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�
�+
	3�'!- #(
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%
��5�'.-<�<�"<*@ 	���@����'*4�.�5;- �
��"���������	
�%$
5@/�(
��*+"
	�� �
� ��.� �"�"����(
 �
��5@
#(
"
	5/-4%"-4" 1�& #(
3+@�@/-%$���A=B#$�
�+%
 '%��04�." #@/-#$� (��%���
�
������, 2539; 5��)���� 4" ��""2, 2537; '%�/-, 2530) 
'(
+��0��)+
�
��5@
#(
"
	5/-4%"-%$&�
%'(
&�)�./�
��"���������	
� ���
 �/��
�� #(
"
	
�"�"��1*	��-4"@� 4%"-	�-�����
+ 5/-1�&#$����*�
�<���'+"
	���* ��.� 1�&�=.%�/	 1�&
30�+"�/- �����@� ?,�-�
��H/-���4%"-#$���	%#(
���&�/ �
�3�@'
��&%$ +��/�
��5����% 1*	�>�
 
�
�3�@'
��&%$� �./3+@���*��)+
'
������&@
-3��"�"�� ?,�-����/����
	�./�!@0��12& ��%#�I-%$�"
�./'2
�4�*"@/% *�-��I��
�+
'
	���A=B#$�3+@�"�"��'!- %$"���J *$ 4" �@
�#
��
��5@
#(
"
	
5/-4%"-�,-����'��-�(
���� /	.
-<��;�
%�
�+
4+".-���A=���%5/-4�." "���J #$��(
��
 ��
 �-
3�����=0��	�-&./�5@
-�(
��* ����/-�
����A=B3��"=.%�$I%$�
����A=���%&./�5@
-4&0 ��A$�
�+�,�-#$�� 
'�@
-&�
%4������3+@���*5,I���0�@���� 4" '
%
��3�@����4+".-3��
�&�*�"�/�4" ���0��=-
���A=B<*@ &�/�
�����(
�
��"
	���A=B �
%*@�	�
�&�*�"�/�"���J #$��@/-�
�   

�
�����(
�
��"
	���A=B'
%
��#(
<*@+"
	��A$ ��.��
�>
	��-'$ �
�3�@'
��&%$ 
�����@� �0�.
��A$�
�����(
�
��"
	���A=B*@�	��A$�
�>
	��-'$ ������A$�
�#$�3+@�"*$4" ����#$���	%3�@
3�-
�*@
��
����0��=-���A=B��� ����/-�
�'
%
��#(
<*@#=�'.��5	
	���A=B ��.� �%";*���A=B +�� �
� 
<+" ���- ���-�/� ���-����(
 ���#�I-�@� +��/���I/�	��/��
 �"$I	- ?,�-�
��(
'.��3*%
3�@� 5,I���0���*5/-
��� ��-'$#$���	%3�@<*@4�. ��-'$�/�?B (X L rays) ��-'$4�%%
 (gamma rays) /�=2
&�����/� (neutron) 
4" ��-'$/�"��
<�1/�"� (ultraviolet rays) /	.
-<��;�
%��-'$4�." ���*%$�"�./�
���"$�	�4�"-
5/-	$�4���.
-��� ��.� ��-'$�/�?B4" ��-'$4�%%
������-'$�� �2#&"���4%.�+";�<XXH
 %$�"#(
3+@

1 
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���*�
���"$�	�4�"-3�/�=2
&4" 1%�"�="5/-'
	 DNA �����/�?,�-������-'$�� �2#/�=2
& #$�%$
&�
%�=�4�-��.
��-'$4�%%
 4" ��-'$�/�?B�� %
J 10 �#.
 ��-'$�����/�%$�"�./�
�����%5/-
�(
���1&�1%1?% &�
%��*����5/-�
���$	-���5/- DNA 4" �
�+��5/-1&�1%1?% '.����-'$
/�"��
<�1/�"� ������-'$#$�%$/	!.3�A��%�
�� %$�"�./1&�-'�@
-5/-�0'�"=.%<���%�*$� #(
3+@���*
&�
%��*�"
*3��
��(
"/-'
	 DNA 4" �
� crosslinks � +�.
- DNA L protein 4"  DNA L 
DNA �����@� ��-'$4�%%
������-'$#$���	%3�@'(
+��0�
�����(
�
��"
	���A=B3���� 4" �� '0
&�
%'(
��;�3����+"
	���* /	.
-<��;�
%���4�." ���*%$�
��/0'�/-�./��-'$4���.
-��� *�-��I�
�,-�@/-%$�
��,��
���%
J��-'$#$��+%
 '%�./�
�����(
�
��"
	���A=B3��������	
����A=B&�* L %/. 
����/�
�&�*�"�/�4" ���0��=-���A=B3�"���J #$�*$�./<�  
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1. �������	������	�

