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ออ้ยพนัธ์ุ K84-200 ใชใ้นการชกันาํใหเ้กด ิ somaclonal variation โดยการเพาะเลียงเนือเยื�อ$ $
ผานแคลลสัจากชินสวนใบออนและยอดออน ชกันาํแคลลสัในอาหารสูตร ่ ่ ่ ่$ MS ที�เติมสารควบคุม
การเจริญเติบโต 2,4-D ปริมาณ 3 มิลลิกรัมตอลิตร่  เปลี�ยนถายอาหาร ่ 5 ครัง $ (15 สัปดาห์) กอนชกั่
นาํยอดในอาหารสูตร MS ที�ไมเติมสารควบคุมการเจริญเติบโต  ตรวจสอบความแปรผนัของโซมา่
โคลนในระดบัโมเลกุลดว้ยวธีิ SSR  RAPD  และ SSR รวมกบ ่ ั RAPD  ผลแสดงคา่ similarity 
coefficient และคา่ similarity matrix  วธีิ SSR ไดค้าระหวาง ่ ่ 0.80-1.00 และ 0.6785-1.0000   วธีิ 
RAPD ไดค้าระหวาง ่ ่ 0.65-1.00  และ 0.4404-1.0000   วธีิ SSR รวมกบ ่ ั RAPD ไดค้าระหวาง่ ่  0.72-
1.00 และ 0.5625-1.0000 ตามลาํดบั  phylogenetic tree สามารถแยกความแตกตางทางพนัธุกรรม่
ได ้6 กลุม โดยกลุมที� ่ ่ 5 และ 6 เป็นโซมาโคลนที�รอดจากอาหารที�เติม NaCl 1.5% (นาํหนกัต$ ่
ปริมาตร) ซึ� งพนัธุกรรมแตกตางจากออ้ยพนัธ์ุ ่ K84-200 อยางชดัเจน นอกจากนีการวเิคราะห์ใน่ $
ระดบัเซลลพ์นัธุศาสตร์ของออ้ยพนัธ์ุ K84-200 มีจาํนวนโครโมโซม 2n=80, 83, 100 และ 108 
สวนโซมาโคลนที�ศึกษาพบ่ การแปรผนัของจาํนวนโครโมโซมตงัแต $ ่ 2n=53-146  และบางโซมา
โคลนโครงสร้างของโครโมโซมแตกหกั ไดแ้ก ่ 9S5M 99L5M 38L5M 65L5N 17L5M(T) 
59L5M(T) และ 93L5M(T) พบการเพิมและลดลงของจาํนวนโครโมโซมแบบ � anueploid  อยาง่
ชดัเจน และโซมาโคลน 2L5M พบจาํนวนโครโมโซมหลากหลายมากที�สุดคือ 2n=80, 90, 100, 
110, 116, 146  ชุด  และตวัอยางที�รอดในอาหารเติม่  NaCl 1.5% (นาํหนกัตอปริมาตร$ ่ ) มีจาํนวน
โครโมโซมสวนใหญแตกตางจากพนัธ์ุ ่ ่ ่ K84-200 โดยโซมาโคลน 11S5N(T) มีจาํนวนโครโมโซม
แตกตางออกไปมากที�สุดในกลุมคือ ่ ่ 2n=63, 65, 72 และ 90  โครโมโซม 2n=80 พบมากที�สุด 11 
โซมาโคลนจากทงัหมด $ 17 โซมาโคลน สวนใหญจาํนวนเซลลที์�พบคือ ่ ่ 2n=80 พบ 77 เซลลจ์าก 
193 เซลล ์จากผลการตรวจสอบในระดบัโมเลกุลและวเิคราะห์ในระดบัเซลลพ์นัธุศาสตร์สามารถ
ตรวจสอบการเกด ิ somaclonal variation ไดอ้ยางชดัเจน่  
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Sugarcane variety K84-200 was studied for somaclonal variation. Somaclones derived 

from callus culture.  For callus induction, leaf and shoot explants were subjected to in vitro 

culture on MS medium supplemented with 3 mg/l 2,4-D for 5 times of subculture (15 weeks). 

Shoots were regenerated in MS medium without growth regulator. Molecular variations were 

detected by SSR marker, RAPD marker and SSR marker collaborate with RAPD marker.  The 

result showed that the similarity coefficient and similarity matrix were in range of 0.80-1.00 and 

0.6785-1.0000 for SSR marker, 0.65-1.00 and 0.4404-1.0000 for RAPD marker and 0.72-1.00 

and  0.5625-1.0000 for SSR marker collaborate with RAPD marker, respectively.  The 

phylogenetic tree can distinguish genetic group of sugarcane somaclone into 6 groups. In the 

group 5 and 6, all somaclones could be survived in 1.5% NaCl (w/v) medium which their 

genetics showed distinctly different from K84-200.  The genetic difference of somaclones from 

sugarcane also clearly in cytological analysis. Sugarcane variety K84-200 contain the 

chromosome number of 2n=80, 83, 100 and 108. The study found variation of chromosome 

number from 2n=53 to 2n=146 and also found structural aberrant. Chromosome deletion were 

found in some somaclones as 9S5M 38L5M 65L5N 17L5M(T) 59L5M(T) and 93L5M(T). 

Aneuploid were mostly found in this work. The most diverse number of chromosome was found 

in 2L5M somaclone which chromosome numbers were 2n=80, 90, 100, 110, 116, 146. The 

mostly common chromosome numbers from 11 of 17 somaclones was 2n=80.  The chromosome 

set of 2n=80 was frequently found in 77 cells from 193 cells.  Result showed that molecular 

level detection and cytogenetical analysis were verifying the occurrence of somaclonal variation 

clearly. 
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2 N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� MCSA175A08 ก�
 

somaclone "#$#%#� 58 	��#�Q�$ 
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7 phylogenetic tree "#$#%#� 58 	��#�Q�$ �&'��� 
�)��+%���R
�ก
� NTSYSpc 2.2 

�+�#����"%#�O! ������,#� (similarity) �&' �������ก�� ��  SSR �!) RAPD 53 
8 � 
�����"#$#%#�a� somaclone 9S5M 56 
9 � 
�����"#$#%#�a� somaclone 10S5M 57 
10 � 
�����"#$#%#�a� somaclone 50S5M 57 
11 � 
�����"#$#%#�a� somaclone 56S5N 58 
12 � 
�����"#$#%#�a� somaclone 99S5M 58 
13 � 
�����"#$#%#�a� somaclone 2L5M 59 
14 � 
�����"#$#%#�a� somaclone 21L5M 60 
15 � 
�����"#$#%#�a� somaclone 38L5M 61 
16 � 
�����"#$#%#�a� somaclone 65L5N 62 
17 � 
�����"#$#%#�a� somaclone 83L5M 63 
18 � 
�����"#$#%#�a� somaclone 11S5N(T) 64 
19 � 
�����"#$#%#�a� somaclone 34S5N(T) 64 
20 � 
�����"#$#%#�a� somaclone 75S5M(T) 65 
21 � 
�����"#$#%#�a� somaclone 17L5M(T) 65 
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 ��;�DE�� (+L�) 

E����� #��� 
  

22 � 
�����"#$#%#�a� somaclone 59L5M(T) 66 
23 � 
�����"#$#%#�a� somaclone 93L5M(T) 66 
24 � 
�����"#$#%#����23� K84-200 67 
   

E��G��ก���  
  

1 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� MCSA068G08 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  SSR (M=+&�#w��#��	
��� (Фx- 
174/HinfI)) 90 

2 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� MCSA175A08 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  SSR (M=+&�#w��#��	
��� (Фx- 
174/HinfI)) 91 

3 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� MCSA180E02 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  SSR (M=+&�#w��#��	
��� (Фx- 
174/HinfI)) 92 

4 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� MCSA205C07 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  SSR (M=+&�#w��#��	
��� (Фx-
174/HinfI)) 93 

5 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� SMC226CG ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  SSR (M=+&�#w��#��	
��� (Фx-
174/HinfI)) 94 

6 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� SMC319CG ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  SSR (M=+&�#w��#��	
��� (Фx- 
174/HinfI)) 95 

 



 

(7) 

 ��;�DE�� (+L�) 

E��G��ก��� #��� 
  

7 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� SMC477CG ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  SSR (M=+&�#w��#��	
��� Фx- 
174/HinfI)) 96 

8 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� SMC863CG ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  SSR (M=+&�#w��#��	
��� (Фx- 
174/HinfI)) 97 

9 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� universal primer 2  
(pharmacia kit) ก�
 somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 98 

10 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� universal primer 3  
(pharmacia kit) ก�
 somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 99 

11 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� universal primer 6  
(pharmacia kit) ก�
 somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 100 

12 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� OPA-02 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 101 

13 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� OPA-04 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 102 

14 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� OPA-08 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 103 

15 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� OPA-01 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 104 

16 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� OPA-10 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 105 

17 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� OPA-16 ก�
  
somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 106 



 

 ��;�DE�� (+L�) 
 
 

E��G��ก��� #��� 

  
18 
OR�

"#$�b
+&�#w��#�&'c+%��กก�
��$� 
�)��+%��c�
��#
� OPA-18 ก�
  

somaclone "#$#%#� 58 	��#�Q�$ �+�aP%�� ��  RAPD 107 
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������;�� �D��ก><	�������L� 
 

2,4-D = 2,4-dichlorophenoxyacetic acid 
AFLP = amplified fragment length polymorphism 
CCS = commercial cane sugar 
DNA = deoxyribonucleic acid 
EST = expressed sequence tag 
FAO = food and agriculture organization 
MS = Murashige and Skoog (1962) 
NAA = α-naphthalene acetic acid  
NMU = nitrosomethylurea 
OD = optical density 
PCR = polymerase chain reaction 
PEG = polyethylene glycol 
PIC = polymorphism information content 
RAPD = random amplified polymorphic DNA 
SDS = sodium dodecyl sulfate 
SSR = simple sequence repeat �
,# microsatellite 
UPGMA = unweighted pair group method using arithmetic average 
X = basic chromosome number 
 
 
 
 

(9) 



ก��
����ก�����������������������
�กก����������������� �!����"���#��� SSR 

��� RAPD ���ก���������#	����	����)*� +�	 
 

Identification of Sugarcane Somaclones Dirived from Callus Culture by SSR and  

RAPD Markers and Cytogenetical Analysis  
 

������ 
 

#%#��Rg��,P��
��ก���!�ก"#$R
)���c�� R�S���&'���a�%N!N!�	#%#��+�
��!+�%#�!$�&
�!������	3 c+%�กQ R�S���&'�ก�+��ก�J����+!%#�c�Q����)�� �
 �!)��!$��	
O�,P�"%����!�� 
�Rg�	%� +�$��*��X$�& �������Rg��&'�)	%#$R
�
R
3$�!)��(�����23�#%#�a�%����)��ก�
�J���,*��&'
R!Oก 
��bX$����
b	%������
 �!)��!$��	
O�,Pc+% �X'$ก�
���a�%��
���23ก

��R!&'���R!$cR
�Rg���'$��� �SR
)ก�
�
ก"#$��กR
�
R
3$���23��&'�)���a�%c+%���23�#%#�a��Qu �ก�+"X*� �+���'�cR�!%�
aP%��2&ก�
R
�
R
3$���23�+%��ก�
N�����23��

#������� �X'$aP%��!� Q#�"%�$����!)aP%�
$$����ก
a�ก�
 �+�!,#ก	%����23��&'	%#$ก�
 ก�
�&'�)���a�%���23ก

��R!&'���R!$cRa�
)�)��!�#����*� 
R
)���+�
$$�� �!)ก����+�����$ ���	%#$ก�
c+%  ,#ก�
aP%�� �� �&'���a�%��
���23ก

�   
�R
N��cR��ก�+�� �
,#�
&�ก�Q� somaclonal variation  �X'$��2&ก�
�&*�Rg��� �� ก�
���)�!&*�$��,*#��,'#
�,P�&'���a�%P�*���,*#��,'#�,P�&'�Xก��NQ��ก
)
��ก�
�ก�+� !!�� (callus) �Rg�
)�)��!���X'$ �
,#aP%
��
� �&�&'PQ�����a�%�ก�+ ����R
N����$���23ก

� ����
b �+�!,#ก���23��&'	%#$ก�
c+%#�Q�$
�+�
w� 
ก�
�Xก���&a��,P�!��P��+ �PQ� ก
)��&�� (Al-Zahim et al.,1999)  #%#� (Arencibia et al., 1999, 
Zucchi et al., 2002 and Khan et al., 2004) �Rg�	%�  ����R
N����$���23ก

�����
b	
���#

�+�ก�
�Xก��������� 
������&'�R!&'���R!$cRJ��a	%ก!%#$�3!�

���+%���� �� ��$         
��!!����23���	
� (cytogenetic) 
Q��ก�
ก�
aP%ก�
	
���#
��$P&���������!ก3! (molecular 
biology) �X'$�& ���bOก	%#$��Q���� �& ���!)�#&�+"#$"%#�O!�O$ �!)	#
R�S���ก&'��ก�
ก�
�ก�+ 
somaclonal variation a�#%#�c+% 
��bX$�Rg�"%#�O!�
,*#$	%�a�ก�
��(�����23�#%#� +�$��*�$��������&*
�X$	%#$ก�
�Xก��ก�
�ก�+ก�
�R!&'���R!$��$���23ก

�"#$ somaclone "#$#%#��&'�ก�+��ก��2& 
somaclonal variation +%��ก�
�Xก��ก�
�R!&'���R!$a�
)+�
� 
����� �!)��
���23ก

� ��,'#
�)���#%#��&'�&ก�
�R!&'���R!$��$���23ก

�+�$ก!Q�� aP%a�ก�
��(��#%#�a�%�&!�ก��)	��	%#$ก�

	Q#cRa�#�� 	



��+a)C�� ��	 
 

��,'#�Xก��ก�
�R
N����$���23ก

���*$a�
)+�
+&�#w��#�!)� 
�����"#$#%#��&' 
��(����ก��2& somaclonal variation 
 
 ��,'#�Xก��ก�
�R
N����$���23ก

���*$a�
)+�
+&�#w��#�!)� 
�����a������ !��&'
��� w��!)c�Q��� w� 
 



ก��+��
��ก �� 

 
�����F���*�>bก�
 
  
 #%#��Rg��,P�&'��3���
O%��ก�!)aP%R
)��P������� 	���!�ก����
�Q�aP%a�ก�
#3R�J �!)


��J ��ก�Q� 2200 R�  �P,'#�Q�b�'�ก�����++�*$�+��#�OQa����ก��& �!)��OQ�ก�)aก!%� &�$"#$���ก��& #%#���+
#�OQa� tribe Andropogoneae �$�� Gramineae P,'#��������	
� ,# Saccharum spp. P,'#����S ,# 
sugarcane +%�� ����&'#%#��Rg��,P�&'a�% ������� �����aP%R
)��P��c+%�!�ก�!��
OR�

 �X$�&
ก�
��(��������23�a�%����)��#�Q�$	Q#��,'#$	�*$�	Q#+&	��bX$R���3
�� #%#����23�R!Oกa�R���3
���X$
�Rg�!OกN���

 Inter-specific hybrid 
)��Q�$���23�R!Oก�!)���23�R���!��������23�   c+%�กQ          
S. officinarum, S. spontaneum, S. robustum,  S. barberi,   S. sinense. �!) S. edule.  
��bX$��(��
��ก#%#�!OกN��P��+#,'�u #&ก��ก��� (Sharpe, 1998)  �!)�&���23ก

��Rg� heterozygous 
(Poehlman and Sleper, 1995) 
 
 a�R
)���c��#%#�����R!Oก�Rg�ก�
 %���,'#$��ก�����aP%R
)��P��a�ก�
#3R�J 

��J 
c+%�!�ก�!��
OR�

  N!N!�	�&'c+%�!�ก ,# �*��	�! �#ก��ก�&*��$�R

OR��,'#aP%�Rg���!Q$�!�$$��
�+���  �*������P,*#��!�$ N!�	�#!ก#�#!�  N!�	J����ก
)+����กP��#%#� �!� R
)���c��N!�	
#%#�c+%�Rg�!��+�
�&' 4 "#$�!ก 
#$��กR
)���

���! #���+&� �!)�&� (Food and Agriculture 
Organization [FAO], 2007) c���&�,*��&'R!Oก#%#���กbX$ 6.5 !%��c
Q ����
bN!�	#%#�c+%R
)��� 
64 !%��	��	Q#R� �O! Q�ก�
�Q$##ก�*��	�!�
��+�
�!)�*��	�!�
��"��a�R� 2551 
��c�Q	'��ก�Q� 
47,000 !%��
�� �!)�
�Q��&�����%����'���ก"X*�a��3กu R� #�Q�$c
กw	��N!N!�	#%#�	Q#c
Q�+�
�v!&'���Q�ก�
 11.15 	��	Q#c
Q (�����ก$����
��ก��ก�
�ก�	
, 2551) 
Q$
#กbX$��ก�J��ก�
N!�	#%#�
a��P�$ 3�J���&'��$ $+%#�ก�Q�R
)��� OQ�"Q$
��a�SQ#,'�u ����	3#����,'#$�� ��กR�S���,*��&'
���)R!Oกc�Q����)�� �J��+�����#�ก�� �
,#������23�#%#��&'c�Q����)ก�
�J����+!%#� +�$��*�
ก�
��(��������23�#%#�a�%����
b��	Q#�J��)��+!%#��&'c�Q����)���Rg���$##ก��X'$�&'PQ��!+
R�S���
,'#$N!N!�	c+% 
 
 
 
 



 

4 

ก��*cก>�ก���C������C���������)ก�������"F���BF������� somaclonal variation 

 
 ก�
���)�!&*�$��,*#��,'#�+���'�cR��,'#	%#$ก�
"������23�a�%c+%�,P�&'�&!�ก��)��$����c�R� 
(phenotype) ���,#�	%���Q�Rg���������กa�
)�)��!�#����*� �	Q�&
�$ก
�&�,P�&'P�ก���a�%�Rg�	%�
a��Q�&!�ก��)�&'�	ก	Q�$cR��ก�+�� �+� Heinz and Mee (1969) ��$�ก	��w��Q�#%#��&'P�ก���a�%�Rg�
	%�a��Q�+�NQ��ก�
�ก�+� !!��"#$ก
)
��ก�
���)�!&*�$P�*��Q���#+ a
 �!)ก%��PQ#+#กa�
#���
��$� 
�)���&'�	����
 �
 3�ก�
��
�S�	�
�	 2,4-dichlorophenoxyacetic acid (2,4-D) 3 
��!!�ก
��	Q#!�	
 �&!�ก��)��$������������	ก	Q�$cR��ก�+�� �!)�& ����R
N��"#$������
� 
������ก�+"X*� �X$���a�%�Rg��&'��a�"#$��ก�����+%��R
�
R
3$���23��,P ��,'#$��กก�
�R!&'���R!$
+�$ก!Q��#�����a�%�ก�+!�ก��)a��Q�&'�&
�
����� �S	Q#�,P��*�u c+% 3���
�	��&'+&���'���ก"X*� �
,#
#��ก!Q��c+%�Q��Rg�ก�
R
�
R
3$���23��,Pa�%+&"X*�+%��ก�
aP%�� �� ���)�!&*�$��,*#��,'# �PQ� ���a�% 
N!N!�		Q#	%����'���ก"X*� 	%�����	Q#�
 �!)��!$��	
O�,P �
,#��%ก
)��'$�����	Q#�J��)��%$
�!%$�!)����� ���� w� (Jain, 2001) ��ก"%#��$�ก	+�$ก!Q���,P�&���23ก

��&'�R
N��cR��ก	%�
��Q�+���+�NQ��ก
)
��ก�
���)�!&*�$��,*#��,'# �
&�ก�Q� somaclonal variation (Larkin and Scowcroft, 
1981) �X'$�&����	3����กก�
�R
N��a��!��!�ก��) +�$�&* 
 

ก�
�R
N��a�
)+�
� 
������Rg�����	3��� �SR
)ก�
��X'$�&'���a�%�ก�+ ���N�+Rก	�
��$���23ก

��!)ก�
��+$##ก��$����c�R� �Rg�ก�
�R!&'���R!$!�ก��)��$ก��J��"#$
� 
����� �PQ� ก�
���'��
,#!+������ "��+ �!)
OR
Q�$ "#$� 
����� $���������������X'$
��+$a�%��w�bX$ก�
�R
N��+�$ก!Q�� �PQ� 
��$��"#$ Gupta (1998) �Xก��ก�
�R!&'���R!$������
� 
������&'����กก�
���)�!&*�$��,*#��,'#"%��
�
��!Q�� N!��+$a�%��w�bX$ ���N�+Rก	���กก�
�ก�+ 
somaclonal variation 	Q#�������!)	�����Q$����	
��&�
�"#$� 
����� (22+1 ring, 7+29 
telocentric �!) 22+2 dicentric) �R!&'���R!$������P3+� 
����� �
	��#�Q�$�&'�Rg� haploid    
(2n = x = 7) triploid (2n = 3x = 21) tetraploid (2n = 4x = 28) �!) octaploid (2n = 8x = 56) +%��
�PQ�ก�� �Q��a�
��$��"#$ Ladyzynski et al. (2002) �+�#
�ก&'��ก�
ก�
�R!&'���R!$a�
)+�

� 
������!)!�ก��)��$�����������"#$�	$ก�� Cucumis sativas L. �
�Q�a�P3+ก�
�+!#$ 
�&'�	����
 �
 3�ก�
��
�S�	�
�	R
)�J�c��	c ��� �Rg���!� 10 �+,#� �&!�ก��)��$        
������������	ก	Q�$cR��ก�+�� 62.5 �R#
���w�	� P3+ก�
�+!#$�&'���)�!&*�$a�#���
��!��Rg���!� 
18 �+,#� �&!�ก��)��$������������	ก	Q�$cR��ก�+�� 57.9 �R#
���w�	� a�P3+ก�
�+!#$�&' 
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���)�!&*�$�#w�

��#a���
 �
 3�ก�
��
�S�	�
�	R
)�J�##ก����Rg���!� 36 �+,#� �!) 12 �+,#� 
�
�Q�
)+�
� 
������R!&'��cR�Rg� tetraploid �!) mixoploid ��*$��+ �Q��P3+ก�
�+!#$�&'
���)�!&*�$�#w�

��#a�#���
�&'�	����
 �
 3�ก�
��
�S�	�
�	R
)�J�c��	c ����Rg���!� 10 
�+,#� �!)P3+ก�
�+!#$�&'P�ก���a�%�ก�+� !!���Rg�
)�)��!���� �
�Q��&ก�
�R!&'���R!$�Rg� 
tetraploid ��Q���*� (33.3 �R#
���w�	� �!) 55.2 �R#
���w�	� 	��!��+�
)  �Q��ก�
�Xก��a�#%#��
�Q�
������� 
�����"#$#%#����23� H37-1933 �!) H50-7209 �& ����R
N��a�
)��Q�$ก�
���)�!&*�$
��,*#��,'#	�*$�	Q 2n = 94 bX$ 2n = 120 (Heinz and Mee, 1969, 1971)  �Q��
��$��"#$ Do et al. 

(1999) 	
���#
������� 
�����"#$ Allium tuburosum Rottl. Ex. Spreng. ���23�R�� ��,'#P�ก���
a�%�ก�+� !!���
�Q��&ก�
�R
N��"#$������� 
�����	�*$�	Q 2n = 28, 29, 30, 31 �!) 33 �X'$��ก
�+�� ,# 2n = 4x = 32  �
�Q�	%��&'������� 
������R
N��cR�Rg� 2n = 30 �&!�ก��)�&'+&�&'�3+ �!)
�&ก�
��
�S�	�
�	a�#�	
��&'�O$ก�Q�	��#�Q�$#,'�u �#ก��ก�&* Wen et al. (2004) �
�Q�� 
�����

�$�Q��"#$!)##$�
�O�&'�&� 
������

 haploid ���'�������"X*�#&ก��Q���X'$��,'#���)�!&*�$!)##$
�
�O (anther culture) "#$N�กก�+�#�NQ��ก�
�ก�+� !!�� �Rg�	%� 

 
�#ก��ก�&*ก�
�R!&'���R!$� 
$�
%�$"#$� 
�����a�
)��Q�$ก�
�
Q$��!!� #�����a�%

�ก�+ก�
�R
N����$���23ก

�"X*�c+% c+%�กQ ก�
"�+���cR (deletion) ก�
���'�"X*� (duplication) ก�

�P,'#�	Q#ก���

ก!�
�����$"#$� 
����� (inversion) �!)ก�
�%��"#$P�*��Q��� 
�������X'$
cR��$#&ก� 
�������X'$�&'c�Q�Rg� OQก�� (translocation) !��+�
�
��
,#�&��&'�&N!	Q#ก�
��+$##ก
��$����c�R��&ก�
� !,'#��%��	�����Q$�
,#�!�
	�����Q$��ก�+�� ���a�%�ก�+ ����!�ก�!��"X*���$
���23ก

� (#�
�, 2546) a�����#$�+&��ก��ก�
ก�
���)�!&*�$�#w�

��#"#$"%����+  ��,'#P�ก���a�%
�ก�+�Rg�	%�a��Q�
�Q�� 
������ก�+ก�
�	ก��ก��*$��+ 11 �R#
���w�	� �+�a��Q���&*�&� 
�����
�ก�+ translocation 65 �R#
���w�	� �!) deletion 35 �R#
���w�	� (Earle and Kuehnle, 1990) 

 
ก�
	
���#
�������!)� 
$�
%�$"#$� 
�����a�#%#�+%���� �� ��!!����23���	
��&

 ������ �S �PQ� ก�
��
������� 
�����"#$	%��,P�&'�R
N���R
&�
��&�
ก�
������� 
�����
"#$	%� �
 3� ก�
��� �
��#c�R� ก�
�%#��&� 
����� �Rg�	%� ��,'#$+%��#%#��Rg��,P�&'�& ���
�!�ก�!���&P3+� 
������!)�&� 
������Rg���������ก ก�
�Xก���X$	%#$#������2&ก�

	
���#
�&'a�%R
)���2�J���&'+& ��2&ก�
�&�!�ก�!����2&"X*�ก�
 �������)��"#$	��#�Q�$�,P �
,#
�����$ก�
�Xก�� �PQ� ��2& leaf squash technique (�3P&!�, 2530) �Rg��� �� ��X'$�&'����
b
	
���#
������� 
�����"#$�,Pc+% �+�ก�
���	�#Q#�"#$�,P�PQa���
!)!�� 
paradichlorobenzene �!)��� hydrolysis ��,'#a�%N��$��!!�"#$#%#�#Q#�	�� �!�$��ก��*��%#�+%���&



 

6 

aceto-carmine �!�$��ก��*��Xก��������� 
�����J��a	%ก!%#$�3!�

��� �X'$ก�
aP%��2&ก�

+�$ก!Q��ก�
#%#����23�R���
�Q�a� 10 	��#�Q�$ #%#��&������� 
����� 2n ��Q�ก�
 64, 72, 80 �!) 88 
������	%� 5, 2, 1 �!) 2 	%����23�	��!��+�
  �#ก��ก�&*ก�
�Xก��

����R!��
�ก"#$#%#����c+%
+%����2& enzymatic maceration/air-drying (EMA) �%#�+%����
!)!���& Giemsa 2 �R#
���w�	� กQ#�
bQ��J��J��a	%ก!%#$�3!�

���+%����!��"��-+�� 
Q��ก�
ก�
aP%� 
,'#$�,#a�ก�
�����ก
�
��"#$
� 
�����+%�� computer-aided imaging technology �X'$a�%N!�&'P�+��� (Ha et al., 1999) 
�#ก��ก�&*��$�
��2&�&'aP%c+%N!ก�
�,PP��+#,'�u �#ก���,#��กก�
�+!#$a�#%#��!%� �PQ� a�"%��
�+�ก�
�Xก��� 
�����

����R!��
�ก aP%��2&ก�
�PQ
�ก�,Pa� α- bromo-naphthalene 	
X$��!!�
+%�� acetic ethanol  �!)�%#��&+%�� aceto-carmine N!�&'c+%�!�$��กก�
	
���#
J��a	%ก!%#$
�3!�

�������
baP%c+%N!+&�PQ�ก�� (Chatterjee and Gupta, 1997) �X'$��2&ก�
�& ���aก!%� &�$ก�

ก�
�+!#$"#$ Kumar and Mathur (2004) a� Pisum sativum L. aP%� !!�����ก�
aP%R!��
�ก
�Rg�	��#�Q�$a�ก�
�Xก��� 
����� �Q����2&"#$ Anamthawat-jonsson (2003) �!) 
Chokchaichamnankit et al. (2007) aP%�!�กก�
�

�+&��ก�� ,# �PQ	�#Q#��!)�#+#Q#�"#$�,Pa�
�*����w� (4  �C) �Rg���!� 23-27 P�'���$ ���ก�
�PQa���
� �&	Q�$u �&'c+%ก!Q�����!%�"%�$	%� ��*$�&*
��,'#a�%ก�
�
Q$��!!�#�OQa�
)�)������� (metaphase) กQ#�ก�
	
X$��!!� ��,'#$��ก�Rg�
)�)ก�

�
Q$���� !&���&'�Xก��c+%P�+����&'�3+ �!�$��ก��*�aP%�#�c��� cellulase �!) pectinase �Q#�N��$��!!�
�!)�Xก��� 
�����+%����2&ก�
 protoplast dropping N!�&'c+%a�%R
)���2�J���O$�!)����
b
�Xก��� 
�����c+%#�Q�$P�+��� 
��bX$aP%c+%+&ก�
�,P�&'�&� 
�����"��+�!wก �PQ� birch (Betula) 
�&'�&"��+� 
�����R
)��� 0.4-5 c�� 
��	
��Q���*� 

 
ก�
�R
N��a�
)+�
���!ก3! ���a�%!�ก��)�&'��+$##ก��$����c�R�"#$�,P�&'�ก�+�Rg�   

	%�a��Q�!�$��กNQ��ก
)
��ก�
���)�!&*�$��,*#��,'#�R!&'��cR  !%�� !X$ก�
ก�
NQ���!Q��
,#�&�a+ 
�&���X'$�R!&'��cR���a�%�ก�+!�ก��)�&'N�+Rก	� �PQ� +Q�$ � 
) �Rg�	%� ����	3R
)ก�
��X'$#���ก�+
��ก transposable elements 
�$ 
�*$#���
&�ก�Q� jumping gene �
,# insertion elements (#�
�, 
2546) ก!Q�� ,#P�*��Q��"#$+&�#w��#�����*�u ����
b� !,'#��%����ก	�����Q$�&'#�OQ�+���"%���
กa�
	�����Q$a��QJ��a��&����!)#���&N!	Q#ก�
��+$##ก"#$�&�	Q�$u c+%  a�#%#��
�Q��&�#ก��
�ก�+ก�
��
ก"#$P�*�+&�#w�+�$ก!Q���&'ก!3Q� activator (AC), mutator (MuDR), suppressor-mutator 
(En/Spm) �!) mariner  (Rossi et al., 2001) !�ก��)��$����c�R��&'��+$##ก���X$�& ���N�+Rก	�  
�Q�� ���N�+Rก	�a�ก
)
��ก�
 DNA methylation �Rg�����	3�&'�Q$N!a�%�ก�+ somaclonal 
variation �PQ�ก�� ��,'#$��ก�Rg�ก!cก��� �S�&'�&N!	Q#ก�
�R!&'���R!$c��	�&� (cytosine) ก�

��$� 
�)���R
	&��!)ก�
���!#$	��"#$���+&�#w��#�&'c�QbOก	%#$�
,#�R!&'��cR �&��&'��+$��%��&'
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�+���R!&'���R!$	��cR+%�� 
��bX$#����
��*$ก�
��+$##ก"#$�&��ก�+"X*�a�PQ�$ก�
�ก�+�#w�

��# 
(somatic embryogenesis) a�ก
)
��ก�
���)�!&*�$��,*#��,'# �	Q��กก�
�R
N��"#$��
���23ก

��&'
�ก�+"X*��#$�Q��a�SQ�!%�c�Q����
bbQ���#+cR�OQ
3Q�!Oก�!��c+% �
,#�
&�ก�Q� epigenetic (Jain, 
2001) 

 
a�ก�
 �
 3�ก�
�ก�+ somaclonal variation a�%�&�����$�&'	%#$ก�
��*��)	%#$R
)ก#
+%��

R������!��R
)ก�
 �+��3Q$��%��&'!�ก��)����c�R��&'��+$##ก�Rg���� �S �X'$R�����	Q�$u �&'�&�Q��
ก����+ก�
�ก�+ somaclonal variation  a�%�ก�+"X*���ก�
,#�%#�"X*�#�OQก�
������ 
�*$a�ก�
�R!&'��
bQ����,*#��,'# 
)�)��!�a�ก�
���)�!&*�$��,*#��,'# P��+"#$�,P #��3"#$�,P P�*��Q���
,#	�����Q$"#$
�,P�&'��������)�!&*�$ PQ�$��!�ก�
P�ก���a�%�ก�+	%�a��Q (Ogura, 1990) ������23��,P�	Q!)P��+ 
(Martin et al., 2002) �Q��R
)ก#
a�#���
��$� 
�)���&'aP%a�ก�
���)�!&*�$��,*#��,'# (Ladyzynski 
et al., 2002) �Rg�	%� �!) Bouman and De Klerk (2001) ��$�
#&ก�Q� ����	ก	Q�$"#$ก�
�ก�+ 
somaclonal variation "#$ Begonia ��,'#��(��� !!��a�%�Rg��#+�!�$��ก�&'���'�R
���� ���
�"%�"%�"#$��
กQ#ก!�����23� nitrosomethylurea (NMU)  �&' ����"%�"%� 0, 0.2, 2 �!)10              
c�� 
��!�
� �Q$N!a�%ก�
�ก�+ somaclonal variation ���'���ก"X*�a������$�+&��ก�
ก�
���'� ���
�"%�"%�"#$ NMU c+%�กQ 1.5, 7.8, 27.7 �!) 46.2 �R#
���w�	� 	��!��+�
 #&ก��*$�Xก��bX$P�*���,*#��,'#


����	Q�$u �&'������+!#$ N!R
�กx�Q�P�*���,*#��,'#�&'	�����Q$	Q�$ก��ก�
�ก�+ก�
�R
N��"#$    
��
���23ก

��	ก	Q�$ก��+%���PQ�ก�� R������&'ก!Q������*$��+�&*�Rg���&�$R������&'#�����a�%�ก�+ 
somaclonal variation �	Q��$ $ �
 3�!�ก��)�!)�����$ก�
�ก�+N!�&'	%#$ก�
c+% Q#�"%�$��ก
�PQ��+&��ก�� 

 
��2&��X'$�&'�)c+%!�ก��)"#$�,P�&'�R!&'���R!$cR	�� ���	%#$ก�
"X*�#�OQก�
ก�
 �+�!,#ก 

�X'$�& �������Rg�#�Q�$��ก��,'#$+%�� somaclonal variation �&�����$�&'c�Q��Q�#� +�$��*��X$"X*�#�OQก�

�Q�NO%�����	%#$ก�
�,Pa�!�ก��)a+ 	%#$aP%ก�
 �+�!,#กa������$��*�u 	��#�Q�$�PQ� Griesbach (1989) 
 �+�!,#ก	%� Hemero callis �
,# Daylily a�%�&!�ก��)	%��	&*�� 
)��,'#��(��	%�a�%����)��	Q#
 ���	%#$ก�
"#$	!�+ �+� �+�!,#ก��กก�
���)�!&*�$a�#���
�O	
 MS (Murashige and Skoog, 
1962) �&'�	�� casein hydrolysate ������ 2 ก
��	Q#!�	
 �X'$��
+�$ก!Q������Rg�	Q#ก�
ก����+�����$ 
ก�
 �+�!,#ก!�ก��)	%��	&*�� 
)"#$�,PP��+�&*   �	Q#�Q�$c
กw	����กก�
	
���#
������
� 
�����ก!�
�
�Q�� 
������&��������Q��+�� (2n = 2x = 22)  �
,#a�ก�
�+!#$"#$ 
Bozorgipour and Snape (1997)   �+�!,#ก"%����!& (Triticum aestivum L.) �����	Q#��
 
difenzoquat ���c+%�+� �+�!,#ก� !!����กP�*��Q��	%�#Q#� bQ����,*#��,'#!$#���
���)�!&*�$��,*#��,'#
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�O	
 MS �&'�	�� difenzoquat �!) atrazine a�
)+�
	Q�$u (5, 10 �!) 50 c�� 
��!�
�) "%����!&�&'c+%
��กก�
P�ก���a�%�ก�+	%�����
b��	Q#ก�
v&+�Q���
 difenzoquat c+%  �!)��กก�
	
���#
���a�%
�
�
�Q�!�ก��)+�$ก!Q���ก�+"X*��#$ �X'$c�Qc+%����ก ����R
N���&'c+%
�
ก�
bQ���#+��$���23ก

�
��ก�Q#��Q (Non-heritable) �X'$NO%�����a�% �����w��Q�ก�
aP%��2&ก�
 �+�!,#ก�,P�&'��	Q#��
ก����+
��P�,P+%����2&+�$ก!Q������
baP%c+%+& �Q��ก�
�Xก��a��&P (Peach) ��,'#a�%	%������P,*# 

Xanthomonas campestris pv. pruni �!)  Pseudomonas syringae pv. syringae �+� �+�!,#ก 
somaclonal variation ��ก� !!���&'����กP�*��Q����!w+#Q#�"#$�&P���23� Redharven ��กก�

	
���#
+%����2& detached-leaf bioassay �
�Q�� !��&' 122-1 ����
b	%������P,*#+�$ก!Q��c+%
+&ก�Q����23�+�*$�+�� (Hammerschlag, 2000) �Q��ก�
 �+�!,#ก�,P���!%$������+� Matheka et al. 
(2008) NQ��ก�
�ก�+ somaclonal variation a�ก
)
��ก�
���)�!&*�$��,*#��,'#+%����2&ก�
 �+�!,#ก	%�
"%����+ (Zea mays L.) a�#���
�O	
 N6 (Chu, 1978) �&'�	�� manitol 
%#�!) 3.28 �!) 5.28 "#$
R
����#���
���)�!&*�$��,*#��,'#��*$��+ �!)�	�� polyethylene glycol (PEG-6000) 
%#�!) 18 �!) 
20 "#$R
����#���
���)�!&*�$��,*#��,'#��*$��+ �Rg���!� 9 ��R+��� �
�Q�c+%	%��&'NQ��ก�
�+�#

a� manitol �!) polyethylene glycol ������ 6 �!) 2 	%�	��!��+�
 c+%���23ก

��	ก	Q�$��ก	%�
�+��#&ก+%�� �
,#a�ก�
�+!#$"#$ Biswas et al. (2009)  �+�!,#ก� !��	
#�
#
�
&' (Fragaria sp.) 
���23�N�� (fragaria x ananassa Duch.) �&'NQ��ก
)
��ก�
�ก�+ somaclonal variation  �PQ�ก�� �+�
�+!#$R!Oกa��J���
�$"#$R
)���
�$ !������,'# �+�!,#ก	%� �กw

���XกN!!�ก��)"#$         
�	
#�
#
�
&'�&'�&!�ก��)	���&'	%#$ก�
 �PQ� "��+�!)������"#$��Q# ���������a�ก�
##ก+#ก 
������+#ก	Q#	%� ������N!	Q#	%� �*�����กN!�v!&'� �R#
���w�	�ก�

#+a�PQ�$�+O
%#� �Rg�	%� 
�
�Q�c+%	%��&'NQ���ก���ก�
 �+�!,#ก 3 ก!3Q� �+��	Q!)ก!3Q�����)���&'�)���cRR!Oก��,'#ก�
 %�
	Q#cR 

 
ก�
aP%� 
,'#$������$���!ก3!a�ก�
	
���#
!��+�
+&�#w��# �&� �
,# �R
	&��&'�R
N��

��,'#$��กก�
�ก�+ somaclonal variation ����
b	
���#
c+% �PQ� a�
��$��"#$ Linacero et al. 
(2000) ��� 
�)�� ����R
N��"#$+&�#w��#a�	%�"%��c
�� (Rye) �&'��(��a�%�Rg�� !!����ก	%�#Q#� 
�!)P�*��Q��+#ก �
�Q�!�ก��)��$������"#$"%��c
���R
N��cRbX$ 40 �R#
���w�	� �+�"%��c
��
��X'$	%�#���R
N��c+%��กก�Q���X'$!�ก��) 
)+�
#�	
��Q��ก�
NQ���!Q�	Q#	%� �+�Rg� 1-12 ��Q� 
��
���23ก

�"#$� !!���&'ก!Q����"%�$	%� a�%�b
��+$N!"#$ก�
��� 
�)����$P&���������!ก3!  
random amplified polymorphic DNA (RAPD) �	ก	Q�$ก�� ��*$P�*���,*#��,'#	�����Q$�+&��ก�� (2.9 
�R#
���w�	�) �!)	�����Q$	Q�$ก�� (5.25 �R#
���w�	�)  �	QbX$#�Q�$c
กw	�� �����Q�����&'c+%��กก�

	
���#
+%����2& RAPD �&"%#���ก�+��
�)�Q�a�% Q� polymorphism c+%+&a��,P
�$P��+ �Q��a�ก�
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�+!#$ Arabidosis thaliana a�%!�ก��)"#$!��+�
+&�#w��#�	ก	Q�$ก���PQ�ก�� ��,'#NQ��ก
)
��ก�

P�ก���a�%�ก�+�Rg�	%�a��Q��กก�
���)�!&*�$P�*��Q��
�ก �+�aP%� 
,'#$����	
���#
��$P&������
���!ก3!  amplified fragment length polymorphism (AFLP) 	
���#
�
�Q�a������� 66.6 
�R#
���w�	� "#$�,P�&#�Q�$�%#���X'$!�ก��)�&'�	ก	Q�$cR��ก	%� �
 3� �!)#�	
��Q��
)��Q�$ก�

�ก�+ก�
NQ���!Q�	Q#������	%��&	�*$�	Q 1-18 ��Q� (Polanco and Ruiz, 2002)  ��,'#c�Q������&*ก�
aP%
� 
,'#$����+&�#w��# microsatellite �
,# simple sequence repeat (SSR) a�ก�
	
���#
!��+�
+&�#w�
�#�&'�ก�+ก�
�R!&'���R!$a�ก
)
��ก�
 somaclonal variation �& ���������ก"X*� ��,'#$��ก�&
R
)���2�J��a�% ���!)�#&�+��$"%#�O! Q#�"%�$�O$ 	��#�Q�$�PQ� 	%� Populus tremuloides ����
b
��ก ����	ก	Q�$c+%#�Q�$P�+���+%��ก�
aP%� 
,'#$����	
���#
 SSR NO%�+!#$c+%a�% �����w�c�%
�Q� ก�
�ก�+ somaclonal variation c�Q����Rg�	%#$	
���#
+%��!�ก��)��$��������������#cR 
ก�
aP%� 
,'#$����+&�#w��# SSR ����
baP%c+%+& �!)�&R
)���2�J��ก�
�,PP��+�&* (Rahman and 
Rajora, 2001) 

 
ก�
	
���#
 ����R
N����$P&���������!ก3!a�#%#����,#�ก�
�,P��'�ucR ����
b

	
���#
c+%�!����2&ก�
 �PQ� ก�
 �+�!,#ก� !!��"#$#%#����23� F36-819 a�#���
���)�!&*�$
��,*#��,'#�O	
 MS �&'�	���ก!,# (NaCl) � !!��+�$ก!Q����,'#��(��a�%�Rg�	%�����
b��	Q#�J�� ���
� w�c+%�O$ ��,'#	
���#
+%��� 
,'#$�������!ก3! RAPD �
�Q��&!��+�
+&�#w��#
�$�Q���	ก	Q�$cR
��ก���23� �
 3�#�Q�$P�+��� (Prammanee and Pitakpolrat, 2001) b�+�� Zucchi et al. (2002) 
	
���#
	%�#%#��&'NQ��ก�
���)�!&*�$��,*#��,'#+%��� 
,'#$�������!ก3! RAPD �X'$	%�#%#��&'�����
	
���#
c+%��กก�
���)�!&*�$P�*��Q����ก 2 ��!Q$ ,# ��Q##Q#� �!)�v��)

������,*#��,'#��
�S 
(meristem) ��,'#�Xก�� ���c�Q $�&'��$���23ก

�a�#%#����23� RB83-5486 �!) SP80-185 �!)
�R!&'��bQ��#���
a��Q��������ก 
�*$�Rg�
)�)��!���� �
�Q��ก�+ ����	ก	Q�$��ก���23��+����*$ 2 
������23� �+����23� RB83-5486 �& ����R
N��"#$��
���23ก

���กก�Q����23� SP80-185  
�PQ��+&��ก�
ก�
�+!#$"#$ ��
�J��
��!)J��
�+& (2543) �&'aP%� 
,'#$�������!ก3! RAPD 	
���#

bX$ ����	ก	Q�$
)��Q�$� !����23�#%#�Rก	� �!)� !����23�#%#���� w��&' �+�!,#กc+%��กก�

���)�!&*�$��,*#��,'# �
�Q��&P�*�+&�#w��#��������X'$�&'�
a�� !����23���� w� �	Qc�Q�
a�� !�Rก	� 
�!)a�% �����w����
��3�ก�
��(��� !����23�#%#�a�%�& ����!�ก�!����$���23ก

��!)�&
R
)���2�J��+%��ก�
���)�!&*�$� !!��J��a��%#$�+!#$ bX$#�Q�$c
กw	�� Henry (1998) c+%a�%
"%#��$�ก	c�%�Q�ก�
aP%�� ��  RAPD ��*�$Q�� �!)�)+�ก �	Q	%#$aP% ���
)��+
)��$��กa��
,'#$
��2&ก�
 ก�
����*����*�N!�&'##ก��#���)c�Q	
$ก�
ก�
�+!#$�+�� �X'$NO%�+!#$��)���a�%aP%��&�$�,P

�$P��+��Q���*� �X$���a�%N!�&'c+%�& ����Q��P,'#b,#a�
)+�
��X'$��Q���*� �X'$a�R���3
���&* �������
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�� ��  SSR �Rg��&'������ก"X*��
,'#�u ��,'#$��กa�%"%#�O!�&'�& ���!)�#&�+"#$ ����	ก	Q�$"#$	%�
�,P�&'�Rg� somaclonal variants c+%�O$ �
,#�& Q� polymorphism information content (PIC) �O$ �!)
��กก�
�R
&�
��&�
ก�
��� 
�)��+%����2& SSR �!) RAPD �!%� �
�Q� SSR a�% Q� polymorphism �&'
!)�#&�+ก�Q��!)�O$ก�Q�#�Q�$P�+��� (Veilleux et al., 1995, Henry, 1998 �!) Palombi and 
Damiano, 2002)  �!)��,'#�R
&�
��&�
 Q� polymorphism "#$ SSR ก�
 RFLP N!�&'c+%a��,P�Q��
a�SQ�!%� SSR �)a�% Q��&'�O$ก�Q��PQ��+&��ก�� (Saghai-Maroof et al., 1994, Plaschke et al., 1995 
�!) Caetano-Anolles and Gresshoff, 1998)  �X$#��ก!Q��c+%�Q� SSR a�%N!ก�
�+!#$�&'�&
R
)���2�J���&'+&ก�Q�  �	QbX$#�Q�$c
"%#��&�"#$ SSR a��
,'#$ Q�aP%�Q��a�ก�
��(���!)�+�#

��$ $	%#$aP%�$���3��O$ก�Q���2&#,'�u �PQ�ก�� (�3
���
�, 2545) 

 
ก��C���)ก+	BF������� somaclonal variation ก�;���� 
 

��,'#	%#$ก�
#%#��&'�&!�ก��)	Q�$u 	���&'	%#$ก�
 �PQ� ����
b�����	Q#�J��+��� w� 
�����	Q#�J�� ����!%$ 	%�����	Q#��
ก����+��P�,P �
 �!)��!$��	
O�,P	Q�$u�&'�"%����!�� 
ก�
N��"%��P��+�
,#"%��������23���,'#R
�
R
3$���23���*��Rg���2&�&'aP%
)�)��!�����!)	%��3�a�
ก�
 �+�!,#ก���23� Q#�"%�$�O$��,'#$��ก	%#$ �+�!,#กJ��a��R!$�+!#$��Q���*� a�R���3
��ก�

R
�
R
3$���23�#%#��&'NQ��ก�
���)�!&*�$��,*#��,'#�,P�!%�P�ก���a�%�ก�+ก�
�R
N��"#$��
���23ก

� 
�
,#ก�
aP%�� ��  somaclonal variation a�ก�
 �+�!,#ก ����
b���c+%a��%#$Rx�
�	�ก�
 
��bX$aP%

)�)��!���*�ก�Q�ก�
�+!#$a��R!$R!Oก �& �����Q�����!)������)���)�$	Q# ���	%#$ก�

!�ก��)a+!�ก��)��X'$"#$#%#� �X'$ก�
�+!#$"#$ Jain (2001) �
�Q�#%#��&'NQ��ก�
���)�!&*�$
��,*#��,'#�&�#ก���ก�+ ����R
N��"#$���23ก

�c+%��กก�Q�#%#��&'R!Oก�+!#$a��J��2

�P�	�   

 
��
�J��
��!) �) (2539) aP%�� �� ก�
���)�!&*�$��,*#��,'#��,'#R
�
R
3$���23�#%#���� w� �+�

 �+�!,#ก#%#��&'����
b��
�S�	�
�	c+%+&a�#���
�&'�	���ก!,#�&' ����"%�"%�	Q�$u ก�� �
�Q�#%#����23� 
F160M, F156, 89-1-20, CP 64-388 �!) KU50 ����
b��
�Sc+%a�#���
�&'�	���ก!,#�&' ����"%�"%�
��กก�Q� 1 �R#
���w�	� �!)#%#����23� F36-819 ����
b��
�Sa�#���
�&'�	���ก!,# ����"%�"%�bX$ 2 
�R#
���w�	�c+%#&ก+%��  �PQ��+&��ก�
 Khan et al. (2004) c+%aP%�� �� ก�
 �+�!,#ก#%#���� w���กก�

NQ��ก�
���)�!&*�$��,*#��,'#�PQ�ก�� �+�ก�
��(��� !!��"#$#%#����23� CP-43/33 �&'�&#��3 1 �+,#� a�%
�Rg�	%��!)!$R!Oกa��R!$�+!#$�&'�	
&��+��� w�c�%  ���a�%c+%#%#��&'��	Q#�J��+��� w��!)�&
!�ก��)�&'+&"X*� ,# �#+	Q#ก#  ����O$"#$!�� ������R!%#$	Q#	%����'�"X*� �+��&' ���ก�%�$"#$!�� 
�!)R
�����*��	�!c�Q�R!&'���R!$a+u �!)��$ $�&ก�
aP%�� �� ��$+%���&*a�ก�
 �+�!,#ก������23�
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#%#���� w��!)���!%$ �Xก��a�#%#����23� CoC671 �+� �+�!,#กNQ��ก
)
��ก�
�ก�+� !!��a�
#���
���)�!&*�$��,*#��,'#�&'�	���ก!,# �!) polyethylene glycol 8000 (PEG) �
�Q���,'#NQ��ก�

	
���#
+%��� 
,'#$�������!ก3! RAPD 	%��&'NQ��ก�
 �+�!,#ก+%���ก!,#�	ก	Q�$��ก	%� �
 3�
P�+��� �	ก	Q�$��ก	%��&'NQ��ก�
 �+�!,#กa� PEG ก!�
�& ��� !%�� !X$ก��ก�
	%� �
 3� #�Q�$c
กw
	����
���23ก

�"#$��*$�#$ก!3Q�ก�
�+!#$�& ����	ก	Q�$cR��ก�+�� (Yadav et al., 2006)   

 
�&
��$��ก�
��(��#%#��+�aP%�!�กก�
"#$ somaclonal variation c+%�กQ Rajeswari et al. 

(2009) aP%#%#���*$��*� 39 !OกN�� �Rg�ก�
N��
)��Q�$ Saccharum officinarum ก�
 S. spontaneum 
�!)
)��Q�$ S. officinarum ก�
 Erianthus arundinarum !OกN����*$��+aP%�Rg�	%���Q�&'�)�����
�+!#$�+�NQ��ก�
P�ก���a�%�ก�+ก�
�R
N����$���23ก

�a�ก
)
��ก�
���)�!&*�$��,*#��,'# 
�!�$��ก��*����#%#��&'c+%��กก�
���)�!&*�$��,*#��,'#��R!Oก�+�#
 ��,'#�� ����	ก	Q�$+%�� 3�J��
�!)R
���� �
�Q�#%#��&'NQ��ก
)
��ก�
���)�!&*�$��,*#��,'#�& ����	ก	Q�$ก�� ����
b �+�!,#ก#%#�
�&'�& 3���
�	��&'+& ก�กa� 13% !��	%���� 200 ���	���	
 "%#R!%#$��� 10 ���	���	
  Q� CCS #�OQ�&' 
10% c+% 51 	��#�Q�$ �!) Hoy et al. (2003) c+%aP%	�����Q$P�*��Q���&'	Q�$ก�� c+%�กQ P�*��Q��a
#Q#� 
�#+#Q#� �!)	�"#$#%#������)�!&*�$��,*#��,'# ����
bP�ก���a�%�ก�+ somaclonal variation "X*�c+%
�PQ�ก��  

 
a�#+&	�&ก�
��(���!)R
�
R
3$������23�"#$#%#�a�%�&!�ก��)�&'	%#$ก�
�!)�&

R
)���2�J����กก�Q����23��+�� +%���� �� ก�
���)�!&*�$��,*#��,'#a�%�ก�+ somaclonal variation �&��
#�Q�$	Q#��,'#$ (	�
�$�&' 1) �X'$��+$a�%��w��Q��Rg���2&�&'����)����2&��X'$ 
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+������� 1  ก�
R
�
R
3$���23�#%#�+%����2& somaclonal variation 
 

��ก����� ������23�#%#�  ��2&ก�
  N!ก�
����� 
Heinz and Mee (1969) H37-1933  ���)�!&*�$� !!�� !�ก��)��$������

�R!&'��cR 
Krishnamurthi (1974)*  -  �+�!,#ก 

somaclone 
	%������
 ���� �!)


��*�� %�$ 
Krishnamurthi and 

Tlaskal (1974)* 
-  �+�!,#ก 

somaclone 
	%������
 ���� �!)


��*�� %�$ 
Heinz (1976)* -  �+�!,#ก 

somaclone 
	%������
 ���� �!)


��*�� %�$ 
Heinz et al. (1977)* CoC671 ���)�!&*�$� !!�� 	%������
 ��%+�� 
Heinz et al. (1977)* Q101 v��
�$�&�ก��� 	%������
  

helminthosporium eye 
spot 

Liu and Chen (1982)* F164 (70-6132) 
F160 (74-3216) 

���)�!&*�$��!!�
�"��!#� 

��� w� ���'�N!N!�	
�*��	�! 

Lui and Yeh (1982)* F164 (70-6132) 
F160 (74-3216) 

���)�!&*�$��!!�
�"��!#� 

��� w� ���'�N!N!�	
�*��	�! 

Larkin and Scowcroft  
(1983)* 

Q101 v��
�$�&�ก��� 	%������
  
helminthosporium eye 

spot 
Sreenivasan and Jalaja 

(1983)* 
Co7704 ���)�!&*�$� !!��

��กa
 �!)
 �+�!,#ก 

somaclone 

	%������
 ��%+�� 
�!) ��&'����Q� 

Scowcroft (1984)* CoC671 ���)�!&*�$� !!�� 	%������
 ��%+�� 
Jalaja et al. (1987)* CoC671 ���)�!&*�$� !!�� 	%������
 ��%+�� 
Sreenivasan (1987)* Co92007 ���)�!&*�$� !�� 	%������
 
����� 
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+������� 1  (	Q#) 
 

��ก����� ������23�#%#� ��2&ก�
 N!ก�
����� 
Bonnel (1988)* H70-0144  

H74-0922 
 �+�!,#ก 

somaclone 
	%������
  

gumming 
Fahmy (1990)* Co419  

54C9 
- 	%������
 a
+Q�$ 

Sreenivasan (1990)* -  �+�!,#ก 
somaclone 

	%������
  
��&'����Q��+$ 

Sreenivasan and 
Sreenivasan (1994)* 

Co7717 ���)�!&*�$� !!�� 
�!)v��
�$�&

�ก��� 

���'�N!N!�	�*��	�! 

Oropeza et al. (1995)* AT626  
BT627 

������a�ก�

�R!&'��#���
 

	%������
 a
+Q�$ 

Mohanraj (1996)* -  �+�!,#ก 
somaclone 

	%������
  
��&'����Q��+$ 

Arencibia (1999) Ja60-5 ���)�!&*�$� !!�� 	%�������!$��	
O�,P 
Prammanee and 

Pitakpolrat  (2001) 
F36-819  F160M 
CP64-388  F156 

 F36-819  89-11-2 
58-1-56  89-1-20 
CP64-388  KU50   

���)�!&*�$� !!�� ��� w� 

Hoy et al. (2003) CP70-321 ���)�!&*�$� !!�� N!N!�	���'�"X*� 
Khan (2004) CP-43/33 ���)�!&*�$� !!�� ��� w� 

 
#����#+)   * #%�$#�$�+� Sreenivasan and Jalaja, (1998) 
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ก��+��
 �;����#��ก#����������)ก���!������� microsatellite (SSR) ��� random 
amplified polymorphic DNA (RAPD) 

 
microsatellite �
,# simple sequence repeat (SSR) �Rg�P�*��Q��!��+�
+&�#w��#��*�u �PQ� AT 

CTT �!) ATGT �*��ก���!��u P3+ �X'$PQ�$!��+�
+&�#w��#

�����&*�)�&!��+�
�&'�v��)���)�$a��,P
�	Q!)P��+ ก�
	
���#
+%����2&�&*�Rg�ก�
����#��� �� "#$ก
)
��ก�
Rx�ก�
���!Oก��Q              
��!&��#�
� �
,# �� �� �&�&#�
�  (polymerase chain reaction; PCR) aP%
Q��ก�
c�
��#
��&'�&
 ���������)���)�$	Q#!��+�
+&�#w��#�&'	%#$ก�
��� 
�)�� ����
baP%a�$��+%�������กP��+�,P     
���a�%ก�
�����กP��+�,P���c+%ก�%�$��ก"X*� �!)�&ก�
�����กc+%#�Q�$P�+����!)�& 3�J�� 
(Caetano-Anolles and Gresshoff, 1998) a�ก�
��(��� 
,'#$���� microsatellite a�#%#��Xก���+� 
Cordeiro et al. (1999) ��PQ�$"#$ microsatellite (Library number SC1, SC2, SC3, SC4 SC5 �!) 
SC6) �&'bOก	%#$ ����2&ก�
�&'����)�� �PQ�  ����"%�"%�"#$�ก!,#�!)#3��JO��a�ก
)
��ก�

Rx�ก�
���!Oก��Q 	Q#ก�
���'�������"#$� 
,'#$���� microsatellite ��,'#�������(��ก�
	
���#
 
!�������+&�#w��#"#$#%#� (Saccharum spp.)  N!��กก�
��(����,'#NQ��ก�
��� 
�)��"%#�O!�!%�
�
�Q�!��+�
�
��Q��a�SQ�)�Rg� TG/CA �X'$ก�
��(��� 
,'#$���� microsatellite a� 
�*$�&*����
b
���cRaP%a�ก�
��+�����ก������23� ��� 
�)�� ����!�ก�!����$���23ก

� �!)����N��&'�&�"#$
#%#�a�#�� 	  �X'$a�R�b�+�� Cordeiro et al. (2000) ��� 
�)���&���"#$#%#� Saccharum 

spontaneum �!) S. officinarum +%��� 
,'#$���� microsatellite ��,'#	
���� ����!�ก�!�� �!)
 ���������2�
)��Q�$ก�� �+����� 
,'#$���� microsatellite  �&'��(����ก#%#����23� cv. Q124 ��aP% 
�
�Q��& microsatellite �&'�&!��+�
 ��� !&�#c�+������� 2 �!) 3 �
��*��ก��#�OQ�&' 15 �!) 13 �*��
	��!��+�
 R�b�+�� Cordeiro et al. (2001) ���� 
,'#$���� microsatellite ��	
���#
���23�#%#� 5 
������23�+%��c�
��#
���กก�Q� 100 c�
��#
� ��,'#	
���#
 ���������2�
)��Q�$ก�� ��,'#NQ��
ก
)
��ก�
Rx�ก�
���!Oก��Q�!%� c+% Q� polymorphism �&'�	ก	Q�$ก��#�Q�$�&R
)���2�J�� �X'$
� 
,'#$���� microsatellite �Rg�R
)��P��a�ก�
	
���#
���23ก

�"#$#%#�  �+�!,#ก������23�
#%#� ก�
��� 
�)������(��ก�
"#$#%#� �!)PQ��a�ก�
	
���#
#%#�R
�
R
3$���23� ��� 
�)��
	�����Q$ EST (expressed sequence tag) �#ก��ก�&* Cordeiro et al. (2003)  �Xก�� ����!�ก�!��
��$���23ก

�"#$#%#�+%��� 
,'#$���� microsatellte �+�aP%c�
��#
���*$��+ 6 c�
��#
� c+%�กQ 
SMC334BS [(TG)36], SMC336BS [(TG)23(AG)19], MSSCIR5 [(GGC)9], MCSA068G08 
[(CAG)6], MCSA042E08 [(GAT)7�(GAT)6] �!) MCSA053C10 [(CAG)5] a�ก�
�����ก�,Pก!3Q�
#%#� 66 	��#�Q�$ �!)��� 
�)��N!+%�� unweighted pair group method with arithmetic mean 
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(UPGMA) �
�Q�����
b��กก!3Q�#%#�c+%!)�#&�+�!)P�+����+���กc+%�Rg�ก!3Q� Erianthus ก!3Q� 
Saccharum ก!3Q� Sorghum ก!3Q� Sclerostachya �!)ก!3Q� Miscanthus �+�NO%�+!#$���
��3�a�ก�

aP%� 
,'#$���� microsatellte �X'$$Q��	Q#ก�
��� 
�)��"%#�O!��,'#$��กa�% ����	ก	Q�$
)��Q�$���23�
�!)ก!3Q�"#$#%#�c+%�Rg����+��OQP�+��� 

 
random amplified polymorphic DNA (RAPD) �Rg���2&ก�
��� 
�)��!�������+&�#w��#


Q��ก�
�� �� �&�&#�
� �+��
�c�Q����Rg�	%#$�
�
"%#�O!"#$+&�#w��#�R������ ��,'#$��ก	�����Q$  
�"%��ก�)"#$c�
��#
��)c�Q������)���)�$ก�
+&�#w��#

����a+

������X'$ (c�
��#
��"%��ก�)�


�3Q�) c�
��#
��&'����aP%�&"��+ 10 ��� !&�#c�+� (decamer) "%#�O!a�ก�
��� 
�)�� Q#�"%�$��ก   
�	Q�&"%#���ก�+a��
,'#$ก�
�+!#$�*��b%� �
 3�R�����	Q�$u c�Q���,#��+�� N!�&'c+%#�� !�+� !,'#�cR
��ก�+��c+% (�3
���
�, 2545) R���3
�� RAPD ����
baP%c+%a�$���!��u +%�� �PQ��+&��ก�

� 
,'#$���� SSR �ก	��#�Q�$�PQ� $�������"#$ Lal et al. (2008) ���� 
,'#$���� RAPD ����� 
�)��
!�������+&�#w��#"#$#%#��&'NQ��ก
)
��ก�
���)�!&*�$��,*#��,'#bX$ก�
�R!&'���R!$"#$                 
��
���23ก

� ��,'#$��ก#%#��Rg��,P�&'�&������P3+"#$� 
�������������ก�X$#���&ก�
�ก�+ 
somaclonal variation "X*�c+%$Q�� �+��3Q$��%�bX$ก
)
��ก�
�!)�O	
#���
	Q�$u �&'�!&ก�!&'�$
R
)�+w�+�$ก!Q�� N!ก�
	
���#
c�Q�
�Q��ก�+ somaclonal variation �	Q#�Q�$a+ �PQ��+&��ก�

$�������"#$ Tawar et al. (2008) aP%� 
,'#$���� RAPD a�ก�
	
���#
ก�
�ก�+ somaclonal 
variation a�#%#����23� Co94012 �!) VSI 434 �
�Q��+��Q��a�SQa�%�b
+&�#w��#�&'���,#�ก���&
��&�$�b
+&�#w��#��กc�
��#
� OPA 17 �!) OPA 19 ��Q���*��&'a�%"%#�O!�	ก	Q�$##กcR��ก	%��+�� 
�
,#$���&'�ก&'��"%#$ก�
ก�
�Xก�� ����!�ก�!����$���23ก

� �+� Da Silva et al. (2008) �Xก��
 ����	ก	Q�$"#$#%#� 8 ������23� c+%�กQ SP90-3723, SP86-42, SP91-1049, SP90-1638,         
RB92-8064, RB83-5054, RB86-7515 �!) RB85-5113 �Rg�#%#��&'����กก�
aP%�Q#����23�R!Oก�!)
NQ��ก
)
��ก�
���)�!&*�$��,*#��,'# ��กก�
aP%� 
,'#$���� RAPD �
�Q� ����!�ก�!��"#$   
���23�#%#��	ก	Q�$cR��ก�+��  Q� ��� !%�� !X$ก�� (similarity) #�OQa�PQ�$ 0.63 bX$ 0.80 NO%�����c+%a�%
 �����w��Q� ก�
aP%� 
,'#$���� RAPD ����
baP%	
���#
 ����	ก	Q�$
)��Q�$ somaclone "#$
#%#��	Q!)	%�c+% ���c+%$Q���!)
�+�
w�#&ก+%�� 
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ก��*cก>������+ก+L���������)ก���!�������H�!�������	����� 
 

"%#�O!��กก�
�Xก��� 
������& ������ �Sa�$��������!��u +%�� �PQ� ก�
R
�
R
3$
���23��,P ก�
�����ก������23��,P�!) ����!�ก�!����$���23ก

� $���������������ก�&'aP%
"%#�O! ����	ก	Q�$��$+%����!!������PQ��a�ก�
�����ก������23�"#$�,PP��+	Q�$u �
,#��,'#
R�#$ก��ก�
N��"%��
)��Q�$���23�a��$���ก�+ �X'$�)���a�%��� ����!�ก�!��"#$���23ก

�#%#�
�
�'�� 
!$ ���a�%ก�
��(��������23�aP%
)�)��!���� (Sreenivasan et al., 1987) ��ก"%#�O!
ก�
�Xก���
�Q�#%#���+�Rg��,P�&'�& ����!�ก�!��"#$������� 
����� ��,'#	
���#
+%����2& 
fluorescence in situ hybridization (FISH) �
�Q�������23��&'R!Oก�Rg�ก�
 %����23�+�*$�+�� Saccharum 

officinarum �&������� 
������Q��a�SQ  ,# 2n = 80 ������� 
������,*������Q�ก�
 10 �!)
������23�R�� S. spontaneum �&������� 
����� 2n= 40-128 � 
������,*������Q�ก�
 8 (DtHont 
et al., 1998) 

 
ก�
�Xก����$+%�����23���	
�"#$��!!�bX$������"#$� 
�����PQ��a�ก�
�����ก     

������23�c+% �
c+%��ก
��$��ก�
�����ก������23�#%#�R��"#$R
)���c���&'#����"%#�O!��กก�

��
������� 
����� ก!Q�� ,##%#�R�� 10 ���23� �&������� 
�������Q�ก�
 64, 72, 80 �!) 88 
#�Q�$a+#�Q�$��X'$���,#�ก���
,#�	ก	Q�$ก��##กcR �X'$�&��&�$���23��+&�� (Thai 82-65) �&'�&������
� 
������	ก	Q�$��ก���23�#,'�u �&������ 2n = 80 �X$����
b��กก!3Q�##ก��c+%#�Q�$P�+���     
(�3P&!�, 2530)  

  
�#ก��ก������� 
������&'�	ก	Q�$ก��a��	Q!)������23��!%� ��$�&�#ก���&'������

� 
�����"#$#%#�	%��+&��ก���&������� 
������&'�	ก	Q�$ก��c+% �
&�ก�Q� �chromosome 
mosaics� �ก�+��ก ���N�+Rก	�a�ก�
�
Q$��!!��

c��#�&� (meiosis) �
,#R�����#,'�u �& ���
�Rg�cRc+%�&'�ก�+��ก ���N�+Rก	�a�ก�
���$��"#$��%�a��R���+�! (spindle) �&'�����%��&'+X$
� 
�����cR�&'"�*�"#$��!!� �
,#�ก�+ก�
�OS���"#$� 
�����a�
)��Q�$ก�
�
Q$��!!���,'#$��ก
� 
�����c�Q�"%� OQก�� (non-disjunction) (Nair, 1972) 
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!����J� 
 
 R
)���c��c+%
�
#��2��!"#$�ก!,# 
#
 !3��,*��&'�Rg�

����ก�%�$bX$ 19.7 !%��c
Q 
JO��J� �&'c+%
�
N!ก
)�
��ก�&'�3+  ,# J� 	)���##ก�v&�$���,#  
#
 !3��,*��&'R
)��� 17.8 
!%��c
Q  
�$�Q��a�

�����,*��&'
�
J� ก!�$ �!)

����P�����$�)�! +��� w��ก�+��ก��	b3           
	%�ก�����+"#$+���&'�&�ก!,#�)��#�OQ�Rg���������ก  �ก!,#��ก�*��a	%+��bOก+X$"X*��OQN����%�+�� �ก!,#�&'
�)��

����P�����$�)�!  ก�
ก
)���"#$��3����&'"�+ ���
O%a�ก�
��+ก�
+�� 
)

P!R
)����&'
c�QbOก	%#$ ก�
���#Q�$�กw
�*��
��,*��&'+��� w� �!)ก�
������ก!,# P��+"#$�ก!,#�&'�
c+%  ,# 
� !��&�� ���+&�� �R�	���&�� �X'$�)#�OQa�
OR"#$��!��	  �
�
#��	 c��	
	 �!) !#c
+�  (�#�
, 
2550)   
  

	��
��$��"#$ U.S. Salinity Laboratory Staff  (1954) c+%ก����+��	
���ก�
	
���#

+��� w��+�ก�
��+ Q�ก�
���c���� (electrical conductivity; ECe) "#$��
!)!��+���&'#�'�	��+%���*�� 
(saturation extract) �&'#3��JO�� 25 #$����!��&�� �& Q��O$ก�Q� 2 �+���&�����	Q#��	
 (dS/m) �
,#+��
�&'�&
)+�
 ���� w���ก
)��'$���a�%ก�
��
�S�	�
�	�!)N!N!�	�,P!+!$ 
X'$��X'$�)bOกก����+a�%
�Rg�+��� w� (saline soil) �X'$R
�����ก!,#	Q##��2��!ก�
��
�S�	�
�	�!)N!N!�	"#$�,P ����
b
	
���#
�!)R
)����c+%��ก Q�ก�
���c����"#$��
!)!��+�� (	�
�$�&' 2)  
 
+������� 2  R
�����ก!,#�!)#��2��!"#$�ก!,#a�+��	Q#ก�
��
�S�	�
�	�!)N!N!�	"#$�,P (U.S.   

Salinity Laboratory Staff , 1954; �
�SS�, 2546) 
 
ECe (dS/m) �ก!,#a�+�� (%) 
)+�
 ���� w�"#$+�� #��2��!	Q#�,P 

2 
 

2-4 
4-8 
8-16 
16 

< 0.1 
 

0.1-0.2 
0.2-0.4 
0.4-0.8 
> 0.8 

c�Q� w� 
 

� w��!wก�%#� 
� w�R��ก!�$ 

� w���ก 
� w���+ 

c�Q�&N!	Q#ก�
��
�S�	�
�	�!)N!N!�	
"#$�,P 
�&N!	Q#�,P�&'c�Q��� w� 
�&N!	Q#�,P�!��P��+ 
�,P��� w���Q���*��&'��$��
�S�	�
�	c+%+& 
�,P��� w��%#�P��+�
,#�,PP#
�ก!,#�&'
��
�S�	�
�	c+%+& 
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�#ก��กก�
��+ Q�ก�
���c����"#$��
!)!��+���&'#�'�	��+%���*���&'#3��JO�� 25°C �!%�     
����
baP%"%#�O!+%��#,'���,'#PQ��R
)ก#
ก�
��� 
�)��+��� w�c+%#&ก+%�� c+%�กQ ก�
aP% Q�#�	
�   
ก�
+O+��
���+&��a�+�� ����
����ก#�	
��Q��
)��Q�$R
�������+&�� ก�

�ก�&'�#$"#$ 
X'$��X'$
"#$N!
�ก"#$� !��&���!)��ก�&��&�� ก!Q�� ,# b%�N!ก�
��� 
�)��c+%#�	
��Q��	�*$�	Q 13 "X*�cR 
�)b,#�Q��Rg�+��� w�c+%+%���PQ�ก�� �
,##&ก��2&��X'$�&'aP% �
 OQก�
ก�
��+ Q�ก�
���c����  ,#ก�
��+
 ���� w���ก Q� ����3�!ก�R!&'��� 	c###� �+�2�	3���+&���Rg�2�	3�&'#�OQa�ก!3Q�� 	c###��&'
�!ก�R!&'��c+% b%�ก
�&�&'+��

������*�u �& Q�ก�
�!ก�R!&'��c###��&'�O$N�+Rก	� #�	
�
%#�!)
���+&���&'�!ก�R!&'��c+% (exchangeable sodium percentage; ESP)  �
,# Q����+&����กก�Q�
%#�!) 
15 "#$ Q� ����3�!ก�R!&'��� 	c###���*$��+ �)b,#�Q��Rg�+��� w� �!)R
)ก�
�3+�%�� ,#         
 Q��&�#P����
b�Rg�	��P&*��+ ����Rg�ก
+-+Q�$"#$+��c+%a�
)+�
��X'$ �	Qa�
�$ก
�&+���&'
	
���#
��*��
�Q��& Q��&�#P#�OQa��ก���	'�� �	Q#���Rg�+��� w�c+%  ��*$�&*#���ก�+��กก�
����&'�+�
c��+
����!)#!O����&�����a�%�&Rx�ก�
���"#$+���&'�
&�กก���Q��&�#P	'��!$ (�#�
, 2550) 
 
G�ก���;���������J�+L����� 
 

+��� w��Q$N!ก
)�
	Q#J� �ก�	
ก

�bX$
%#�!) 20 "#$�,*��&'�ก�	
ก

���'��!ก 
(Flower and Yeo, 1995) �Rg�R�S���&'c�Q#���!&ก�!&'�$c+% R
)ก#
ก�
ก�
�ก%c"R�S����$	%#$aP%
�$���3���������ก �ก%R�S���
,*#$	%����c+%�+�ก�
aP%���+3R!Oก#%#��&'�&ก�

)
���*���&'+&��,'#R�#$ก��
ก�
�)��"#$�ก!,#a�+�� (Wiedenfeld et al., 2005) �	����
#���
&��	Q�$u !$a�+����,'#!+ก�

�)��"#$�ก!,# �PQ� ��R��� ก�กP��#%#� 
��bX$ก�
�ก%R�S���+���2&ก�
P)!%�$ �
,#��,#��$�ก!,#�&'
!)!���*��c+%$Q��##กcR ��,'#PQ��!+N!ก
)�
"#$�ก!,#!$ +�$��*���2&�ก%R�S���&'+&R
)ก�
��X'$ ,# 
ก�
R!Oก#%#���� w� �
 OQก�
ก�
�ก%R�S��+��� w� �X'$�)���a�%R�S��+��� w�c�Q�Q$N!ก
)�
	Q#
N!N!�	�!)ก�
��
�S�	�
�	"#$#%#�a��ก����&'
3��
$���ก��cR 
 
 #%#��Rg��,P�&'��
�S�	�
�	c+%a��,*��&'+��� w� (Berstein et al., 1966) a��	Q!)������23� �&
 ��������	Q# ���� w�a�
)+�
�&'	Q�$ก��  ���� w�a�
)+�
�&'#%#�c�Q����
b�����c+%�)
�Q$N!ก
)�
	Q#ก�
��
�S�	�
�	a�
)�)	Q�$u "#$#%#� �PQ� 
)�)�Q�$R!%#$�&N!���a�%R!%#$#%#�
��*�!$  ��
��*$ก�
���$��"#$�#�c��� PEPCase a�ก
)
��ก�
��$� 
�)����$ �!)ก�
�
%�$
 !#�
��!!�  (Joshi  and Naik, 1980) ��+$#�ก�
a
c��% �
,#�
&�ก�Q� salt burn (Clements, 1980) 
�*�����ก��%$�!)�,*��&'a
!+!$ (Wahid, 2004)  Q�
%#�!)"#$

�ก�� (Brix; % Soluble solids in 
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juice) R
�����O� 
�  (Pol; % Sucrose in juice)  Q� ���

��3�2��a��*��#%#�!+!$ (Pol as % of 
Brix)  (Lingle and Wiegand, 1997)  "�+"��$ก�
+X$2�	3c��	
��� �R�	���&�� � !��&�� 
��ก�&��&�� ��$ก)�& ��!wก �!)��$ก��&�  ก
)	3%�ก�
�)��2�	3���+&��  !#
&� #!O����&��         
��!�
+���'� �!) �#$�+$ (Gomathi  and Thandapani, 2005) �!)�
�Q� Q�ก�
���c����"#$
��
!)!��+���&'#�'�	��+%���*�� �&'#3��JO�� 25 °C ���'�"X*���X'$
)+�
�)���a�%�*�����ก"#$#%#�!+!$ 
13.7 	��	Q#��ก	�
� (Wiegand et al., 1996) N!ก
)�
�&'�ก�+"X*�ก�
#%#���*$��+�&*���a�% 3�J��"#$
�*��	�!�&'�Rg��3+�3Q$�����!�ก�OS��&�cR  
 
 a�
)+�
�%#$Rx�
�	�ก�
 ���� w��&N!ก
)�
	Q##%#� �PQ� ก�
�	���ก!,#���+&�� !#c
+� 
(86.5 mM "X*�cR) !$a�#���
���)�!&*�$��,*#��,'#�Q$N!a�%ก�
"���	��"#$� !!���!)#�	
�ก�

#+
"#$��!!�!+!$��,'#���)�!&*�$� !!���Rg���!� 1 �+,#� (Palade et al., 2008) �
,#���a�%� !!����+$
#�ก�
�&'�
&�ก�Q� �&� 
�&� (necrosis) �+��)�&�&��!,#$R��*��	�!���'���ก"X*�a������$�+&��ก��ก�

ก�
���'� ����"%�"%�"#$�ก!,#a�#���
���)�!&*�$��,*#��,'# �*�����ก�+�
��"#$� !!���)!+!$	��

)+�
ก�
����� ���� w�"#$#%#��	Q!)���23� ���23��&'������)�&�*�����ก�+�
����กก�Q����
���23�#Q#��# (Gandonou et al., 2005)   
 

��2&ก�
��$�ก	#�ก�
�&'�ก�+"X*�ก�
#%#��Rg���2&��X'$�&'aP%
Q$
#กc+%�Q�#%#��ก�+ ���� 
&�+	Q#
�J��)��*�u �+� ��(���ก+�� (2550) c+%�กw
"%#�O! �����&�����&'�ก�+"X*�ก�
a
#%#�a��J��)�&'#%#�
"�+�*�� �+��
Q$#�ก�
##ก�Rg� 5 
)+�
 (�&�,*��&'a
�&�"&����*$��+, �&�,*��&'a
�&�"&�� ¾  �&�,*��&'a
�&
��!,#$ ¼ "#$a
, �&�,*��&'a
�&�"&���!)��!,#$#�Q�$!) ½ "#$a
, �&�,*��&'a
�&�"&�� ¼ �&�,*��&'a
�&
��!,#$ ¾ "#$a
 �!) �&�,*��&'a
�&��!,#$��*$��+) ��,'#�� Q��R#
���w�	�a
�"&�� �+� �������ก�O	
 
 

�R#
���w�	�a
�"&�� = {[1(������a
�&'�&�,*��&'�&�"&����*$a
) + ¾ (������a
�&'�&�,*��&'a
�&
�"&�� 3/4) + ½(������a
�&'�&�,*��&'a
�&�"&�� 1/2) + ¼(������a
�&'�&�,*��&'a
�&�"&�� 1/4)] / ������a

��*$��+} X 100  
 

�X'$"%#�O!	
$�Q���&*����
bR
)�3ก	�aP%ก�
#%#��&'�& ���� 
&�+��ก ���� w�c+%�PQ��+&��ก�� 
��,'#$��ก!�ก��)ก�
��+$#�ก�
��$a
"#$#%#��&'�& ���� 
&�+��กก�
"�+�*���!)��ก ���� w�
 !%�� !X$ก����ก (Cha-um and Kirdmanee, 2009) 
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ก�Iกก��C��;+����"���"F��HLB� E���������J� 

 

 ก!cกก�
R
�
	����,'#�,Pc+%
�
 ���� 
&�+��ก ���� w��Rg��
,'#$�&'�& �����
�%#� �
 3�
+%��R������!��R����� ��*$�&*��,'#RกR�#$ก
)
��ก�
ก�
���$���!�กu "#$�,P �PQ� ก
)
��ก�
 
ก�
��$� 
�)����$ ก�
���a� ก!cกก�
+O+�*���"%��OQ	%��,P RกR�#$N��$��!!� ��,'#�3%���!!� (Botella 
et al., 1994) � 
����� �!)� 
$�
%�$"#$� 
��	�� (Walbot and Cullis, 1985; Parida et al., 
2005) �,P�)R
�
	����$P&�� �&�!)a�
)+�
���!ก3!  �ก&'��"%#$ก�
ก�
�)���!)ก�
R!+R!Q#�
c###�	Q�$u  �
 3�ก�
+O+c###���ก
�ก�OQa
 ��$� 
�)����
R
)�J� compatible solutes  
�R!&'���R!$ก
)
��ก�
ก�
��$� 
�)����$ �
%�$�#�c���	Q�$u "X*�����,'#R�#$ก��ก�
##ก��c+�� 
(antioxidative enzymes) �!)ก�
�
%�$�#
�����,P (J���&' 1) (Iyengar and Reddy, 1996) �+�a�
�,P�	Q!)P��+ �	Q!)������23��)�& �������
ba�ก�
R
�
	��a�%�!&ก�!&'�$�
,#�����	Q# ���
� w�	��!�ก��)�&'ก!Q��cR�!%�"%�$	%�c+%�	ก	Q�$ก��##กcR 
  

�,P�)��� !��&��a� apoplast �!)

