

75 (84.0%) 
37 (16.0%) 
71 (79.5%) 
4 (4.5%) 
57 (63.8%) 

66 (73.9%) 
46 (26.1%) 
66 (73.9%) 
0 (0.0%) 
 

 

 
�#���� 1 F��F��+���"
2��,2(%(����(� 
 

3.2 �����������S',�'�������^%$U�� ILP 
+�FF��
�����!� ILP �"J% 57 ���E*(%! �� 

�(�����"J%! , 152 �(����  �+���G�-��"J%! , 164  
+���G�-� +&��
��(�������+&��
�+���G�-� ��"J%��T 
2-5 ��� 2-7 �,��a��*� 2.67±0.81 ��� 2.88±1.05 
�� �&�,"' �T� PIC  ��"J%��T 0.06-0.58 �a��*� 0.35±0.10 

����T��
� !��F!���2(%����"J%��T 0.07-0.65 �,�
�a��*� 0.44±0.14 (����%��* 3) 
 

	���,��� 3 �
� �-�-�
��(����2(%
���E*(%! �� ILP 57 ���E*(%! �� 
H��'$T,&� 59 �"
(�T�% 

 NG NA GD PIC 
Mean 2.88 2.67 0.44 0.35 
Max 7 5 0.65 0.58 
Min 2 2 0.07 0.06 
Total 164 152   
NG = number of genotypes  
NA = number of allele 
GD= gene diversity 
PIC= Polymorphism information content 

 
3.3 ������$����2,�����,)��45������
���

������
-
���U�%��57� 
�
� !��F!�����%�"�#.F�� 
��H�

F�.T -����F��'$T,&���*-��� ��+�F���E*(%! �� ILP  �
�T��" -�����#���
� ��3����)%�"J%��T 0.41 [��!
T�% 
CP (NE5) F"'� KF\��F] B)% 1.00 [��!
T�% NP (C10) 
F"' NP (C13)] �a��*� 0.72 Dendrogram B$F��3�%2)J�
��E*(-��� ���
� �" �"�#���%�"�#.F�� ��!
T�%
�"
(�T�%�'$T,&��,�H�3F��
������!��'' UPGMA \)*%
�'$T�,%B$F��F((F �,3
��T��" -�����#���
� 
��3����)%F"���T�F"' 0.42 ���G T+",�23�F"'F�.T 
�"
(�T�%�'$T,&�H,� ��� F��+",F�.T ��,%H!3�!K�
T�
�"
(�T�%��* �+�F�T�%-������T
�H!eT+�B$F��FF�.T 
((F+�F-�����G�� �,��"
(�T�%+�F� KF\��F��*G T �
��I ( ���� prorbal ester (�$TH���,"'�*&�) B$F+",F�.T 
��F+�F�"
(�T�%+�F-�����(E*�� Dendrogram �"%
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��,%H!3�!K�
T��"
(�T�%�T
�H!eT��*G,3+�F�(���� \)*%
-��F(',3
��"
(�T�%+�F� T� (Tanngue, D2, Rwar-
Ngn) �
��,��  ��
 ���(���,��B$F+",(�$TH�F�.T 
�,��
F"� �T
�F�.T �"
(�T�%2(%-�����G�� ��
� 
��3����)%��%�"�#.F�� �" �"�#�F"'�EJ���*
$ �-����� 
(�$-��* 2) 
 