���� ���!"�#	� 
 
�������	
� (yardlong bean +��/ asparagus bean) %$�����(
���*3�0����J�5��@/�

5/-#�$�4/X���
 +��/3��� �#��$� �"!�4��.+"
	3��� �#�/���*$	4" #�$��/��$	� ���//�
�>$	-3�@ (Herklots, 1972; Rubatzky and Yamaguchi, 1997) �������	
�%$�
�����)���01�400�"�I/	 
�@/-%$�
�5,I�&@
- 1*	���3�#��#
-#���5;%�
f��
 (5��)���� 4" ��""2, 2539; 5��)���� 4" 
��""2, 2540) �
	/* (terminal bud) ��g�
�����
30�#.
��I� <%.��g�
�����
*/� 30����30
�� �/0 �(
��� 3 30	./	 (trifoliate compound leaves) 4�.30���-&!.4������30�*$�	� (simple leaf) 
(�/-5	
	���A=B���, 2536) 30%$'$�5$	��5@% 0
-&��I-�00
-'.��5/-30%$'$%.�- �������	
���������'%
����/-1*	A��%�
�� 1*	�'%��'��./�*/�0
� (cleistogamy) %$/���
�
��'%5@
% 1 L 5 % 1*	%$
4%"-�����
+ '(
&�) (�/-5	
	���A=B���, 2536; 5��)���� 4" ��""2, 2540) "���J �./*/�����
400 raceme ���*�
%?/�30 ����*/�'%0!�JB��� (perfect flower) 3��./*/��� �/0*@�	*/�
	./	 1 L 6 */� */�%$5�
* 1 L 3 �?����%�� �"$0�"$I	-%$'$�5$	� "���J �������	"@/%�/0�"$0
*/� �"$0*/�40.-���� 5 �"$0 %$ 2 �"$05�
*3+). ��$	��.
 standards +./+=@%�"$0*/���I�3� (wing) 
2 �"$0 4" �"$0*/���I�3�'=*+./+=@%��'�����%$	4" ��'�����!@ %$"���J �������	+��/+"/*
��$	��.
 keel ��'�����!@%$/�0" //-��'� 10 /�0 40.-���� 2 �"=.% 1*	%$/�0" //-��'� 9 /�0 ����/%��*
��0��'�����%$	 4" /$� 1 /�0 4	�//�%
�.
-+
� ��'�����%$	�� �/0*@�	��-<5.�!��.
-	
�'$�5$	� 
�@
��!��'�����%$	 4" �"
		/*��'�����%$	%$5�X!'$5
���*/	!. ��'�����%$	��@/%��0�
��'%�./�
*/�0
� 2 ��� */�0
�3��/���@
 4" +=03��/�0.
	5/-����*$	���� +"�-�
���I�� %$�
���g�

5/-��� �"$0*/�4" */�� �.�- ���%$"���J ��-+��/1&@- 	
��� %
J 20 L 60 �?����%�� (�/-
5	
	���A=B���, 2536; Tindall, 1983) ���'$�5$	�/./��,-�5@%4" �5$	��"
	%.�- �%��/4�.%$'$�I(
�
" 
�%";*���*��$	-/	!.2
	3��
%&�
%	
�5/-��� �%";*%$"���J �!�<� '$5
� �I(
�
" *(
 4" '$'"�0
�I(
�
" L 5
� *(
 L 5
� 4" 4*- L 5
� �
%'
	���A=B �%";*	
��� %
J 0.8 L 1.2 �?����%�� 
�(
��� 15 L 20 �%";*�./��� (�/-5	
	���A=B���, 2536; Rubatzky and Yamaguchi, 1997) 
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2. �	
%����	�	
��	#���&'� 
 