����PQ#$�Q�$
)��Q�$��!!����'�"X*�#�Q�$	Q#��,'#$	��

)�)��!��&'#�OQa��J��)�&'�& ���� w���*�u (Hogarth, 1999) �#+ !%#$ก�

��$��"#$ Chinnusamy 
et al. (2005) c+%a�%"%#�O!�ก&'��ก�
	���Q$�!)
�
��SS����,'#�&�ก!,#��ก�ก��cRa���!!��,P ก!Q�� ,# 
�,P�)�Q$��SS��+%�� � !��&��c###� (Ca+) �
,#�
&�ก�Q� cytosolic calcium-signal �+�� !��&��
c###��&'���'���ก"X*��)�"%���
ก�
�R
	&� calcium sensor protein; salt overly sensitve 3 (SOS3) 
�!)
��	��ก�
 serine/threonine protein kinase; salt overly sensitve 2  (SOS2) �!�$��ก��*� salt 
overly sensitve 1 (SOS1) �&'�����%��&'�Rg�	��
�
��SS�����+&��c###��&'

������,'#�3%���!!��)���
��%��&'�!ก�R!&'��c###� ��,'#"�
�ก!,###ก�#กc��	�!���X� �
,#�%�����+&��c###��กw
c�%
J��a���,*#��,'#a
�&'�กQ�!%��
%#��)�!3+
Q�$ (Chesseman, 1988; Parida and Das, 2005) �%���"%��OQ
J��a��� ���#! (vacuole) ��,'#c�Qa�%�ก!,#J��a�c��	�!���X��)����ก���Rg����	Q#          
##
�ก���! (organelles) 	Q�$u c+% (J���&' 1) (Iyengar and Reddy, 1996; Zhu, 2002)  

 
�&� AtNHX1 �Rg� antiporter gene �&������%��&'� !,'#��%��c###���,'#�,P#�OQa��J��)  

 ���� w� (Shi and Zhu, 2002) �PQ��+&��ก�
a��,PP���!� Atriplex  gmelini  �&�&� AgNHX1 ���
��%��&'ก����+ก�
� !,'#��%�����+&��c###��"%��OQ�� ���#!�PQ�ก�� (Hamada et al., 2001)  
 

�#
�����,P ABA, ethylene �!)ก!3Q� cytokinin �&N!	Q# salt-stress-induced genes         
(de Bruxelles et al., 1996) �!) ABA-inducible genes a�"%�� (Gupta et al., 1998) ���a�%"%��R�+
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R�กa
#�Q�$
�+�
w� ��*$�&*��,'#
�ก���*��c�%J��a���!!� �!)!+ก�
�)��c###��&'�Rg���� (Cl-) 
(GomezCadenas et al., 2002) 

 

 
E����� 1  ก!cกก�
	#
��#$	Q#�J��) ���� w�"#$�,P a�ก�
� !,'#��%��c###�"#$�ก!,###ก 

�#ก��!!� �!)�กw
c�%J��a��� ���#! (Chinnusamy et  al., 2005) 
 
 ก�
"�
�ก!,###ก��$	Q#��ก!,# �
,# salt glands �Rg�ก�
R
�
�
$+��##���	�ก (osmotic 
adjustments) (Hogarth, 1999) �
,#N!�	��
� �& compatible solutes ��,'#
�ก����+3! �!)
�ก��
 �������
ba�ก�
+O+�*���"%�J��a���!!��,Pc+%#�Q�$�Rg�Rก	� �#ก��ก�&*��$�&��
�&'�,P��$� 
�)��
"X*��� �PQ� proline (Singh et al., 2000),  glycine betaine (GB) (Wang and Nil, 2000) polyols �!)
�*��	�! (Kerepesi and Galiba, 2000) �Rg�	%� �)�
R
������ก��,'##%#�#�OQa��J��)� 
&�+ ��*$�&*
��,'#R
�
�
$+��##���	�ก (osmotic adjustment) �!)
�ก���
$+��##���	�กc�% (osmotic 
protection) PQ��R�#$ก��ก�
�OS��&��*��J��a���!!�  
�ก��� 
$�
%�$"#$��!!� ��,'#�3%���!!� �R
	&�
�P�$�%#� �!)�#�c���	Q�$u ��ก#�3�O!#��
) �!)����
b���'�R
)���2�J��"#$�,Pa�ก�
+O+�X�
ก �� �
�
#�c+##กc�+�#&ก+%�� (Bohnert et al., 1995) 



�)Cก�<	�������ก�� 
 

�)Cก�<	 
 

1.  +����L���"F 
  
   #%#����23� K84-200 ��ก�O���������,Pc
Q�3�

�
3
& #. #OQ�#$ �. �3�

�
3
& 
 
2.  Cg�;�+�ก��������������"����"���"F 
  
 2.1  ��
� �&��'�cR 
 

ammonium nitrate (PchM Chemicals) �!) potassium nitrate (Merck) (stock I)  
 

magnesium sulfate (Merck), manganese sulfate (Fluka), zinc sulfate (Fluka) �!) 
cupper sulfate (Merck) (stock II)  
 

calcium chloride (Merck), potassium iodide (UNIVAR) �!) cobalt chloride (Fluka) 
(stock III)  
 

potassium dihydrogen phosphate (Fluka), boric acid (Merck) �!) sodium molypdate 
(SIGMA) (stock IV) 
 

ferrous sulphate (Fluka) �!) EDTA disodium salt (Fluka) (stock V) 
 

thiamine HCl (Fluka), nicotinic acid (Fluka) �!) pyridoxin hydrochloride (Fluka) 
(��	����) 

kinetin (Fluka), α-naphthalene acetic acid (Fluka), 2,4-dichlorophenoxyacetic acid 
(Fluka) �!) indole-3-butyric acid (BDH) (��
 �
 3�ก�
��
�S�	�
�	) 
 

glyzine (Merck), myo-inositol (Merck), coconut water, sucrose, agar (Chile) 
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methyl benzimidazol-2-ylcarbamate (Carbendazim) (ICA), streptomycin (Strepto) 

sodium hypochlorite (Clorox) �!) tween-20 (BP) (��
� �&�#ก¡Q��P,*#) 
 
 2.2  � 
,'#$�,# 
 

autoclave (SANYO), digital balance (Sartorius), digital balance 100A-300M 
(Precisa), laminar air flow (Clean) �!) pH meter (ORION) 
   
3.  Cg�;�+�ก��F�����������ก)� 
 

3.1  � 
,'#$�������!ก3! SSR  
 

aP%c�
��#
��&'�Rg� SSR ������ 8 P3+ "��+ 20-22 ��� !&�#c�+� (	�
�$�&' 3)  
 

+������� 3   3���
�	�"#$c�
��#
��&'aP%a��� ��  SSR  
 

c�
��#
� !��+�
�
�"#$c�
��#
� !��+�
�
��*�� TA(  �C) 
MCSA068G08 
 

F 5t CTAATGGCATGCCCCAGAGG 3t 
R 5t GCTGGTGATGTCGCCCATCT 3t 

(CAG)6 57.2 

MCSA175A08 
 

F 5t CAGGGGCAATGCTCGATGGA 3t 
R 5t TGACACGCATGGGGTTGTCG 3t 

(CGG)6 59.5 

MCSA180E02 
 

F 5t CAACGACGCAGGATCGAACC 3t 
R 5t AGCAGGCACGACTTCCCCAC 3t 

(CCG)5 59.5 

MCSA205C07 
 

F 5t GCTACCAGCTCTCGGTGCTTC 3t 
R 5t GCACGGGCTAGAACCTAGAAGG 3t 

(CGA)5 59.5 

SMC226CG 
 

F 5t GAGGCTCAGAAGCTGGCAT 3t 
R 5t ACCCTCTATTTCCGAGTTGGT 3t 

(CA)10 52.5 

SMC319CG 
 

F 5t CCTTTCATCCACAGAGGACAG 3t 
R 5t GGTTCACCGAAGCAAGAGAAC 3t 

(CA)17 50 
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+������� 3  (	Q#) 
 

c�
��#
� !��+�
�
�"#$c�
��#
� !��+�
�
��*�� TA(  �C) 
SMC477CG 
 

F 5t CCAACAACGAATTGTGCATGT 3t 
R 5t CCTGGTTGGCTACCTGTCTTCA 3t 

(CA)31 52.5 

SMC863CG 
 

F 5t CGGTCGCTGTTGCATTGTAG 3t 
R 5t TGGATCACTCAATCTCACTTCG 3t 

(TC)9 55 

 
#%�$#�$�+�  Cordeiro et al. (2003)  
 

3.2  � 
,'#$�������!ก3! RAPD 
 

aP%c�
��#
��&'�Rg� RAPD ������ 10 P3+ "��+ 10 ��� !&�#c�+� (	�
�$�&' 4) 
 

+������� 4   3���
�	�"#$c�
��#
��&'aP%a��� ��  RAPD 
 

c�
��#
� !��+�
�
�"#$c�
��#
� TA(  �C) 
primer 2* 5t GTTTCGCTCC 3t 36 
primer 3* 5t GTAGACCCGT 3t 36 
primer 6* 5t CCCGTCAGCA 3t 36 
OPA-01 5t CAGGCCCTTC 3t 36 
OPA-02 5t TGCCGAGCTG 3t 36 
OPA-04 5t AATCGGGCTG 3t 36 
OPA-08 5t GTGACGTAGG 3t 36 
OPA-10 5t GTGATCGCAG 3t 36 
OPA-16 5t AGCCAGCGAA 3t 36 
OPA-18 5t AGGTAGCCGT 3t 36 
 
#����#+)   * universal primer (pharmacia kit) 
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3.3  ��
� �&��'�cR 
 

2-mercaptoethanol (SIGMA), acrylamide (Bio-RAD), agarose (Gibco BRL), 
ammonium persulphate (BDH), bind silane (plusone), bis-acrylamide (BIO BASIC), boric acid 
(Farmitalia carlo erba), ethanol (Merck), ethidium bromide (AppliChem), 
ethylenediaminetetraacetic acid (Merck), formaldehyde (Merck), formamide (Merck), glacial 
acetic acid (Merck), isopropanol (J.T. Baker), magnesium chloride (Invitrogen), potassium 
acetate (Merck), potassium chloride (Merck), silver nitrate (Merck), sodium carbonate (Merck), 
sodium chloride (Merck), sodium citrate (Merck), sodium dodecyl sulfate (Merck), sodium 
hydroxide (Merck), sodium thiosulfate (BDH), TEMED (Bio-RAD), tris base (Pasific Science),  
tris HCl (Merck) �!) urea (Pharmacia biotech) 

   
3.4  �#�c����!)��� !&�#c�+� 
  

Taq DNA polymerase (Invitrogen), RNase (Promega) �!) dNTPs (Invitrogen) 
  

 3.5  � 
,'#$�,# 
 

Fluor-s™ MultiImager (Bio-Rad), geneAmp PCR system 2400 (Perkin Elmer),  high 
speed centrifuge GS-15R (Beckman), high speed centrifuge J2-MC (Beckman), power supply 
PowerPac 3000 (Bio-RAD) �!) UV-visible spectrophotometer ultrospec 30000 (Pharmacia 
Biotech) 
  
 3.6  �R
�ก
� #�����	#
�����
�
R
)��!N! 
 

�R
�ก
� NTSYS-pc version 2.01d 
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4.  Cj�;�+�ก������	����� 
 
4.1  ��
� �&��'�cR 
 

8-hydroxyquinoline (Merck), absolute ethanol (Merck), critic acid monohydrate 
(Merck), glacial acetic acid (Merck), potassium chloride (Merck) �!) trisodium citrate dehydrate 
(Merck) 

  
4.2  �#�c���  
 

cellulase (SIGMA) �!) pectinase (SIGMA) 
 
4.3  � 
,'#$�,# 
  

high speed centrifuge J2-MC (Beckman), incubator (Memmert), phase-contrast 
microscope CX31 (Olympus) �!) stereo microscope SZ (Olympus) 
 

����ก�� 

 
1.  ก��������������"����"��������"��B#��ก�! somaclonal variation 
 

1.1  ก�
�	
&��P�*���,*#��,'##%#� (explant) �!)�#ก¡Q��P,*# 
 

�	
&��P�*���,*#��,'##%#���ก 2 �Q��"#$#%#� c+%�กQ �#+#Q#� �!)a
#Q#� �+�aP%�&+
NQ�	�+	�+a
�Q���&'c�Q	%#$ก�
�!)!#กa
##ก��bX$�#+#Q#��!)a
#Q#�+%��a��3+ 	�+a�%�&"��+
�#����) (R
)��� 5 ��!!���	
) �!�$��ก��*����P�*��Q���&'c+%���PQa��*��ก!�'�R
���	
 1000 
��!!�!�	
 �&'a�Q Carbendazim 0.3 ก
�� �!) Streptomycin 0.2 ก
�� R
)��� 30 ���& �PQa�
��
!)!�� Clorox (sodium hypochlorite 5. 25% w/w) 10 �R#
���w�	� �&'�	�� Tween 20 (��
��
a
) 
2-3 ��+ ������ 2  
�*$  
�*$!) 30 ���& �!)�PQa���
!)!�� Clorox 5 �R#
���w�	� ������ 2  
�*$ 
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�*$!) 15 ���& ��ก��*�!%�$P�*���,*#��,'#a��*��ก!�'��X'$¡Q��P,*#��*$��+ 3  
�*$  
�*$!)R
)��� 5 ���& 
กQ#�	�+P�*���,*#��,'#a�%�&"��+�!wกR
)��� 0.5-1 ���	���	
 ��,'#���cRaP%a�"�*�	#�	Q#cR  
 
 1.2  ก�
���)�!&*�$a
#Q#��!)�#+#Q#�"#$#%#���,'#P�ก���a�%�ก�+� !!�� 
 

�	
&��#���
�"w$���)�!&*�$��,*#��,'##%#��O	
 MS (Murashige and Skoog, 1962) �&'�	��
��
 �
 3�ก�
��
�S�	�
�	 2,4-dichlorophenoxyacetic acid (2,4-D) ������ 3 ��!!�ก
��	Q#!�	
 ���
P�*��Q���&'�	
&��c�% (P�*��Q��a
#Q#��!)�#+#Q#�) ����$!$
�#���
+�$ก!Q����,'#P�ก���a�%�ก�+
� !!����������ก  �R!&'��#���
a��Q�� 

������ 5  �!) 10  
�*$ �+����ก�
�R!&'��#���
�3ก 
3 ��R+��� ��,'#�Rg�ก�
P�ก���a�%�ก�+ somaclonal variation กQ#�ก�
��(��a�%�Rg��#+	Q#cR 
 
 1.3  ก�
��(��� !!��a�%�Rg��#+ 
 

�R
&�
��&�
�O	
#���
��,'#��(��� !!��a�%�Rg��#+������ 2 �O	
#���
 c+%�กQ 
#���
���)�!&*�$��,*#��,'#�O	
 MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 α-naphthalene acetic acid 
(NAA) ������ 0.25 ��!!�ก
��	Q#!�	
 
Q��ก�
 kinetin 0.2 ��!!�ก
��	Q#!�	
 �!)#���
���)�!&*�$
��,*#��,'#�O	
 MS �&'c�Q�	����
 �
 3�ก�
��
�S�	�
�	 ����	Q!)�#+�&'�ก�+"X*�ก����+�����!" �!)
���'��������#+"#$�	Q!)�����!" (somaclone) 
���Xก"%#�O!�������#+�&'�ก�+"X*�a��	Q!)� !�
��,'#aP%a�ก�
�+!#$"�*�	#�	Q#cR 
 
 1.4  ก�
��(��a�%�Rg�	%�#%#��&'��
O
�� 
 

�#+�&'c+%��ก"%# 1.3 "#$ somaclone a��	Q!)�
#
�������!&*�$a�#���
�
Q$
�ก�+�aP%
#���
���)�!&*�$��,*#��,'#�O	
 MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 NAA 5 ��!!�ก
��	Q#!�	
  
  

1.5  ก�
 �+�!,#ก#%#���	Q# ���� w� 
 
��� somaclone ��ก"%# 1.4 �+�#
a�#���
 MS �&'�	���ก!,# (NaCl)  ����"%�"%� 1 

�R#
���w�	� (�*�����ก	Q#R
���	
) �Rg�
)�)��!� 4 ��R+��� �R!&'��#���
a��Q�3ก 2 ��R+��� 
���Xก
N!!�ก��)"#$ somaclone �&'	#
��#$	Q#�ก!,# �!�$��ก��*��%�� somaclone �&'��!,# !$a�#���

�O	
 MS �&'���'� ����"%�"%�"#$�ก!,#�Rg� 1.5 �R#
���w�	� (�*�����ก	Q#R
���	
) �Rg�
)�)��!� 4 
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��R+��� �R!&'��#���
a��Q�3ก 2 ��R+��� 
���XกN!!�ก��)"#$ somaclone bX$������	%��&'
#+��ก
�J��)+�$ก!Q�� �+�	%��&'��a��ก!,#
)+�
 1.5 �R#
���w�	� a�%ก��ก�

����Rg� (T)   

 
1.6  ก�
R!Oก#%#�a��J���
$�
,#� 

 
���	%�#%#��&'NQ��ก�
���)�!&*�$��,*#��,'#�!)�
%#�R!Oกa��J���
$�
,#� !%�$
�ก�#�

#���
�3%����)�!&*�$��,*#��,'###กa�%��+��,'#R�#$ก��ก�
�ก�+�P,*#
�   �PQ
�ก#%#�a��*���)#�+�+�a�%
�*���Q��
�ก#%#���&�$�!wก�%#��Rg���!� 1  ,�a��&'
Q� ��,'#R
�
�J��#%#�กQ#�R!Oก �!�$��ก��*�R!Oก
a�+���
,#"&*�b%��ก!
P3Q��*�� 	�*$c�%a��&'�&��$
��c
   ��,'##%#�R
�
	��c+%�!%��+���$�ก	��กa
#Q#��&'
��$"X*���a��Q �X$���cRc�%a��J���
$�
,#�Rก	� ��,'#
#ก�
�+!#$a�"�*�	#�	Q#cR 

 
2.  ก��*cก>�����#��ก#����������)ก������ somaclone !������������F�����������ก)� 
 
 2.1  ก�
�ก�+	��#�Q�$+&�#w��# 

 
�ก�++&�#w��#��ก	��#�Q�$� !�#%#��&'c+% �+�!,#ก�

�3Q���*$��+ 58 	��#�Q�$ 

(somaclone ��กก�
���)�!&*�$� !!��NQ��a
#Q#��!)�#+#Q#�#�Q�$!) 28 	��#�Q�$ �!)��ก#%#�	%�
 �
 3����23� K84-200 #&ก 2 	��#�Q�$) �+�R
)�3ก	���2&"#$ Dellaporta et al. (1983) aP%a
#Q#�"#$
#%#��*�����ก 0.3-0.6 ก
�� 
+	��#�Q�$+%��c��	
�����!�a�%!)�#&�+�Rg�N$�!)a�Qa��!#+�+!#$
"��+ 1.5 ��!!�!�	
 �&'�& extraction buffer (Tris-HCL 100 ��!!���!�
� pH 8.0, EDTA 50 ��!!���
!�
�, NaCl 500 ��!!���!�
� �!) 2-Mercaptoethanol 10 ��!!���!�
�) R
���	
 750 c�� 
!�	
 �"�Q�
a�%�"%�ก��   

 
�	�� sodium dodecyl sulfate (SDS) 20 �R#
���w�	� R
���	
 21 c�� 
!�	
 �"�Q�a�%�"%�

ก�� ���cR
Q��&'#3��JO�� 65 #$����!��&�� ก!�
�!#+cR�� 5-6  
�*$ �3กu 5 ���& �Rg���!� 15 ���&    
 

�	�� potassium acetate 5 ��!�
� R
���	
 105 c�� 
!�	
 N��a�%�"%�ก���+�ก�
ก!�

�!#+cR���
�u 5-6  
�*$ 
Q���*$c�%a��*���"w$�Rg���!� 20 ���& ���cRR������&'�$�&' ����
w�
#
 
12,000 
#
	Q#���& �Rg���!� 15 ���& �&'#3��JO�� 4 #$����!��&��   
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+O+�Q��a�+%��
�a�Q�!#+�+!#$�!#+a��Q"��+ 1.5 ��!!�!�	
 �	�� iso-propanol 
��Q�ก�
�Q��a��&'+O+"X*���c+% N���+�ก�
ก!�
�!#+cR���
�u 8-10  
�*$ 
Q��&'#3��JO�� -20     
#$����!��&�� �Rg���!� 1-2 P�'���$ �
,#"%�� ,� 

 
����!#+�+!#$cRR������&'�$�&' ����
w�
#
 12,000 
#
	Q#���& �Rg���!� 10 ���&  ��

�*��a��Q��
���*$����+ !%�$	)ก#�+%��ก�
�	�� ethanol 70 �R#
���w�	� R
���	
 600 c�� 
!�	
 
���cRR������&'�$�&' ����
w�
#
 12,000 
#
	Q#���& �Rg���!� 10 ���& ������ 2  
�*$  �'���!#+�&'
#3��JO���%#$��,'#a�%	)ก#�

����ก%��!#+��%$  

 
!)!��	)ก#��+��	�� TE buffer (tris-HCl 50 ��!!���!�
� pH 8.0, EDTA 10         

��!!���!�
�) R
���	
 450 c�� 
!�	
 ��,'#	)ก#�!)!������+ ���cRR������&'�$�&' ����
w�
#
 
12,000 
#
	Q#���& �Rg���!� 10 ���& ��,'#ก����+	)ก#��&'c�Q!)!��##ก  

 
+O+�Q��a�a�Q�!#+�+!#$a��QR
���	
 440 c�� 
!�	
 �	�� sodium acetate 3        

��!�
� R
���	
 168.8 c�� 
!�	
 �!)�	�� absolute ethanol R
���	
 440 c�� 
!�	
 (R
���	
 1 
��Q�"#$��
!)!��	)ก#�) ก!�
�!#+cR���
�u 8-10  
�*$ 
Q��&'#3��JO�� -20 #$����!��&�� �Rg�
��!� 1-2 P�'���$ �
,#"%�� ,� 

 
���cRR������&'�$�&' ����
w�
#
 12,000 
#
	Q#���& �Rg���!� 10 ���&  ���*��a�

�Q��
���*$ !%�$	)ก#�+%�� ethanol 70 �R#
���w�	� R
���	
 600 c�� 
!�	
 R������&'�$�&' ����
w�

#
 12,000 
#
	Q#���& �Rg���!� 10 ���& ������ 2  
�*$  �'���!#+�&'#3��JO���%#$��,'#a�%	)ก#�


����ก%��!#+��%$ !)!��	)ก#�a� TE buffer R
���	
 40 c�� 
!�	
 

 
�	�� RNase (10 ��!!�ก
��	Q#��!!�!�	
) R
���	
 0.8 c�� 
!�	
 
Q��&'#3��JO�� 37  

#$����!��&�� �Rg���!� 10-15 ���& �!�$��ก��*� 
Q��&'#3��JO�� 65 #$����!��&����,'#��3+ก�

���$��"#$�#�c��� �Rg���!� 5 ���& �!)�PQ�*���"w$�Rg���!� 10 ���& �กw
+&�#w��#c�%�&'#3��JO�� -20 
#$����!��&�� ��ก�Q��)���cRaP%	Q#cR 
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2.2  ก�
��� 
�)��+&�#w��# 
  

2.2.1  ก�
	
���#
 3�J���!) ����"%�"%�"#$+&�#w��#�+�aP% spectrophotometer 
 

	
���#
 ���

��3�2���!)��+ ����"%�"%�"#$+&�#w��# �+������
!)!��+&�#w�
�#cR��+ Q� optical density (OD) �X'$�Rg� Q�ก�
+O+ก!,���$�&'�& ������PQ�$ !,'� 260 ������	
 
�
,# OD260 ��,'#�� ����"%�"%�"#$+&�#w��#+�$�&* 

 
 ����"%�"%�"#$��
!)!��+&�#w��# (µg/ml) = OD260 x 50 x dilution factor 

 
ก�
��+ Q�ก�
+O+ก!,���$"#$+&�#w��#�)��+�&' ������PQ�$ !,'� 280 ������	
 

(OD280) ��,'#aP%a�ก�
 �����#�	
��Q�� ���

��3�2��"#$+&�#w��#   b%� Q� OD260/ OD280 #�OQ
)��Q�$ 
1.7-1.8 ��+$�Q�+&�#w��#�&'�ก�+c+%�Rg��ก!&�� OQ

��3�2��     �	Qb%�#�	
��Q����กก�Q� 1.8 ��+$�Q��&  
#�
��#w��#��,#R� (Sambrook et al., 1989)  

 
2.2.2  ก�
��ก"��+�!)	
���#
 3�J��+&�#w��#+%����2& agarose gel electrophoresis  

  
N����
!)!��+&�#w��#�&'�ก�+c+%ก�
 6X loading buffer (bromophenol blue 0.25 

�R#
���w�	�, xylene cyanol FF 0.25 �R#
���w�	� �!) glycerol 30 �R#
���w�	�) 	
���#
"��+         
+&�#w��#+%����2& gel electrophoresis aP% lamda DNA/HindIII digest �Rg��b
+&�#w��#��	
��� aP% 
agarose 0.8 �R#
���w�	� a� 1X TAE buffer (1X TAE R
)ก#
+%�� tris-base 4.84 ก
��, glacial 
acetic acid 11.42 ��!!�!�	
, EDTA 0.5 ��!�
� pH 8.0 20 ��!!�!�	
 a��*��ก!�'�R
���	
 1 !�	
) �!)
aP%ก
)��c�����&'�& ���	Q�$��ก��c���� 100 ��!	� �Rg���!�R
)��� 30-40 ���& 	
��+O�b
         
+&�#w��#��กก�
�%#���!+%�� ethidium bromide 0.5 c�� 
ก
��	Q#��!!�!�	
 �Rg���!� 10 ���& !%�$
+%���*��ก!�'� 10 ���& 	
��+OJ��a	%��$#3!	
%�c��#�!	+%��� 
,'#$ UV transilluminator 
���XกJ��
�+�aP%� 
,'#$ Fluor-s™ MultiImager (Bio-Rad) �!)�R
&�
��&�
"��+"#$+&�#w��#ก�
+&�#w��#
��	
��� 
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2.3  ก�
���'�R
����+&�#w��#+%��Rx�ก�
���!Oก��Q��!&��#�
� (polymerase chain  reaction; 
PCR)  

 
2.3.1  ��2& microsatellite (SSR) 

 
���'�R
����+&�#w��#+%���� ��  PCR �+�ก�
���+&�#w��#�&'�ก�+c+%��ก�3ก	��#�Q�$

�����Rx�ก�
��� PCR +%��c�
��#
� SSR c+%�กQ MCSA068G08, MCSA175A08, MCSA108E02, 
MCSA205C07, SMC226CG, SMC319CG, SMC477CG �!) SMC863CG �+��&�Q��N��"#$
Rx�ก�
��� PCR a�R
���	
��*$��+ 25 c�� 
!�	
 R
)ก#
+%����
!)!�� ����"%�"%��3+�%��  ,#  
PCR buffer  1X, magnesium chloride 1.5 ��!!���!, deoxynucleotide triphosphate 0.2 ��!!���!, 
primer forward �!) primer reverse #�Q�$!) 50 �� � ��! �!) Taq DNA polymerase 1 �O��	     
aP%+&�#w��#	%��

�&'�ก�+c+%��ก	��#�Q�$#%#� 	��#�Q�$!) 75 ����ก
��  �	���*��ก!�'��&'�X'$¡Q��P,*#��
 

R
���	
	���&'ก����+  �!%��X$���cR�"%�� 
,'#$ �
 3�#3��JO��#�	����	� �+�aP%� 
,'#$ DNA 
thermal cycler (Perkin Elmer GeneAmp PCR system 2400) 	�*$�R
�ก
��+�aP%#3��JO���&' 94 
#$����!��&�� �Rg���!� 2 ���& ������ 1 
#
 �!)�&' 94 #$����!��&�� �Rg���!� 30 �����& �&' 55 
#$����!��&�� ("X*�#�OQก�
 Q� annualing "#$c�
��#
���*�u) �Rg���!� 1 ���& �&' 72 #$����!��&�� 
�Rg���!� 1 ���& ����*���� 

 30 
#
 �!%�	��+%�� 72 #$����!��&�� �Rg���!� 5 ���& ������ 1 

#
 �!)�&'#3��JO�� 4 #$����!��&����ก�Q��)���cRaP%	Q# ��� 
�)��N!�&'c+%��กRx�ก�
��� PCR �+�
��2& denaturing polyacrylamide gel electrophoresis 

 
2.3.2  ��2& random amplified polymorphic DNA (RAPD) 

 
���'�R
����+&�#w��#+%���� ��  PCR �+�ก�
���+&�#w��#�&'�ก�+c+%��ก�3ก	��#�Q�$

�����Rx�ก�
��� PCR +%��c�
��#
� RAPD c+%�กQ universal primer 2 (pharmacia kit), universal 
primer 3 (pharmacia kit), universal primer 6 (pharmacia kit), OPA-01, OPA-02, OPA-04,      
OPA-08, OPA-10, OPA-16 �!) OPA-18 �+��&�Q��N��"#$Rx�ก�
��� PCR a�R
���	
��*$��+ 25 
c�� 
!�	
 R
)ก#
+%����
!)!�� ����"%�"%��3+�%��  ,#  PCR buffer 1X, magnesium chloride 
2 ��!!���!, deoxynucleotide triphosphate 0.2 ��!!���!, RAPD primer 25 �� � ��! �!) Taq 
DNA polymerase 1 �O��	 aP%+&�#w��#	%��

�&'�ก�+c+%��ก	��#�Q�$#%#� 	��#�Q�$!) 80 ����ก
��  
�	���*��ก!�'��&'�X'$¡Q��P,*#�� 

R
���	
�&'ก����+   �!%��X$���cR�"%�� 
,'#$ �
 3�#3��JO��#�	����	�    
�+�aP%� 
,'#$ DNA thermal cycler (Perkin Elmer GeneAmp PCR system 2400) 	�*$�R
�ก
��+�
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aP%#3��JO���&' 95 #$����!��&�� �Rg���!� 5 ���& ������ 1 
#
 �!)�&' 95 #$����!��&�� �Rg���!� 1 
���& �&' 36 #$����!��&�� (���,#�ก���3กc�
��#
�) �Rg���!� 1 ���& �&' 72 #$����!��&�� �Rg���!� 2 
���& ����*���� 

 30 
#
 �!�$��ก��*�	��+%�� 72 #$����!��&�� �Rg���!� 5 ���& ������ 1 
#
 
�!)�&'#3��JO�� 4 #$����!��&����ก�Q��)���cRaP%	Q# ��� 
�)��N!�&'c+%��กRx�ก�
��� PCR �+���2& 
agarose gel electrophoresis 

 
2.4  ก�
��� 
�)��+&�#w��#��กRx�ก�
��� PCR +%����2& SSR  
 

2.4.1  ก�
�	
&��ก
)�ก����
�
����! 
 