3.4 ����-���-�����,)��45����6���#7%8� 
�T��
� !��F!�����%�"�#.F�� 2(%�'$T

,&�B$FF&�!�,�-D� 6 F�.T  �" �"�#�F"'
$ �
��2(%
�!�T%��* �2(%�"
(�T�% (����%��* 1) �
� !��F!���
��%�"�#.F�� +�B$F�&��
��"J%��!
T�%���
��H�
F�.T  �-(���\K���2(%���E*(%! ����* ����� (����\) H�
��T��F�.T  ��"J%��T 84.51% (
��H�3) B)% 90.14% 
(
���!�E() �,��a��*� 96.71% �T� Nei�s genetic 
diversity (He) ����T� Shannon index (I)  ��"J%��T 
0.39-0.46 ��� 0.51-0.61  ��T��a��*� 0.43 ��� 0.60 
�� �&�,"' (����%��*  4) ��,%H!3�!K�
T��"
(�T�%��*
�
'�
  ��"J� �q���"�#.F�� �T(�23�%F
3�%
��H�
F�.T  F�.T -����F���* ��T� genetic diversity �$%��*�.,
�E(
����
"�((F�a��%�!�E( ����*&���*�.,�E((� ��F�
����(���F� B)%� 3
T��"J%�(%F�.T +�-��F(',3
�
+& ��
��"
(�T �%��* � �T �F"�  \)* %�" �"�#�F"'�T �  ne 
(effective number of allele) �,�F�.T ��
"�((F�a��% 
�!�E( ��T��$%��*�., ��,%H!3�!K�
T��
� �-�-�
�
2(%2��,�"
(�T�%��!
T�%F�.T -����F� (4-17 
�"
(�T�%�T(F�.T ) G T ��
� �" �"�#�F"'�
� 
!��F!�����%�"�#.F�� ��!
T�%F�.T -����F�!�E(

��H�F�.T -����F� ����T� Gst (coefficient of gene 
differentiation) ��T�F"' 0.06 \)*%��JH!3�!K�
T��
� 
!��F!�����%�"�#.F�� ��!
T�%F�.T -����F�G T �
�
� ��F�T�%F"� �F�"F \)*%�(,��3(%F"'�T� Nm 

(gene flow index) ��*�T��T(�23�% �F (3.64) ��,%B)% �
F��BT������F�-��*���"�#.F�� ��!
T�%-����F�H�
("����$% 
 

	���,��� 4 �
� !��F!�����%�"�#.F�� 
2(%F�.T -����F��"J% 6 F�.T  �,�

������!�+�F���E*(%! �� ILP 

Group n na ne He I 
North 15 2.11 1.84 0.43 0.61 
Northeast 6 1.97 1.85 0.46 0.61 
Central 17 1.95 1.82 0.42 0.59 
South 4 1.90 1.80 0.46 0.58 
Asia 11 2.18 1.77 0.40 0.59 
USA and Africa 6 1.88 1.70 0.39 0.51 
Total 59 2.47 1.84 0.43 0.60 
SD 

 
0.12 0.06 0.03 0.04 

 
Ht Hs Gst Nm 

 
 

0.42 0.42 0.06 3.64 
 Na = Number of alleles 

ne = Number of effective alleles 
He = Nei�s genetic diversity 
I = Shannon index 
Ht = Total gene diversity 
Nm = gene flow index 
Gst = coefficient of gene differentiation 

 

3.5 �����	�	7�,��,)��45�����
-�7�,��57�

��
&�����#7%8� J. curcas 
+�FF���'T%�"
(�T�%�'$T,&��"J% 59 �"
(�T�% 

�-D� 6 F�.T  �� 
$ �
������!�T%��* �2(%�"
(�T�% 
��3
-��� ���T� Fst ��!
T�%�$T2(%F�.T -����F� 
(����%��* 5) �'
T��T� Fst ��!
T�%F�.T 
���!�E(F"'

����
"�((F�a��%�!�E( (Fst = -0.04052) ���
��!
T�%F�.T 
���!�E(F"'F�.T 
��F��% (Fst =          
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-0.023)  ���,"'��*�*&����G T ��"��&��"e (p>0.05) �T� 
Fst ��*��,�'��J��JH!3 �!K�B)%�
� ��F�T�%��!
T�%
� ���F
��H�F�.T -����F���* �FF
T���!
T�%F�.T 
-����F� \)*%'(FB)%F�� ���,"'2(% gene flow (�T�%
G T+&�F", \)*%! ��B)%-����F��"J%�� ��JG T�� ��B
��F�-D�F�.T -����F��T(�G,3  H�2����*�T�  Fst 
��!
T�%F�.T -����F�
��F��%F"'(� ��F����
�(���F� ��T���T�F"' 0.1406 ��,%B)%F���F�, gene 
flow ��*+&�F", \)*%! ��B)%F�.T -����F���J ��
� 
!��F!�����%�"�#.F�� ��*��F�T�%F"� � E*(
������!�
F��+",F�.T �,�H�3�T� genetic identity ,3
�
�#� 
UPGMA G,3 dendrogram ,"%�$-��*  3 ��,%B)%
�
� �" �"�#���%�"�#.F�� F"'
$ �-��������
�!�T%��* �2(%�"
(�T�% �,� �F����F�"
2(%F�.T 
�(�������(� ��F�F"'�(���F�+�FF�.T -�����G��
(�T�%�",�+� �T� coefficient of genetic differentiation 
��!
T�%F�.T -����F� (GST) ��T�F"' 0.06 \)*% �c�
�(,��3(%F"'F��
������!� AMOVA ��,%H!3�!K�
T�
�
� �-�-�
���%�"�#.F�� �T
�H!eT(�$T
��H�
F�.T -����F� 96.86% (����%��* 6) �,��"�#.F��  �
F���!�E*( \3(�F"� �F��!
T�%F�.T -����F��T(�� 