�
�����(
�
��"
	���A=B�.�	3+@���'
%
�����0���3+@�5@
��0'��-4�*"@/%<*@ 4" 
#(
3+@���*������A=B�.
-n 1*	�
��"
	���A=B������ 0���
�+�,�-#$�#(
3+@���*&�
%4������#
-
���A=���% (Hancock, 1992) �
��"
	���A=B&�/ �
���"$�	�4�"-"���J #
-���A=���%#$�'
%
��
�.
	#/*<�	�-�=.�"!�<*@ (de Vries, 1901 /@
-1*	 Donini and Sonnino, 1998) ?,�-'
%
��40.-�
�
��"$�	�4�"-#
-���A=���%<*@ 3 � *�0 &�/ 

1. �
��"
	���A=B� *�0	$� (gene mutation) �����
���"$�	�4�"-5/-�0'#$�����
'.���� �/05/-	$� 

2. �
��"
	���A=B� *�01&�1%1?% (chromosomal mutation) �����
���"$�	�4�"-
5�
*5/-1&�1%1?% "(
*�05/-�0'3�1&�1%1?% �����"%
�
��
�+��5/-1&�1%1?% �
�
'/*4#��5/-'
	���&"$1/<#*B�5@
'!.1&�1%1?%   

3. �
��"
	���A=B� *�0�$1�% (genome mutation) �����
���"$�	�4�"-#$�#(
3+@
�(
���1&�1%1?%3��?""B%$�(
�������%+��/"*"- <*@4�. 1�"$�"/	*B 4q�"/	*B 4" /����"/	*B 
�����@� 
  3�'2
�A��%�
�� �
��"
	���A=B'
%
�����*<*@�"/*��"
 ��$	��.
�
��"
	���A=B
�
%A��%�
�� (spontaneous mutation) �����
����*/	.
-�@
n ?,�-'
%
�����*<*@��0#=��?""B4" #=�
� 	 �
�����)���01� �����"%
�
�&�
%��*����3��
�40.-�?""B  +��/�!��� �=@��
�
'2
�4�*"@/%#(
3+@���*�
���"$�	�4�"-5/-+�.�	���A=���% �@
�
��"
	���A=B���*5,I��
��
�
�� #(
5/-%�=�	B��$	��.
 �
�����(
3+@�"
	���A=B (induced  mutation) ?,�-'
%
��#(
<*@1*	�
�3�@
'��-�./�"
	���A=B �
��"
	���A=B#$����*�
��
���
 �"$I	-���I/�	��/ 4" �
��"
	���A=B1*	��A$�
�4#�� 
DNA �
�����(
3+@�"
	���A=B1*	3�@'��-�./�"
	���A=B40.-//����� 2 �� �2# &�/  

1. '��-�./�"
	���A=B#
-�&%$ (chemical mutagen) 1*	3�@'
��&%$���*�.
- n ��.� 
Ethyl methanesulphonate (EMS), Ethyleneimine (EI), Diethyl sulphate (DES) �����@� 

2. '��-�./�"
	���A=B#
-�
	2
� (physical mutagen) ���������-'$�.
-n #$���	%3�@
3�����=0�� <*@4 ��-'$�/�?B ��-'$4�%%
 /�=2
&�����/� 4" ��-'$/�"��
<�1/�"� �����@� 
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3. �	
��	#���&'�)�
�*��+,���'� 
   
  �
��"
	���A=B3�� *�01%�"�=" &�/�
���"$�	�4�"-#$����*��0 DNA 40.-<*@���� 6 
�� �2# *�-�$I (Anonymous, 2003) 
  
  3.1 Substitution &�/�
���"$�	�4�"-5/-�0'3�'
	���&"$1/<#*B #(
3+@%$�"�./
����g�
�
�5/-'��-%$�$��� �
��"
	���A=B�
%A��%�
�� '.��3+).�����
��"
	���A=B400�$I ����/-�
�
�����
���"$�	�4�"-5/-�0'��$	-�";��@/	 4" <%.%$�"<�'"�0?�0?@/� ��$	�/$����/�.
 point 
mutation ��.� ���*�
�&�
%��*�"
*3��
��(
"/-'
	 DNA &�
%��*�"
*5J ?./%4?%'
	 