����NQ�ก
)�ก����
�
�	
&����!������ 2 �NQ� !%�$a�%�)#�+ �Pw++%�� ethanol 
95 �R#
���w�	� �Pw+ก
)�ก�NQ��!�$+%���*�����&'R
)ก#
+%�� glacial acetic acid 0.5 �R#
���w�	� a� 
ethanol 95 �R#
���w�	� 	Q# bind silane #�	
��Q�� 1 ��!!�!�	
 	Q# 3 c�� 
!�	
 

  
2.4.2  ก�
�	
&�� polyacrylamide gel 4.5 �R#
���w�	� 

 
�	
&�� acrylamide 40 �R#
���w�	� (19:1) �+�P�'$ acrylamide 380 ก
�� �!)       

bis acrylamide 20 ก
�� �	���*��ก!�'�R
���	
 550 ��!!�!�	
  ���ก
)��'$��
!)!����+ R
�

R
���	
a�%c+% 1000 ��!!�!�	
 ���cRก
#$�!)�กw
a�"�+�X
��$ �&'#3��JO�� 4 #$����!��&�� 

 
�	
&�� polyacrylamide gel 4.5 �R#
���w�	� �+�N���*��ก!�'�R
���	
 350 

��!!�!�	
ก�
 5X TBE (tris-dorate 89 ��!!���!�
� �!) EDTA 2.5 ��!!���!�
�) R
���	
 200 
��!!�!�	
 �	���O�
&� 450 ก
��  �a�%!)!������+ �	�� acrylamide 40 �R#
���w�	� (19:1) R
���	
 
112.5 ��!!�!�	
 N��a�%�"%�ก��R
�
R
���	
 a�%c+% 1000 ��!!�!�	
 ���cRก
#$�!)�กw
a�"�+�X

��$ �&'#3��JO�� 4 #$����!��&�� 

 
N�� acrylamide 40 �R#
���w�	�, APS 10 �R#
���w�	� �!) TEMED N��a�%�Rg�

��,*#�+&��ก��#�Q�$
�+�
w� #�Q�a�%�ก�+�#$#�ก�� ����!a�QPQ#$
)��Q�$ก
)�ก��*$�#$�NQ����	w� a�Q
��&!$cR+%��
� b%��Rg���&�

���v!�� (shark tooth type) a�%a�Q+%��	
$"%���&'�Rg�
)��
!$cR   
��$ก
)�กa�%+%��
��#&�$����3�ก�
���
)+�
R
)��� 30 #$�� ��,'#R�#$ก��ก�
c�!�X�"#$��!   
��*$c�%R
)��� 2 P�'���$��,'#a�%��!�"w$	�� R
)ก#
ก
)�ก�"%�ก�
P3+ electrophoresis �	�� 1X TBE 
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buffer �!%��R�+ก
)��c�����&' ���	Q�$��ก�� 120 ��!	� �Rg���!� 30 ���& N����
!)!��+&�#w��# 3 
c�� 
!�	
ก�
 loading buffer 1.5 c�� 
!�	
 (formamide 98 �R#
���w�	�, EDTA 10 ��!!���!�
�, 
bromphenol blue 0.1 �R#
���w�	� �!) xylene cyanol 0.1 �R#
���w�	�) ���cR
Q��&'#3��JO�� 95 #$��
��!��&�� �Rg���!� 5 ���& ��,'#���a�%+&�#w��#��&��J�� ���!��� 
$�
%�$�P�$�%#�"#$+&�#w��# ���cR
�PQa��*���"w$����& ��#++&�#w��#!$a��	Q!)PQ#$"#$�NQ���!�!)��#+��
!)!��+&�#w��#
��	
��� (φx-174/HinfI) a�PQ#$�
ก�!)PQ#$�3+�%��"#$�NQ���! �R�+ก
)��c�����&' ���	Q�$
��ก�� 120 ��!	� �Rg���!�R
)��� 2 P�'���$  

 
2.4.3  ก�
	
���#
+&�#w��#+%��ก�
�%#�+%����
!)!�� silver nitrate (AgNO3) 

 
����NQ�ก
)�ก�&'�&��!	�+���PQa� fix solution (glacial acetic acid 10 �R#
���w�	�) 

�Rg���!� 20 ���& ��$�NQ�ก
)�กa�%��,*#��!#�OQ+%��
����# �!)
)��+
)��$#�Q�a�%��,*#��!�&
#�"&+
"Q�� �PQ�NQ���!+%���*��ก!�'� 3  
�*$ ��� 
�*$!) 2 ���& �!�$��ก��*��PQ�NQ���!a���
!)!�� 
staining solution (��
!)!�� staining solution R
)ก#
+%�� �*��ก!�'� 1 !�	
, silver nitrate 1 ก
�� 
�!) formaldehyde 37 �R#
���w�	� 1.5 ��!!�!�	
) �Rg���!� 30 ���& ����NQ���!��!%�$+%���*��ก!�'�
#�Q�$
�+�
w��Rg���!� 5-10 �����& �!)�	����
!)!�� developer (��
!)!�� developer 
R
)ก#
+%�� �*��ก!�'� 1 !�	
, sodium carbonate 30 ก
��, sodium thiosulphate  ����"%�"%� 10 
��!!�ก
��/��!!�!�	
 R
���	
 200 c�� 
!�	
 �!) formaldehyde 1.5 ��!!�!�	
) �&'�	
&��a��Q�!)�PQ
��w��&'#3��JO�� 10 #$����!��&�� �"�Q��
�u #�Q�$��'�����# �Rg���!� 3-5 ���& �
,#��ก
)��'$��w�
�b
+&�#w��#P�+��� ��3+Rx�ก�
����+����ก
)�ก���PQa� stop solution (glacial acetic acid 10 
�R#
���w�	�) �Rg���!� 5 ���&   ����NQ�ก
)�ก���PQa��*��ก!�'��Rg���!�R
)��� 15 ���& NX'$a�%��%$
�&'#3��JO���%#$ 
 

2.5  ก�
��� 
�)��+&�#w��#��กRx�ก�
��� PCR +%����2& RAPD 
  

2.5.1  ก�
�	
&����! agarose gel 4 �R#
���w�	� 
 

�	
&����! agarose gel 4 �R#
���w�	� �+�P�'$ agarose 8 ก
�� �	���*��ก!�'� 200 
��!!�!�	
 a�% ���
%#���ก
)��'$N$ agarose !)!����+  �a�%��
�"%�ก����+ ���J�P�)cR
Q��&'
#3��JO�� 60 #$����!��&�� ��,'#a�%#3��JO��!+!$R
)��� 30 ���& กQ#��&'�)��!$
�J�P�)
#$
�
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�&'�"%�ก�
P3+ electrophoresis  
#��!� 30-45 ���& ��,'#
#a�%��!�"w$	�� �	�� 1X TBE buffer N��
��
!)!��+&�#w��# 3 c�� 
!�	
 ก�
 loading buffer 1.5 c�� 
!�	
 ��#++&�#w��#!$a��	Q!)PQ#$
"#$�NQ���!�!)��#+��
!)!��+&�#w��#��	
��� (lamda DNA/HindIII  digest) a�PQ#$�
ก�!)
PQ#$�3+�%��"#$�NQ���! �R�+ก
)��c�����&' ���	Q�$��ก�� 100 ��!	� �Rg���!�R
)��� 2 P�'���$  
 

2.5.2  	
���#
+&�#w��#+%��ก�
�%#�+%����
!)!�� ethidium bromide (EtBr) 
 

�����!�PQa���
!)!�� EtBr (10 ��!!�ก
��	Q#��!!�!�	
) 10-15 ���& �!�$��ก��*�
�PQa��*��ก!�'�R
)��� 15 ���& กQ#��&'�)�����bQ��J��
���XกJ�� 
 

2.6   ก�
��� 
�)��N!+%���R
�ก
� #�����	#
� 
 

��� 
�)��N!!�������+&�#w��#�&'c+%��ก�� ��  SSR �!) RAPD a��	Q!)	��#�Q�$   
	
���#
!�������+&�#w��#�&'��� �S�!)P�+��� #Q���b
+&�#w��#�&'R
�กx
���!�!)
���Xก"%#�O!
�+�ก����+��S!�ก����!" �1� ก�
ก�
�ก�+�b
+&�#w��# �!) �0� ก�
ก�
c�Q�ก�+�b
+&�#w��# ���N!��
��� 
�)���� Q� similarity index +%���R
�ก
� #�����	#
�����
w�
OR Numerical Taxonomy and 
Multivariate Analysis System (NTSYS-pc) 
3Q� 2.01d (Rohlf, 2000) �+�aP%�O	
"#$ Nei and Li 
(1979)  �X'$N!a��Q���&*�)aP%a�ก�
�R
&�
��&�
 ������,#��!) ����	ก	Q�$
)��Q�$ somaclone 
	Q�$u "#$#%#� N!"#$ก�
 ������)�Rg�	���!"�&'#�OQ
)��Q�$�!" �0.0000� bX$�!" �1.000� �+� 
somaclone a+�&'�	ก	Q�$ก����ก�)�& Q�+�$ก!Q���"%�aก!% Q� 0.0000 �!)�&'�& ��� !%�� !X$ก����ก Q�
+�$ก!Q���)�"%�aก!% Q� 1.0000 �+� Q���*$��+�)��+$a�
OR�

"#$	�
�$+�P�& ��� !%�� !X$ 
(similarity matrix) ��,'#$Q��	Q#ก�
	
���#
"%#�O!
)��Q�$ somaclone   

 
�!�$��ก��*���� Q� similarity index �� ������� Q� ������,#� a�
OR�

ก�
��+ก!3Q�

	��#�Q�$+%����2& unweighted pair group method using arithmetic average (UPGMA) (Sneath and 
Sokal, 1973)  ��+$N!a�
OR�

"#$ phylogenetic tree ��,'#�
Q$ก!3Q�"#$ somaclone #%#�  Q��&'c+%
�)�Rg� Q� similarity coefficient �
,# Q����R
)���2�� ��� !%�� !X$ก�� �+��Rg� Q��&'aP%
Q$
#ก
 ��� !%�� !X$ก��
)��Q�$ก!3Q� �
,#
Q$
#กPQ�$ ��� !%�� !X$ก��"#$	��#�Q�$�&'������Xก��
��*$��+ 
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3.  Cj�;�+�ก������	����� 
 

3.1  ก�
�กw
	��#�Q�$
�ก#%#� 
 

�กw
	��#�Q�$R!��
�ก#%#�"��+ 2-4 ���	���	
 a�PQ�$��!� 10.00-12.00 �.  
  
 3.2  ก�
	
���#
� 
������+�R
)�3ก	� ��2& enzymatic root-tip squash method ��ก
ก�
�Xก��� 
�������ก Anamthawat-Jónsson (2001) �!) ��$Nก� �!) Anamthawat-Jónsson 
(2551) 
 

���	��#�Q�$
�ก#%#��&'!%�$�*�����)#�+�!%� �����NQ��"�*�	#� pretreatment �+��PQa�
��
!)!��#�'�	�� 8-hydroxyquinoline �Rg���!� 3 P�'���$ �&'#3��JO�� 10-12   �C  
 

���
�กa�Qa���
!)!�� fixative (absolute ethanol 3 �Q�� 	Q# glacial acetic acid 1 
�Q��) �&'�	
&��a��Q�3ก 
�*$��,'#��3+ก��ก

�"#$��!!��Rg���!�#�Q�$�%#� 2 P�'���$ �+��R!&'��
��
!)!�� fixative �3ก 1 P�'���$ �&'#3��JO���%#$ (�*���� fixative ����
b�กw
�&'#3��JO�� -20   �C  �

aP%J��a� 2 �+,#�) 
 

���
�ก�PQa��*��ก!�'��Rg���!� 30 ���& �+��R!&'���*��a��Q�3ก 15 ���& ���R!��
�ก
"��+ 1-2 ���	���	
  �PQa��#�c���N��
)��Q�$ cellulase 500 units; Onozuka R10 Merck 
#102321 �!) pectinase 300 units; SIGMA P4716 a���
!)!�� enzyme buffer (citric acid 
monohydrate 0.1 ��!�
� �!) trisodium citrate dehydrate 0.1 ��!�
�) R
���	
 150 c�� 
!�	
 
Q�
�&'#3��JO���%#$ 30-60 ���& "X*�#�OQก�
"��+"#$
�ก  
 

��,'#R!��
�ก��'��
&�

%#��!%� ���R!��
�ก�&'c+%�PQa� enzyme buffer  #�Q�$�%#� 30 
���& �!�$��ก��*����
�ก��$
��c!+� 	�+a�%��!,#R!��
�กR
)��� 1-3 ��!!���	
 ��+��
!)!�� 
acetic acid 45 �R#
���w�	� 
��c!+���,'#R
�
�J���!)!%�$
�ก#&ก 
�*$��X'$ ��
+%��ก
)+��P��
)��
��
!)!����+ �!�$��ก��*���+��
!)!��+�$ก!Q���*��#&ก 
�*$��X'$กQ#��&'�)aP%�"w��"&'���ก��!!�


����R!��
�กJ��a	%ก!%#$ microcrope ##ก �+��#����
�ก�!)"�)�&'c�Q�X'$R
)�$ �##ก ��!,#
c�%��&�$��!!��"��!#��&'�
�	%#$ก�
��Q���*� 
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�%#���!!�+%���&�%#� aceto-carmine R�+�NQ�R�+�c!+� �!�$��ก��*��3%��c!+�+%��
ก
)+��ก
#$#&กP�*���X'$กQ#��&'�)aP%��$!
�&'	�+ก�
R!��+���#� �)�
�u ���ก�
ก+"�&*  
	
���#
�!)bQ��J����!!���,'#	
����
������� 
����� 
���Xก������� 
������&'��
c+%

)��Q�$ somaclone #%#�	Q�$u �&'c+% �+�!,#ก���+�#
 �!)�กw
"%#�O! 
 
 



G������
��<	 
 

G� 

 
1.  ก��F�ก���B#��ก�!ก���C�G���������)ก��� (somaclonal variation) �!�ก�����������������  
  

1.1  ก�
���)�!&*�$� !!�� 
 

���P�*��Q�� (explant) 

����a
#Q#��!)�#+#Q#������)�!&*�$��,*#��,'#+%��#���
�O	
 
MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 2,4-D 3 ��!!�ก
��	Q#!�	
 ��,'#P�ก���a�%�ก�+� !!�� �!)�%��!$
a�#���
a��Q (subculture) �3กu 3 ��R+��� (������ 5  
�*$ �!) 10  
�*$)  �
�Q�� !!��R
�กxa�%
��w�P�+���	�*$�	Qก�
�R!&'��#���
a��Qa� 
�*$�&' 2 �
,# ��R+����&' 6 �Rg�	%�cR (J���&' 2ก-$) 

 
1.2  ก�
��(��� !!��a�%�Rg�	%��&'��
O
�� 

 
��,'# 

ก����+��!�ก�
�R!&'��bQ��#���
a��Q�!%� (5 �!) 10  
�*$) � !!���&'c+%

��*$��+�����P�ก����!)��(��a�%�ก�+�#+ (J���&' 3ก-�) �+��%����,*#��,'#!$
�#���
�O	
 MS �&'c�Q
�	����
 �
 3�ก�
��
�S�	�
�	 �!)#���
�O	
 MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 NAA 0.25 
��!!�ก
��	Q#!�	
 
Q��ก�
 kinetin 0.20 ��!!�ก
��	Q#!�	
 �R
&�
��&�
R
)���2�J��"#$�O	
#���
��*$
�#$ +%����2&ก�
��
�������#+�&'����
bP�ก���c+%��ก� !!���&'�
�'�	%�+%��P�*��Q��a
#Q#��!)�#+
#Q#� �
�Q�ก�
��(���!)P�ก���a�%� !!���ก�+�#+a�#���
�O	
 MS �&'c�Q�	����
 �
 3�ก�

��
�S�	�
�	 c+%�������#+�&'��กก�Q�ก�
�%��� !!��!$a�#���
�O	
 MS �&'�	����
 �
 3�ก�

��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 
Q��ก�
 kinetin 0.20 ��!!�ก
��	Q#!�	
 a��3กu ก�
�+!#$ 
c+%�กQ �O	
#���
 MS �&'c�Q�	����
 �
 3�ก�
��
�S�	�
�	 �&'�
�'�	%����� !!���&'c+%��กP�*��Q��   
a
#Q#��R!&'��bQ��#���
a��Q 5  
�*$ ����
bP�ก���c+% 272 �#+ � !!���&'c+%��กP�*��Q���#+#Q#�
�R!&'��bQ��#���
a��Q 5  
�*$ ����
bP�ก���c+% 369 �#+   � !!���&'c+%��กP�*��Q��a
#Q#��R!&'��
bQ��#���
a��Q 10  
�*$ ����
bP�ก���c+% 10 �#+ �!)� !!���&'c+%��กP�*��Q���#+#Q#��R!&'��bQ��
#���
a��Q������ 10  
�*$ ����
bP�ก���c+%�������#+ 131 �#+  �#ก��ก�&*�O	
#���
 MS �&'�	��
��
 �
 3�ก�
��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 
Q��ก�
 kinetin 0.20 ��!!�ก
��	Q#!�	
 
����
bP�ก���a�%�ก�+�#+c+%a�
)�)ก�
�R!&'��bQ��#���
������ 5  
�*$��Q���*�  c+%�กQ ก�
�+!#$
�&'�
�'�	%����� !!����กP�*��Q��a
#Q#��R!&'��bQ��#���
a��Q������ 5  
�*$ ����
bP�ก���c+% 212 
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�#+ �!)� !!����กP�*��Q���#+#Q#��R!&'��bQ��#���
a��Q������ 5  
�*$ ����
bP�ก���c+% 294 
�#+ �Q��ก�
�R!&'��bQ��#���
a��Q������ 10  
�*$ �O	
#���
+�$ก!Q��c�Q����
bP�ก���a�%�ก�+
�#+a��Qc+% +�$��*�#���
�O	
 MS �&'c�Q�	����
 �
 3�ก�
��
�S�	�
�	 ����
bP�ก����#+c+%
��กก�Q�#���
�O	
 MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 
Q��ก�
 
kinetin 0.20 ��!!�ก
��	Q#!�	
 �+�c+%�������#+
����*$��+��ก	�
�$�&' 5 �!)	�
�$�&' 6 ��,'#�����

��ก���& Q���Q�ก�
 782 �#+ 	Q# 506 �#+ 	��!��+�
 �
,##��ก!Q��c+%�Q�#���
�O	
 MS �&'c�Q�	��
��
 �
 3�ก�
��
�S�	�
�	����
bP�ก����#+c+%��กก�Q�#���
�O	
 MS �&'�	����
 �
 3�ก�

��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 
Q��ก�
 kinetin 0.20 ��!!�ก
��	Q#!�	
��*$��ก�R!&'��bQ��
#���
 5  
�*$ �!) 10  
�*$  �+�Rg� 1.55 ��Q�  �!)
)�)��!�a�ก�
�R!&'��bQ��#���
������ 5  
�*$�&
�#ก���&'P�ก���� !!��a�%�Rg��#+c+%��กก�Q�ก�
�R!&'��bQ��#���
������ 10  
�*$+%���PQ�ก�� �+�

)�)��!�ก�
�R!&'��#���
������ 5  
�*$ ����
bP�ก����#+c+%
����*$��+ 1,147 �#+ 	Q�$��ก

)�)��!�ก�
�R!&'��#���
������ 10  
�*$ ����
bP�ก����#+c+%
����*$��+��&�$ 141 �#+��Q���*� 
�
,##��ก!Q��c+%�Q�
)�)��!�ก�
�R!&'��#���
������ 5  
�*$ ����
bP�ก����#+c+%��กก�Q�

)�)��!�ก�
�R!&'��#���
������ 10  
�*$  �+�Rg� 8.13 ��Q�  

 
�#ก��ก�&*�
�Q�ก�
P�ก����#+��ก� !!��
)�)��!�ก�
�R!&'��bQ��#���
a��Q������ 

5  
�*$ � !!���&'NQ��ก�
P�ก���+%��#���
�O	
 MS �&'c�Q�	����
 �
 3�ก�
��
�S�	�
�	 P�*��Q��
�
�'�	%��&'�Rg�a
#Q#�����
bP�ก����#+c+%��ก�&'�3+a���R+����&' 24   P�*��Q���
�'�	%��&'�Rg��#+#Q#�
����
bP�ก����#+c+%��ก�&'�3+a���R+����&' 30   �Q��� !!���&'NQ��ก�
P�ก���+%��#���
�O	
 MS �&'
�	����
 �
 3�ก�
��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 �!) Kinetin  0.20 ��!!�ก
��	Q#!�	

P�*��Q���
�'�	%��&'�Rg�a
#Q#�����
bP�ก����#+c+%��ก�&'�3+a���R+����&' 27   P�*��Q���
�'�	%��&'�Rg�
�#+#Q#�����
bP�ก����#+c+%��ก�&'�3+a���R+����&' 30  �!)ก�
P�ก����#+��ก� !!��
)�)��!�
ก�
�R!&'��bQ��#���
a��Q������ 10  
�*$ � !!���&'NQ��ก�
P�ก���+%��#���
�O	
 MS �&'c�Q�	����

 �
 3�ก�
��
�S�	�
�	 P�*��Q���
�'�	%��&'�Rg�a
#Q#�����
bP�ก����#+c+%��ก�&'�3+a���R+����&' 45   
P�*��Q���
�'�	%��&'�Rg��#+#Q#�����
bP�ก����#+c+%��ก�&'�3+a���R+����&' 42  �Q��� !!���&'NQ��
ก�
P�ก���+%��#���
�O	
 MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 �!) 
Kinetin 0.20 ��!!�ก
��	Q#!�	
 c�Q�&"%#�O! ��,'#$��ก#���
�O	
+�$ก!Q��c�Q����
bP�ก���a�%�ก�+�#+
c+% (	�
�$�&' 5 �!) 6) 
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E����� 2  ก�
���)�!&*�$� !!��#%#� ก  P�*���,*#��,'#��กa
#Q#�, �  P�*���,*#��,'#��ก�#+#Q#�,               

�  � !!����กP�*��Q��a
#Q#�"#$#%#���,'#�R!&'��bQ��#���
 
�*$�&' 2 #��3 6 ��R+��� �!)  
�  � !!����กP�*��Q���#+#Q#�"#$#%#���,'#�R!&'��bQ��#���
 
�*$�&' 2 #��3 6 ��R+��� 

ก 

� � 

� 
5 mm 5 mm 

5 mm 5 mm 



 
 

 E����� 3  ก�
��
�S�	�
�	"#$	%�#%#�
)�)	Q�$u �&'���)�!&*�$��,*#��,'#NQ��� !!�� ก  � !!����,'#�R!&'��bQ����,*#��,'# 
�*$�&' 2 #��3 6 ��R+���, �  � !!�� 
��,'#�R!&'��bQ����,*#��,'# 
�*$�&' 5 #��3 15 ��R+��� �
%#�P�ก���a�%�ก�+	%�, �  ��R+����&' 16 �!�$��กP�ก���a�%�ก�+	%�, �  	%�"��+�!wก�
�'�R
�กx 
a�%��w�a���R+����&' 17, 
  	%�"��+�!wกa���R+����&' 18, k  ��ก�	Q!)	%���,'#�	
&��P�ก���
�ก�!)���'�������, F  	%�#%#�"��+�!wกa� 
#���
P�ก���
�ก �!) �  	%�#%#�P�ก���
�ก�!)���'�������	%� 

40 



 

41 

+������� 5  ก�
P�ก���a�%�ก�+�#+��ก� !!��"#$#%#��&'�R!&'��#���
a��Q 5  
�*$ (��R+����&' 15) ��������)�!&*�$a��O	
#���
 MS �&'c�Q�	����
 �
 3�ก�
 
��
�S�	�
�	a+u (MS) �!) MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 �!) kinetin 0.20 ��!!�ก
��	Q#!�	
  
(MS+NAA+kinetin) 

 
��������R+���/�#+�&'P�ก���c+% (�#+) 

�O	
#���
 P�*��Q�� 
15 18 21 24 27 30 

a
#Q#� 0 4 191 272 272 272 
MS 

�#+#Q#� 0 7 19 37 233 369 
�������#+  0 11 210 309 505 641 

a
#Q#� 0 3 30 60 212 212 
MS+NAA+kinetin 

�#+#Q#� 0 20 74 151 151 294 
�������#+  0 23 104 211 363 506 


�������!����#�!  0 34 314 520 868 1,147 
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+������� 6  ก�
P�ก���a�%�ก�+�#+��ก� !!��"#$#%#��&'�R!&'��#���
a��Q 10  
�*$ (��R+����&' 30) ��������)�!&*�$a��O	
#���
 MS �&'c�Q�	����
 �
 3�ก�
 
��
�S�	�
�	a+u (MS) �!) MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 �!) kinetin 0.20 ��!!�ก
��	Q#!�	
  
(MS+NAA+kinetin)  

 
��������R+���/�#+�&'P�ก���c+% (�#+) 

�O	
#���
 P�*��Q�� 
30 33 36 39 42 45 

a
#Q#� 0 0 0 4 6 10 
MS 

�#+#Q#� 0 0 3 105 131 131 
�������#+  0 0 3 109 137 141 

a
#Q#� 0 0 0 0 0 0 
MS+NAA+kinetin 

�#+#Q#� 0 0 0 0 0 0 
�������#+  0 0 0 0 0 0 


�������!����#�!  0 0 3 109 137 141 
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 1.3  ก�
 �+�!,#ก#%#���� w�  
 

	��#�Q�$�&'����� �+�!,#ก��*�����ก somaclone �&'NQ��ก�
�ก�+� !!�� �!)�R!&'��#���

a��Q�Rg�
)�)��!� 5  
�*$��Q���*� (�Q�� somaclone �&'�R!&'��#���
a��Q�Rg�
)�)��!� 10  
�*$c�Qc+%
����� �+�!,#ก ��,'#$��ก�&������	��#�Q�$c�Q��&�$�#) �+��3Q�	��#�Q�$��กP�*��Q���&'�
�'�	%���ก      
a
#Q#� �!)�#+#Q#� #�Q�$!) 40 	��#�Q�$ �Rg���*$��+ 80 	��#�Q�$ 

 
N!�&'c+%��กก�
 �+�!,#ก�
�Q��3ก	��#�Q�$
#+�!)����
b��a�#���
�O	
 MS �&'�	��

�ก!,# (NaCl) 1.0 �R#
���w�	� (�*�����ก	Q#R
���	
) ��,'#���'�R
����"#$�ก!,# +%��ก�
�%��	��#�Q�$!$
a�#���
�O	
 MS �&'�	���ก!,# 1.5 �R#
���w�	� (�*�����ก	Q#R
���	
) �
�Q�#%#������� 64 
somaclone c�Q����
b��a�#���
�O	
+�$ก!Q��c+% �+��Rg�ก!3Q� somaclone �&'�
�'�	%���กa
#Q#� 
�!)�#+#Q#�#�Q�$!) 32 	��#�Q�$ �+�ก����+P,'#	��#�Q�$a�% L  ,# P�*��Q��a
#Q#� �!) S  ,#
P�*��Q���#+#Q#� �Q�� M  ,# NQ��ก�
P�ก����#++%��#���
�O	
 MS �&'c�Qc+%�	����
 �
 3�ก�

��
�S�	�
�	a+u �!) N  ,# NQ��ก�
P�ก����#++%��#���
�O	
 MS �&'�	����
 �
 3�ก�

��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 �!) kinetin 0.20 ��!!�ก
��	Q#!�	
 +�$�&* somaclone �&'
�
�'�	%�����กa
#Q#� c+%�กQ 2L5M, 2L5N, 4L5M, 5L5N, 6L5M, 7L5M, 9L5M, 9L5N, 10L5M, 
11L5M, 14L5M, 21L5M, 21L5N, 26L5N, 27L5N, 30L5N, 31L5N, 32L5N, 38L5M, 51L5M, 
57L5M, 58L5M, 62L5M,  65L5N, 72L5M, 77L5M, 82L5N, 88L5M, 90L5M, 91L5M, 93L5M 
�!) 96L5N �!) somaclone �&'�
�'�	%�����ก�#+#Q#� c+%�กQ 1S5M, 5S5N, 7S5M, 8S5M, 9S5M, 
9S5N, 10S5M, 11S5N, 14S5M, 15S5M, 17S5M, 18S5M, 18S5N, 20S5N, 27S5M, 27S5N, 
34S5N, 42S5N, 45S5N, 50S5M, 56S5N, 58S5M, 70S5M, 79S5M, 80S5M, 81S5N, 83L5M, 
86S5M, 93S5M, 96S5M, 97S5N �!) 99S5M �!) �& somaclone �&'����
b��a�#���
�&'�	���ก!,#
��ก�&'ก!Q�����!%�"%�$	%���*$��+��&�$ 16 	��#�Q�$��Q���*� ก����+a�% (T) �Rg�	%��&'����
b��a�
#���
�	���ก!,# 1.5% c+% �+��Rg�ก!3Q�	%��&'�
�'���กa
#Q#� 8 	��#�Q�$ +�$�&* 17L5M(T), 33L5N(T) 
,34L5M(T), 51L5M(T), 54L5M(T), 59L5M(T), 68L5N(T) �!) 93L5M(T) �!)�#+#Q#� 8 
	��#�Q�$ +�$�&* 11S5N(T), 14S5M(T), 17S5N(T), 34S5N(T), 42S5N(T), 45S5N(T), 75S5M(T) �!) 
80S5M(T) ��*$�&*#%#���������X'$�)���cR�ก�++&�#w��#��,'#�Xก��"�*�	Q#cR 
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2.  ก��*cก>������C�G���������)ก������ somaclone ��������!�+��
 �;!������� SSR ���  
RAPD ��� SSR �L��ก�; RAPD 
 

 �+�!,#ก somaclone �&'�
�'�	%���กP�*��Q��a
#Q#� �!)�#+#Q#��&'NQ��ก�
�R!&'��bQ��#���

a��Q������ 5  
�*$ (�Q��ก�
�R!&'��bQ��#���
a��Q������ 10  
�*$�&������	��#�Q�$�%#��X$c�Qc+%
������Xก��) �&'NQ��ก�
�+�#
�ก!,#�!%�a�
)+�
 1.5 �R#
���w�	� (�*�����ก	Q#R
���	
) ��กN!ก�

�+!#$"%# 1.3 ���	%��&'
#+��*$��+a�#���
+�$ก!Q��#�Q�$!) 8 somaclone 
����*$��+��Q�ก�
 16 
somaclone �!)�!,#ก�

�3Q���กก!3Q��&'c�Q����
b��a�#���
�	���ก!,#�&'ก!Q�����!%�"%�$	%���*$
��กก!3Q�	%��&'�
�'����)�!&*�$��กa
#Q#��!)�#+#Q#� #�Q�$!) 20 somaclone 
����*$��+�Rg� 40 
	��#�Q�$ �!)	��#�Q�$��ก#%#����23� K84-200 �&'c�Qc+%NQ��ก�
���)�!&*�$��,*#��,'#�Rg�	��#�Q�$ �
 3�
#&ก 2 	��#�Q�$ 
����*$��+ 58 	��#�Q�$ �ก�++&�#w��#�+�aP%ก�
�ก�+�&'R
)�3ก	���ก��2&"#$ 
Dellaporta et al. (1983) N!"#$+&�#w��#�&'c+%��กก�
	
���#
 ���

��3�2��+%��ก�
��+ Q�ก�

+O+ก!,���$#�!	
�c��#�!	�&' ������ !,'� 260 �!) 280 ������	
 �
�Q�+&�#w��#�&'�ก�+c+%#�OQa�
�ก����&'+& �X'$ Q�#�	
��Q��
)��Q�$ A260/280 �& Q�#�OQa�PQ�$
)��Q�$ 1.61-1.92 (PQ�$�&'����)�� ,# 
1.8-2.0) �&��&�$
�$	��#�Q�$�&'	%#$���cRก����+#�
��#w��#�&'R��R¦§#�#&ก 
�*$��X'$ �X'$	
���#
c+%��ก
ก�
���#��!wก�	
��
&�&�
��NQ���!#)ก��
� (agarose gel electrophoresis) (J���&' 4ก-$) �!�$��ก
��*����+&�#w��#�&'c+%�3ก	��#�Q�$R
�
 Q� ����"%�"%�a�%��Q�ก���&' 5 ����ก
��	Q#c�� 
!�	
 ��,'#���cR
���'�R
����+&�#w��#+%��ก
)
��ก�
 PCR �+�aP%c�
��#
��&'�Rg� SSR ������ 8  OQ �!) RAPD 
������ 10 ��� �&"��+ ������ 20-23 �!) 10  ��� !&�#c�+� 	��!��+�
 (	�
�$�&' 3 �!) 4) 

 
��กก�
aP%�� ��  SSR �!) RAPD a�ก�
�+!#$ 
�*$�&*aP%c�
��#
�
����*$��*� 18       

c�
��#
� �+��Rg�c�
��#
�"#$�� ��  SSR ������ 8  OQc�
��#
� �!)c�
��#
�"#$�� ��  RAPD 
������ 10 c�
��#
� �+�c�
��#
���*$��+�ก�+�b
+&�#w��#�&' Q#�"%�$P�+��� �+�
OR�

"#$�b
 
+&�#w��#�&'c+%��กก�
��$� 
�)��+%�� SSR c�
��#
� ��+$+�$J��N��ก�&' 1-8 �!)
OR�

"#$�b
 
+&�#w��#�&'c+%��กก�
��$� 
�)��+%�� RAPD c�
��#
� ��+$+�$J��N��ก�&' 9-18 

 
�b
+&�#w��#�&'�ก�+"X*���ก SSR c�
��#
������� 8  OQc�
��#
� ����
b	
����
c+%��ก

�&'�3+ 6 #�!!&! a��!ก�� SMC863CG �!)�
�%#��&'�3+ 2 #�!!&! a��!ก�� MCSA205C07, 
SMC319CG �!) SMC477CG ��+$+�$	�
�$N��ก�&' 1-8 �Q���b
+&�#w��#�&'�ก�+"X*���ก RAPD 
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c�
��#
������� 10 c�
��#
� ����
b	
����
c+%��ก�&'�3+ 13 #�!!&! �!ก�� universal primer6 
(pharmacia kit) �!)�
�%#��&'�3+ 5 #�!!&! a��!ก�� OPA-08 ��+$+�$	�
�$N��ก�&' 9-18



       
 
E����� 4   �b
+&�#w��#�&'�ก�+c+%��ก somaclone "#$#%#� ก �!) �  �b
+&�#w��#�&'�ก�+c+%��ก somaclone �&'�
�'�	%�����กa
#Q#���*$��+ 29 	��#�Q�$ 

� �!) �  �b
+&�#w��#�&'�ก�+c+%��ก somaclone �&'�
�'�	%�����ก�#+#Q#���*$��+ 29 	��#�Q�$ 
 
 

ก � 
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E����� 4   (	Q#)  
 
 

� � 
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2.1  ก�
��� 
�)��N!+%��� 
,'#$�������!ก3! SSR 
 

��กก�
���N!"#$�b
+&�#w��#�&'��$� 
�)��c+%��กc�
��#
� SSR ��*$ 8 �

 �&'c+%��ก
ก�
���#��!wก�	
��
&�&�
��NQ���!��!&#) 
�!�c�+� (polyacrylamide gel electrophoresis)      
(J��N��ก�&' 1-8) ��!$ )��� �+�aP%�!" �1� �ก�+�b
+&�#w��# �!) �0� c�Q�ก�+�b
+&�#w��#a�
	�����Q$��*�u (	�
�$J� N��ก 1-8)  
 

���N!�&'c+%"%�$	%������ 
�)���� ���������2���$���23ก

�+%���R
�ก
�  
NTSYSpc 2.2  ������� Q� similarity ��ก somaclone "#$#%#� 58 	��#�Q�$ a�ก�
�R
&�
��&�

 ������,#��!) ����	ก	Q�$  Q��&' �������ก )����b
+&�#w��#�& Q�#�OQ
)��Q�$ 0 bX$ 1  ���
���,#�ก���)�&��ก"X*���,'# Q��&' �����c+%�& Q��"%�aก!% 1 �!)	Q�$ก����ก"X*���,'# Q�+�$ก!Q���"%�aก!% 0 
�R
&�
��&�
"%#�O!��*$��++%��	�
�$ Q� similarity matrix �!�$��ก��*����"%#�O!+�$ก!Q����+ก!3Q�
	��#�Q�$+%����2& unweighted pair group method using arithmetic average (UPGMA) ��,'#�
%�$ 
phylogenetic tree ��+$ ���������2�
)��Q�$ somaclone #%#���*$��+ 58 	��#�Q�$ �
�Q� Q�
similarity coefficient  #�OQ
)��Q�$ 0.79-1.00 �!) Q� similarity matrix #�OQ
)��Q�$ 0.6785-1.0000    
(	�
�$J� N��ก�&' 19) �!)"%#�O!�&'c+%��ก phylogenetic tree ����
b�
Q$ somaclone "#$#%#�c+%
�Rg� 6 ก!3Q� (J���&' 5) c+%�กQ 

  
ก!3Q��&' 1 R
)ก#
+%�� 99S5M, K84-200, K84-200, 8S5M, 97S5N �!) 59L5M(T) 

    
ก!3Q��&' 2 R
)ก#
+%�� 10S5M, 15S5M, 79S5M, 75S5M(T), 2L5M, 65L5N, 9L5N, 

57L5M, 5L5N, 77L5M, 7S5M, 9S5N, 80S5M(T), 27S5M, 93S5M, 70S5M, 17L5M(T), 90L5M, 
58S5M, 14S5M(T), 4L5M, 21L5M, 31L5N, 72L5M, 91L5M, 18S5M, 20S5N, 27S5N, 17S5N(T), 
68L5N(T), 9S5M, 6L5M, 83L5M, 27L5N, 9L5M, 34L5M(T), 30L5N, 7L5M, 96L5N, 69S5M 
�!) 38L5M 
 

ก!3Q��&' 3 R
)ก#
+%�� 56S5N 
 

ก!3Q��&' 4 R
)ก#
+%�� 5S5N �!) 50S5M 
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ก!3Q��&' 5 R
)ก#
+%�� 34S5N(T), 11S5N(T), 45S5N(T), 51L5M(T) 42S5N(T) �!) 
33L5N(T) 
  

ก!3Q��&' 6 R
)ก#
+%�� 54L5M(T) �!) 93L5M(T) 
 

2.2  ก�
��� 
�)��N!+%��� 
,'#$�������!ก3! RAPD 
 

���N!"#$�b
+&�#w��#�&'c+%��กก�
���#��!wก�	
��
&�&�
��NQ���!#)ก��
� (agarose 
gel electrophoresis) ��!$ )��� (!�ก��)�+&��ก��ก�
ก�
��� 
�)��N!+%��� 
,'#$�������!ก3! 
SSR) c+%�b
+&�#w��#��*$��+ 84 �b
  Q��v!&'��b
+&�#w��#��Q�ก�
 8.4 �b
	Q#c�
��#
� �!)
��� 
�)�� ����	ก	Q�$+%���R
�ก
� NTSYSpc 2.2 �
�Q� Q� similarity coefficient  #�OQ
)��Q�$ 
0.65-1.00    Q� similarity matrix  #�OQ
)��Q�$ 0.4404-1.0000  (	�
�$J� N��ก�&' 20) �!)"%#�O!�&'
c+%��ก phylogenetic tree ����
b�
Q$ somaclone "#$#%#�c+%�Rg� 6 ก!3Q� (J���&' 6) c+%�กQ 

 
ก!3Q��&' 1 R
)ก#
+%�� 99S5M, 10S5M, K84-200 �!) K84-200 

 
ก!3Q��&' 2 R
)ก#
+%�� 7S5M, 20S5M, 9S5M, 5S5N, 15S5M, 27S5M, 8S5M, 18S5M, 

70S5M, 58S5M, 27S5N, 50S5M, 69S5M, 9S5N, 97S5N, 79S5M, 56S5N, 34S5N(T), 45S5N(T), 
75S5M(T), 14S5M(T), 80S5M(T), 11S5N(T), 17S5N(T) �!) 42S5N(T)  

 
ก!3Q��&' 3 R
)ก#
+%�� 93S5M 

 
ก!3Q��&' 4 R
)ก#
+%�� 6L5M, 96L5N, 91L5M, 51L5M(T), 2L5M, 72L5M, 31L5N, 

9L5M, 30L5N, 21L5M, 57L5M, 90L5M, 38L5M, 5L5N, 27L5N, 65L5N, 77L5M, 4L5M, 
83L5M, 7L5M, 9L5N �!) 33L5N(T) 

 
ก!3Q��&' 5 R
)ก#
+%�� 68L5N(T), 17L5M(T), 34L5M(T), 54L5M(T) �!) 93L5M(T) 

 
ก!3Q��&' 6 R
)ก#
+%�� 59L5M(T) 
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2.3  ก�
��� 
�)��N!+%��� 
,'#$�������!ก3! SSR 
Q��ก�
 RAPD 
 

���N!"#$�b
+&�#w��#�&'c+%��กก�
��� 
�)��N!+%��� 
,'#$�������!ก3! SSR �!) 
RAPD ��� 
�)��
��ก�� �
�Q�N!��กก�
��� 
�)��a�!�ก��)�+&��ก��ก�
"%# 2.1 �!) 2.2  Q�
similarity coefficient #�OQ
)��Q�$ 0.65-1.00    Q� similarity matrix #�OQ
)��Q�$ 0.5625-1.0000 
(	�
�$J� N��ก�&' 21) �!)"%#�O!�&'c+%��ก phylogenetic tree ����
b�
Q$ somaclone "#$#%#�c+%
�Rg� 6 ก!3Q� (J���&' 7) c+%�กQ 
 

ก!3Q��&' 1 R
)ก#
+%�� 99S5M, K84-200, K84-200, 70S5M, 58S5M, 27S5N, 50S5M, 
69S5M, 97S5N, 79S5M, 9S5N, 56S5N, 75S5M(T), 34S5N(T), 45S5N(T), 14S5M(T), 80S5M(T), 
11S5N(T), 17S5N(T) �!) 42S5N(T) 
 

ก!3Q��&' 2 R
)ก#
+%�� 7S5M, 20S5M, 9S5M, 5S5N, 15S5M, 27S5M, 8S5M, 18S5M 
�!) 93S5M 
 

ก!3Q��&' 3 R
)ก#
+%�� 10S5M �!) 33L5N(T) 
 

ก!3Q��&'4 R
)ก#
+%�� 6L5M, 96L5N, 7L5M, 9L5M, 30L5N, 21L5M, 57L5M, 
90L5M, 72L5M, 31L5N, 2L5M, 38L5M, 5L5N, 27L5N, 4L5M, 65L5N, 77L5M, 9L5N, 83L5M, 
91L5M �!) 51L5M(T) 
 

ก!3Q��&' 5 R
)ก#
+%�� 68L5N(T), 17L5M(T), 34L5M(T), 54L5M(T) �!) 93L5M(T) 
 

ก!3Q��&' 6 R
)ก#
+%�� 59L5M(T) 
 
 

 



 
 

E����� 5  phylogenetic tree "#$#%#� 58 	��#�Q�$ �&'��� 
�)��+%���R
�ก
� NTSYSpc 2.2 �+�#����"%#�O! ������,#� (similarity) �&' �������ก�� ��  SSR 
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E����� 6  phylogenetic tree "#$#%#� 58 	��#�Q�$ �&'��� 
�)��+%���R
�ก
� NTSYSpc 2.2 �+�#����"%#�O! ������,#� (similarity) �&' �������ก�� ��  RAPD 
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E����� 7  phylogenetic tree "#$#%#� 58 	��#�Q�$ �&'��� 
�)��+%���R
�ก
� NTSYSpc 2.2 �+�#����"%#�O! ������,#� (similarity) �&' �������ก�� ��  SSR  
               �!) RAPD 
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3.  �C���;����;
�����������������������GL��ก���ก�! somaclonal variation 
 

somaclone �&' �+�!,#ก��ก	��#�Q�$�&'�
�'�	%���กa
#Q#� �!)�#+#Q#� #�Q�$!) 8 	��#�Q�$ 
�!)	��#�Q�$ �
 3�#&ก 1 	��#�Q�$ 
����*$��*� 17 	��#�Q�$ [9S5M, 10S5M, 50S5M, 56S5N, 
99S5M, 2L5M, 21L5M, 38L5M, 65L5N, 83L5M, 11S5N(T), 34S5N(T), 75S5M(T), 17L5M(T), 
59L5M(T), 93L5M(T) �!) K84-200] �
�Q�#%#����23� 84-200 �&������� 
����� 2n=80, 83, 
100 �!) 108   ������� 
������&'�
��กก�
	
���#
 somaclone �3ก	��#�Q�$ �&������#�OQ

)��Q�$ 53-146 �+�������� 
������&'�
��ก�&'�3+ ,# 2n=80 a� 11 ��ก��*$��+ 17 	��#�Q�$ 
c+%�กQ 9S5M, 10S5M, 50S5M, 56S5N, 2L5M, 21L5M, 38L5M, 65L5N, 83L5M, 17L5M(T) �!) 
K84-200  �!)�
�Q�	��#�Q�$ somaclone 2L5M �&������P3+� 
������!�ก�!����ก�&'�3+bX$ 6 
P3+ c+%�กQ 2n=80, 90, 100, 110, 116 �!) 146   	%� �
 3� (K84-200) �&������P3+� 
����� 4 
P3+ c+%�กQ 2n=80, 83, 100 �!) 108 (	�
�$�&' 7 �!)J���&' 8-24) �
� 
$�
%�$� 
������	ก��ก
a�	��#�Q�$ 9S5M (J���&' 8) 99L5M (J���&' 12) 38L5M (J���&' 15) 65L5N (J���&' 16) 17L5M(T) 
(J���&' 21) 59L5M(T) (J���&' 22) �!) 93L5M(T) (J���&' 23)   Q� ���b&'"#$��!!��&'������
� 
������
��ก�&'�3+  ,# 80 � 
����� ������ 77 ��!!� !��+�

#$!$�� ,# 90 �!) 100 
� 
����� �
������ 37 �!) 27 ��!!� 	��!��+�
 ��ก	��#�Q�$��*$��+ 193 ��!!� (	�
�$�&' 8) 
 
+������� 7  ������� 
������!)��������!!��&'�
"#$#%#�a��	Q!) somaclone  
 
somaclone ������� 
����� 2n (��������!!��&'�
) ��������!!��&'�Xก�� 
9S5M 80(5), 90(2), 94(2), 105(1) 10 
10S5M 80(3), 100(2) 5 
50S5M 80(6), 93(2), 96(4), 103(1) 13 
56S5N 80(5), 84(2) 7 
99S5M 93(1), 100(6), 103(1) 8 
2L5M 80(6), 90(5), 100(6), 110(2), 116(1), 146(1) 21 
21L5M 64(2), 80(6), 90(5), 98(2) 15 
38L5M 80(8), 96(2), 100(5), 112(1) 16 
65L5N 80(6), 94(1), 108(1)  8 
83L5M 53(1), 63(1), 80(11), 97(1) 14 
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+������� 7  (	Q#) 
 
somaclone ������� 
����� 2n (��������!!��&'�
) ��������!!��&'�Xก�� 
11S5N(T) 63(1), 65(1), 72(2), 90(11) 15 
34S5N(T) 94(2), 96(3) 5 
75S5M(T) 90(5), 106(1) 6 
17L5M(T) 80(6), 90(4), 108(1) 11 
59L5M(T) 86(1), 90(5) 6 
93L5M(T) 84(1), 110(6) 7 
K84-200 80(15), 83(1), 100(8), 108(2) 26 

���������	���*cก>�����#�! 193 
 
+������� 8   ���b&'"#$��������!!�#%#��&'�&������� 
�����	Q�$ก�� 
 

������� 
����� ��������!!� ������� 
����� ��������!!� 
2n=53 1 2n=96 9 
2n=63 2 2n=97 1 
2n=64 2 2n=98 2 
2n=65 1 2n=100 27 
2n=72 2 2n=103 2 
2n=80 77 2n=105 1 
2n=83 1 2n=106 1 
2n=84 3 2n=108 4 
2n=86 1 2n=110 8 
2n=90 37 2n=112 1 
2n=93 3 2n=116 1 
2n=94 5 2n=146 1 
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E����� 8   � 
�����"#$#%#�a� somaclone 9S5M; ก  2n=80, �  2n=90, �  2n=94 �!)  