H��EJ���*
$ �
����*HF�3����%F"�2(%�!�T%��* �2(%
�"
(�T�%�'$T,&� 
 

 
 

�#���� 3 Dendrogram ��*��3�%+�F�T�����!T�%��%
�"�#.F�� ��!
T�%F�.T -����F��"J% 6 F�.T  

 

4. ��U��[
"�����%�', 
4.1 ���+�',-��� ILP  

���E*(%! �� ILP B$F((F�''H!3(�$T'�
'���
�2(%�(KF\(���*��T( �T
�2(%(����(�(�T�%
�3(�!�)*%(����(� \)*%(�+ �!�E(G T ��&�,"'�'�\J&� 
microsatellite (�$TFKG,3 �,�F���F�,
�
"C��F����*
'���
�(����(���J �c�F���'�T(��*% ���
���3(�F
T�
F���F�,��*'���
��(KF\(� [19] ,"%�"J�+)%�-D�'���
���* �  
 

	���,��� 5 �
� ��3����)%��%�"�#.F��  (�T
�'�����%) ����T� Fst (�T
��T�%
����%) 
������!�,3
����E*(%! �� ILP 

Groups North Northeast Central South Asia USA/Africa
North - 0.9891 0.9946 0.9591 0.9511 0.9095 
Northeast -0.0405ns - 0.9855 0.9550 0.9423 0.9040 
Central -0.0230ns -0.0309 - 0.9565 0.9393 0.8962 
South -0.0113 -0.0376 -0.0043 - 0.9325 0.9000 
Asia 0.0351 0.0242 0.0534 0.0254 - 0.9597 
USA/Africa 0.1218 0.1044 0.1406 0.1128 0.0425 - 

nsnot significant at p<0.05 
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�#���� 2 Dendrogram ��,%�
� ��3����)%F"���%�"�#.F�� ��!
T�%�"
(�T�%�'$T,&� 
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	���,��� 6 Analysis of molecular variance (AMOVA) ��!
T�%���
��H�F�.T -����F�
�"J% 6 F�.T  

Source of 
Variation 

 

d.f. 
Sum of 
squares 

Variance 
Component 

Percentage of 
variation 

 

F
ST
 

Among group 
Within group 

5 
112 

128.05 
1785.47 

0.51716Va 
15.9417Vb 

3.14 
96.86 

0.03142 

 
�
� !��F!����T
�H!eT��* �'+� �-D��
� 
!��F!�����*�F�,+�F2��,2(%(����(� \)*%(����(�
��* �2��,H!eT �F�  "F+� ��
� !��F!���H�
��,"'�*&� [20,21] 

���E*(%! �� ILP �-D����E*(%! ��,��(K��(
�'' codominant ���,!�)*% \)*%�� ��B��
+�('G,3
%T���,�H�3-o�F�������\�(���,3
��$TG��� (����*((F�''
 �H!3��T( '���
���*��,
T�+��-D�(����(� B)%� 3
T� 
23( $�2��,!�E(�&��!�T%2(%�(KF\(����(����(�
H��'$T,&��"J��"% �G T �F�"F ��TF���&����2��,���
�&��!�T%2(%�(KF\(�2(%�E����,(E*� +�F�$-�''F��
(�.�"FI����%��3�%2(%'���
���*�-D��(KF\(�2(%�E���*
 �
�
"C��F��HF�3����%F"� ��E*(�"C�����E*(%! �� ILP 
+�FG��� (����*((F�''H!3��T( (����(� H�
F���)FI���JG,3H�3�&�,"'�'�2(% EST ����'F"'�&�,"'
�'�+��� 2(% "��&�-�!�"% \)*%�-D��E��3��''H�

%�� Euphorbiaceae ��* ��
� HF�3��,F"'�'$T,&� ��E*(
((F�''G��� (���&�!�"'�"C�����E*(%! �� ILP H�
�'$T,&�  � 84% 2(%G��� (���"J%! ,��*�� ��BH!3
c�c�����\�(���G,3 \)*%B$F�&�G-�"C���-D����E*(%! �� 
ILP ����FE('�"J%! ,��J�� ��BBT���(��$T�E�H�+��"�
�,��
F"�G,3�&���K+ 

+�FF��
�+"���*cT�� � ���E*(%! �� ILP 
�T
�H!eTH�3H�F���)FI��
� !��F!�����%
�"�#.F�� ��!
T�%�-g����!�E(H���,"'��*�$%F
T� [3,4] 

���E*(%! ��,��(K��(���,��JH�3H�F���)FI��
� 
!��F!�����%�"�#.F�� 
��H��-g����G,3G T �F�"F 
�F�
3�F���)FI�2(% Ming et al. (2010) [22] \)*%�)FI�
�
� !��F!�����%�"�#.F�� ������%��3�%2(% 
�-g �� �� �T ( � H�23 � 
  �, � �-�� �' ��� �' ��!
T � %
���E*(%! �� ILP ��� SSR \)*%���E*(%! �� ILP H�
F���)FI���J �-D����E*(%! ��,��(K��(���,��F��*H�3
�)FI��
� !��F!���������%��3�%��%�"�#.F�� 

��H� �-g����H��'$T,&�G,3�-D�(�T�%,� 

4.2 ���,��$�,��
&�����
����-���-���
��,)��45����S',��#7%8� 

� 
 �  �$3 � 
 �  � 23 � H + � � % ,3 � � � 
 �  
!��F!��� ��%�"�#.F�� ���F��F��+���"
2(%
�
� �-�-�
��"J%
��H������!
T�%�"
(�T�%�'$T,&�
��*�FK' �+�F'���
�
$ �
����*��F�T�%F"�H�-�����
G�� �����*�&��23� �+�F�T�%-������"J� ��
� �&��"e
�T(F���FK'�
'�
 ����"FI��
� !��F!�����%
�"�#.F�� 2(%�"�#.��'$T,&� ���H!3��('��. �
� 
!��F!�����%�"�#.F�� �"J%! , ��E*(H�3H����%F��
-�"'-�. %�"�#.�  �  E* ( G T�����J  � � � �%��F��H�3
���E*(%! �� RAPD ��� ISSR, AFLP, gSSR ��� 
EST-SSR ��E*(�)FI��
� !��F!�����%�"�#.F�� 
2(%�'$T,&�H�(���,�����+�� [7,23,24,25,26] ��T�"%G T
 ����%��F���)FI��
� !��F!�����%�"�#.F�� 
H��'$T,&�,3
����E*(%! �� ILP \)*%H�F���)FI���"J%��J
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H�3���E*(%! �� ILP H�F���)FI��
� !��F!�����%
�"�#.F�� ������%��3�%-����F� 

� E*(����'F"'F���)FI�(E*�� ��3
 ��,"'
2(%�
� !��F!�����%�"�#.F�� H��'$T,&��"%(�$TH�
��,"'F��% (Ht=0.44) �$���F��%B�*�F&����,2(%�'$T,&�
�"J��"%G T �23(��.-��*��T�", ��TFK��E*(F"�
T��T�+� �
�!�T%F&����, �+�F� KF\��F���(� ��F�F��% ��� �
���%��
T�H�(���,�����+���"J� �F���&��23��'$T,&�G T
 �F�"F+)% ��
� !��F!�����%�"�#.F�� ��*
�T(�23�%�*&� \)*%��3��F"'F�����TF��+��2(%�'$T,&��23�
�$T-�����G���,���
�-��.�F� �FF
T��(%��
��I
FT(� [27] F����*-�����G�� �F���&��23��"�#.��'$T,&�
�T(�23�%�3(�����'$T,&�FK�-D��E���* �F��2����"�#.�
�''G T(��"���� +)%�&�H!3�
� !��F!�����%
�"�#.F�� 2(%�'$T,&�H�-�����G��(�$TH���,"'G T
�$%�"F +�F�T� AMOVA ��,%H!3�!K�B)%��,"'2(%
F���!�E*( \3(�F"� ��� �F�.T -����F��T(���KF� ��*
2)J�F"'����!T�%��%
$ �������  c���*G,3+�FF��

������!���J�� ��B(#�'��G,3
T� �!�T%2(%�
� 
�-�-�
���%�"�#.F�� ��*�'+�FF���)FI���JG,3+�F
F���",�T
�2(%�3��'$T,&� �\)*%��,
T�+��-D��"
���
�"�#.F�� �'$T,&�2(%�EJ���*-�$F����B����,�(%
�"J�� ��TG T �23( $�2(%�!�T%��* �2(%��EJ(�"�#.F��  
(germplasm) ���2��,2(%F�.T -����F� �"
(�T�%
�'$T,& �H�G����* H�3H�F���)FI���"J %��J(�+ �F��
��F�-��*����EJ(�"�#.F��  F"�(�T�%(������!
T�%
�EJ���*��*��F�T�%F"� +�FF��-��� ���T� F

ST
 �''����$T 

(����%��* 5) �'
T�F�.T -����F���* �
$ �-�����
HF�3����%F"�FK+�B$F+",(�$TH�F�.T ��*HF�3F"� �FF
T�
F�.T -����F���* �
$ �-�����GF�F
T� ��,"'2(%
�
� ��F�T�%��%�"�#.F�� +��,�%� E*(F�����T
�"�#.�2(%�'$T,&��T
�H!eT�-D��''G T(��"���� H�

�EJ���*HF�3����% B)%� 3
T��'$T,&�+��� ��BH!3� �K,G,3
+&��
� �FFK��  \)*%�&�H!3 ���,"'�
� �-�-�
�
��%�"�#.F�� 
��H�F�.T -����F��$%��T ���,"'
�
� �-�-�
���!
T�%F�.T -����F��*&� 

c�+�F dendrogram ��*��3�%+�F�
� 
�! E(�F"���%�"�#.F�� ��!
T�%-����F�2(%�'$T,&� 
6 F�.T  (�$-��* 2) ������%��3�%2(%F�.T -����F� 
��,%H!3�!K�
T�F�.T �"
(�T�%��* �+�F(� ��F����
�(���F�  ��
� ��F�T�%��%�"�#.F�� F�.T �"
(�T�%
H�G���T(�23�%�$%("���E*(% �+�F�
� B�*�(������*
��F�T�%F"� ��E*(%+�F�T� F

ST
 �-D��T����%�-���'����'

��E*(-��� ���
� ��F�T�%��%�"�#.F�� ��!
T�%F�.T 
-����F� �
� �-�-�
���%�"�#.F�� 
��H�F�.T 
-����F�(� ��F�����(���F���*�*&��"J� (�+�&�H!3F��
-��� ���T� F

ST
 �$%F
T���*�
�+��-D��T�����(��G\�F-

\���J��*��,! �� (0.39) ����T��
� !��F!�����%
�"�#.F�� 2(%���(� (0.51) 2(%(� ��F����
�(���F� (����%��* 4)  ��T��T(�23�%�3(� \)*%��,%H!3
�!K�
T��"
(�T�%�"�#.��'$T,&�+�F(� ��F�����(���F�
(�+�� ��B��*+�H�3H�F�����* �
� !��F!�����%
�"�#.F�� H�G��G,3��T(�+G T �-�����#�
�� �F�"F 
��T(�T �%G�FK�� � E*(��+�����"�#.� +�F�\��F"� 
� KF\��F ��� Namlat � T� ��,%H!3�!K�B)%�
� 
��F�T�%��%�"�#.F�� ��*�T(�23�% �FF"'�(%�"
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