DNA �����@� (Anonymous, 2003; Hartwell et al., 2004) �
�4#�#$�*@�	�0'3��"=.%�*$	���� ��.� 
adenine (A) 4#�#$�*@�	 guanine (G) +��/ cytosine (C) 4#�#$�*@�	 thymine (T) +��/3�#
-�"�0��� 
��$	��
�4#�#$�400�$I�.
#�
�?���� (transition) (�!�#$� 1) ?,�-���*3��.�-#$� DNA �(
"/-����/- 4" 
��$	��
�4#�#$��0'*@�	�0'�.
-�"=.%�.
 #�
�'��/�B��� (transversion) (�!�#$� 2) ���*�
�&�
%
��*�"
*5J ?./%4?%'
	 DNA ('���=�, 2540; Hartwell et al., 2004) 
 
 
 
 
 
 
 

 

 

 

 

 


56��� 1 �
�4#�#$�5/-�0'400#�
�?���� #$����*&�
%��*����#$� C (C) #(
3+@&!.�0'��"$�	��
� CLG 
<����� TLA  

 
 

ACGT    (����) 
TGCA 

ACGT 
TGCA 

ACAT 
TGCA 

ACAT    (��*����) 
TGTA 

ACGT    (����) 
TGCA 
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56��� 2 �
�4#�#$�5/-�0'400#�
�'��/�B��� #$����*&�
%��*����#$� C (C) #(
3+@&!.�0'��"$�	��
� 
CLG <����� ALT  

 
  �
�4#�#$�5/-�0'���*�
��
��&"��/�	@
	1���/�+��//��";���/�� +�.
-�0' 
��$	��.
#/1#�%�����X�B (tautomeric shift) ?,�-�����
�	@
	1���/��
�+%!. L NH2 <�	�-+%!. L N ?,�-
���*�>�
 �0' A +��/ C '.���0' G +��/ T �����
��&"��/�	@
	1���/��
�+%!. = NH <�	�-+%!. =O 
�"
	����+%!. OH '.-�"3+@&=J'%0���3��
���0&!.5/-�0'��"$�	�<�*@�	 (�!�#$� 3) �@
���*�
��
�#(

�y�����	
� +�.
-�0'��0'
��&%$#$������"�"��5@
-�&$	-�
��� 0���
��%�
0/"�?,%5/-�?""B ��.� 
peroxides, nitrous acid, formaldehyde 4"  purine analogues �����@� '.-�"3+@%$�
���"$�	�4�"-
5/-�0'400#�
�?����400�*$	���$	��� 0���
��$I�.
 base deamination ��.� �
���%���5/- 
nitrous acid ��0 adenine, cytosine 4"  guanine <*@ hypoxanthine, uracil 4"  xanthine �
%"(
*�0 
?,�-  hypoxanthine 4"  uracil %$�
���0&!.5/-�0'�.
-<��
��*�% '.�� xanthine <%.%$�"�./�
���0&!.
5/-�0' 4�.%$�"�./�
�+��5/-���A X/'�X� (�!�#$� 4) ('���=�, 2540; Anonymous, 2003; Klug 
and Cummings, 2005) 
 
 
 
 
 

ACGT    (����) 
TGCA 

ACGT 
TGCA 
 

ACTT 

TGCA 
 

ACTT    (��*����) 

TGAA 
 

ACGT    (����) 
TGCA 
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56��� 3 �
��&"��/�	@
	5/-1���/��
�+%!. = NH <�	�-+%!. =O �"
	���� OH 3� thymine #(
3+@ 
thymine <��5@
&!.��0 guanine 4#�#$�� �5@
&!.��0 adenine  

���,	 : Anonymous (2003) 
 
 
 
 
 
 
 
 
 
 
 
 

56��� 4 Base deamination 5/- DNA *@�	 nitrous acid  
���,	 : Anonymous (2003) 
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  3.2 Nucleotide deletion  &�/�
�#$����&"$1/<#*B+"=*//��
�'
	 DNA ?,�-�
�
+"=*5/-���&"$1/<#*B'.-�"3+@"(
*�0�0'3�'
	 DNA %$�
���"$�	�4�"- #(
3+@%$�
���"$�	�4�"-
3��� 0���
�'�-�&�
 +B��*/ %�1�5/- DNA ��.� 3�'
	 DNA #$�%$�
���$	-���5/- GTA 
�(
��� 5 ��� ?,�-����� '�-�&�
 +B/ %�1� histidine �%��/%$ T +"=*//�<�� #(
3+@��*/ %�1�#$�
'�-�&�
 +B��"$�	�<��
��*�% (�!�#$� 5) ('���=�, 2540; Anonymous, 2003; Hartwell et al., 2004) 
 