�  2n=105 (!Oก�
a�J��  ,# P�*��Q��� 
������	ก��ก) 
 
 
 
 

ก � 

� � 



 

57 

 
 
E����� 9  � 
�����"#$#%#�a� somaclone 10S5M; ก  2n=80, �  2n=100 
 

 
 
E����� 10  � 
�����"#$#%#�a� somaclone 50S5M; ก  2n=80, �  2n=93, �  2n=96 �!)              

�  2n=103 

ก � 

� � 

� ก 
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E����� 11  � 
�����"#$#%#�a� somaclone 56S5N; ก  2n=80 �!) �  2n=84 
 

 
 
E����� 12  � 
�����"#$#%#�a� somaclone 99S5M; ก  2n=93, �  2n=100 �!) �  2n=103  

(!Oก�
a�J��  ,# P�*��Q��� 
������	ก��ก)

ก � 

ก � 

� 



 

 

 
 
E����� 13  � 
�����"#$#%#�a� somaclone 2L5M; ก  2n=80, �  2n=90, �  2n=100, �  2n=110,               


  2n=116 �!) k  2n=146 
 
 


 

ก � 

� � 

k 
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E����� 14  � 
�����"#$#%#�a� somaclone 21L5M; ก  2n=64, �  2n=80, �  2n=90 �!)              

�  2n=98 
 
 
 
 
 
 
 
 
 
 
 

� � 

ก � 
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E����� 15  � 
�����"#$#%#�a� somaclone 38L5M; ก  2n=80, �  2n=96, �  2n=100 �!)            
�  2n=112 (!Oก�
a�J��  ,# P�*��Q��� 
������	ก��ก) 

� ก 

� � 
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E����� 16  � 
�����"#$#%#�a� somaclone 65L5N; ก  2n=80, �  2n=94 �!) �  2n=108 

(!Oก�
a�J��  ,# P�*��Q��� 
������	ก��ก)  
 

ก � 

� 
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E����� 17  � 
�����"#$#%#�a� somaclone 83L5M; ก  2n=53, �  2n=63, �  2n=80 �!)  

�  2n=97 
 
 
 
 
 
 
 
 
 
 

ก � 

� 
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E����� 18  � 
�����"#$#%#�a� somaclone 11S5N(T); ก  2n=63, �  2n=65, �  2n=72 �!)  

�  2n=90 
 

 

 
E����� 19  � 
�����"#$#%#�a� somaclone 34S5N(T); ก  2n=94 �!) �  2n=96 

ก � 

� � 

ก � 
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E����� 20  � 
�����"#$#%#�a� somaclone 75S5M(T); ก  2n=90 �!) �  2n=106 
 

  

 
 
E����� 21  � 
�����"#$#%#�a� somaclone 17L5M(T); ก  2n=80, �  2n=90 �!) �  2n=108 

(!Oก�
a�J��  ,# P�*��Q��� 
������	ก��ก) 

ก � 

ก � 

� 
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E����� 22  � 
�����"#$#%#�a� somaclone 59L5M(T); ก  2n=86 �!) �  2n=90 

(!Oก�
a�J��  ,# P�*��Q��� 
������	ก��ก) 
 

 
 
E����� 23  � 
�����"#$#%#�a� somaclone 93L5M(T); ก  2n=84 �!) �  2n=110 

(!Oก�
a�J��  ,# P�*��Q��� 
������	ก��ก) 

� ก 

ก � 
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E����� 24  � 
�����"#$#%#�a�	��#�Q�$ K84-200; ก  2n=80, �  2n=83, �  2n=100 �!)  

�  2n=108 
 
  
 
 
 
 
 
 
 
 

� � 

� ก 
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��กN!ก�
�+!#$��*$��+����
b�����ก ����R
N���&'�ก�+"X*�
)��Q�$ somaclone 
��*$��+ 17 	��#�Q�$ +�$��+$a�	�
�$�&' 9 
 
+������� 9   3���
�	�"#$ somaclone #%#� 
 

	��#�Q�$ 
a�#���

�	���ก!,#  

1.5% (w/v) 

SSR 
(��+ก!3Q�) 

RAPD 
(��+ก!3Q�) 

SSR+ 
RAPD 

(��+ก!3Q�) 

������� 
����� 
(2n) 

9S5M c�Q
#+ 2 2 2 2n=80, 90, 94, 105 
10S5M c�Q
#+ 2 1 3 2n=80, 100 
50S5M c�Q
#+ 4 2 1 2n=80, 93, 96, 103 
56S5N c�Q
#+ 3 2 1 2n=80, 84 
99S5M c�Q
#+ 1 1 1 2n=93, 100, 103 
2L5M c�Q
#+ 2 4 4 2n=80, 90, 100, 110, 116, 146 
21L5M c�Q
#+ 2 4 4 2n=64, 80, 90, 98 
38L5M c�Q
#+ 2 4 4 2n=80, 96, 100, 112 
65L5N c�Q
#+ 2 4 4 2n=80, 94, 108 
83L5M c�Q
#+ 2 4 4 2n=53, 63, 80, 97 
11S5N(T) 
#+ 5 2 1 2n=63, 65, 72, 90 
34S5N(T) 
#+ 2 5 1 2n=94, 96 
75S5M(T) 
#+ 2 2 1 2n=90, 106 
17L5M(T) 
#+ 2 5 5 2n=80, 90, 108 
59L5M(T) 
#+ 1 6 6 2n=86, 90 
93L5M(T) 
#+ 6 5 5 2n=84, 110 
K84-200 - 1 1 1 2n=80, 83, 100, 108 
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#���
 MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 2,4-D  3 ��!!�ก
��	Q#!�	
����
baP%  
P�ก���a�%�ก�+� !!����กa
#Q#��!)�#+#Q#�"#$#%#�c+% �#+ !%#$ก�
ก�
�+!#$"#$ Heinz and 
Mee (1969) �!) Gandonou et al. (2005) �X'$�+�#
a�#%#��!)a�%N!cRa������$�+&��ก��ก�
ก�

�+!#$ 
�*$�&* �X'$ 2,4-D �Rg���
a�ก!3Q�c��	c ����& 3���
�	�a�ก�
ก
)	3%�ก�
��
�S�	�
�	
�ก&'��ก�
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��bX$ก�
�
%�$� !!��a�ก!3Q��,Pa
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���)�!&*�$��,*#��,'##&ก
+%�� (Ramanand et al., 2006) 
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 �
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 �
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��
 �
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��
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��กก�
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)�)��!�	Q�$ก�� กQ#��&'�)P�ก����#+ �
�Q�


)�)��!��&N!	Q# �������
ba�ก�
P�ก����#+#%#�  ��,'#
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c+%�%#�!$ �
,#c�Q����
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(2002) �&'ก!Q��bX$
)�)��!��Rg�R�������X'$�&'	%#$ ���X$bX$a�ก�
���)�!&*�$� !!�� 
��bX$$�������
"#$ Moriya and Iweo (1992) �&'�Xก���ก&'��ก�
ก�
P�ก����#+��ก��,*#��,'#� !!��"#$N�กก�+�#�
�
�Q�a�PQ�$ 15-30 ��� ����
bP�ก����#+c+%+& �	Q��,'#NQ��cR 50 ��� ก�
P�ก����#+��ก� !!��
!+!$��c�Q����
bP�ก���c+%  

 
�#ก��ก�&*P�*��Q����,*#��,'#�&'�����aP%a�ก�
���)�!&*�$� !!���&N!	Q# �������
ba�ก�


P�ก���a�%�ก�+�������#+ (Ogura, 1990) N!��กก�
�+!#$�&*�
�Q�ก�
���P�*��Q���#+#Q#���
���)�!&*�$�)����
bP�ก���a�%�ก�+�#+c+%��������กก�Q�ก�
aP%P�*��Q��a
#Q#� ��*$�&*����	3
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��,'#$��กP�*��Q���#+#Q#��Rg���,*#��,'#�&'�&�Q��"#$��,*#��,'#��
�S (meristem) 
��#�OQ+%����������ก
�X'$��,*#��,'#+�$ก!Q���
%#��&'�)�R!&'���R!$cR�Rg�ก!3Q���!!��&'�����%��&'	Q�$u c+%$Q��ก�Q�  �Q��
P�*��Q��a
#Q#��&'��������)�!&*�$a� 
�*$�&*�Rg���,*#��,'#�&'c+%��(��cR�Rg�a
�
&�

%#��!%� � !!��
�!)�������#+�&'P�ก���c+%�X$�&�������%#�	��cR+%��  

 
a�$������� 
�*$�&*�b
+&�#w��#�&'NQ��ก
)
��ก�
 PCR ��*$�� ��  SSR �!) RAPD 


�$�Q���ก�+�b
+&�#w��#�&'c�QP�+��� �
,#�&!�ก��)�&'c�Q�Rg� single band �	Q�ก�+�b
+&�#w��#�&'�&
!�ก��)�Rg��b
����!)ก�%�$c�Q��ก�Rg��b
+&�#w��#�&'P�+��� �
,#�&!�ก��)�&'�
&�ก�Q� stutter 
band ��*$�&*�X$���a�%ก�
!$ )����b
+&�#w��##���& ��� !�+� !,'#�c+% �X'$����	3#���ก�+��กก�

�"%� OQN�+	�����Q$
)��Q�$ก�
���!#$	��"#$���!ก3!+&�#w��# a�ก
)
��ก�
 PCR (Schlotterer and 
Tautz, 1992; P���b, 2550) 

 
��ก$�������"#$ Oropeza et al. (1995) �
�Q�
)�)ก�
�R!&'��bQ��#���
������ 3  
�*$ 

�
,#���)�!&*�$� !!���Rg���!� 12 ��R+��� ����
b���a�%#%#��
�'��ก�+ก�
�R
N����$���23ก

��!)
����
b	
���#
�
!�ก��)+�$ก!Q��c+%+%����2& RAPD �#+ !%#$ก�
$��������&*�&'aP%
)�)�R!&'��
bQ��#���
������ 5  
�*$ �
,#���)�!&*�$� !!���Rg���!���กก�Q� 15 ��R+��� �X'$�
�Q��& ���     
�R
N����$���23ก

���,'#	
����#
+%����2& SSR �!) RAPD  

 
ก�
	
���#
 ����R
N����$���23ก

�+%����2& SSR ��&�$#�Q�$�+&������
b��ก ���

�R
N��"#$#%#�c+% 6 ก!3Q� �	Q	��#�Q�$J��a�ก!3Q��+&��ก���& somaclone ��������ก�&'�&!�ก��)��$
���23ก

��&'c�Q�	ก	Q�$ก�� �	Q��กก�
	
���#
+%����2& RAPD ����
b��กก!3Q�c+% 6 ก!3Q�
�PQ��+&��ก�� #%#��	Q!) somaclone a��	Q!)ก!3Q��ก�+ก�
�R
N����$���23ก

�c�Q��กกw�%#�a��3ก
	��#�Q�$ �ก��%���&�$	%� �
 3� (K84-200) 2 	��#�Q�$��Q���*��&'�&!�ก��)��$���23ก

��&'���,#�ก�� 
�X'$�Rg�ก�
�,�����Q���2&ก�
	
���#
+%�� RAPD �&R
)���2�J���&'+&�!)����)��ก�
ก�
�� ���
�!�ก�!����$���23ก

�#%#��&'aก!%P�+ก����ก a�%"%#�O!a�ก�
��� 
�)����ก��
�) RAPD       
c�
��#
��&'aP%a���2&ก�
�&*�Rg�c�
��#
��&'c�Q������)���)�$	Q#	�����Q$a+	�����Q$��X'$
��&��� �X$
�&�#ก���&'c�
��#
��)�"%��ก�)c+%�!��	�����Q$ a�%"%#�O!a�ก�
��� 
�)���&' Q#�"%�$��ก�!)���c+%

�+�
w�#&ก+%�� (�3
���
�, 2545)  

 
a�ก�
�+!#$ 
�*$�&*ก�
	
���#
+%����2& SSR a�%"%#�O!a�ก�
��� 
�)���&'������)���)�$

	Q#	�����Q$a+	�����Q$��X'$��ก ��,'#$��กaP%c�
��#
��&'������)���)�$	Q#

����!��+�
�
��&'�
&�$
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	���*��u ก��"#$�,P�����ก#%#� (Cordeiro et al., 2000) �X$a�%"%#�O!a�ก�
��� 
�)���&'�%#�ก�Q���2& 
RAPD bX$#�Q�$c
กw	����กก�
��+ก!3Q�+%�� phylogenetic tree ก�
	
���#
+%����2&��*$�#$a�%N!�&'
�#+ !%#$ก����ก bX$��%a�ก�
�+!#$�&*aP%c�
��#
�"#$ SSR ��&�$ 8  OQc�
��#
���Q���*� �!)
����
b�,����c+%#&ก 
�*$��X'$��กก�
���"%#�O!"#$��2&��*$�#$����� 
�)��
Q��ก���X'$�
�Q�a�%N!ก�

��+ก!3Q�c+%�#+ !%#$ก�� ��+$a�%��w��Q�ก�
aP%��2&	
���#
��*$ SSR �!) RAPD ����
b��ก ���
�R
N����$���23ก

�"#$#%#��&'�&�3+ก�����+��ก#%#����23��+&��ก��c+%#�Q�$P�+���  �#+ !%#$ก�

$�������"#$ Selvi et al. (2003) aP% SSR a�ก�
�� ����R
N���
,#��+ก!3Q� ����!�ก�!��"#$
#%#��&'�& ���aก!%P�+ก����$���23ก

� �
�Q�����
b��ก ����	ก	Q�$c+%#�Q�$P�+����!)�&
R
)���2�J�� �!)ก�
�+�#
"#$ Cordeiro (2001) aP%c�
��#
�a�ก�
�� ����	ก	Q�$
)��Q�$
������23� 21  OQc�
��#
� (�& 17  OQc�
��#
��&'����
baP%c+%) �X'$����
b��ก ����	ก	Q�$"#$
���23ก

�#%#�c+%�PQ�ก��  

 
ก�
���)�!&*�$��,*#��,'#NQ��ก�
�ก�+� !!�� �
�Q�ก�
�ก�+ somaclonal variation a� 

somaclone �&'P�ก���c+% 	
���#
��ก"%#�O!�&'c+%��ก��2& RAPD "%#�O!�&'c+%������
%�$�Rg� 
phylogenetic tree �#ก��ก�&'�)�
Q$ก!3Q� ����	ก	Q�$c+%#�Q�$!) 6 ก!3Q�a��	Q!)��2&�!%� ��$�
�Q�
����
b�
Q$#%#�##ก�Rg�ก!3Q�a�SQu c+%#�Q�$P�+��������� 2 ก!3Q� (J���&' 6 �!) 7) +�$�&* ��กก�

��� 
�)��+%����2& RAPD ก!3Q��&' 1 ��กก�
�
�'����)�!&*�$� !!������ก�#+#Q#� c+%�กQ  99S5M, 
10S5M, 7S5M, 20S5M, 9S5M, 5S5N, 15S5M, 27S5M, 8S5M, 18S5M, 70S5M, 58S5M, 27S5N, 
50S5M, 69S5M, 9S5N, 97S5N, 79S5M, 56S5N, 34S5N(T), 45S5N(T), 75S5M(T), 14S5M(T), 
80S5M(T), 11S5N(T), 17S5N(T), 42S5N(T) �!) 93S5M 
��bX$	%� �
 3���*$ 2 	��#�Q�$+%�� 
(K84-200 �!) K84-200) �!)ก!3Q��&' 2 ��กก�
�
�'����)�!&*�$� !!������กa
#Q#� c+%�กQ 6L5M, 
96L5N, 91L5M, 51L5M(T), 2L5M, 72L5M, 31L5N, 9L5M, 30L5N, 21L5M, 57L5M, 90L5M, 
38L5M, 5L5N, 27L5N, 65L5N, 77L5M, 4L5M, 83L5M, 7L5M, 9L5N, 33L5N(T), 68L5N(T), 
17L5M(T), 34L5M(T), 54L5M(T), 93L5M(T) �!) 59L5M(T)  ��กN!ก�
�
Q$ก!3Q�"%�$	%���+$
a�%��w��Q�ก�
�
�'�	%�+%��P�*��Q���#+#Q#��!)a
#Q#�a�ก�
��������)�!&*�$� !!���&N!	Q#ก�
�ก�+
 ����R
N����$���23ก

�a������$�&'	Q�$ก�� �#ก��ก�&*a�ก�
�+!#$ 
�*$�&*�
�Q�N!�&'c+%��ก
ก�
��� 
�)��
Q��ก��
)��Q�$ SSR �!) RAPD �#+ !%#$ก�
ก�
��� 
�)��+%�� RAPD �	Q�& ���
�	ก	Q�$ก��a�	��#�Q�$ 33LN(T) ��Q���*��&'bOก��+ก!3Q�#�OQa�ก!3Q��&'c�Q���,#�ก��  �X'$�#+ !%#$ก�


��$��"#$ Ogura (1990) �&'ก!Q��bX$N!"#$P�*���,*#��,'#�
�'�	%��&'	Q�$ก��a�%N!"#$ somaclonal 
variation �&'	Q�$ก��##กcR  
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ก�
 �+�!,#ก#%#���� w���ก somaclone �&'c+%��กก�
�ก�+ somaclonal variation ��,'#
	
���#
+%��� 
,'#$����P&���������!ก3! c�Q�
 ���P�+����&'��+$bX$ก�
��� w�
)��Q�$#%#��&'
����
b���!)c�Q����
b��c+%a�#���
�&'�	���ก!,# �	Q����
b��$�ก	c+%�Q� somaclone �Q��
��X'$a�ก!3Q���� w� bOก��+ก!3Q�a�%��ก##ก��ก���23� �
 3�#�Q�$P�+�����,'#���"%#�O!����� 
phylogenetic tree c+%�กQ ก!3Q��&' 5 �!) 6 "#$ก�
	
���#
��ก��2& SSR �!) RAPD �&'�&�	Q 
somaclone �&'����
b
#+a�#���
�	���ก!,##�OQa�ก!3Q��&'ก!Q��cR�!%�"%�$	%���Q���*� �+�a�
��$��
"#$ Flowers (2004) c+%#2�
��c�%�Q� !�ก��)��� w�"#$#%#�c�Qc+% �
 3�+%��!��+�
��� !&�#c�+�
�
,#�&�	�����Q$a+	�����Q$��X'$��Q���*� �	Q����Rg�	%#$ �
 3�ก�
���$����ก�!��!�ก��) �X'$a�
ก�
�+!#$ 
�*$�&*#��ก!Q��c+%�Q� N!�&'��� 
�)��c+%��*��&�Q����X'$�ก&'��"%#$ก�
 �������
b"#$#%#�
a�ก�
�� ���� w�a�#���
�&'�	���ก!,# �	Qc�Q����
b
Q$
#กc+%#�Q�$P�+�����,'#�R
&�
��&�
bX$
 ���������2�ก��
)��Q�$!�ก��)��$����c�R��&'��+$##ก�� 

 
#%#����23�R!Oกก�
 %�+�*$�+�� Saccharum officinarum �&������� 
����� 2n=80 

� 
������,*������Q�ก�
 10 �Q��#%#����23�R�� S. spontaneum �&������� 
����� 2n=40-128 
� 
������,*������Q�ก�
 8 �
,# 10 (DtHont et al., 1998 and Amalraj and Balasundaram, 2006) 
��,'#������R
&�
��&�
ก�
N!"#$ก�
�+!#$�&*�
�Q�#%#����23� K84-200 �&������� 
����� 2n=53-
146 ������P3+ �!)� 
������&'�
�Q��a�SQ 11 ��ก 17 somaclone  ,# 2n=80 �!) ���b&'"#$
��!!��&'�
������� 
������&'��ก�&'�3+ ,# ��!!��&'�&������� 
����� 2n=80 �
 77 ��!!� ��ก
��*$��+ 193 ��!!� ��,'#��� 
�)����ก"%#�O!"%�$	%��!%��
�Q�#%#����23� K84-200 �&� 
�����
�,*������Q�ก�
 10 �PQ��+&��ก�� �X'$�#+ !%#$ก�
#%#����23�R!Oก+�*$�+�� (S. officinarum) �+��&'
)+�
 
ploidy  ,# octaploid (8X)     

 
ก�
�+!#$�&*�
"%#��$�ก	R
)ก�
��X'$  ,# somaclone �Q��a�SQ�&'#�OQa�ก!3Q���� w�

��*$��+ 6 	��#�Q�$ �&bX$ 5 	��#�Q�$�&'������� 
������	ก	Q�$##กcR  ,#c�Q�
P3+� 
����� 
2n=80 �X'$P3+� 
�����P3++�$ก!Q���Rg�P3+�&'�
 Q#�"%�$��กa� somaclone �&'c�Q��� w��!)	%�
 �
 3� #�Q�$c
กw	��N!ก�
�+!#$�&'��$�ก	c+%	
$�Q���&*c�Q����
bP&*��+bX$!�ก��)#%#���� w�
�!)c�Q��� w� 

 
"%#��$�ก	#&กR
)ก�
��X'$ ,# #%#����23� K84-200 � 
������&'	
���
  ,# 2n=80, 83, 

100, 108 ������� 
�����"#$#%#��&'���)�!&*�$��,*#��,'#NQ��� !!�� �
�Q���!!��Q��a�SQ�&������
� 
�����#�OQa�PQ�$�&'�
a�	��#�Q�$ K84-200  �	Q#�Q�$c
กw	����$�&
�$ somaclone �&'�
������
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� 
������&'	'��ก�Q� 2n=80 �!)
�$ก
�&�
������� 
������&'�O$ก�Q� 2n=108  �X'$�����%�	
$
�Q���&*�#ก���&'�
������� 
������&'�R!&'���R!$	'��ก�Q��&��+�Q���&'��กก�Q� somaclone �&'�&
������� 
�������กก�Q� �+��v��)	��#�Q�$ 11S5N(T)  #�Q�$c
กw	��c�Q����
b������	3	
$
�3+�&*c+%�PQ�ก�� �Q��Rg�N!����ก����	3a+ �
,##���Rg�ก�
�R!&'���R!$�

�3Q��X'$c�Q�& ���
��Q�#���Q���*�  

 
a�ก�
�+!#$ 
�*$�&*�
�Q�������� 
�����c�Q�& ��� $�&'a��3กu somaclone �+��&

 ����R
N���	ก	Q�$ก��##กcRa��	Q!) somaclone �
ก�
"�+���cR�
,#���'�"X*�"#$������
� 
����� (anueploid) �
ก�
���'�"X*�"#$������� 
������Rg�P3+u (polyploid) 
��bX$ก�
�ก�+
ก�
�	ก��ก"#$� 
������Rg��Q#�u a�
�$ somaclone #&ก+%�� �PQ�a� somaclone 9S5M, 
99S5M, 38L5M, 65L5N, 17L5M, 59L5M(T) �!) 93L5M(T) (	�����Q$	��!Oก�
�&'P&*a�J���&' 8, 
12, 15, 16, 21, 22 �!) 23 	��!��+�
)  ��*$�&*������� 
������&'c�Q��Q�#��&*�ก�+��ก chromosomal 
mosaics (Heinz and Mee, 1969) �X'$��w�c+%P�+����&'�3+a�	��#�Q�$ somaclone 2L5M �&������P3+
� 
�������ก�&'�3+  ,# 2n=80, 90, 100, 110, 116, 146   �X'$�#+ !%#$ก��ก�
$��+%�� somaclonal 
variation �&'�
ก�
�R!&'���R!$a�P3+� 
������!)������� 
�����a��,P
�$�Q��+%�� �PQ� 
#%#� (Heinz and Mee, 1971) "%����+ (Earle and Kuehnle, 1990) "%��
�
��!Q�� (Gupta, 1998) 
ก3�PQ�� (Do et al., 1999) �	$ก�� (Ladyzynski et al., 2002)  �!) N�กก�+�#� (Wen et al., 2004) 
��*$�&*#���ก�+��ก ���N�+Rก	�a�"�*�	#�ก�
�
Q$���� !&��  N�+Rก	�a�ก�
���$��"#$��%�a��R��
�+�! (spindle) �&'�����%��&'+X$� 
�����cR�&'"�*�"#$��!!� �
,#�ก�+ก�
�OS���"#$� 
�����a�

)��Q�$ก�
�
Q$��!!� (Nair, 1972)  
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 �)C������� ����� 
 

 �)C 
 

1.  #���
�O	
 MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 2,4-D 3 ��!!�ก
��	Q#!�	
 ����
bP�ก
���a�%P�*���,*#��,'#a
#Q#��!)�#+#Q#��ก�+� !!��a�ก
)
��ก�
���)�!&*�$��,*#��,'#c+% 
 
 2.  #���
�O	
 MS �&'c�Q�	����
 �
 3�ก�
��
�S�	�
�	a+u ����
b��(��� !!��a�%�Rg�
�#+c+%+&ก�Q�#���
�O	
 MS �&'�	����
 �
 3�ก�
��
�S�	�
�	 NAA 0.25 ��!!�ก
��	Q#!�	
 
Q��ก�
 
kinetin 0.20 ��!!�ก
��	Q#!�	
 
 
 3.  
)�)��!�a�ก�
�R!&'��bQ��#���

)��Q�$ก�
���)�!&*�$� !!���&N!	Q#�������#+�&'
bOกP�ก��� 
 
 4.  ก�
�!,#กP�*���,*#��,'#�����)�!&*�$� !!���&N!	Q#�����$ก�
�ก�+ somaclonal variation 
 

5.  ก�
��� 
�)��+%��� 
,'#$�������!ก3! SSR ����
b�
Q$ก!3Q� ����R
N����$
���23ก

�c+% 6 ก!3Q� ��ก	��#�Q�$#%#� 58 	��#�Q�$ +%����2& UPGMA �+� Q����R
)���2�� ���
 !%�� !X$#�OQ
)��Q�$ 0.80-1.00 �!) Q� ��� !%�� !X$#�OQ
)��Q�$ 0.6785-1.0000 

 
6.  ก�
��� 
�)��+%��� 
,'#$�������!ก3! RAPD ����
b�
Q$ก!3Q� ����R
N����$

���23ก

�c+% 6 ก!3Q� ��ก	��#�Q�$#%#� 58 	��#�Q�$ +%����2& UPGMA �+� Q����R
)���2�� ���
 !%�� !X$#�OQ
)��Q�$ 0.65-1.00 �!) Q� ��� !%�� !X$#�OQ
)��Q�$ 0.4404-1.0000  �!)����
b
�
Q$ก!3Q�c+% 2 ก!3Q�a�SQ�&'��ก ����	ก	Q�$
)��Q�$P�*��Q��a
#Q#��!)�#+#Q#�c+%#�Q�$P�+��� 

 
7.  ก�
��� 
�)��+%��� 
,'#$�������!ก3! SSR 
Q��ก�
 RAPD ����
b�
Q$ก!3Q� ����R


N����$���23ก

�c+% 6 ก!3Q� ��ก	��#�Q�$#%#� 58 	��#�Q�$ +%����2& UPGMA �+� Q����R
)���2��
 ��� !%�� !X$#�OQ
)��Q�$ 0.72-1.00 �!) Q� ��� !%�� !X$#�OQ
)��Q�$ 0.5625-1.0000 