��*/ %�1��*�%#$�'�-�&�
 +B His L His L His L His L His 
 
           "(
*�0�0'���� GTA L GTA L GTA- GTA L GTA 
                T  +"=*//�<� 
 
      "(
*�0�0'��*���� GTA L GAG L TAG- TAG L TA 
 
��*/ %�1�3+%.#$�'�-�&�
 +B His L Leu L Iie L Iie 
 


56��� 5 �
�+"=*//�5/- thymine //��
�'
	 DNA 
 

  3.3 Nucleotide Insertion &�/�
�'/*4#��5/-�0'+��/�"=.%���&"$1/<#*B�5@
'!.
'
	 DNA #(
3+@"(
*�05/-�0'3�'
	 DNA %$�
���"$�	�4�"- ��.� 3�'
	 DNA #$�%$�
���$	-���
5/- GTA �(
��� 5 ��� ?,�-����� '�-�&�
 +B/ %�1� histidine �%��/%$ T 4#������%� #(
3+@��*/ %�
1�#$�'�-�&�
 +B��"$�	�<��
��*�% (�!�#$� 6) ('���=�, 2540; Anonymous, 2003; Hartwell et al., 2004) 
 

��*/ %�1��*�%#$�'�-�&�
 +B His L His L His L His L His 
 
          "(
*�0�0'���� GTA L GTA L GTA- GTA L GTA 
                     T  4#������% 
 
    "(
*�0�0'��*���� GTA L GTT L AGT- AGT L AGT- A 
 
��*/ %�1�#$�3+%.'�-�&�
 +B His L Glu L Ser L Ser L Ser 
 


56��� 6 �
�'/*4#��5/- thymine �5@
'!.'
	 DNA 
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  3.4 Translocation &�/�
�	@
	�(
4+�.-5/-�"=.%���&"$1/<#*B2
	3�'
	 DNA 
+��/�
����* crosslinks � +�.
-1&�1%1?%�.
-&!.��� (�!�#$� 7 4"  8) (Anonymous, 2003; Hartwell 
et al., 2004) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 


56��� 7 �
� translocation 2
	3�'
	 DNA 
���,	 : Hartwell 4" &J  (2004) 
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3.5 Extended deletion &�/�
�'!)+
	5/-�"=.%���&"$1/<#*B3�'
	 DNA (�!�#$� 
8) (Anonymous, 2003) 
 
 
 
 
 
 
 
 
 
 
 
 

56��� 8 �
� extended deletion 4" �
� translocation #$����*� +�.
-1&�1%1?% 
���,	  : Anonymous (2003) 
 
  3.6 Inversion &�/�
���"$�	�4�"-"(
*�05/-	$�0�1&�1%1?% #$����*�
��
�5
*
0�1&�1%1?% 2 �=* 4" ����/%�./���3+%. 4�.%$�
�����/%�./400��*#��#
- %$ 2 400 &�/ 400#$���%
'.��5/-�?;�1#��%$	�B (pericentric) 4" 400#$�<%.��%'.��5/-�?;�1#��%$	�B (paracentric) (�!�#$� 9 
4"  10) (Anonymous, 2003; Hartwell et al., 2004; Klug and Cummings, 2005; Strickberger, 
1985) 
 
 
 
 
 
 
 
 



 11 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


56��� 9 �
����* inversion 400 paracentric 
���,	 : Anonymous (2007) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


56��� 10 �
����* inversion 400 pericentric  
���,	 : Anonymous (2007) 
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4. J����
����
K��	
�6���#����+,���'� DNA 
   