 
8.  #%#����23� K84-200 �&� 
������,*������Q�ก�
 10 
)+�
 ploidy  ,# octaploid  
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9.  somaclone �&'c+%��กก�
�Xก���+��
�'�	%���ก���23� K84-200 �
������� 
������%#�
�&'�3+ ,# 2n=53 �
������� 
�������ก�&'�3+ ,# 2n=146 �!) ���b&'"#$��!!��&'�
������
� 
�������ก�&'�3+ ,# 2n=80  
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somaclone 1 2 3 4 
6L5M 1 1 1 1 99S5M 1 1 1 1 
2L5M 1 1 1 1 10S5M 1 1 1 1 
38L5M 1 1 0 1 7S5M 1 1 1 1 
9L5M 1 1 1 1 5S5N 0 1 1 1 
27L5N 1 1 1 1 15S5M 1 1 1 1 
30L5N 1 1 1 1 27S5M 1 1 1 1 
7L5M 1 1 1 1 8S5M 0 1 1 1 
65L5N 1 1 1 1 18S5M 1 1 0 1 
9L5N 1 1 1 1 9S5M 1 1 1 1 
57L5M 1 1 1 1 20S5M 1 1 0 1 
21L5M 1 1 1 1 93S5M 1 1 1 1 
72L5M 1 1 1 1 70S5M 1 1 1 1 
31L5N 1 1 1 1 27S5N 1 1 0 1 
4L5M 1 1 1 1 58S5M 1 1 1 1 
5L5N 1 1 1 1 50S5M 0 1 1 1 
96L5N 1 1 1 1 69S5M 1 1 0 1 
77L5M 1 1 1 1 97S5N 0 1 1 1 
83L5M 1 1 1 1 56S5N 1 1 1 1 
91L5M 1 1 1 1 9S5N 1 1 1 1 
90L5M 1 1 1 1 79S5M 1 1 1 1 
68L5N(T) 1 1 1 1 14S5M(T) 1 1 1 1 
17L5M(T) 1 1 1 1 80S5M(T) 1 1 1 1 
34L5M(T) 1 1 1 1 75S5M(T) 1 1 1 1 
51L5M(T) 1 1 1 1 34S5N(T) 1 1 1 1 
59L5M(T) 0 1 1 1 11S5N(T) 1 1 1 1 
54L5M(T) 0 0 0 1 17S5N(T) 1 1 0 1 
93L5M(T) 0 0 0 1 42S5N(T) 1 1 1 1 
33L5N(T) 1 1 1 1 45S5N(T) 1 1 1 1 
K84-200 1 1 1 1 K84-200 1 1 1 1 
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somaclone 1 2 3 4 5 
6L5M 1 1 1 1 1 99S5M 1 1 1 1 1 
2L5M 1 1 1 1 1 10S5M 1 1 1 1 1 
38L5M 1 1 1 1 1 7S5M 1 1 1 1 1 
9L5M 1 1 1 1 1 5S5N 1 1 1 1 1 
27L5N 1 1 1 1 1 15S5M 1 1 1 1 1 
30L5N 1 1 1 1 1 27S5M 1 1 1 1 1 
7L5M 1 1 1 1 1 8S5M 1 1 1 1 1 
65L5N 1 1 1 1 1 18S5M 1 1 1 1 1 
9L5N 1 1 1 1 1 9S5M 1 1 1 1 1 
57L5M 1 1 1 1 1 20S5M 1 1 1 1 1 
21L5M 1 1 1 1 1 93S5M 1 1 1 1 1 
72L5M 1 1 1 1 1 70S5M 1 1 1 1 1 
31L5N 1 1 1 1 1 27S5N 1 1 1 1 1 
4L5M 1 1 1 1 1 58S5M 1 1 1 1 1 
5L5N 1 1 1 1 1 50S5M 1 1 1 1 1 
96L5N 1 1 1 1 1 69S5M 1 1 1 1 1 
77L5M 1 1 1 1 1 97S5N 1 1 1 1 1 
83L5M 1 1 1 1 1 56S5N 0 1 1 1 1 
91L5M 1 1 1 1 1 9S5N 1 1 1 1 1 
90L5M 1 1 1 1 1 79S5M 1 1 1 1 1 
68L5N(T) 1 1 1 1 1 14S5M(T) 1 1 1 1 1 
17L5M(T) 1 1 1 1 1 80S5M(T) 1 1 1 1 1 
34L5M(T) 1 1 1 1 1 75S5M(T) 1 1 1 1 1 
51L5M(T) 1 1 1 1 1 34S5N(T) 1 1 1 1 1 
59L5M(T) 1 1 1 1 1 11S5N(T) 1 1 1 1 1 
54L5M(T) 1 1 1 1 1 17S5N(T) 1 1 1 1 1 
93L5M(T) 1 1 1 1 1 42S5N(T) 1 1 1 1 1 
33L5N(T) 1 1 1 1 1 45S5N(T) 1 1 1 1 1 
K84-200 1 1 1 1 1 K84-200 1 1 1 1 1 
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6L5M 1 1 1 99S5M 1 1 1 
2L5M 1 1 1 10S5M 1 1 1 
38L5M 1 1 1 7S5M 1 1 1 
9L5M 1 1 1 5S5N 1 1 1 
27L5N 1 1 1 15S5M 1 1 1 
30L5N 1 1 1 27S5M 1 1 1 
7L5M 1 1 1 8S5M 1 1 1 
65L5N 1 1 1 18S5M 1 1 1 
9L5N 1 1 1 9S5M 1 1 1 
57L5M 1 1 1 20S5M 1 1 1 
21L5M 1 1 1 93S5M 1 1 1 
72L5M 1 1 1 70S5M 1 1 1 
31L5N 1 1 1 27S5N 1 1 1 
4L5M 1 1 1 58S5M 1 1 1 
5L5N 1 1 1 50S5M 1 1 1 
96L5N 1 1 1 69S5M 1 1 1 
77L5M 1 1 1 97S5N 1 1 1 
83L5M 1 1 1 56S5N 1 1 1 
91L5M 1 1 1 9S5N 1 1 1 
90L5M 1 1 1 79S5M 1 1 1 
68L5N(T) 1 1 1 14S5M(T) 1 1 1 
17L5M(T) 1 1 1 80S5M(T) 1 1 1 
34L5M(T) 1 1 1 75S5M(T) 1 1 1 
51L5M(T) 1 1 1 34S5N(T) 1 1 1 
59L5M(T) 1 1 1 11S5N(T) 1 1 1 
54L5M(T) 1 1 1 17S5N(T) 1 1 1 
93L5M(T) 1 1 1 42S5N(T) 1 1 1 
33L5N(T) 1 1 1 45S5N(T) 1 1 1 
K84-200 1 1 1 K84-200 1 1 1 
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6L5M 1 1 99S5M 1 1 
2L5M 1 1 10S5M 1 1 
38L5M 1 1 7S5M 1 1 
9L5M 1 1 5S5N 1 1 
27L5N 1 1 15S5M 1 1 
30L5N 1 1 27S5M 1 1 
7L5M 1 1 8S5M 1 1 
65L5N 1 1 18S5M 1 1 
9L5N 1 1 9S5M 1 1 
57L5M 1 1 20S5M 1 1 
21L5M 1 1 93S5M 1 1 
72L5M 1 1 70S5M 1 1 
31L5N 1 1 27S5N 1 1 
4L5M 1 1 58S5M 1 1 
5L5N 1 1 50S5M 1 1 
96L5N 1 1 69S5M 1 1 
77L5M 1 1 97S5N 1 1 
83L5M 1 1 56S5N 1 1 
91L5M 1 1 9S5N 1 1 
90L5M 1 1 79S5M 1 1 
68L5N(T) 0 1 14S5M(T) 1 1 
17L5M(T) 1 1 80S5M(T) 1 1 
34L5M(T) 0 1 75S5M(T) 1 1 
51L5M(T) 1 1 34S5N(T) 1 1 
59L5M(T) 1 1 11S5N(T) 1 1 
54L5M(T) 0 1 17S5N(T) 1 1 
93L5M(T) 1 1 42S5N(T) 1 1 
33L5N(T) 1 1 45S5N(T) 1 1 
K84-200 1 1 K84-200 1 1 
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somaclone 1 2 3 4 
6L5M 1 0 1 1 99S5M 1 1 1 1 
2L5M 1 0 1 1 10S5M 1 0 1 1 
38L5M 1 0 1 1 7S5M 1 1 1 1 
9L5M 1 0 1 1 5S5N 0 0 1 1 
27L5N 1 0 1 1 15S5M 1 0 1 1 
30L5N 1 0 1 1 27S5M 1 0 1 1 
7L5M 1 0 1 1 8S5M 1 1 1 1 
65L5N 1 0 1 1 18S5M 1 0 1 1 
9L5N 1 0 1 1 9S5M 1 0 1 1 
57L5M 1 0 1 1 20S5M 1 0 1 1 
21L5M 1 0 1 1 93S5M 1 0 1 1 
72L5M 1 0 1 1 70S5M 1 0 1 1 
31L5N 1 0 1 1 27S5N 1 0 1 1 
4L5M 1 0 1 1 58S5M 1 0 1 1 
5L5N 1 0 1 1 50S5M 0 0 1 1 
96L5N 1 0 1 1 69S5M 1 0 1 1 
77L5M 1 0 1 1 97S5N 1 1 1 1 
83L5M 1 0 1 1 56S5N 1 1 1 1 
91L5M 1 0 1 1 9S5N 1 1 1 1 
90L5M 1 0 1 1 79S5M 1 0 1 1 
68L5N(T) 1 0 1 1 14S5M(T) 1 0 1 1 
17L5M(T) 1 0 1 1 80S5M(T) 1 1 1 1 
34L5M(T) 1 0 1 1 75S5M(T) 1 0 1 1 
51L5M(T) 1 0 0 0 34S5N(T) 1 1 0 0 
59L5M(T) 1 1 1 1 11S5N(T) 1 1 0 0 
54L5M(T) 1 0 1 1 17S5N(T) 1 0 1 1 
93L5M(T) 0 0 0 0 42S5N(T) 0 1 0 1 
33L5N(T) 0 0 0 0 45S5N(T) 1 1 0 0 
K84-200 1 1 1 1 K84-200 1 1 1 1 
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somaclone 1 2 
6L5M 1 1 99S5M 1 1 
2L5M 1 1 10S5M 1 1 
38L5M 1 1 7S5M 1 1 
9L5M 1 1 5S5N 1 1 
27L5N 1 1 15S5M 1 1 
30L5N 1 1 27S5M 1 1 
7L5M 1 1 8S5M 1 1 
65L5N 1 1 18S5M 1 1 
9L5N 1 1 9S5M 1 1 
57L5M 1 1 20S5M 1 1 
21L5M 1 1 93S5M 1 1 
72L5M 1 1 70S5M 1 1 
31L5N 1 1 27S5N 1 1 
4L5M 1 1 58S5M 1 1 
5L5N 1 1 50S5M 1 1 
96L5N 1 1 69S5M 1 1 
77L5M 1 1 97S5N 1 1 
83L5M 1 1 56S5N 1 1 
91L5M 1 1 9S5N 1 1 
90L5M 1 1 79S5M 1 1 
68L5N(T) 1 1 14S5M(T) 1 1 
17L5M(T) 1 1 80S5M(T) 1 1 
34L5M(T) 1 1 75S5M(T) 1 1 
51L5M(T) 1 1 34S5N(T) 1 1 
59L5M(T) 1 1 11S5N(T) 1 1 
54L5M(T) 1 1 17S5N(T) 1 1 
93L5M(T) 1 1 42S5N(T) 1 1 
33L5N(T) 1 1 45S5N(T) 1 1 
K84-200 1 1 K84-200 1 1 
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somaclone 1 2 
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somaclone 1 2 
6L5M 1 1 99S5M 1 1 
2L5M 1 1 10S5M 1 1 
38L5M 1 1 7S5M 1 1 
9L5M 1 1 5S5N 1 1 
27L5N 1 1 15S5M 1 1 
30L5N 1 1 27S5M 1 1 
7L5M 1 1 8S5M 1 1 
65L5N 1 1 18S5M 1 1 
9L5N 1 1 9S5M 1 1 
57L5M 1 1 20S5M 1 1 
21L5M 1 1 93S5M 1 1 
72L5M 1 1 70S5M 1 1 
31L5N 1 1 27S5N 1 1 
4L5M 1 1 58S5M 1 1 
5L5N 1 1 50S5M 1 1 
96L5N 1 1 69S5M 1 1 
77L5M 1 1 97S5N 1 1 
83L5M 1 1 56S5N 1 1 
91L5M 1 1 9S5N 1 1 
90L5M 1 1 79S5M 1 1 
68L5N(T) 1 1 14S5M(T) 1 1 
17L5M(T) 1 1 80S5M(T) 1 1 
34L5M(T) 1 1 75S5M(T) 1 1 
51L5M(T) 1 1 34S5N(T) 1 1 
59L5M(T) 1 1 11S5N(T) 1 1 
54L5M(T) 1 1 17S5N(T) 1 1 
93L5M(T) 1 1 42S5N(T) 1 1 
33L5N(T) 1 1 45S5N(T) 1 1 
K84-200 1 1 K84-200 1 1 
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6L5M 0 1 1 0 1 1 99S5M 1 1 1 1 1 0 
2L5M 1 1 1 0 1 1 10S5M 1 1 1 0 1 1 
38L5M 0 1 1 0 1 1 7S5M 1 1 1 0 1 1 
9L5M 0 1 1 0 1 1 5S5N 1 1 1 1 1 1 
27L5N 0 1 1 0 1 1 15S5M 1 1 1 0 1 1 
30L5N 0 1 1 1 1 1 27S5M 1 1 1 1 1 1 
7L5M 0 1 1 1 1 1 8S5M 1 1 1 1 1 1 
65L5N 1 1 1 0 1 1 18S5M 1 1 1 1 1 1 
9L5N 1 1 1 0 1 1 9S5M 1 1 1 0 1 1 
57L5M 1 1 1 0 1 1 20S5M 1 1 1 1 1 1 
21L5M 1 1 1 1 1 1 93S5M 1 1 1 1 1 1 
72L5M 1 1 1 1 1 1 70S5M 1 1 1 1 1 1 
31L5N 1 1 1 1 1 1 27S5N 1 1 1 1 1 1 
4L5M 1 1 1 1 1 1 58S5M 1 1 1 1 1 1 
5L5N 1 1 1 0 1 1 50S5M 1 1 1 0 1 1 
96L5N 1 1 1 1 1 1 69S5M 1 1 1 0 1 1 
77L5M 1 1 1 0 1 1 97S5N 1 1 1 1 1 1 
83L5M 1 1 1 0 1 1 56S5N 1 1 1 0 1 1 
91L5M 1 1 1 1 1 1 9S5N 1 1 1 0 1 1 
90L5M 1 1 1 1 1 1 79S5M 1 1 1 0 1 1 
68L5N(T) 1 1 1 1 1 1 14S5M(T) 1 1 1 1 1 1 
17L5M(T) 1 1 1 1 1 1 80S5M(T) 1 1 1 0 1 1 
34L5M(T) 1 1 1 0 1 1 75S5M(T) 1 1 1 0 1 1 
51L5M(T) 1 1 1 1 1 1 34S5N(T) 1 1 1 1 1 1 
59L5M(T) 1 1 1 1 1 1 11S5N(T) 1 1 1 1 1 1 
54L5M(T) 1 1 1 1 1 1 17S5N(T) 1 1 1 1 1 1 
93L5M(T) 1 1 1 1 1 1 42S5N(T) 1 1 1 0 1 1 
33L5N(T) 1 1 1 0 1 1 45S5N(T) 1 1 1 1 1 1 
K84-200 1 1 1 1 1 1 K84-200 1 1 1 1 1 1 
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+����G��ก��� 9  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� universal primer 2 (pharmacia  
kit) ก�
 somaclone "#$#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
universal primer 2 (pharmacia kit) 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 9 10 11 
6L5M 0 1 1 1 1 1 0 1 1 1 1 
2L5M 0 1 1 1 1 1 0 1 1 1 1 
38L5M 0 1 1 1 1 1 0 1 1 1 1 
9L5M 0 1 1 1 1 1 0 1 1 1 1 
27L5N 1 1 1 1 1 1 0 1 1 1 1 
30L5N 0 1 1 1 1 1 0 1 1 1 1 
7L5M 0 1 1 1 1 1 0 1 1 1 1 
65L5N 0 1 1 1 1 1 1 1 1 1 1 
9L5N 0 1 1 1 1 1 0 1 1 1 1 
57L5M 0 1 1 1 1 0 0 1 1 1 1 
21L5M 0 1 1 1 1 0 0 1 1 1 1 
72L5M 0 1 1 1 1 0 0 1 1 1 1 
31L5N 0 1 1 1 1 1 0 1 1 1 1 
4L5M 1 1 1 1 1 1 1 1 1 1 1 
5L5N 0 1 1 1 1 1 0 1 1 1 1 
96L5N 0 1 1 1 1 1 0 1 1 1 1 
77L5M 0 1 1 1 1 1 1 1 1 1 1 
83L5M 0 1 1 1 1 0 0 1 1 1 1 
91L5M 0 1 1 1 1 0 0 1 1 1 1 
90L5M 0 1 1 1 1 0 0 1 1 1 1 
68L5N(T) 0 1 1 1 1 1 0 1 1 1 1 
17L5M(T) 0 1 1 1 1 1 0 1 1 1 1 
34L5M(T) 0 1 1 1 1 1 0 1 1 1 1 
51L5M(T) 0 1 1 1 1 1 0 1 1 1 1 
59L5M(T) 0 1 1 1 1 1 1 1 1 1 1 
54L5M(T) 0 1 1 1 1 1 0 1 1 1 1 
93L5M(T) 0 1 1 1 1 1 0 1 1 1 1 
33L5N(T) 0 1 1 1 1 1 1 1 1 1 1 
K84-200 0 1 1 1 1 1 0 1 1 1 1 
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+����G��ก��� 9  (	Q#) 
 

�b
+&�#w��&'�ก�+��กc�
��#
� 
universal primer 2 (pharmacia kit) 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 9 10 11 
99S5M 0 1 1 1 1 1 0 1 1 1 1 
10S5M 0 1 1 1 1 1 0 1 1 1 1 
7S5M 1 1 1 1 1 0 1 0 1 1 1 
5S5N 1 1 1 1 1 0 1 0 1 1 1 
15S5M 1 1 1 1 1 0 1 0 1 1 1 
27S5M 1 1 1 1 1 0 1 0 1 1 1 
8S5M 1 1 1 1 1 0 1 0 1 1 1 
18S5M 1 1 1 1 1 0 1 0 1 1 1 
9S5M 1 1 1 1 1 0 1 0 1 1 1 
20S5M 1 1 1 1 1 0 1 0 1 1 1 
93S5M 1 1 1 1 1 0 1 0 1 1 1 
70S5M 0 1 1 1 1 1 1 1 1 1 1 
27S5N 0 1 1 1 1 1 1 1 1 1 1 
58S5M 0 1 1 1 1 1 1 1 1 1 1 
50S5M 0 1 1 1 1 0 0 1 1 1 1 
69S5M 0 1 1 1 1 0 0 1 1 1 1 
97S5N 1 1 1 1 1 1 1 1 1 1 1 
56S5N 1 1 1 1 1 1 1 1 1 1 1 
9S5N 0 1 1 1 1 1 1 1 1 1 1 
79S5M 1 1 1 1 1 1 1 1 1 1 1 
14S5M(T) 0 1 1 1 1 1 1 1 1 1 1 
80S5M(T) 0 1 1 1 1 1 1 1 1 1 1 
75S5M(T) 1 1 1 1 1 1 1 1 1 1 1 
34S5N(T) 0 1 1 1 1 1 0 1 1 1 1 
11S5N(T) 0 1 1 1 1 1 1 1 1 1 1 
17S5N(T) 0 1 1 1 1 1 1 1 1 1 1 
42S5N(T) 0 1 1 1 1 1 1 1 1 1 1 
45S5N(T) 0 1 1 1 1 1 1 1 1 1 1 
K84-200 0 1 1 1 1 1 0 1 1 1 1 
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+����G��ก��� 10  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� universal primer 3  
(pharmacia kit) ก�
 somaclone "#$#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
universal primer 3 (pharmacia kit) 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 9 10 
6L5M 0 0 0 0 0 0 1 0 1 1 
2L5M 0 0 0 0 0 0 0 0 1 1 
38L5M 1 0 0 1 1 1 1 1 1 1 
9L5M 0 0 0 0 0 0 0 0 1 1 
27L5N 1 0 0 1 1 1 1 1 1 1 
30L5N 0 0 0 0 0 0 0 0 1 1 
7L5M 0 0 0 1 1 1 0 0 1 1 
65L5N 1 0 0 1 1 1 1 1 1 0 
9L5N 1 0 0 1 1 1 1 1 1 0 
57L5M 0 0 0 0 0 0 0 0 1 1 
21L5M 0 0 0 0 0 0 0 0 1 1 
72L5M 0 0 0 0 0 0 0 0 1 0 
31L5N 0 0 0 0 0 0 0 0 1 0 
4L5M 1 0 0 1 1 1 1 1 1 1 
5L5N 1 0 0 1 1 1 1 0 1 1 
96L5N 0 0 0 0 0 0 0 0 1 0 
77L5M 1 0 0 1 1 1 1 1 1 1 
83L5M 1 0 0 1 1 1 1 1 1 1 
91L5M 0 0 0 1 1 1 0 0 1 1 
90L5M 0 0 0 0 0 0 0 0 1 1 
68L5N(T) 0 0 0 0 0 0 0 0 1 1 
17L5M(T) 0 0 0 0 1 1 0 0 1 1 
34L5M(T) 0 0 0 0 0 0 0 0 1 1 
51L5M(T) 0 0 0 0 0 0 0 0 1 1 
59L5M(T) 0 0 1 1 1 0 0 0 1 1 
54L5M(T) 0 0 0 0 0 0 0 0 1 0 
93L5M(T) 0 0 0 0 0 0 0 0 1 0 
33L5N(T) 1 0 0 1 1 1 0 0 1 1 
K84-200 0 0 0 1 1 1 0 0 1 1 
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+����G��ก��� 10  (	Q#) 
 

�b
+&�#w��&'�ก�+��กc�
��#
� 
universal primer 3 (pharmacia kit) 

+&�#w��#
#%#��	Q!) 
somaclone 1 2 3 4 5 6 7 8 9 10 
99S5M 0 0 0 1 1 1 0 0 1 1 
10S5M 0 0 0 1 1 1 1 1 1 1 
7S5M 1 1 1 1 1 1 1 1 1 1 
5S5N 1 1 1 1 1 1 0 1 1 1 
15S5M 0 0 1 1 1 1 0 1 1 1 
27S5M 0 0 0 0 1 1 0 0 1 1 
8S5M 0 0 0 1 1 1 0 1 1 1 
18S5M 0 0 0 1 1 1 0 1 1 1 
9S5M 1 1 1 1 1 1 1 1 1 1 
20S5M 1 1 1 1 1 1 1 1 1 1 
93S5M 0 0 0 0 0 0 0 0 1 1 
70S5M 0 0 0 1 1 1 0 0 1 1 
27S5N 1 1 1 1 1 1 1 1 1 1 
58S5M 0 0 0 1 1 1 0 0 1 1 
50S5M 1 1 1 1 1 1 0 0 1 1 
69S5M 0 1 1 1 1 1 0 0 1 1 
97S5N 0 1 1 1 1 1 0 1 1 1 
56S5N 1 1 1 1 1 1 0 1 1 1 
9S5N 0 1 1 1 1 1 0 0 1 1 
79S5M 0 1 1 1 1 1 0 1 1 1 
14S5M(T) 0 0 1 1 1 1 0 0 1 1 
80S5M(T) 0 1 1 1 1 1 0 0 1 1 
75S5M(T) 0 1 1 1 1 1 0 0 1 1 
34S5N(T) 0 1 1 1 1 1 0 0 1 1 
11S5N(T) 0 0 0 1 1 1 0 0 1 1 
17S5N(T) 0 0 0 1 1 1 0 0 1 1 
42S5N(T) 0 0 0 1 1 1 1 1 1 1 
45S5N(T) 0 1 1 1 1 1 0 0 1 1 
K84-200 0 0 0 1 1 1 0 0 1 1 
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+����G��ก��� 11  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� universal primer 6  
(pharmacia kit) ก�
 somaclone "#$#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
universal primer 6 (pharmacia kit) 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 9 10 11 12 13 
6L5M 1 1 1 1 1 1 0 0 0 1 1 1 1 
2L5M 1 1 1 1 1 1 0 0 0 1 1 1 1 
38L5M 1 1 1 1 1 1 0 0 0 1 1 1 1 
9L5M 1 0 1 0 1 0 0 0 0 1 1 1 1 
27L5N 1 1 1 1 1 1 0 0 0 1 1 1 1 
30L5N 1 0 1 0 1 0 0 0 0 1 1 1 1 
7L5M 1 1 1 1 1 1 0 0 0 1 1 1 1 
65L5N 1 1 1 1 1 1 0 0 0 1 1 1 1 
9L5N 1 1 1 1 1 1 0 0 0 1 1 1 1 
57L5M 1 1 1 0 1 0 0 0 0 1 1 1 1 
21L5M 1 0 1 0 1 0 0 0 0 1 1 1 1 
72L5M 1 0 1 1 1 1 0 0 0 1 1 1 1 
31L5N 1 0 1 1 1 1 0 0 0 1 1 1 1 
4L5M 1 0 1 1 1 1 0 0 0 1 1 1 1 
5L5N 1 0 1 1 1 1 0 0 0 1 1 1 1 
96L5N 1 0 1 1 1 1 0 0 0 1 1 1 1 
77L5M 1 1 1 1 1 1 0 0 0 1 1 1 1 
83L5M 1 0 1 1 1 1 0 0 0 1 1 1 1 
91L5M 1 0 1 1 1 1 0 0 0 1 1 1 1 
90L5M 1 0 1 0 1 0 0 0 0 1 1 1 1 
68L5N(T) 1 0 1 0 1 0 0 0 0 1 1 1 1 
17L5M(T) 1 0 1 1 1 1 0 0 0 1 1 1 1 
34L5M(T) 1 0 1 1 1 1 0 0 0 1 1 1 1 
51L5M(T) 1 0 1 1 1 1 0 0 0 1 1 1 1 
59L5M(T) 1 1 1 1 1 0 0 0 0 1 1 1 1 
54L5M(T) 1 0 1 1 1 1 0 0 0 1 1 1 1 
93L5M(T) 1 0 1 0 1 0 0 0 0 1 1 1 1 
33L5N(T) 1 0 1 1 1 1 0 0 0 1 1 1 1 
K84-200 1 1 1 1 1 1 0 0 0 1 1 1 1 
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+����G��ก��� 11  (	Q#) 
 

�b
+&�#w��&'�ก�+��กc�
��#
� 
universal primer 6 (pharmacia kit) 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 9 10 11 12 13 
99S5M 1 1 1 1 1 1 0 1 0 1 1 1 1 
10S5M 1 1 1 1 1 1 0 1 0 1 1 1 1 
7S5M 1 1 1 1 1 1 1 1 1 1 1 1 1 
5S5N 1 1 1 0 1 0 0 0 0 1 0 0 1 
15S5M 1 1 1 1 1 1 0 1 0 1 0 0 1 
27S5M 1 1 1 1 1 1 1 1 0 1 0 0 1 
8S5M 1 1 1 1 1 1 1 1 0 1 0 0 1 
18S5M 1 1 1 1 1 1 1 1 0 1 0 0 1 
9S5M 1 1 1 1 1 1 1 1 1 1 0 0 1 
20S5M 1 1 1 1 1 1 1 1 1 1 0 0 1 
93S5M 1 1 1 1 1 1 1 1 0 1 0 0 1 
70S5M 1 0 1 0 1 0 0 0 0 1 0 0 1 
27S5N 1 0 1 1 1 1 0 0 0 0 1 1 1 
58S5M 1 0 1 1 1 1 0 0 0 0 1 1 1 
50S5M 1 0 1 1 1 1 0 0 0 1 0 0 1 
69S5M 1 1 1 1 1 1 0 1 0 1 0 0 1 
97S5N 1 1 1 1 1 1 0 1 0 1 0 0 1 
56S5N 1 1 1 1 1 1 0 1 1 1 0 0 1 
9S5N 1 1 1 1 1 1 0 1 1 1 0 0 1 
79S5M 1 1 1 1 1 1 0 0 0 1 0 0 1 
14S5M(T) 1 1 1 1 1 1 1 1 1 1 0 0 1 
80S5M(T) 1 1 1 1 1 1 0 1 0 1 0 0 1 
75S5M(T) 1 1 1 0 1 0 1 1 0 1 0 0 1 
34S5N(T) 1 1 1 0 1 0 0 0 0 1 0 0 1 
11S5N(T) 1 1 1 0 1 0 1 1 1 1 0 0 1 
17S5N(T) 1 1 1 0 1 0 1 1 1 1 1 1 1 
42S5N(T) 1 1 1 0 1 0 0 0 0 1 1 1 1 
45S5N(T) 1 1 1 0 1 0 0 0 0 1 0 0 0 
K84-200 1 1 1 1 1 1 0 0 0 1 1 1 1 
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+����G��ก��� 12  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� OPA-02 ก�
 somaclone "#$ 
#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-02 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 9 10 
6L5M 1 1 1 1 1 0 0 0 1 1 
2L5M 0 0 1 0 0 0 1 1 1 0 
38L5M 0 0 1 0 1 0 0 0 1 1 
9L5M 1 1 1 0 1 0 0 0 1 1 
27L5N 1 1 1 0 1 0 1 1 1 1 
30L5N 1 1 1 1 1 0 0 1 1 1 
7L5M 1 1 1 1 1 0 0 1 1 1 
65L5N 1 1 1 0 1 1 1 1 1 1 
9L5N 1 1 1 1 1 1 1 1 1 1 
57L5M 1 1 1 1 1 1 1 1 1 1 
21L5M 1 1 1 0 1 0 1 1 1 1 
72L5M 0 0 1 0 0 0 0 1 1 1 
31L5N 1 1 1 1 1 1 1 1 1 1 
4L5M 1 1 1 1 1 1 1 1 1 1 
5L5N 0 0 1 0 0 0 0 0 1 0 
96L5N 1 1 1 1 1 1 1 1 1 1 
77L5M 1 1 1 1 1 1 1 1 1 1 
83L5M 1 1 1 0 1 1 1 1 1 1 
91L5M 1 1 1 0 1 1 1 1 1 1 
90L5M 0 0 1 0 0 0 1 1 1 1 
68L5N(T) 0 0 1 0 0 0 0 0 1 0 
17L5M(T) 1 1 1 1 1 1 1 1 1 1 
34L5M(T) 1 1 1 0 1 1 1 1 1 1 
51L5M(T) 0 0 1 0 1 1 0 0 1 1 
59L5M(T) 0 0 1 0 0 0 0 0 1 0 
54L5M(T) 1 1 0 1 1 1 1 1 1 1 
93L5M(T) 0 0 1 0 1 1 0 1 1 1 
33L5N(T) 1 1 1 1 1 1 0 1 1 1 
K84-200 0 0 1 0 1 0 0 1 1 0 
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+����G��ก��� 12  (	Q#) 
 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-02 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 9 10 

99S5M 0 0 1 0 1 0 0 0 1 1 
10S5M 0 0 1 0 1 1 1 1 1 1 
7S5M 1 1 1 1 1 1 0 1 1 1 
5S5N 1 1 1 1 1 0 0 1 1 1 
15S5M 1 1 1 1 1 1 0 1 1 1 
27S5M 1 1 1 1 1 1 1 1 1 1 
8S5M 0 0 1 0 1 1 0 0 1 1 
18S5M 0 0 1 0 1 0 0 0 1 1 
9S5M 0 0 1 0 1 0 0 0 1 1 
20S5M 1 1 1 1 1 0 0 1 1 1 
93S5M 0 0 1 0 0 0 0 0 1 1 
70S5M 0 0 1 1 1 0 0 1 1 1 
27S5N 0 0 1 1 1 0 0 0 1 1 
58S5M 0 0 1 1 1 0 0 0 1 1 
50S5M 0 0 1 1 1 0 0 0 1 1 
69S5M 1 1 1 1 1 0 0 0 1 1 
97S5N 1 1 1 1 1 0 0 1 1 1 
56S5N 1 1 1 1 1 0 0 1 1 1 
9S5N 1 1 1 1 1 0 0 1 1 1 
79S5M 1 1 1 1 1 0 0 1 1 1 
14S5M(T) 0 0 1 1 1 0 0 1 1 1 
80S5M(T) 0 0 1 0 0 0 0 0 1 1 
75S5M(T) 0 0 1 1 1 0 0 0 1 1 
34S5N(T) 1 1 1 1 1 0 0 1 1 1 
11S5N(T) 1 1 1 1 1 1 0 1 1 1 
17S5N(T) 1 1 1 1 1 0 0 1 1 1 
42S5N(T) 1 1 1 1 1 0 0 1 1 1 
45S5N(T) 1 1 1 1 1 0 0 1 1 1 
K84-200 0 0 1 0 1 0 0 1 1 0 
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+����G��ก��� 13  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� OPA-04 ก�
 somaclone "#$ 
#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-04 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 
6L5M 1 1 1 1 1 1 1 1 
2L5M 1 1 1 1 1 1 1 1 
38L5M 1 1 1 1 1 1 1 1 
9L5M 1 1 1 1 1 1 1 1 
27L5N 1 1 1 1 1 1 1 1 
30L5N 1 1 1 1 1 1 1 1 
7L5M 1 1 1 1 1 1 1 1 
65L5N 1 1 1 1 1 1 1 1 
9L5N 1 1 1 1 1 1 1 1 
57L5M 1 1 1 1 1 1 1 1 
21L5M 0 1 1 1 1 1 1 1 
72L5M 1 1 1 1 1 1 1 1 
31L5N 0 1 1 1 1 1 1 1 
4L5M 1 1 1 1 1 1 1 1 
5L5N 1 1 1 1 1 1 1 1 
96L5N 1 1 1 1 1 1 1 1 
77L5M 1 1 1 1 1 1 1 1 
83L5M 1 1 1 1 1 1 1 1 
91L5M 1 1 1 1 1 1 1 1 
90L5M 1 1 1 1 1 1 1 1 
68L5N(T) 0 0 0 0 0 0 1 1 
17L5M(T) 0 0 0 0 0 0 1 1 
34L5M(T) 0 0 0 1 1 1 1 1 
51L5M(T) 0 0 0 1 1 1 1 1 
59L5M(T) 0 0 0 0 0 0 1 1 
54L5M(T) 0 0 0 0 0 0 1 1 
93L5M(T) 0 0 0 0 0 0 1 1 
33L5N(T) 1 1 1 1 1 1 1 1 
K84-200 1 1 1 1 1 1 1 1 
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+����G��ก��� 13  (	Q#) 
 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-04 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 
99S5M 1 1 1 1 1 1 1 1 
10S5M 1 1 1 1 0 0 1 1 
7S5M 1 1 1 1 1 1 1 1 
5S5N 1 1 1 1 1 1 1 1 
15S5M 1 1 1 1 1 1 1 1 
27S5M 1 1 1 1 1 1 1 1 
8S5M 1 1 1 1 1 1 1 1 
18S5M 1 1 1 1 1 1 1 1 
9S5M 1 1 1 1 1 1 1 1 
20S5M 1 1 1 1 1 1 1 1 
93S5M 0 0 1 1 1 1 1 1 
70S5M 0 1 1 1 1 1 1 1 
27S5N 0 1 1 1 1 0 1 1 
58S5M 1 1 1 1 1 1 1 1 
50S5M 1 1 1 1 1 1 1 1 
69S5M 1 1 1 1 1 1 1 1 
97S5N 1 1 1 1 1 1 1 1 
56S5N 1 1 1 1 1 1 1 1 
9S5N 1 1 1 1 1 1 1 1 
79S5M 0 1 1 1 1 1 1 1 
14S5M(T) 0 1 1 1 1 0 1 1 
80S5M(T) 0 1 1 1 1 1 1 1 
75S5M(T) 1 1 1 1 1 1 1 1 
34S5N(T) 1 1 1 1 1 1 1 1 
11S5N(T) 1 1 1 1 1 1 1 1 
17S5N(T) 1 1 1 1 1 1 1 1 
42S5N(T) 1 1 1 1 1 1 1 1 
45S5N(T) 1 1 1 1 1 1 1 1 
K84-200 1 1 1 1 1 1 1 1 
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+����G��ก��� 14  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� OPA-08 ก�
 somaclone "#$ 
#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-08 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-08 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 
6L5M 0 0 0 1 1 99S5M 0 1 1 1 0 
2L5M 0 0 0 1 1 10S5M 0 1 1 1 1 
38L5M 0 0 0 1 1 7S5M 0 1 1 1 0 
9L5M 0 0 0 1 1 5S5N 0 1 1 1 0 
27L5N 0 0 0 1 1 15S5M 0 1 1 1 0 
30L5N 0 0 0 0 1 27S5M 0 1 1 1 0 
7L5M 0 0 0 1 1 8S5M 0 1 1 1 0 
65L5N 0 0 0 1 1 18S5M 0 1 1 1 1 
9L5N 0 0 0 1 1 9S5M 0 1 1 1 0 
57L5M 0 0 0 1 1 20S5M 0 1 1 1 0 
21L5M 0 0 0 1 1 93S5M 0 0 0 1 1 
72L5M 0 0 0 0 1 70S5M 0 1 1 1 0 
31L5N 0 0 1 1 1 27S5N 0 1 1 1 0 
4L5M 0 0 0 0 1 58S5M 0 1 1 1 0 
5L5N 0 0 0 1 1 50S5M 0 1 1 1 0 
96L5N 0 0 0 0 1 69S5M 0 1 1 1 0 
77L5M 0 0 0 1 1 97S5N 0 1 1 1 0 
83L5M 0 0 0 1 1 56S5N 0 1 1 1 0 
91L5M 0 0 0 1 1 9S5N 0 1 1 1 0 
90L5M 0 0 0 1 1 79S5M 0 1 1 1 0 
68L5N(T) 0 0 0 1 1 14S5M(T) 0 1 1 1 0 
17L5M(T) 0 0 0 1 1 80S5M(T) 0 1 0 1 0 
34L5M(T) 0 0 0 1 1 75S5M(T) 0 1 1 1 0 
51L5M(T) 0 0 0 0 1 34S5N(T) 0 1 0 1 0 
59L5M(T) 1 0 1 1 0 11S5N(T) 0 1 0 1 0 
54L5M(T) 1 0 1 0 1 17S5N(T) 0 1 0 1 0 
93L5M(T) 1 0 0 0 1 42S5N(T) 0 1 0 1 0 
33L5N(T) 1 0 1 1 1 45S5N(T) 0 1 1 1 0 
K84-200 0 1 0 1 0 K84-200 0 1 0 1 0 
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+����G��ก��� 15  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� OPA-01 ก�
 somaclone "#$ 
#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-01 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 
6L5M 0 1 1 1 1 1 1 
2L5M 0 1 1 1 1 1 1 
38L5M 0 1 1 1 1 1 1 
9L5M 0 1 1 1 1 1 1 
27L5N 0 1 1 1 1 1 1 
30L5N 0 1 0 1 1 1 0 
7L5M 0 1 1 1 1 1 1 
65L5N 0 1 1 1 1 1 1 
9L5N 0 1 1 1 1 1 1 
57L5M 0 1 1 1 1 1 1 
21L5M 0 1 1 1 1 1 1 
72L5M 0 1 1 1 1 1 0 
31L5N 0 1 1 1 1 1 1 
4L5M 0 1 1 1 1 1 1 
5L5N 0 1 1 1 1 1 1 
96L5N 0 1 1 1 1 1 1 
77L5M 0 1 1 1 1 1 1 
83L5M 0 1 0 1 1 1 0 
91L5M 0 1 1 1 1 1 1 
90L5M 0 1 1 1 1 1 1 
68L5N(T) 0 1 1 1 1 1 1 
17L5M(T) 0 1 1 1 1 1 0 
34L5M(T) 0 1 1 1 1 1 1 
51L5M(T) 0 1 1 1 1 1 1 
59L5M(T) 0 1 0 1 1 1 0 
54L5M(T) 0 1 1 1 1 1 0 
93L5M(T) 0 1 0 1 1 1 0 
33L5N(T) 0 1 1 1 1 1 1 
K84-200 0 1 0 1 0 0 0 
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+����G��ก��� 15  (	Q#) 
 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-01 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 
99S5M 1 1 1 1 1 1 1 
10S5M 1 1 1 1 1 1 1 
7S5M 1 1 1 1 1 1 1 
5S5N 1 1 1 1 1 0 1 
15S5M 1 1 1 1 1 0 1 
27S5M 1 1 1 1 1 0 1 
8S5M 1 1 1 1 1 0 1 
18S5M 0 1 1 1 1 1 1 
9S5M 1 1 1 1 1 1 1 
20S5M 1 1 1 1 1 0 0 
93S5M 1 1 1 1 1 1 1 
70S5M 0 1 1 1 0 0 0 
27S5N 0 1 1 1 0 0 0 
58S5M 0 1 1 1 0 0 0 
50S5M 1 1 1 1 0 0 0 
69S5M 0 1 1 1 0 0 0 
97S5N 0 1 1 1 0 0 0 
56S5N 1 1 1 1 0 0 0 
9S5N 0 1 1 1 0 0 0 
79S5M 0 1 1 1 0 0 0 
14S5M(T) 0 1 1 1 0 0 0 
80S5M(T) 0 1 0 1 0 0 0 
75S5M(T) 0 1 1 1 0 0 0 
34S5N(T) 0 1 0 1 0 0 0 
11S5N(T) 0 1 0 1 0 0 0 
17S5N(T) 0 1 0 1 0 0 0 
42S5N(T) 0 1 0 1 0 0 0 
45S5N(T) 0 1 1 1 0 0 0 
K84-200 0 1 0 1 0 0 0 
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+����G��ก��� 16  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� OPA-10  ก�
 somaclone "#$ 
#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-10 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-10 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 
6L5M 0 1 1 1 1 0 99S5M 0 0 1 1 1 0 
2L5M 0 1 1 1 1 0 10S5M 0 0 1 1 1 1 
38L5M 0 1 1 1 1 1 7S5M 0 1 1 1 1 1 
9L5M 1 1 1 1 1 1 5S5N 0 1 1 1 1 1 
27L5N 0 1 1 1 1 1 15S5M 0 1 1 1 1 1 
30L5N 0 1 1 1 1 1 27S5M 0 1 1 1 1 1 
7L5M 1 1 1 1 1 1 8S5M 0 1 1 1 1 1 
65L5N 0 1 1 1 1 1 18S5M 0 1 1 1 1 1 
9L5N 1 1 1 1 1 1 9S5M 0 1 1 1 1 1 
57L5M 1 1 1 1 1 1 20S5M 0 1 1 1 1 1 
21L5M 0 0 1 1 1 1 93S5M 0 1 1 1 1 1 
72L5M 1 1 1 1 1 1 70S5M 0 1 1 1 1 0 
31L5N 0 1 1 1 1 1 27S5N 0 1 1 1 1 0 
4L5M 0 1 1 0 1 1 58S5M 0 1 1 1 1 0 
5L5N 0 1 1 1 1 1 50S5M 0 1 1 1 1 1 
96L5N 0 1 1 1 1 1 69S5M 0 1 1 1 1 1 
77L5M 0 1 1 1 1 1 97S5N 0 1 1 1 1 1 
83L5M 1 1 1 1 1 1 56S5N 0 1 1 1 1 1 
91L5M 0 0 0 0 1 0 9S5N 0 1 1 1 1 1 
90L5M 1 1 1 1 1 1 79S5M 0 1 1 1 1 1 
68L5N(T) 0 0 0 1 0 1 14S5M(T) 0 1 1 1 1 0 
17L5M(T) 0 0 0 0 1 0 80S5M(T) 0 1 1 1 1 1 
34L5M(T) 0 0 0 1 0 1 75S5M(T) 0 1 1 1 1 0 
51L5M(T) 0 0 0 0 1 0 34S5N(T) 0 1 1 1 1 1 
59L5M(T) 0 1 1 1 1 1 11S5N(T) 0 1 1 1 1 1 
54L5M(T) 0 0 0 0 1 0 17S5N(T) 0 1 1 1 1 1 
93L5M(T) 0 1 1 1 1 1 42S5N(T) 0 1 1 1 1 1 
33L5N(T) 0 1 1 1 1 1 45S5N(T) 0 1 1 1 1 0 
K84-200 0 0 0 0 1 0 K84-200 0 0 0 0 1 0 
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+����G��ก��� 17  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� OPA-16 ก�
 somaclone "#$ 
#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-16 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-16 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 
6L5M 1 1 1 1 1 1 99S5M 1 0 1 1 1 1 
2L5M 1 0 0 1 0 0 10S5M 1 1 1 1 0 1 
38L5M 0 0 0 1 0 0 7S5M 1 1 1 1 1 1 
9L5M 0 0 0 1 1 1 5S5N 1 1 1 1 1 1 
27L5N 1 1 1 1 1 1 15S5M 1 1 1 1 1 1 
30L5N 0 0 0 1 1 1 27S5M 1 1 1 1 1 1 
7L5M 1 0 0 1 1 1 8S5M 1 1 1 1 1 1 
65L5N 1 0 0 1 1 1 18S5M 1 0 1 1 1 1 
9L5N 0 0 0 1 1 1 9S5M 1 1 1 1 1 1 
57L5M 0 0 0 1 1 1 20S5M 1 1 1 1 1 1 
21L5M 0 0 0 1 1 1 93S5M 1 1 1 1 1 1 
72L5M 0 0 0 1 0 0 70S5M 1 1 1 1 1 1 
31L5N 0 0 0 1 0 0 27S5N 1 1 1 1 1 1 
4L5M 1 1 1 1 1 1 58S5M 1 1 1 1 1 1 
5L5N 0 0 0 1 1 1 50S5M 1 1 1 1 1 1 
96L5N 1 1 1 1 1 1 69S5M 1 1 1 1 1 1 
77L5M 0 0 0 1 0 0 97S5N 1 1 1 1 1 1 
83L5M 1 0 0 1 1 1 56S5N 1 1 1 1 1 0 
91L5M 1 1 1 1 1 1 9S5N 1 1 1 1 1 1 
90L5M 1 1 1 1 1 1 79S5M 1 1 1 1 1 1 
68L5N(T) 0 0 0 1 0 0 14S5M(T) 1 1 1 1 0 0 
17L5M(T) 0 0 0 1 0 0 80S5M(T) 1 1 1 1 0 0 
34L5M(T) 0 0 0 1 0 0 75S5M(T) 1 1 1 1 1 1 
51L5M(T) 1 1 1 1 1 1 34S5N(T) 1 1 1 1 1 1 
59L5M(T) 1 1 1 1 0 0 11S5N(T) 1 1 1 1 1 1 
54L5M(T) 1 1 1 1 1 1 17S5N(T) 1 1 1 1 1 1 
93L5M(T) 1 1 1 1 1 1 42S5N(T) 1 1 1 1 1 1 
33L5N(T) 1 1 1 1 1 1 45S5N(T) 1 1 1 1 1 1 
K84-200 1 1 1 1 1 1 K84-200 1 1 1 1 1 1 
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+����G��ก��� 18  N!ก�
��$� 
�)��+&�#w��#�&'c+%��กก�
aP%c�
��#
� OPA-18 ก�
 somaclone "#$ 
#%#� 58 	��#�Q�$ 

 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-18 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 
6L5M 0 0 0 0 0 1 0 1 
2L5M 0 0 1 0 0 1 0 1 
38L5M 0 0 0 0 0 1 1 1 
9L5M 0 0 0 0 0 1 0 1 
27L5N 0 0 0 0 0 1 0 1 
30L5N 0 0 0 0 0 1 0 1 
7L5M 0 0 0 0 0 1 0 1 
65L5N 0 0 0 0 0 1 0 1 
9L5N 1 1 0 0 1 1 1 1 
57L5M 0 0 0 0 1 1 1 1 
21L5M 0 0 0 0 0 1 0 1 
72L5M 0 0 0 0 0 0 0 1 
31L5N 0 0 0 0 0 0 0 1 
4L5M 0 0 0 0 0 1 0 1 
5L5N 0 0 1 0 0 1 0 1 
96L5N 0 0 0 0 0 1 0 1 
77L5M 0 0 0 0 0 1 0 1 
83L5M 0 0 0 0 0 1 0 1 
91L5M 0 0 0 0 0 1 0 1 
90L5M 0 0 0 0 0 1 0 1 
68L5N(T) 1 1 0 1 1 1 0 1 
17L5M(T) 1 1 0 1 1 1 0 1 
34L5M(T) 1 1 0 1 1 1 0 1 
51L5M(T) 0 0 0 0 0 1 0 1 
59L5M(T) 1 1 0 1 1 1 0 1 
54L5M(T) 1 1 0 1 1 1 0 1 
93L5M(T) 0 0 0 1 1 1 0 1 
33L5N(T) 1 1 1 1 1 1 0 1 
K84-200 1 1 1 1 1 1 0 1 
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+����G��ก��� 18  (	Q#) 
 

�b
+&�#w��&'�ก�+��กc�
��#
� 
OPA-18 

+&�#w��##%#�
�	Q!) 

somaclone 1 2 3 4 5 6 7 8 
99S5M 1 1 1 1 1 0 0 1 
10S5M 1 1 1 1 1 1 1 1 
7S5M 1 1 1 1 1 1 1 1 
5S5N 1 1 1 1 1 1 0 1 
15S5M 1 1 1 1 1 1 0 1 
27S5M 1 1 1 1 1 1 0 1 
8S5M 1 1 1 1 1 1 0 1 
18S5M 1 1 1 1 1 1 0 1 
9S5M 1 1 1 1 1 1 0 1 
20S5M 1 1 1 1 1 1 0 1 
93S5M 1 1 1 1 1 1 0 1 
70S5M 1 1 1 1 1 1 0 1 
27S5N 1 1 1 1 1 1 0 1 
58S5M 1 1 1 1 1 1 0 1 
50S5M 1 1 1 1 1 1 0 1 
69S5M 1 1 1 1 1 1 0 1 
97S5N 1 1 1 1 1 1 0 1 
56S5N 1 1 1 1 1 1 0 1 
9S5N 1 1 1 1 1 1 1 1 
79S5M 1 1 1 1 1 1 0 1 
14S5M(T) 1 1 1 1 1 1 1 1 
80S5M(T) 1 1 1 1 1 1 0 1 
75S5M(T) 1 1 1 1 1 1 0 1 
34S5N(T) 1 1 1 1 1 1 0 1 
11S5N(T) 1 1 1 1 1 1 1 1 
17S5N(T) 1 1 1 1 1 1 1 1 
42S5N(T) 1 1 1 1 1 1 1 1 
45S5N(T) 1 1 1 1 1 1 0 1 
K84-200 1 1 1 1 1 1 0 1 



+����G��ก��� 19   Q� ��� !%�� !X$ (similarity matrix) "#$#%#��&'NQ���� ��  SSR ��*$��+ 58 	��#�Q�$ 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
99S5M 1.0000            
10S5M 0.8928   1.0000           
7S5M 0.9285 0.9642   1.0000          
5S5N 0.8571   0.8928   0.8571   1.0000         
15S5M 0.8928 1.0000   0.9642   0.8928   1.0000        
27S5M 0.9285 0.9642   0.9285 0.9285 0.9642 1.0000       
8S5M 0.9285 0.8928 0.9285 0.9285 0.8928 0.9285 1.0000      
18S5M 0.8928   0.9285   0.8928   0.8928   0.9285   0.9642   0.8928   1.0000     
9S5M 0.8571 0.9642   0.9285   0.8571   0.9642   0.9285   0.8571   0.8928   1.0000    
20S5M 0.8928   0.9285   0.8928   0.8928   0.9285   0.9642   0.8928   1.0000   0.8928   1.0000   
93S5M 0.9285   0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000  
70S5M 0.9285   0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000   1.0000 
27S5N 0.8928   0.9285   0.8928   0.8928   0.9285   0.9642   0.8928   1.0000   0.8928   1.0000   0.9642   0.9642   
58S5M 0.9285   0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000   1.0000   
50S5M 0.8214   0.9285   0.8928   0.9642   0.9285   0.8928   0.8928   0.8571   0.8928   0.8571   0.8928   0.8928   
69S5M 0.8571   0.9642   0.9285   0.8571   0.9642   0.9285   0.8571   0.9642   0.9285   0.9642   0.9285   0.9285   
97S5N 0.9285   0.8928   0.9285   0.9285   0.8928   0.9285 1.0000   0.8928   0.8571   0.8928   0.9285 0.9285   
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+����G��ก��� 19  (	Q#) 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
56S5N 0.8928   0.9285   0.9642   0.8214   0.9285   0.8928   0.8928   0.8571   0.8928   0.8571   0.8928   0.8928   
9S5N 0.9285   0.9642   1.0000   0.8571   0.9642   0.9285   0.9285   0.8928   0.9285   0.8928   0.9285   0.9285   
79S5M 0.8928   1.0000   0.9642   0.8928   1.0000   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
14S5M(T) 0.9285   0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000   1.0000   
80S5M(T) 0.9285   0.9642   1.0000   0.8571   0.9642   0.9285   0.9285   0.8928   0.9285   0.8928   0.9285   0.9285   
75S5M(T) 0.8928   1.0000   0.9642   0.8928   1.0000   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
34S5N(T) 0.9285   0.8214   0.8571   0.7857   0.8214   0.8571   0.8571   0.8214   0.7857   0.8214   0.8571   0.8571   
11S5N(T) 0.8928   0.8571   0.8928   0.8214   0.8571   0.8928   0.8928   0.8571   0.8214   0.8571   0.8928   0.8928   
17S5N(T) 0.8571   0.8928   0.8571   0.8571   0.8928   0.9285   0.8571   0.9642   0.9285   0.9642   0.9285   0.9285   
42S5N(T) 0.8571   0.8928   0.9285   0.8571   0.8928   0.8571   0.8571   0.8214   0.8571   0.8214   0.8571   0.8571   
45S5N(T) 0.8928   0.8571   0.8928   0.8214   0.8571   0.8928   0.8928   0.8571   0.8214   0.8571   0.8928   0.8928   
K84-200 0.9642   0.9285   0.9642   0.8928   0.9285   0.9642   0.9642   0.9285   0.8928   0.9285   0.9642   0.9642   
6L5M 0.8571   0.9642   0.9285   0.8571   0.9642   0.9285   0.8571   0.8928   1.0000   0.8928   0.9285   0.9285   
2L5M 0.8928   1.0000   0.9642   0.8928   1.0000   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
38L5M 0.8214   0.9285   0.8928   0.8214   0.9285   0.8928   0.8214   0.9285   0.9642   0.9285   0.8928   0.8928   
9L5M 0.8571   0.9642   0.9285   0.8571   0.9642   0.9285   0.8571   0.8928   1.0000   0.8928   0.9285   0.9285   
27L5N 0.8571   0.9642   0.9285   0.8571   0.9642   0.9285   0.8571   0.8928   1.0000   0.8928   0.9285   0.9285   
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+����G��ก��� 19  (	Q#) 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
30L5N 0.8928   0.9285   0.8928   0.8928   0.9285   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
7L5M 0.8928   0.9285   0.8928   0.8928   0.9285   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
65L5N 0.8928   1.0000   0.9642   0.8928   1.0000   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
9L5N 0.8928   1.0000   0.9642   0.8928   1.0000   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
57L5M 0.8928   1.0000   0.9642   0.8928   1.0000   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
21L5M 0.9285   0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000   1.0000   
72L5M 0.9285   0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000   1.0000   
31L5N 0.9285   0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000   1.0000   
4L5M 0.9285     0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000 1.0000   
5L5N 0.8928   1.0000   0.9642   0.8928   1.0000   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
96L5N 0.8928   0.9285   0.8928   0.8928   0.9285   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
77L5M 0.8928   1.0000   0.9642   0.8928   1.0000   0.9642   0.8928   0.9285   0.9642   0.9285   0.9642   0.9642   
83L5M 0.8571   0.9642   0.9285   0.8571   0.9642   0.9285   0.8571   0.8928   1.0000   0.8928   0.9285   0.9285   
91L5M 0.9285   0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000   1.0000   
90L5M 0.9285   0.9642   0.9285   0.9285   0.9642   1.0000   0.9285   0.9642   0.9285   0.9642   1.0000   1.0000   
68L5N(T) 0.8928   0.9285   0.8928   0.8928   0.9285   0.9642   0.8928   0.9285   0.8928   0.9285   0.9642   0.9642   
17L5M(T) 0.9642     0.9285   0.8928   0.8928   0.9285   0.9642 0.8928   0.9285   0.8928   0.9285   0.9642   0.9642   
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+����G��ก��� 19  (	Q#) 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
34L5M(T) 0.8214   0.9285   0.8928   0.8214   0.9285   0.8928   0.8214   0.8571   0.9642   0.8571   0.8928   0.8928   
51L5M(T) 0.8571   0.8928   0.8571   0.8571   0.8928   0.9285   0.8571   0.8928   0.8571   0.8928   0.9285   0.9285   
59L5M(T) 0.9285   0.8928   0.9285   0.9285   0.8928   0.9285   1.0000   0.8928   0.8571   0.8928   0.9285   0.9285   
54L5M(T) 0.7857   0.8214   0.7857   0.8571   0.8214   0.8571   0.8571   0.8928   0.7857   0.8928   0.8571   0.8571   
93L5M(T) 0.7142   0.7500   0.7142   0.8571   0.7500   0.7857   0.7857   0.8214   0.7142   0.8214   0.7857   0.7857 
33L5N(T) 0.7857   0.8928   0.8571   0.8571   0.8928   0.8571   0.7857   0.8214   0.8571   0.8214   0.8571   0.8571 
K84-200 0.9642   0.9285   0.9642   0.8928   0.9285   0.9642   0.9642   0.9285   0.8928   0.9285   0.9642   0.9642   
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+����G��ก��� 19  (	Q#) 
 

somaclone 27S5N 58S5M 50S5M 69S5M 97S5N 56S5N 9S5N 79S5M 14S5M(T) 80S5M(T) 75S5M(T)  34S5N(T) 
27S5N 1.0000            
58S5M 0.9642   1.0000           
50S5M 0.8571   0.8928   1.0000          
69S5M 0.9642   0.9285   0.8928   1.0000         
97S5N 0.8928   0.9285   0.8928   0.8571   1.0000        
56S5N 0.8571   0.8928   0.8578   0.8928   0.8928   1.0000       
9S5N 0.8928   0.9285   0.8928   0.9285   0.9285   0.9642   1.0000      
79S5M 0.9285   0.9642   0.9285   0. 9642   0.8928   0.9285   0.9642   1.0000     
14S5M(T) 0.9642   1.0000   0.8928   0.9285   0.9285   0.8928   0.9285   0.9642   1.0000    
80S5M(T) 0.8928   0.9285   0.8928   0.9285   0.9285   0.9642   1.0000   0.9642   0.9285   1.0000   
75S5M(T) 0.9285   0.9642   0.9285   0.9642   0.8928   0.9285   0.9642   1.0000   0.9642   0.9642   1.0000  
34S5N(T) 0.8214   0.8571   0.7500   0.7857   0.8571   0.8214   0.8571   0.8214   0.8571   0.8571   0.8214   1.0000 
11S5N(T) 0.8571   0.8928   0.7857   0.8214   0.8928   0.8571   0.8928   0.8571   0.8928   0.8928   0.8571   0.9642 
17S5N(T) 0.9642   0.9285   0.8214   0.9285   0.8571   0.8214   0.8571   0.8928   0.9285   0.8571   0.8928   0.7857 
42S5N(T) 0.8214   0.8571   0.8928   0.8571   0.8571   0.8928   0.9285   0.8928   0.8571   0.9285   0.8928   0.8571 
45S5N(T) 0.8571   0.8928   0.7857   0.8214   0.8928   0.8571   0.8928   0.8571   0.8928   0.8928   0.8571   0.9642 
K84-200 0.9285   0.9642   0.8571   0.8928   0.9642   0.9285   0.9642   0.9285   0.9642   0.9642   0.9285   0.8928 
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+����G��ก��� 19  (	Q#) 
 

somaclone 27S5N 58S5M 50S5M 69S5M 97S5N 56S5N 9S5N 79S5M 14S5M(T) 80S5M(T) 75S5M(T)  34S5N(T) 
6L5M 0.8928   0.9285   0.8928   0.9285   0.8571   0.8928   0.9285   0.9642   0.9285   0.9285   0.9642   0.7857 
2L5M 0.9285   0.9642   0.9285   0.9642   0.8928   0.9285   0.9642   1.0000   0.9642   0.9642   1.0000   0.8214 
38L5M 0.9285   0.8928   0.8571   0.9642   0.8214   0.8571   0.8928   0.9285   0.8928   0.8928   0.9285   0.7500 
9L5M 0.8928   0.9285   0.8928   0.9285   0.8571   0.8928   0.9285   0.9642   0.9285   0.9285   0.9642   0.7857 
27L5N 0.8928   0.9285   0.8928   0.9285   0.8571   0.8928   0.9285   0.9642   0.9285   0.9285   0.9642   0.7857 
30L5N 0.9285   0.9642   0.8571   0.8928   0.8928   0.8571   0.8928   0.9285   0.9642   0.8928   0.9285   0.8214 
7L5M 0.9285   0.9642   0.8571   0.8928   0.8928   0.8571   0.8928   0.9285   0.9642   0.8928   0.9285   0.8214 
65L5N 0.9285   0.9642   0.9285   0.9642   0.8928   0.9285   0.9642   1.0000   0.9642   0.9642   1.0000   0.8214 
9L5N 0.9285   0.9642   0.9285   0.9642   0.8928   0.9285   0.9642   1.0000   0.9642   0.9642   1.0000   0.8214 
57L5M 0.9285   0.9642   0.9285   0.9642   0.8928   0.9285   0.9642   1.0000   0.9642   0.9642   1.0000   0.8214 
21L5M 0.9642   1.0000   0.8928   0.9285   0.9285   0.8928   0.9285   0.9642   1.0000   0.9285   0.9642   0.8571 
72L5M 0.9642   1.0000   0.8928   0.9285   0.9285   0.8928   0.9285   0.9642   1.0000   0.9285   0.9642   0.8571 
31L5N 0.9642   1.0000   0.8928   0.9285   0.9285   0.8928   0.9285   0.9642   1.0000   0.9285   0.9642   0.8571 
4L5M 0.9642   1.0000   0.8928   0.9285   0.9285   0.8928   0.9285   0.9642   1.0000   0.9285   0.9642   0.8571 
5L5N 0.9285   0.9642   0.9285   0.9642   0.8928   0.9285   0.9642   1.0000   0.9642   0.9642   1.0000   0.8214 
96L5N 0.9285   0.9642   0.8571   0.8928   0.8928   0.8571   0.8928   0.9285   0.9642   0.8928   0.9285   0.8214 
77L5M 0.9285   0.9642   0.9285   0.9642   0.8928   0.9285   0.9642   1.0000   0.9642   0.9642   1.0000   0.8214 
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+����G��ก��� 19  (	Q#) 
 

somaclone 27S5N 58S5M 50S5M 69S5M 97S5N 56S5N 9S5N 79S5M 14S5M(T) 80S5M(T) 75S5M(T)  34S5N(T) 
83L5M 0.8928   0.9285   0.8928   0.9285   0.8571   0.8928   0.9285   0.9642   0.9285   0.9285   0.9642   0.7857 
91L5M 0.9642   1.0000   0.8928   0.9285   0.9285   0.8928   0.9285   0.9642   1.0000   0.9285   0.9642   0.8571 
90L5M 0.9642   1.0000   0.8928   0.9285   0.9285   0.8928   0.9285   0.9642   1.0000   0.9285   0.9642   0.8571 
68L5N(T) 0.9285   0.9642   0.8571   0.8928   0.8928   0.8571   0.8928   0.9285   0.9642   0.8928   0.9285   0.8214 
17L5M(T) 0.9285   0.9642   0.8571   0.8928   0.8928   0.8571   0.8928   0.9285   0.9642   0.8928   0.9285   0.8928 
34L5M(T) 0.8571   0.8928   0.8571   0.8928   0.8214   0.8571   0.8928   0.9285   0.8928   0.8928   0.9285   0.7500 
51L5M(T) 0.8928   0.9285   0.8214   0.8571   0.8571   0.8214   0.8571   0.8928   0.9285   0.8571   0.8928   0.9285 
59L5M(T) 0.8928   0.9285   0.8928   0.8571   1.0000   0.8928   0.9285   0.8928   0.9285   0.9285   0.8928   0.8571 
54L5M(T) 0.8928   0.8571   0.8214   0.8571   0.8571   0.7500   0.7857   0.8214   0.8571   0.7857   0.8214   0.7142 
93L5M(T) 0.8214   0.7857   0.8214   0.7857   0.7857   0.6785   0.7142   0.7500   0.7857   0.7142   0.7500   0.7857 
33L5N(T) 0.8214   0.8571   0.8928   0.8571   0.7857   0.8214   0.8571   0.8928   0.8571   0.8571   0.8928   0.8571 
K84-200 0.9285   0.9642   0.8571   0.8928   0.9642   0.9285   0.9642   0.9285   0.9642   0.9642   0.9285   0.8928 
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+����G��ก��� 19  (	Q#) 
 

somaclone 11S5N(T)  17S5N(T) 42S5N(T) 45S5N(T) K84-200 6L5M 2L5M 38L5M 9L5M 27L5N 30L5N 7L5M 
11S5N(T) 1.0000            
17S5N(T) 0.8214   1.0000           
42S5N(T) 0.8928   0.7857   1.0000          
45S5N(T) 1.0000   0.8214   0.8928   1.0000         
K84-200 0.9285   0.8928   0.8928   0.9285   1.0000        
6L5M 0.8214   0.9285   0.8571   0.8214   0.8928   1.0000       
2L5M 0.8571   0.8928   0.8928   0.8571   0.9285   0.9642   1.0000      
38L5M 0.7857   0.9642   0.8214   0.7857   0.8571   0.9642   0.9285   1.0000     
9L5M 0.8214   0.9285   0.8571   0.8214   0.8928   1.0000   0.9642   0.9642   1.0000    
27L5N 0.8214   0.9285   0.8571   0.8214   0.8928   1.0000   0.9642   0.9642   1.0000   1.0000   
30L5N 0.8571   0.9642   0.8214   0.8571   0.9285   0.9642   0.9285   0.9285   0.9642   0.9642   1.0000  
7L5M 0.8571   0.9642   0.8214   0.8571   0.9285   0.9642   0.9285   0.9285   0.9642   0.9642   1.0000   1.0000 
65L5N 0.8571   0.8928   0.8928   0.8571   0.9285   0.9642   1.0000   0.9285   0.9642   0.9642   0.9285   0.9285 
9L5N 0.8571   0.8928   0.8928   0.8571   0.9285   0.9642   1.0000   0.9285   0.9642   0.9642   0.9285   0.9285 
57L5M 0.8571   0.8928   0.8928   0.8571   0.9285   0.9642   1.0000   0.9285   0.9642   0.9642   0.9285   0.9285 
21L5M 0.8928   0.9285   0.8571   0.8928   0.9642   0.9285   0.9642   0.8928   0.9285   0.9285   0.9642   0.9642 
72L5M 0.8928   0.9285   0.8571   0.8928   0.9642   0.9285   0.9642   0.8928   0.9285   0.9285   0.9642   0.9642 
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+����G��ก��� 19  (	Q#) 
 

somaclone 11S5N(T)  17S5N(T) 42S5N(T) 45S5N(T) K84-200 6L5M 2L5M 38L5M 9L5M 27L5N 30L5N 7L5M 
31L5N 0.8928   0.9285   0.8571   0.8928   0.9642   0.9285   0.9642   0.8928   0.9285   0.9285   0.9642   0.9642 
4L5M 0.8928   0.9285   0.8571   0.8928   0.9642   0.9285   0.9642   0.8928   0.9285   0.9285   0.9642   0.9642 
5L5N 0.8571   0.8928   0.8928   0.8571   0.9285   0.9642   1.0000   0.9285   0.9642   0.9642   0.9285   0.9285 
96L5N 0.8571   0.9642   0.8214   0.8571   0.9285   0.9642   0.9285   0.9285   0.9642   0.9642   1.0000   1.0000 
77L5M 0.8571   0.8928   0.8928   0.8571   0.9285   0.9642   1.0000   0.9285   0.9642   0.9642   0.9285   0.9285 
83L5M 0.8214   0.9285   0.8571   0.8214   0.8928   1.0000   0.9642   0.9642   1.0000   1.0000   0.9642   0.9642 
91L5M 0.8928   0.9285   0.8571   0.8928   0.9642   0.9285   0.9642   0.8928   0.9285   0.9285   0.9642   0.9642 
90L5M 0.8928   0.9285   0.8571   0.8928   0.9642   0.9285   0.9642   0.8928   0.9285   0.9285   0.9642   0.9642 
68L5N(T) 0.8571   0.8928   0.8214   0.8571   0.9285   0.8928   0.9285   0.8571   0.8928   0.8928   0.9285   0.9285 
17L5M(T) 0.8571   0.8928   0.8214   0.8571   0.9285   0.8928   0.9285   0.8571   0.8928   0.8928   0.9285   0.9285 
34L5M(T) 0.7857   0.8928   0.8214   0.7857   0.8571   0.9642   0.9285   0.9285   0.9642   0.9642   0.9285   0.9285 
51L5M(T) 0.9642   0.8571   0.8571   0.9642   0.8928   0.8571   0.8928   0.8214   0.8571   0.8571   0.8928   0.8928 
59L5M(T) 0.8928   0.8571   0.8571   0.8928   0.9642   0.8571   0.8928   0.8214   0.8571   0.8571   0.8928   0.8928 
54L5M(T) 0.7500   0.8571   0.7142   0.7500   0.8214   0.7857   0.8214   0.8214   0.7857   0.7857   0.8214   0.8214 
93L5M(T) 0.8214   0.7857   0.7857   0.8214   0.7500   0.7142   0.7500   0.7500   0.7142   0.7142   0.7500   0.7500 
33L5N(T) 0.8928     0.7857   0.9285   0.8928   0.8214   0.8571   0.8928   0.8214   0.8571   0.8571   0.8214 0.8214 
K84-200 0.9285   0.8928   0.8928   0.9285   1.0000   0.8928   0.9285   0.8571   0.8928   0.8928   0.9285   0.9285 
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+����G��ก��� 19  (	Q#) 
 

somaclone 65L5N   9L5N 57L5M 21L5M 72L5M 31L5N 4L5M 5L5N 96L5N 77L5M 83L5M 91L5M 
65L5N 1.0000            
9L5N 1.0000   1.0000           
57L5M 1.0000   1.0000   1.0000          
21L5M 0.9642   0.9642   0.9642   1.0000         
72L5M 0.9642   0.9642   0.9642   1.0000   1.0000        
31L5N 0.9642   0.9642   0.9642   1.0000   1.0000   1.0000       
4L5M 0.9642   0.9642   0.9642   1.0000   1.0000   1.0000   1.0000      
5L5N 1.0000   1.0000   1.0000   0.9642   0.9642   0.9642   0.9642   1.0000     
96L5N 0.9285   0.9285   0.9285   0.9642   0.9642   0.9642   0.9642   0.9285   1.0000    
77L5M 1.0000   1.0000   1.0000   0.9642   0.9642   0.9642   0.9642   1.0000   0.9285   1.0000   
83L5M 0.9642   0.9642   0.9642   0.9285   0.9285   0.9285   0.9285   0.9642   0.9642   0.9642   1.0000  
91L5M 0.9642   0.9642   0.9642   1.0000   1.0000   1.0000   1.0000   0.9642   0.9642   0.9642   0.9285   1.0000 
90L5M 0.9642   0.9642   0.9642   1.0000   1.0000   1.0000   1.0000   0.9642   0.9642   0.9642   0.9285   1.0000 
68L5N(T) 0.9285   0.9285   0.9285   0.9642   0.9642   0.9642   0.9642   0.9285   0.9285   0.9285   0.8928   0.9642 
17L5M(T) 0.9285   0.9285   0.9285   0.9642   0.9642   0.9642   0.9642   0.9285   0.9285   0.9285   0.8928   0.9642 
34L5M(T) 0.9285   0.9285   0.9285   0.8928   0.8928   0.8928   0.8928   0.9285   0.9285   0.9285   0.9642   0.8928 
51L5M(T) 0.8928   0.8928   0.8928   0.9285   0.9285   0.9285   0.9285   0.8928   0.8928   0.8928   0.8571   0.9285 
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+����G��ก��� 19  (	Q#) 
 

somaclone 65L5N   9L5N 57L5M 21L5M 72L5M 31L5N 4L5M 5L5N 96L5N 77L5M 83L5M 91L5M 
59L5M(T) 0.8928   0.8928   0.8928   0.9285   0.9285   0.9285   0.9285   0.8928   0.8928   0.8928   0.8571   0.9285 
54L5M(T) 0.8214   0.8214   0.8214   0.8571   0.8571   0.8571   0.8571   0.8214   0.8214   0.8214   0.7857   0.8571 
93L5M(T) 0.7500   0.7500   0.7500   0.7857   0.7857   0.7857   0.7857   0.7500   0.7500   0.7500   0.7142   0.7857 
33L5N(T) 0.8928   0.8928   0.8928   0.8571   0.8571   0.8571   0.8571   0.8928   0.8214   0.8928   0.8571   0.8571 
K84-200 0.9285   0.9285   0.9285   0.9642   0.9642   0.9642   0.9642   0.9285   0.9285   0.9285   0.8928   0.9642 
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+����G��ก��� 19  (	Q#) 
 

somaclone 90L5M  68L5N(T) 17L5M(T) 34L5M(T) 51L5M(T) 59L5M(T) 54L5M(T) 93L5M(T) 33L5N(T) K84-200 
90L5M 1.0000          
68L5N(T) 0.9642   1.0000         
17L5M(T) 0.9642   0.9285   1.0000        
34L5M(T) 0.8928   0.9285   0.8571   1.0000       
51L5M(T) 0.9285   0.8928   0.8928   0.8214   1.0000      
59L5M(T) 0.9285   0.8928   0.8928   0.8214   0.8571   1.0000     
54L5M(T) 0.8571   0.8928   0.8214   0.8214   0.7857   0.8571   1.0000    
93L5M(T) 0.7857   0.7500   0.7500   0.6785   0.8571   0.7857   0.8571   1.0000   
33L5N(T) 0.8571   0.8214   0.8214   0.8214   0.9285   0.7857   0.7142   0.8571   1.0000  
K84-200 0.9642   0.9285   0.9285   0.8571   0.8928   0.9642   0.8214   0.7500   0.8214   1.0000 
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+����G��ก��� 20   Q� ��� !%�� !X$ (similarity matrix) "#$#%#��&'NQ���� ��  RAPD ��*$��+ 58 	��#�Q�$ 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
99S5M 1.0000            
10S5M 0.8452   1.0000           
7S5M 0.7500   0.7857   1.0000          
5S5N 0.7380   0.7023   0.8690   1.0000         
15S5M 0.7857   0.7738   0.8928   0.9285   1.0000        
27S5M 0.7738   0.7619   0.8571   0.8690   0.9404   1.0000       
8S5M 0.8333   0.7976   0.8452   0.8571   0.9285   0.9167   1.0000      
18S5M 0.8452   0.7857   0.8095   0.8214   0.8690   0.8571   0.9404   1.0000     
9S5M 0.7976   0.7619   0.9047   0.8690   0.8690   0.8333   0.9167   0.9047   1.0000    
20S5M 0.7261   0.7142   0.9285   0.9166   0.9167   0.8809   0.8690   0.8333   0.9285   1.0000   
93S5M 0.7619   0.7023   0.7261   0.7380   0.7857   0.8214   0.8571   0.8690   0.8214   0.7500   1.0000  
70S5M 0.7976   0.7142   0.6904   0.8214   0.7976   0.7857   0.7976   0.7857   0.7380   0.7619   0.7261   1.0000 
27S5N 0.7738   0.7380   0.7619   0.7738   0.7500   0.6904   0.7500   0.7380   0.7857   0.7857   0.6547   0.8571 
58S5M 0.8571   0.7500   0.7261   0.7619   0.7857   0.7738   0.8095   0.7976   0.7500   0.7500   0.7142   0.9167 
50S5M 0.8095   0.7261   0.7738   0.8571   0.8333   0.7976   0.8333   0.7976   0.8452   0.8452   0.7380   0.8690 
69S5M 0.8095   0.7261   0.7976   0.8571   0.8809   0.8452   0.8333   0.8214   0.8214   0.8690   0.7380   0.8452 
97S5N 0.7738  0.7380   0.8333   0.8928   0.9167   0.8571   0.8452   0.8333   0.8333   0.9047   0.7261   0.8571 
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+����G��ก��� 20  (	Q#) 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
56S5N 0.7500   0.7142   0.8571   0.8928   0.8928   0.8333   0.8214   0.7857   0.8571   0.9285   0.7023   0.8095 
9S5N 0.7738   0.7380   0.8333   0.8452   0.8690   0.8333   0.7976   0.7857   0.8095   0.8809   0.7023   0.8571 
79S5M 0.7500   0.7142   0.8095   0.8928   0.8928   0.8333   0.8214   0.8095   0.8095   0.8809   0.7261   0.8809 
14S5M(T) 0.7619   0.7500   0.7500   0.7380   0.7857   0.7738   0.7857   0.7738   0.7738   0.7976   0.7142   0.8690 
80S5M(T) 0.7738   0.7142   0.6904   0.7500   0.7738   0.7380   0.7976   0.7857   0.7857   0.7619   0.7738   0.8333 
75S5M(T) 0.7976   0.6904   0.7619   0.8452   0.8214   0.8095   0.8452   0.8333   0.8333   0.8333   0.7500   0.9047 
34S5N(T) 0.7500   0.6904   0.7380   0.8690   0.8214   0.7857   0.7500   0.7380   0.7380   0.8095   0.6785   0.8809 
11S5N(T) 0.7261   0.7142   0.7857   0.7976   0.8214   0.8333   0.7976   0.7619   0.7380   0.8095   0.7023   0.8571 
17S5N(T) 0.7619   0.7261   0.7976   0.7857   0.7857   0.7976   0.7619   0.7500   0.7261   0.7976   0.6904   0.8452 
42S5N(T) 0.7500   0.7619   0.7857   0.8214   0.7976   0.7619   0.7500   0.7380   0.7142   0.7857   0.6547   0.8571 
45S5N(T) 0.7619   0.6785   0.7500   0.8809   0.8333   0.7976   0.7619   0.7500   0.7500   0.8214   0.6667   0.9167 
K84-200 0.8452   0.7619   0.6667   0.7023   0.7261   0.7142   0.7500   0.7380   0.6904   0.6904   0.6785   0.8333 
6L5M 0.7619   0.7023   0.6785   0.6667   0.6904   0.7023   0.6667   0.7023   0.6547   0.6547   0.7380   0.7023 
2L5M 0.7500   0.7142   0.5714   0.5833   0.6071   0.6428   0.6309   0.6904   0.5952   0.5476   0.7261   0.6667 
38L5M 0.7500   0.7619   0.6667   0.6309   0.6309   0.5952   0.6785   0.7380   0.6904   0.6190   0.6547   0.6428 
9L5M 0.7142   0.6309   0.5833   0.6428   0.6190   0.6309   0.6190   0.6785   0.5833   0.5595   0.6904   0.6785 
27L5N 0.7380   0.7738   0.7500   0.7380   0.7380   0.7261   0.7142   0.7500   0.7261   0.7261   0.6904   0.6785 
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+����G��ก��� 20  (	Q#) 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
30L5N 0.6667   0.6071   0.5833   0.6428   0.6190   0.6309   0.5714   0.6309   0.5357   0.5833   0.6428   0.7023 
7L5M 0.7738   0.7142   0.6904   0.7023   0.7261   0.7142   0.6785   0.7380   0.6428   0.6667   0.6785   0.7142 
65L5N 0.7142   0.7500   0.7261   0.6904   0.7142   0.7023   0.6904   0.7261   0.6785   0.6785   0.6428   0.6547 
9L5N 0.7142   0.7738   0.7500   0.6904   0.7142   0.7023   0.6667   0.7023   0.6547   0.6785   0.6190   0.6547 
57L5M 0.6667   0.6785   0.6547   0.6667   0.6667   0.7023   0.6190   0.6547   0.5595   0.5833   0.6667   0.6547 
21L5M 0.6904   0.6547   0.5833   0.6428   0.6190   0.6547   0.5952   0.6547   0.5595   0.5595   0.6904   0.6785 
72L5M 0.6785   0.6190   0.5238   0.5357   0.5595   0.5714   0.5833   0.6428   0.5476   0.5238   0.6785   0.6190 
31L5N 0.6785   0.6667  0.5952   0.5833   0.6309   0.6667  0.5833   0.6190   0.5238   0.5476   0.6309   0.6428 
4L5M 0.6667   0.7261   0.7500   0.7142   0.7380   0.7261   0.6904   0.7023   0.6785   0.7023   0.6428   0.6785 
5L5N 0.7738   0.7142   0.6428   0.6309   0.6309   0.6190   0.6785   0.7380   0.6904   0.6190   0.7023   0.6904 
96L5N 0.6904   0.7023   0.6547   0.6428   0.6904   0.7261   0.6428   0.6547   0.5833   0.6071   0.6904   0.6785 
77L5M 0.6904   0.7500   0.7023   0.6667   0.6904   0.6785   0.6428   0.6785   0.6309   0.6547   0.5952   0.6309 
83L5M 0.6785   0.7142   0.6904   0.6547   0.6785   0.6667   0.6547   0.6904   0.6428   0.6667  0.6071   0.6428 
91L5M 0.7500   0.7380   0.6667 0.6547   0.7023   0.7142   0.6785   0.6904   0.6190   0.6190   0.6547   0.6904 
90L5M 0.7023   0.6904   0.5952   0.6547   0.6309   0.6667  0.6547   0.6904   0.6190   0.5714   0.7500   0.7142 
68L5N(T) 0.6667   0.6547   0.4642   0.5238   0.5000   0.5119   0.5476   0.6071   0.5119   0.4404   0.6904   0.6309 
17L5M(T) 0.6667  0.7023   0.5595   0.5476   0.5952   0.6309   0.5476   0.5833   0.4880   0.5357   0.5952   0.6547 
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+����G��ก��� 20  (	Q#) 

 
somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
34L5M(T) 0.6904   0.7023   0.5833   0.5714   0.6190   0.6547   0.5952   0.6309   0.5357   0.5357   0.6904   0.6309 
51L5M(T) 0.7261   0.6667 0.5476   0.5357   0.5833   0.5952   0.6309   0.6428   0.5714   0.5000   0.7261   0.6667 
59L5M(T) 0.7261   0.7142   0.5952   0.6309   0.6309   0.6190   0.6785   0.6904   0.6428   0.5952   0.7023   0.7380 
54L5M(T) 0.6428   0.6785   0.5595   0.5476   0.5952   0.6309   0.5476   0.5595   0.4880   0.5357   0.6190   0.6547 
93L5M(T) 0.6309   0.6667 0.5238   0.5595   0.5595   0.5714   0.5833   0.5952   0.5238   0.5000   0.6785   0.6904 
33L5N(T) 0.7976   0.7857   0.8095   0.7976   0.8214   0.8095   0.7738   0.7857   0.7380   0.7619   0.7261   0.8095 
K84-200 0.8452   0.7619   0.6667 0.7023   0.7261   0.7142   0.7500   0.7380   0.6904   0.6904   0.6785   0.8333 
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+����G��ก��� 20  (	Q#) 
 

somaclone 27S5N 58S5M 50S5M 69S5M 97S5N 56S5N 9S5N 79S5M 14S5M(T) 80S5M(T) 75S5M(T)  34S5N(T) 
27S5N 1.0000            
58S5M 0.9166   1.0000           
50S5M 0.8690   0.8809   1.0000          
69S5M 0.8214   0.8571   0.9285   1.0000         
97S5N 0.8333   0.8452   0.8690   0.9404   1.0000        
56S5N 0.8095   0.7976   0.8690   0.8928   0.9523   1.0000       
9S5N 0.8095   0.8452   0.8690   0.9404   0.9523   0.9285   1.0000      
79S5M 0.8571   0.8452   0.8690   0.9166   0.9761   0.9285   0.9285   1.0000     
14S5M(T) 0.8214   0.8333   0.8095   0.8333   0.8452   0.8452   0.8928   0.8452   1.0000    
80S5M(T) 0.8095   0.8214   0.8452   0.8690   0.8571   0.8333   0.8571   0.8571   0.8690   1.0000   
75S5M(T) 0.8333   0.8690   0.8690   0.8928   0.9047   0.8571   0.8809   0.8809   0.8690   0.8571   1.0000  
34S5N(T) 0.7857   0.8214   0.8690   0.9166   0.9047   0.8571   0.9047   0.9047   0.7976   0.8571   0.8809   1.0000 
11S5N(T) 0.7142   0.7976   0.7738   0.8452   0.8571   0.8333   0.9047   0.8333   0.8452   0.8095   0.8571   0.9047 
17S5N(T) 0.7500   0.8333   0.7619   0.8333   0.8452   0.8214   0.8928   0.8214   0.8333   0.7976   0.8452   0.8928 
42S5N(T) 0.8095   0.8452   0.7738   0.8214   0.8571   0.8095   0.8571   0.8571   0.7738   0.7857   0.8095   0.9047 
45S5N(T) 0.8214   0.8571   0.8571   0.9047   0.9166   0.8690   0.9167   0.9167   0.8333   0.8214   0.9166   0.9404 
K84-200 0.7857  0.8690   0.7976   0.7976   0.7857   0.7380   0.7857   0.7857   0.7738   0.8095   0.7857   0.8333 
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+����G��ก��� 20  (	Q#) 
 