  ��-'$4�." ���*#(
3+@�
���"$�	�4�"-5/-1%�"�=" DNA 4���.
-����
%�� �2#
5/-��-'$ ('���=�, 2540; Anonymous, 2003; Hartwell et al., 2004; Klug and Cummings, 2005; 
Strickberger, 1985) *�-�$I 
  1. ��-'$�/�?B (X-rays) ������-'$�� �2#&"���4%.�+";�<XXH
 #$����*�
�/��";���/����-
*@�	&�
%��;�'!-�
�5�I�"0<�����H
1"+ #$�����5�I�0�� �"�--
��"�B5/-/��";���/�� ��"$�	�����
��-'$�/;�?B Stadler (1928) 4'*-3+@�+;��.
��-'$�/�?B#(
3+@���*�
��"
	���A=B3�5@
�1�*4" 5@
�
0
�B�"	B 1*	#$���-'$�/�?B� #(
3+@���*�
���"$�	�4�"-3�/�=2
&4" 1%�"�="5/-�?""B 
  2. ��-'$4�%%
 (gamma rays) ������-'$&"���4%.�+";�<XXH
 #(
3+@���*<///<��?���
<*@  ��-'$4�%%
�
��
�'"
	���5/-����&"$	'5/-��*�1/���<&"*B (radionuclide) #$�<%.�'�$	� 
�	
	
%���0���3+@�5@
'!.'2
��'�$	� 1*	�"*�"./	�"�--
�'.������//�%
3��!���-'$4/"X
 +��/
��-'$0$�
 4" �
%*@�	�
�'"
	���3+@��-'$4�%%
 1*	��*�1/���<&"*B#$���	%3�@&�/ 1&0/"#B L 60 
?$�?$	% L 137 �
�3�@��-'$4�%%
'
%
��3�@<*@ 2 400 &�/�
�>
	��-'$400�>$	0�"�� (acute 
irradiation) �����
�3+@��-'$3����%
J'!-3�@� 	 ��"
'�I� 4" �
�>
	��-'$400���I/��- (chronic 
irradiation) �����
�3�@��-'$3����%
J�@/	n 4�.3+@����� 	 ��"
�
� �
�#(
�y�����	
5/-��-'$
4�%%
�./ DNA � �+%�/���0��-'$�/�?B *�-'%�
� 
                            H2O                            H2O

�                         H� + �OH 
   
 
  R1H+H

�            R1
�+ H2 

  R1H+
�OH           R1

� + H2O 
  R2H+H

�            R2
�+ H2 

  R2H+
�OH            R2

� + H2O 
  R1 +R2                   R1

� + R2
� 

    Covalent cross L link 
 
  �
�'%�
���-'$�/�?B 4" ��-'$4�%%
� �� �=@�1%�"�="5/-�I(
 3+@4���������
/�=%!"/�'�  (free radical) 4" �5@
#(
�y�����	
/	.
-/�'� ��0 organic molecule (R1, R2) #$�/	!.#$�
�(
4+�.- (locus) �*$	���� #(
3+@%$�
�+"=*//�5/- H + 4"  OH L �
%"(
*�0 4" <*@ organic 

excited 
state 

Free 
radicals 

 

X-rays, Gamma rays 
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molecule #$���*���� (R1
�, R2

�) �@
3��?""B#$�<*@��0��-'$%$���%
J�I(
%
�����<�� ���* H2O2 #$��������
�./�?""B 
  3. /�=2
&�����/� (Neutron) ����/�=2
& �����/�<*@�
��y���JB����&"$	�B ��.� 
�
�4�����5/-	!����$	% L 235 +��/�
��&���/-�����/���������/�B ��-'$�����/�%$&�
%�=�4�-��.

��-'$4�%%
 4" ��-'$�/�?B�� %
J 10 �#.
 4" %$�
�3�@-
�&./�5@
-	=.-	
� #(
3+@<*@��0&�
%��	%
�@/	��.
��-'$�/�?B 4" 4�%%
 4�.��-'$�����/�%$�"�./�
�����%5,I�5/-�(
���1&�1%1?% &�
%
��*����5/-�
���$	-���5/- DNA 4" �
�+��5/-1&�1%1?%1*	/�=2
&�����/� � #(
�y�����	

�./���A <q1*����� +�.
-&!.�0'#(
3+@���*�
�+��#$�+%!.X/'�X�  4" �
� crosslinks � +�.
-1�"$
���&"$1/<#*B (�!�#$� 11) 
 

 


56��� 11 �
�+��5/-'
	 DNA ����/-�
������/� 4" �
��5@
��%���5/-'.��#$�+����0'
	 DNA 
'
	3+%. 