somaclone 27S5N 58S5M 50S5M 69S5M 97S5N 56S5N 9S5N 79S5M 14S5M(T) 80S5M(T) 75S5M(T)  34S5N(T) 
6L5M 0.7023   0.7619   0.6904   0.7380   0.7023   0.6547   0.7023   0.7023   0.6428   0.6547   0.6785   0.7261 
2L5M 0.6190   0.7023   0.6309   0.6309   0.6190   0.5952   0.6190   0.6190   0.6547   0.6904   0.6190   0.6428 
38L5M 0.6904   0.7023   0.6785   0.6547   0.6428   0.6428   0.6428   0.6428   0.6547   0.6904   0.6190   0.6428 
9L5M 0.6071   0.6904   0.6428   0.6667   0.6309   0.5833   0.6309   0.6309   0.5476   0.6071   0.6309   0.7023 
27L5N 0.7023   0.7142   0.6904   0.7142   0.7500   0.7261   0.7023   0.7500   0.6190   0.6547   0.6547   0.7261 
30L5N 0.6071   0.6904   0.6428   0.6667 0.6547   0.6071   0.6547   0.6547   0.5714   0.6071   0.6309   0.7500 
7L5M 0.6667   0.7500   0.7023   0.7500   0.7380   0.6904   0.7380   0.7380   0.6547   0.6667 0.6667 0.7619 
65L5N 0.6785   0.6904   0.6428   0.6667  0.7023   0.6785   0.6785   0.7023   0.5952   0.6309   0.6071   0.6785 
9L5N 0.6785   0.6904   0.6667   0.6904   0.7023   0.6785   0.7023   0.7023   0.6190   0.6071   0.6071   0.7023 
57L5M 0.5595   0.6428   0.6190   0.6667   0.6309   0.5833   0.6547   0.6309   0.5714   0.5595   0.6071   0.7023 
21L5M 0.5833   0.6428   0.6190   0.6428   0.6071   0.5595   0.6071   0.6309   0.5476   0.5833   0.5833   0.6785 
72L5M 0.5714   0.6547   0.6309   0.6071   0.5714   0.5476   0.5714   0.5714   0.5833   0.6428   0.5476   0.5952 
31L5N 0.5952   0.6547   0.6071   0.6309   0.6190   0.5952   0.6190   0.6428   0.6071   0.5952   0.5476   0.6190 
4L5M 0.7023   0.7142   0.6667   0.6667 0.7261   0.7023   0.6785   0.7261   0.5952   0.6071   0.6309   0.6785 
5L5N 0.7142   0.7500   0.7261   0.6785   0.6428   0.6190   0.6428   0.6428   0.6071   0.6904   0.6428   0.6667 
96L5N 0.6309   0.7142   0.6667   0.6904   0.6785   0.6309   0.6785   0.6785   0.5952   0.6071   0.6071   0.7023 
77L5M 0.6547  0.6667   0.6428   0.6667   0.6785   0.6785   0.6547   0.6785   0.6190   0.6309   0.5833   0.6785 
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+����G��ก��� 20  (	Q#) 
 

somaclone 27S5N 58S5M 50S5M 69S5M 97S5N 56S5N 9S5N 79S5M 14S5M(T) 80S5M(T) 75S5M(T)  34S5N(T) 
83L5M 0.6667   0.6785   0.6785   0.6785   0.6667   0.6428   0.6428   0.6667   0.5595   0.6190   0.5714   0.6904 
91L5M 0.6428   0.7261   0.6785   0.7023   0.6667   0.6190   0.6667   0.6667  0.6071   0.6190   0.6190   0.6904 
90L5M 0.6190   0.7023   0.6785   0.6547   0.6190   0.5714   0.6190   0.6190   0.5833   0.6428   0.6428   0.6904 
68L5N(T) 0.5833   0.6190   0.5714   0.5476   0.5119   0.4880   0.5119   0.5357   0.5714   0.6309   0.5595   0.5833 
17L5M(T) 0.6309   0.6667   0.5952   0.6190   0.6071   0.5833   0.6071   0.6309   0.6428   0.6071   0.5595   0.6309 
34L5M(T) 0.5833   0.6428   0.5952   0.6190   0.6071   0.5833   0.6071   0.6309   0.5952   0.6309   0.5357   0.6309 
51L5M(T) 0.6428   0.7023   0.6309   0.6071   0.5714   0.5238   0.5714   0.5952   0.5833   0.6190   0.5952   0.5952 
59L5M(T) 0.7142   0.7500   0.6785   0.6785   0.6667   0.6428   0.6667   0.6904   0.7261   0.7857   0.6904   0.6904 
54L5M(T) 0.6309   0.6667   0.5952   0.6190   0.6071   0.5595   0.6071   0.6309   0.5952   0.5357   0.5595   0.6071 
93L5M(T) 0.6190   0.6547   0.6071   0.5833   0.5714   0.5238   0.5714   0.5952   0.5833   0.6190   0.5952   0.6667 
33L5N(T) 0.7857   0.8452   0.7976   0.7976   0.8095   0.7857   0.8095   0.8095   0.7261   0.7142   0.7380   0.7857 
K84-200 0.7857   0.8690   0.7976   0.7976   0.7857   0.7380   0.7857   0.7857   0.7738   0.8095   0.7857   0.8333 
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+����G��ก��� 20  (	Q#) 
 

somaclone 11S5N(T)  17S5N(T) 42S5N(T) 45S5N(T) K84-200 6L5M 2L5M 38L5M 9L5M 27L5N 30L5N 7L5M 
11S5N(T) 1.0000            
17S5N(T) 0.9642   1.0000           
42S5N(T) 0.9047   0.9404   1.0000          
45S5N(T) 0.8690   0.8571   0.8690   1.0000         
K84-200 0.7857   0.8214   0.8333   0.7976   1.0000        
6L5M 0.6785   0.7142   0.7500   0.7142   0.7261   1.0000       
2L5M 0.5952   0.6309   0.6428   0.6309   0.7380   0.8452   1.0000      
38L5M 0.6190   0.6547   0.7142   0.6071   0.6904   0.8214   0.8333   1.0000     
9L5M 0.6547   0.6904   0.7023   0.6667   0.6547   0.8809   0.8214   0.8214   1.0000    
27L5N 0.6785   0.7142   0.7738   0.6904   0.7261   0.8809   0.7976   0.8690   0.8095   1.0000   
30L5N 0.7023   0.7380   0.7500   0.6904   0.6785   0.8571   0.7976   0.7738   0.9285   0.7857   1.0000  
7L5M 0.7142   0.7500   0.7619   0.7261   0.7380   0.8928   0.8333   0.8571   0.8928   0.8928   0.8690   1.0000 
65L5N 0.6785   0.6904   0.7500   0.6667  0.6785   0.8333   0.7976   0.8690   0.8095   0.9285   0.7857   0.8928 
9L5N 0.7023   0.7142   0.7738   0.6667   0.6785   0.7857   0.7261   0.8452   0.7857   0.8571   0.7619   0.8690 
57L5M 0.7023   0.7142   0.7261   0.6667   0.6309   0.8333   0.7976   0.7738   0.9047   0.7857   0.8809   0.8690 
21L5M 0.6309   0.6667  0.6785   0.6428   0.6547   0.8333   0.8214   0.7738   0.9285   0.8095   0.9047   0.8452 
72L5M 0.5476   0.5833   0.5952   0.5595   0.6428   0.7738   0.8571   0.8095   0.8452   0.7261   0.8452   0.8095 
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+����G��ก��� 20  (	Q#) 
 

somaclone 11S5N(T)  17S5N(T) 42S5N(T) 45S5N(T) K84-200 6L5M 2L5M 38L5M 9L5M 27L5N 30L5N 7L5M 
31L5N 0.5952   0.6071   0.6190   0.6071   0.5952   0.8214   0.8333   0.7857   0.8452   0.7738   0.8452   0.8333 
4L5M 0.6785   0.6904   0.7500   0.6667   0.6785   0.8333   0.7261   0.7976   0.7619   0.9285   0.7857   0.8452 
5L5N 0.6190    0.6547   0.6904   0.6309   0.7380   0.8214 0.8571   0.9047   0.8452   0.8452   0.7976   0.8571 
96L5N 0.6785   0.6904   0.7023   0.6667  0.6785   0.9047   0.8214   0.7500   0.8571   0.8571   0.8809   0.8690 
77L5M 0.6547   0.6667   0.7261   0.6428   0.6547   0.8333   0.8214   0.9166   0.8095   0.9047   0.8095   0.8928 
83L5M 0.6667   0.6785   0.7380   0.6309   0.6904   0.7976   0.7619   0.8333   0.8214   0.8928   0.8214   0.8809 
91L5M 0.6667   0.6785   0.6904   0.6785   0.7857   0.8452   0.7857   0.7619   0.7976   0.8690   0.7738   0.8571 
90L5M 0.6428   0.6785   0.6904   0.6547   0.6904   0.8452   0.8571   0.7619   0.8928   0.8214   0.8452   0.8333 
68L5N(T) 0.5357   0.5714   0.5833   0.5476   0.6547   0.6667   0.7500   0.7023   0.7619   0.5952   0.7142   0.6547 
17L5M(T) 0.6071   0.6190   0.6309   0.6190   0.7023   0.6904   0.7023   0.6785   0.6904   0.6667   0.7142   0.7261 
34L5M(T) 0.6071   0.6190   0.6309   0.5952   0.6785   0.7380   0.7738   0.7261   0.7857   0.7142   0.7619   0.7500 
51L5M(T) 0.5714   0.5833   0.5952   0.5833   0.7380   0.8452   0.7857   0.7380   0.7976   0.7500   0.7738   0.7619 
59L5M(T) 0.6667   0.7023   0.7142   0.6785   0.7380   0.6547   0.6904   0.6904   0.6309   0.6547   0.6309   0.6666 
54L5M(T) 0.5833   0.5952   0.6071   0.6190   0.6785   0.7142   0.6309   0.5357   0.6428   0.6428   0.6904   0.6547 
93L5M(T) 0.6428   0.6547   0.6667   0.6071   0.6667   0.7261   0.6904   0.6428   0.7500   0.6785   0.7976   0.6904 
33L5N(T) 0.7857   0.7976   0.8095   0.7976   0.7619   0.7976   0.7142   0.7380   0.7500   0.8214   0.7500   0.8333 
K84-200 0.6785  0.6785   0.6309   0.6547   0.6428   0.5952   0.6785   0.7380   0.6785   0.6547   0.6904   0.7857 
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+����G��ก��� 20  (	Q#) 
 

somaclone 65L5N   9L5N 57L5M 21L5M 72L5M 31L5N 4L5M 5L5N 96L5N 77L5M 83L5M 91L5M 
65L5N 1.0000            
9L5N 0.9047   1.0000           
57L5M 0.8095   0.8571   1.0000          
21L5M 0.8095   0.7619   0.9047   1.0000         
72L5M 0.7500   0.7261   0.7976   0.8214   1.0000        
31L5N 0.8214   0.7976   0.8452   0.8690   0.8571   1.0000       
4L5M 0.9047   0.8333   0.7619   0.7619   0.7023   0.7738   1.0000      
5L5N 0.8452   0.7976   0.7500   0.7976   0.8095   0.7619   0.7976   1.0000     
96L5N 0.8571   0.8095   0.8571   0.8571   0.8214   0.8928   0.8809   0.7738   1.0000    
77L5M 0.9285   0.9047   0.8333   0.8095   0.7738   0.8690   0.8809   0.8452   0.8333   1.0000   
83L5M 0.9166   0.8690   0.8214   0.8214   0.7857   0.7857   0.8690   0.8333   0.8214   0.8928   1.0000  
91L5M 0.8452   0.7738   0.7976   0.8452   0.7380   0.7857   0.8690   0.7857   0.8690   0.8214   0.8571   1.0000 
90L5M 0.7738   0.7261   0.8690   0.8928   0.8571   0.7857   0.7738   0.8095   0.8690   0.7500   0.8095   0.8333 
68L5N(T) 0.5952   0.6190   0.6904   0.7619   0.7261   0.7023   0.5476   0.7261   0.6428   0.6428   0.5833   0.6309 
17L5M(T) 0.6904   0.7380   0.7142   0.7380   0.6785   0.7738   0.6904   0.6547   0.7142   0.7619   0.7023   0.7738 
34L5M(T) 0.7380   0.7619   0.7857   0.8333   0.7500   0.8452   0.6904   0.7023   0.7857   0.7857   0.7261   0.7738 
51L5M(T) 0.7261   0.6547   0.7261   0.7976   0.7619   0.7619   0.7738   0.7619   0.8452   0.7023   0.7142   0.8571 
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+����G��ก��� 20  (	Q#) 
 

somaclone 65L5N   9L5N 57L5M 21L5M 72L5M 31L5N 4L5M 5L5N 96L5N 77L5M 83L5M 91L5M 
59L5M(T) 0.6309   0.6071   0.5833   0.6071   0.6428   0.6190   0.6071   0.6904   0.6071   0.6309   0.6190   0.6190 
54L5M(T) 0.6428   0.6667   0.6667   0.6904   0.6309   0.7261   0.6904   0.5595   0.7857   0.6190   0.6309   0.7500 
93L5M(T) 0.6785   0.6309   0.7261   0.7500   0.7380   0.7142   0.6785   0.6667   0.7976   0.6309   0.6904   0.6904 
33L5N(T) 0.8214   0.8214   0.7500   0.7261   0.6667   0.7619   0.8452   0.7857   0.8214   0.7976   0.7857   0.8095 
K84-200 0.6785   0.6785   0.6309   0.6547   0.6428   0.5952   0.6785   0.7380   0.6785   0.6547   0.6904   0.7857 
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+����G��ก��� 20  (	Q#) 
 

somaclone 90L5M  
 

68L5N(T) 17L5M(T) 34L5M(T) 51L5M(T) 59L5M(T) 54L5M(T) 93L5M(T) 33L5N(T) K84-200 

90L5M 1.0000          
68L5N(T) 0.7261   1.0000         
17L5M(T) 0.6309   0.8095   1.0000        
34L5M(T) 0.7261   0.8571   0.8809   1.0000        
51L5M(T) 0.8095   0.7500   0.7500   0.7976   1.0000      
59L5M(T) 0.6667   0.7976   0.7261   0.6785   0.6667   1.0000     
54L5M(T) 0.6547   0.7142   0.8571   0.7857   0.7976   0.7023   1.0000    
93L5M(T) 0.7857   0.7738   0.7261   0.7261   0.8095   0.7857   0.8214   1.0000   
33L5N(T) 0.7380   0.6309   0.7261   0.7500   0.7142   0.7380   0.7500   0.7142   1.0000  
K84-200 0.6904   0.6547   0.7023   0.6785   0.7380   0.7380   0.6785   0.6667   0.7619   1.0000 
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+����G��ก��� 21   Q� ��� !%�� !X$ (similarity) "#$#%#��&'NQ���� ��   SSR 
Q��ก�
 RAPD ��*$��+ 58 	��#�Q�$ 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
99S5M 1.0000            
10S5M 0.8571   1.0000           
7S5M 0.7946   0.8303   1.0000          
5S5N 0.7678   0.7500   0.8660   1.0000         
15S5M 0.8125   0.8303   0.9107   0.9196   1.0000        
27S5M 0.8125   0.8125   0.8750   0.8839   0.9464   1.0000       
8S5M 0.8571   0.8214   0.8660   0.8750   0.9196   0.9196   1.0000      
18S5M 0.8571   0.8214   0.8303   0.8392   0.8839   0.8839   0.9285   1.0000     
9S5M 0.8125   0.8125   0.9107   0.8660   0.8928   0.8571   0.9017   0.9017   1.0000    
20S5M 0.7678   0.7678   0.9196   0.9107   0.9196   0.9017   0.8750   0.8750   0.9196   1.0000   
93S5M 0.8035   0.7678   0.7767   0.7857   0.8303   0.8660   0.8750   0.8928   0.8482   0.8035   1.0000  
70S5M 0.8303   0.7767   0.7500   0.8482   0.8392   0.8392   0.8303   0.8303   0.7857   0.8125   0.7946   1.0000 
27S5N 0.8035   0.7857   0.7946   0.8035   0.7946   0.7589   0.7857   0.8035   0.8125   0.8392   0.7321   0.8839 
58S5M 0.8750   0.8035   0.7767   0.8035   0.8303   0.8303   0.8392   0.8392   0.7946   0.8035   0.7857   0.9375 
50S5M 0.8125   0.7767   0.8035   0.8839   0.8571   0.8214   0.8482   0.8125   0.8571   0.8482   0.7767   0.8750 
69S5M 0.8214   0.7857   0.8303   0.8571   0.9017   0.8660   0.8392   0.8571   0.8482   0.8928   0.7857   0.8660 
97S5N 0.8125  0.7767   0.8571   0.9017   0.9107   0.8750   0.8839   0.8482   0.8392   0.9017   0.7767   0.8750 
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+����G��ก��� 21  (	Q#) 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
56S5N 0.7857   0.7678   0.8839   0.8750   0.9017   0.8482   0.8392   0.8035   0.8660   0.9107   0.7500   0.8303 
9S5N 0.8125   0.7946   0.8750   0.8482   0.8928   0.8571   0.8303   0.8125   0.8392   0.8839   0.7589   0.8750 
79S5M 0.7857   0.7857   0.8482   0.8928   0.9196   0.8660   0.8392   0.8392   0.8482   0.8928   0.7857   0.9017 
14S5M(T) 0.8035   0.8035   0.7946   0.7857   0.8303   0.8303   0.8214   0.8214   0.8125   0.8392   0.7857   0.9017 
80S5M(T) 0.8125   0.7767   0.7678   0.7767   0.8214   0.7857   0.8303   0.8125   0.8214   0.7946   0.8125   0.8571 
75S5M(T) 0.8214   0.7678   0.8125   0.8571   0.8660   0.8482   0.8571   0.8571   0.8660   0.8571   0.8035   0.9196 
34S5N(T) 0.7946   0.7232   0.7678   0.8482   0.8214   0.8035   0.7767   0.7589   0.7500   0.8125   0.7232   0.8750 
11S5N(T) 0.7678   0.7500   0.8125   0.8035   0.8303   0.8482   0.8214   0.7857   0.7589   0.8214   0.7500   0.8660 
17S5N(T) 0.7857   0.7678   0.8125   0.8035   0.8125   0.8303   0.7857   0.8035   0.7767   0.8392   0.7500   0.8660 
42S5N(T) 0.7767   0.7946   0.8214   0.8303   0.8214   0.7857   0.7767   0.7589   0.7500   0.7946   0.7053   0.8571 
45S5N(T) 0.7946   0.7232   0.7857   0.8660   0.8392   0.8214   0.7946   0.7767   0.7678   0.8303   0.7232   0.9107 
K84-200 0.8750   0.8035   0.7410   0.7500   0.7767   0.7767   0.8035   0.7857   0.7410   0.7500   0.7500   0.8660 
6L5M 0.7857   0.7678   0.7410   0.7142   0.7589   0.7589   0.7142   0.7500   0.7410   0.7142   0.7857   0.7589 
2L5M 0.7857   0.7857   0.6696   0.6607   0.7053   0.7232   0.6964   0.7500   0.6875   0.6428   0.7857   0.7410 
38L5M 0.7678   0.8035   0.7232   0.6785   0.7053   0.6696   0.7142   0.7857   0.7589   0.6964   0.7142   0.7053 
9L5M 0.7500   0.7142   0.6696   0.6964   0.7053   0.7053   0.6785   0.7321   0.6875   0.6428   0.7500   0.7410 
27L5N 0.7678  0.8214   0.7946   0.7678   0.7946   0.7767   0.7500   0.7857   0.7946   0.7678   0.7500   0.7410 
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+����G��ก��� 21  (	Q#) 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
30L5N 0.7232   0.6875   0.6607   0.7053   0.6964   0.7142   0.6517   0.7053   0.6428   0.6696   0.7232   0.7678 
7L5M 0.8035   0.7678   0.7410   0.7500   0.7767   0.7767   0.7321   0.7857   0.7232   0.7321   0.7500   0.7767 
65L5N 0.7589   0.8125   0.7857   0.7410   0.7857   0.7678   0.7410   0.7767   0.7500   0.7410   0.7232   0.7321 
9L5N 0.7589   0.8303   0.8035   0.7410   0.7857   0.7678   0.7232   0.7589   0.7321   0.7410   0.7053   0.7321 
57L5M 0.7232   0.7589   0.7321   0.7232   0.7500   0.7678   0.6875   0.7232   0.6607   0.6696   0.7410   0.7321 
21L5M 0.7500   0.7321   0.6696   0.7142   0.7053   0.7410   0.6785   0.7321   0.6517   0.6607   0.7678   0.7589 
72L5M 0.7410   0.7053   0.6250   0.6339   0.6607   0.6785   0.6696   0.7232   0.6428   0.6339   0.7589   0.7142 
31L5N 0.7410   0.7410   0.6785   0.6696   0.7142   0.7500   0.6696   0.7053   0.6250   0.6517   0.7232   0.7321 
4L5M 0.7321   0.7857   0.7946   0.7678   0.7946   0.7946   0.7500   0.7678   0.7410   0.7678   0.7321   0.7589 
5L5N 0.8035   0.7857   0.7232   0.6964   0.7232   0.7053   0.7321   0.7857   0.7589   0.6964   0.7678   0.7589 
96L5N 0.7410   0.7589   0.7142   0.7053   0.7500   0.7857   0.7053   0.7232   0.6785   0.6875   0.7589   0.7500 
77L5M 0.7410   0.8125   0.7678   0.7232   0.7678   0.7500   0.7053   0.7410   0.7142   0.7232   0.6875   0.7142 
83L5M 0.7232   0.7767   0.7500   0.7053   0.7500   0.7321   0.7053   0.7410   0.7321   0.7232   0.6875   0.7142 
91L5M 0.7946   0.7946   0.7321   0.7232   0.7678   0.7857   0.7410   0.7589   0.6964   0.7053   0.7410   0.7678 
90L5M 0.7589   0.7589   0.6785   0.7232   0.7142   0.7500   0.7232   0.7589   0.6964   0.6696   0.8125   0.7857 
68L5N(T) 0.7232   0.7232   0.5714   0.6160   0.6071   0.6250   0.6339   0.6875   0.6071   0.5625   0.7589   0.7142 
17L5M(T) 0.7410  0.7589   0.6428   0.6339   0.6785   0.7142   0.6339   0.6696   0.5892   0.6339   0.6875   0.7321 
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+����G��ก��� 21  (	Q#) 
 

somaclone 99S5M 10S5M 7S5M 5S5N 15S5M 27S5M 8S5M 18S5M 9S5M 20S5M 93S5M 70S5M 
34L5M(T) 0.7232   0.7589   0.6607   0.6339   0.6964   0.7142   0.6517   0.6875   0.6428   0.6160   0.7410   0.6964 
51L5M(T) 0.7589   0.7232   0.6250   0.6160   0.6607   0.6785   0.6875   0.7053   0.6428   0.5982   0.7767   0.7321 
59L5M(T) 0.7767   0.7589   0.6785   0.7053   0.6964   0.6964   0.7589   0.7410   0.6964   0.6696   0.7589   0.7857 
54L5M(T) 0.6785   0.7142   0.6160   0.6250   0.6517   0.6875   0.6250   0.6428   0.5625   0.6250   0.6785   0.7053 
93L5M(T) 0.6517   0.6875   0.5714   0.6339   0.6071   0.6250   0.6339   0.6517   0.5714   0.5803   0.7053   0.7142 
33L5N(T) 0.7946   0.8125   0.8214   0.8125   0.8392   0.8214   0.7767   0.7946   0.7678   0.7767   0.7589   0.8214 
K84-200 0.8750   0.8035   0.7410   0.7500   0.7767   0.7767   0.8035   0.7857   0.7410   0.7500   0.7500   0.8660 
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+����G��ก��� 21  (	Q#) 
 

somaclone 27S5N 58S5M 50S5M 69S5M 97S5N 56S5N 9S5N 79S5M 14S5M(T) 80S5M(T) 75S5M(T)  34S5N(T) 
27S5N 1.0000            
58S5M 0.9285   1.0000           
50S5M 0.8660   0.8839   1.0000          
69S5M 0.8571   0.8750   0.9196   1.0000         
97S5N 0.8482   0.8660   0.8750   0.9196   1.0000        
56S5N 0.8214   0.8214   0.8660   0.8928   0.9375   1.0000       
9S5N 0.8303   0.8660   0.8750   0.9375   0.9464   0.9375   1.0000      
79S5M 0.8750   0.8750   0.8839   0.9285   0.9553   0.9285   0.9375   1.0000     
14S5M(T) 0.8571   0.8750   0.8303   0.8571   0.8660   0.8571   0.9017   0.8750   1.0000    
80S5M(T) 0.8303   0.8482   0.8571   0.8839   0.8750   0.8660   0.8928   0.8839   0.8839   1.0000   
75S5M(T) 0.8571   0.8928   0.8839   0.9107   0.9017   0.8750   0.9017   0.9107   0.8928   0.8839   1.0000  
34S5N(T) 0.7946   0.8303   0.8392   0.8839   0.8928   0.8482   0.8928   0.8839   0.8125   0.8571   0.8660   1.0000 
11S5N(T) 0.7500   0.8214   0.7767   0.8392   0.8660   0.8392   0.9017   0.8392   0.8571   0.8303   0.8571   0.9196 
17S5N(T) 0.8035   0.8571   0.7767   0.8571   0.8482   0.8214   0.8839   0.8392   0.8571   0.8125   0.8571   0.8660 
42S5N(T) 0.8125   0.8482   0.8035   0.8303   0.8571   0.8303   0.8750   0.8660   0.7946   0.8214   0.8303   0.8928 
45S5N(T) 0.8303   0.8660   0.8392   0.8839   0.9107   0.8660   0.9107   0.9017   0.8482   0.8392   0.9017   0.9464 
K84-200 0.8214   0.8928   0.8125   0.8214   0.8303   0.7857   0.8303   0.8214   0.8214   0.8482   0.8214   0.8482 
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+����G��ก��� 21  (	Q#) 
 

somaclone 27S5N 58S5M 50S5M 69S5M 97S5N 56S5N 9S5N 79S5M 14S5M(T) 80S5M(T) 75S5M(T)  34S5N(T) 
6L5M 0.7500   0.8035   0.7410   0.7857   0.7410   0.7142   0.7589   0.7678   0.7142   0.7232   0.7500   0.7410 
2L5M 0.6964   0.7678   0.7053   0.7142   0.6875   0.6785   0.7053   0.7142   0.7321   0.7589   0.7142   0.6875 
38L5M 0.7500   0.7500   0.7232   0.7321   0.6875   0.6964   0.7053   0.7142   0.7142   0.7410   0.6964   0.6696 
9L5M 0.6785   0.7500   0.7053   0.7321   0.6875   0.6607   0.7053   0.7142   0.6428   0.6875   0.7142   0.7232 
27L5N 0.7500   0.7678   0.7410   0.7678   0.7767   0.7678   0.7589   0.8035   0.6964   0.7232   0.7321   0.7410 
30L5N 0.6875   0.7589   0.6964   0.7232   0.7142   0.6696   0.7142   0.7232   0.6696   0.6785   0.7053   0.7678 
7L5M 0.7321   0.8035   0.7410   0.7857   0.7767   0.7321   0.7767   0.7857   0.7321   0.7232   0.7321   0.7767 
65L5N 0.7410   0.7589   0.7142   0.7410   0.7500   0.7410   0.7500   0.7767   0.6875   0.7142   0.7053   0.7142 
9L5N 0.7410   0.7589   0.7321   0.7589   0.7500   0.7410   0.7678   0.7767   0.7053   0.6964   0.7053   0.7321 
57L5M 0.6517   0.7232   0.6964   0.7410   0.6964   0.6696   0.7321   0.7232   0.6696   0.6607   0.7053   0.7321 
21L5M 0.6785   0.7321   0.6875   0.7142   0.6875   0.6428   0.6875   0.7142   0.6607   0.6696   0.6785   0.7232 
72L5M 0.6696   0.7410   0.6964   0.6875   0.6607   0.6339   0.6607   0.6696   0.6875   0.7142   0.6517   0.6607 
31L5N 0.6875   0.7410   0.6785   0.7053   0.6964   0.6696   0.6964   0.7232   0.7053   0.6785   0.6517   0.6785 
4L5M 0.7678   0.7857   0.7232   0.7321   0.7767   0.7500   0.7410   0.7857   0.6964   0.6875   0.7142   0.7232 
5L5N 0.7678   0.8035   0.7767   0.7500   0.7053   0.6964   0.7232   0.7321   0.6964   0.7589   0.7321   0.7053 
96L5N 0.7053   0.7767   0.7142   0.7410   0.7321   0.6875   0.7321   0.7410   0.6875   0.6785   0.6875   0.7321 
77L5M 0.7232  0.7410   0.7142   0.7410   0.7321   0.7410   0.7321   0.7589   0.7053   0.7142   0.6875   0.7142 
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+����G��ก��� 21  (	Q#) 
 

somaclone 27S5N 58S5M 50S5M 69S5M 97S5N 56S5N 9S5N 79S5M 14S5M(T) 80S5M(T) 75S5M(T)  34S5N(T) 
83L5M 0.7232   0.7410   0.7321   0.7410   0.7142   0.7053   0.7142   0.7410   0.6517   0.6964   0.6696   0.7142 
91L5M 0.7232   0.7946   0.7321   0.7589   0.7321   0.6875   0.7321   0.7410   0.7053   0.6964   0.7053   0.7321 
90L5M 0.7053   0.7767   0.7321   0.7232   0.6964   0.6517   0.6964   0.7053   0.6875   0.7142   0.7232   0.7321 
68L5N(T) 0.6696   0.7053   0.6428   0.6339   0.6071   0.5803   0.6071   0.6339   0.6696   0.6964   0.6517   0.6428 
17L5M(T) 0.7053   0.7410   0.6607   0.6875   0.6785   0.6517   0.6785   0.7053   0.7232   0.6785   0.6517   0.6964 
34L5M(T) 0.6517   0.7053   0.6607   0.6875   0.6607   0.6517   0.6785   0.7053   0.6696   0.6964   0.6339   0.6607 
51L5M(T) 0.7053   0.7589   0.6785   0.6696   0.6428   0.5982   0.6428   0.6696   0.6696   0.6785   0.6696   0.6785 
59L5M(T) 0.7589   0.7946   0.7321   0.7232   0.7500   0.7053   0.7321   0.7410   0.7767   0.8214   0.7410   0.7321 
54L5M(T) 0.6964   0.7142   0.6517   0.6785   0.6696   0.6071   0.6517   0.6785   0.6607   0.5982   0.6250   0.6339 
93L5M(T) 0.6696   0.6875   0.6607   0.6339   0.6250   0.5625   0.6071   0.6339   0.6339   0.6428   0.6339   0.6964 
33L5N(T) 0.7946   0.8482   0.8214   0.8125   0.8035   0.7946   0.8214   0.8303   0.7589   0.7500   0.7767   0.8035 
K84-200 0.8214   0.8928   0.8125   0.8214   0.8303   0.7857   0.8303   0.8214   0.8214   0.8482   0.8214   0.8482 

 
 
 
 
 
 
 

 
 

163 



 

164 

+����G��ก��� 21  (	Q#) 
 

somaclone 11S5N(T)  17S5N(T) 42S5N(T) 45S5N(T) K84-200 6L5M 2L5M 38L5M 9L5M 27L5N 30L5N 7L5M 
11S5N(T) 1.0000            
17S5N(T) 0.9285   1.0000           
42S5N(T) 0.9017   0.9017   1.0000          
45S5N(T) 0.9017   0.8482   0.8750   1.0000         
K84-200 0.8214   0.8392   0.8482   0.8303   1.0000        
6L5M 0.7142   0.7678   0.7767   0.7410   0.7678   1.0000       
2L5M 0.6607   0.6964   0.7053   0.6875   0.7857   0.8750   1.0000      
38L5M 0.6607   0.7321   0.7410   0.6517   0.7321   0.8571   0.8571   1.0000     
9L5M 0.6964   0.7500   0.7410   0.7053   0.7142   0.9107   0.8571   0.8571   1.0000    
27L5N 0.7142   0.7678   0.7946   0.7232   0.7678   0.9107   0.8392   0.8928   0.8571   1.0000   
30L5N 0.7410   0.7946   0.7678   0.7321   0.7410   0.8839   0.8303   0.8125   0.9375   0.8303   1.0000  
7L5M 0.7500   0.8035   0.7767   0.7589   0.7857   0.9107   0.8571   0.8750   0.9107   0.9107   0.9017   1.0000 
65L5N 0.7232   0.7410   0.7857   0.7142   0.7410   0.8660   0.8482   0.8839   0.8482   0.9375   0.8214   0.9017 
9L5N 0.7410   0.7589   0.8035   0.7142   0.7410   0.8303   0.7946   0.8660   0.8303   0.8839   0.8035   0.8839 
57L5M 0.7410   0.7589   0.7678   0.7142   0.7053   0.8660   0.8482   0.8125   0.9196   0.8303   0.8928   0.8839 
21L5M 0.6964   0.7321   0.7232   0.7053   0.7321   0.8571   0.8571   0.8035   0.9285   0.8392   0.9196   0.8750 
72L5M 0.6339  0.6696   0.6607   0.6428   0.7232   0.8125   0.8839   0.8303   0.8660   0.7767   0.8750   0.8482 
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+����G��ก��� 21  (	Q#) 
 

somaclone 11S5N(T)  17S5N(T) 42S5N(T) 45S5N(T) K84-200 6L5M 2L5M 38L5M 9L5M 27L5N 30L5N 7L5M 
31L5N 0.6696   0.6875   0.6785   0.6785   0.6875   0.8482   0.8660   0.8125   0.8660   0.8125   0.8750   0.8660 
4L5M 0.7321   0.7500   0.7767   0.7232   0.7500   0.8571   0.7857   0.8214   0.8035   0.9285   0.8303   0.8750 
5L5N 0.6785   0.7142   0.7410   0.6875   0.7857   0.8571   0.8928   0.9107   0.8750   0.8750   0.8303   0.8750 
96L5N 0.7232   0.7589   0.7321   0.7142   0.7410   0.9196   0.8482   0.7946   0.8839   0.8839   0.9107   0.9017 
77L5M 0.7053   0.7232   0.7678   0.6964   0.7232   0.8660   0.8660   0.9196   0.8482   0.9196   0.8392   0.9017 
83L5M 0.7053   0.7410   0.7678   0.6785   0.7410   0.8482   0.8125   0.8660   0.8660   0.9196   0.8571   0.9017 
91L5M 0.7232   0.7410   0.7321   0.7321   0.8303   0.8660   0.8303   0.7946   0.8303   0.8839   0.8214   0.8839 
90L5M 0.7053   0.7410   0.7321   0.7142   0.7589   0.8660   0.8839   0.7946   0.9017   0.8482   0.8750   0.8660 
68L5N(T) 0.6160   0.6517   0.6428   0.6250   0.7232   0.7232   0.7946   0.7410   0.7946   0.6696   0.7678   0.7232 
17L5M(T) 0.6696   0.6875   0.6785   0.6785   0.7589   0.7410   0.7589   0.7232   0.7410   0.7232   0.7678   0.7767 
34L5M(T) 0.6517   0.6875   0.6785   0.6428   0.7232   0.7946   0.8125   0.7767   0.8303   0.7767   0.8035   0.7946 
51L5M(T) 0.6696   0.6517   0.6607   0.6785   0.7767   0.8482   0.8125   0.7589   0.8125   0.7767   0.8035   0.7946 
59L5M(T) 0.7232   0.7410   0.7500   0.7321   0.7946   0.7053   0.7410   0.7232   0.6875   0.7053   0.6964   0.7232 
54L5M(T) 0.6250   0.6607   0.6339   0.6517   0.7142   0.7321   0.6785   0.6071   0.6785   0.6785   0.7232   0.6964 
93L5M(T) 0.6875   0.6875   0.6964   0.6607   0.6875   0.7232   0.7053   0.6696   0.7410   0.6875   0.7857   0.7053 
33L5N(T) 0.8125   0.7946   0.8392   0.8214   0.7767   0.8125   0.7589   0.7589   0.7767   0.8303   0.7678   0.8303 
K84-200 0.8214   0.8392   0.8482   0.8303   1.0000   0.7678   0.7857   0.7321   0.7142   0.7678   0.7410   0.7857 
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+����G��ก��� 21  (	Q#) 
 

somaclone 65L5N   9L5N 57L5M 21L5M 72L5M 31L5N 4L5M 5L5N 96L5N 77L5M 83L5M 91L5M 
65L5N 1.0000            
9L5N 0.9285   1.0000           
57L5M 0.8571   0.8928   1.0000          
21L5M 0.8482   0.8125   0.9196   1.0000         
72L5M 0.8035   0.7857   0.8392   0.8660   1.0000        
31L5N 0.8571   0.8392   0.8750   0.9017   0.8928   1.0000       
4L5M 0.9196   0.8660   0.8125   0.8214   0.7767   0.8303   1.0000      
5L5N 0.8839   0.8482   0.8125   0.8392   0.8482   0.8125   0.8392   1.0000     
96L5N 0.8750   0.8392   0.8750   0.8839   0.8571   0.9107   0.9017   0.8125   1.0000    
77L5M 0.9464   0.9285   0.8750   0.8482   0.8214   0.8928   0.9017   0.8839   0.8571   1.0000   
83L5M 0.9285   0.8928   0.8571   0.8482   0.8214   0.8214   0.8839   0.8660   0.8571   0.9107   1.0000  
91L5M 0.8750   0.8214   0.8392   0.8839   0.8035   0.8392   0.9017   0.8303   0.8928   0.8571   0.8750   1.0000 
90L5M 0.8214   0.7857   0.8928   0. 9196   0.8928   0.8392   0.8303   0.8482   0.8928   0.8035   0.8392   0.8750 
68L5N(T) 0.6785   0.6964   0.7500   0.8125   0.7857   0.7678   0.6517   0.7767   0.7142   0.7142   0.6607   0.7142 
17L5M(T) 0.7500   0.7857   0.7678   0.7946   0.7500   0.8214   0.7589   0.7232   0.7678   0.8035   0.7500   0.8214 
34L5M(T) 0.7857   0.8035   0.8214   0.8482   0.7857   0.8571   0.7410   0.7589   0.8214   0.8214   0.7857   0.8035 
51L5M(T) 0.7678   0.7142   0.7678   0.8303   0.8035   0.8035   0.8125   0.7946   0.8571   0.7500   0.7500   0.8750 
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+����G��ก��� 21  (	Q#) 
 

somaclone 65L5N   9L5N 57L5M 21L5M 72L5M 31L5N 4L5M 5L5N 96L5N 77L5M 83L5M 91L5M 
59L5M(T) 0.6964   0.6785   0.6607   0.6875   0.7142   0.6964   0.6875   0.7410   0.6785   0.6964   0.6785   0.6964 
54L5M(T) 0.6875   0.7053   0.7053   0.7321   0.6875   0.7589   0.7321   0.6250   0.7946   0.6696   0.6696   0.7767 
93L5M(T) 0.6964   0.6607   0.7321   0.7589   0.7500   0.7321   0.7053   0.6875   0.7857   0.6607   0.6964   0.7142 
33L5N(T) 0.8392   0.8392   0.7857   0.7589   0.7142   0.7857   0.8482   0.8125   0.8214   0.8214   0.8035   0.8214 
K84-200 0.7410   0.7410   0.7053   0.7321   0.7232   0.6875   0.7500   0.7857   0.7410   0.7232   0.7410   0.8303 
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+����G��ก��� 21  (	Q#) 
 

somaclone 90L5M  68L5N(T) 17L5M(T) 34L5M(T) 51L5M(T) 59L5M(T) 54L5M(T) 93L5M(T) 33L5N(T) K84-200 
90L5M 1.0000          
68L5N(T) 0.7857   1.0000         
17L5M(T) 0.7142   0.8392   1.0000        
34L5M(T) 0.7678   0.8750   0.8750   1.0000       
51L5M(T) 0.8392   0.7857   0.7857   0.8035   1.0000      
59L5M(T) 0.7321   0.8214   0.7678   0.7142   0.7142   1.0000     
54L5M(T) 0.7053   0.7589   0.8482   0.7946   0.7946   0.7410   1.0000    
93L5M(T) 0.7857   0.7678   0.7321   0.7142   0.8214   0.7857   0.8303   1.0000   
33L5N(T) 0.7678   0.6785   0.7500   0.7678   0.7678   0.7500   0.7410   0.7500   1.0000  
K84-200 0.7589   0.7232   0.7589   0.7232   0.7767   0.7946   0.7142   0.6875   0.7767   1.0000 
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