���,	 : Britt (1999) 
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  4. ��-'$/�"��
<�1/�"� (ultraviolet rays) ������-'$#$�%$/	!.3�A��%�
�� (%$&�
%	
�
&"��� 250-290 nm) ��-'$/�"��
<�1/�"� %$�"�./�0'�"=.% pyrimidine 4" �
� crosslinks � +�.
- 
DNA Lprotein 4"  DNA-DNA (�!�#$� 12) 
  
 
 
 
 
 

 

 

 


56��� 12 �"5/-��-'$ UV �./�0'�"=.% pyrimidine #$�%$�
���"$�	�4�"-���� cyclobutane pyrimidine 
dimer (T L T) (A) 4"  pyrimidine pyrimidinone dimer (T L C) (B) 

���,	 : Britt (1999) 
 

5. �	
%����	�	
��	#���&'�+*#
����  
   

3��
�>
	��-'$3+@���'
%
��#(
<*@#=�'.��5	
	���A=B ��.� �%";*���A=B +�� �
� 
<+" ���- ���-�/� ���-����(
 ���#�I-�@� +��/���I/�	��/#$���
 �"$I	- ?,�-�
��(
'.��3*%
3�@� 5,I���0���*
5/-��� ��A$�
�5	
	���A=B4" &�
%' *��3��
�>
	��-'$ 3�����=0��%$���+"
	���*#$��� '0
&�
%'(
��;�3��
�����(
3+@���*�
��"
	���A=B*@�	��-'$ ��.� 5@
����A=B �5 15 <*@�
��
�>
	��-'$
4�%%
 15 Krad 3+@5@
�5
�*/�% "� 105 (��%���
�
������, 2543) 5@
����A=B �5 6 ?$�-����5@
�
�+�$	� <*@�
��
�>
	��-'$4�%%
 20 Krad 3+@��05@
�5
�*/�% "� 105 (�"�30, 2545) �"=.%<%@*/�
<*@4�. �0)�%
� ('���=�, 2545) 4���?$�	-<q@ (Wongpiyasatid and Hormchan, 2000) �/��
��$I	�-%$
3�������*/��� n *�-4'*-3��
�
-#$� 1 '(
+��0����� �!"����%$�
�3�@��-'$4�%%
3��
����0��=-
���A=B/	.
-��@
-5�
- ��.� �
�>
	��-'$4�%%
���%
J 150 Gy (15 Krad) 3+@��0�����+"�/-���A=B '�. 4 
#(
3+@<*@���A=B*/	&(
 #$�%$"���J �@
�#
�1�&�
'��% 4" �
�>
	��-'$4�%%
���%
J 10 Krad 
3+@��0���A=B��$	-3+%. 60 #(
3+@<*@'
	���A=B CM60-10kr-71 #$�%$"���J �@
�#
�1�&�
'��%4" 3+@
�"�"��'!-��.
�*�% ('%���*�� 4" %J�
, 2544) �����@� 

A B 
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	���� 1 ���/	.
-���#$��� '0&�
%'(
��;��
��
�3�@��-'$3��
����0��=-���A=B3�"���J �.
- n  
Plant Mutagen Character (s)  improved Yield increase 

above parent (%)a 

Barley X-rays number of spike / plant, length of spike, length 
of culm 

29.9 

 X-rays plant weight, grain weight / plant,   
number of spike / plant,  1000 grain weight 

23.9 

 Gamma rays number of kernels / plant 3.4 
 X-rays grain weight / plant 11.0 
 X-  rays grain weight and grain number / plant, tillering, 

culm length, fresh and dry plant weight 
13.5 

Maize Gamma rays,  
Fast neutrons 

yield 46.8 

 Gamma rays leaf area, net assimilation rate,  grain yield 35.5 
Pea X-rays seed number / plant 300 
 X-rays seed protein 26.4 
 X-rays seed number / plant, plant height 200 
Pearl millet Gamma rays seed yield 34.7 
Rice Gamma rays yield / plant,  100 grain weight, number of 

productive  tillers 
97.6 

 Gamma rays grain weight / plant 8.1 
 Gamma rays  

In vitro mutagenesis 
grain weight / plant,1000  kernel weight 29.1 

Sesame Gamma rays seed yield 75.8 
 Gamma rays seed yield, branches/ plant, capsules/plant, 

1000 seeds  weight, plant height 
31.0 

Sweet clover X-rays, Gamma rays, 
Thermal neutrons 

plant weight, main shoot length, number of 
nodes / shoot, length of side brunches 

155.9 and 138.9 

Wheat Gamma rays plant height, grain number and weight / spike 
and plant 

29.1 

 Gamma rays grain weight / plant, harvest index 71.3 
a Maximal yield increase described in grain weight/plant 
���,	 : Maluszynski 4" &J  (2001) 
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�%��/�?""B<*@��0��-'$�.
- n ��.� ��-'$�/;�?B ��-'$4�%%
 +��//�=2
&�����/� ��-'$� 
�.
	#/*�"�--
�3+@��01%�"�="�.
- n 5/-�?""B 1%�"�="#$�<*@��0�"�--
�� 4�����3+@<///� 4" 
/�=%!"/�'�  #(
3+@%$�
���*��$	-���5/-1%�"�="3+%. ('���=�, 2540) �
�>
	��-'$40.-//����� 2 ��A$ 
&�/ �
�>
	��-'$3�/���
'!-4" 3�@��"
'�I� ��	%3�@��0�%";*��� /$���A$&�/�
�>
	��-'$400���I/��- 
�+%
 ��0�
�3�@��0��I�'.��5/-���+��/���#�I-�@� (IAEA, 1977)   
  /���
&�
%�5@%5@�5/-��-'$#$�3�@��0��� 4�." ���*%$&�
%4���.
-��� ����/-�
����
4�." ���*%$&�
%<��./��-'$ (radiosensitivity) 4���.
-��� (A$� , 2525 ; '���=�, 2540) 3��
�>
	
��-'$3+@��0���� 	,*�
�� *�0��-'$#$���$	��.
 LD50 (50% Lethal Dose +��/ Lethal Dose-50 +��/ 
Semi Lethal Dose) 5/-���#$��(
%
>
	��-'$ (IAEA, 1977) 3��
��,��
 LD50 � %$�
��(
�%";*%

>
	��-'$3����%
J�.
- n ��� ��I-4�.���%
J��(
 ���,-� *�0'!-#$�#(
3+@���*�
��
	 100 ��/�B�?;��B 
3���-'$4�." � *�03�@�%";*�(
��� 100-300 �%";* 4"@��(
%
��
 3��� 0 *�� +"�-�
��%";*-/�
4"@� 0��#,�&�
%-/�4" &�
%'!-5/-���#(
�� %
J 4 '��*
+B ('���=�, 2540; FAO/IAEA, 1979) 

&.
 LD50 3�4�." �����������(
+�*���%
J��-'$#$�3�@3��
�����(
3+@����"
	���A=B 
?,�-4���.
-���<��
%���*5/-��� ��.� �%";*�����5$	����A=B/!.#/- 1 %$&.
 LD50 5/-���%
J��-'$
4�%%
#$��+%
 '%/	!.3��.�- 69.34 L 72.00 Krad (A$� , 2525) ����� �!"����#$�%$�
��,��
���%
J
��-'$#$��+%
 '%*�-4'*-3��
�
-#$� 2 ('���=�, 2540) 4" �
��
��,��
���%
J LD50 5/-��-'$
4�%%
 3��%";*�������	
����A=B&�* L %/. �0�.
 &.
 LD50 #$� 21 ��� /	!.3��.�-���%
J 38 L 42 Krad 
('=����� 4" &J , 2548) 
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	���� 2 ���%
J��-'$4�%%
#$��+%
 '%3��
����0��=-���A=B����0
-���*1*	����(
3+@���*�
�
�"
	���A=B 

%�Y*��% 6
Y,	�
���� (Krad) 

Arachis hypgaea 
Cajanus cajan 
Cicer arietinum 
Glycine max 
Lens esculenta 
Lupinus albus 
Medicago sativa 
Melilotus albus 
Phaseolus lunatus 
Phaseolus vulgaris 
Pisum sativum 

Vigna unguiculata 
Vigna radiata 

20 L 30 
8 L 4 
12 L 18 
10 L 20 
10 L 17 
15 L 25 
40 L 60 
50 L 70 
5 L 10 
8 L 15 
10 L 18 
15 L 25 
40 L 70 

���,	 : '���=� (2540) 
 

6. �	

������
K�
���������%)�%������ 1 [��%���
K� \ ]6  
 

���#$�<*@�
��
��"!��%";*#$��.
��
�>
	��-'$&��I-#$� 1 (M1 Plant) � %$�
��'$	+
	
#
-'�$���#	
 (physiological damage) ���*5,I� ����/-�
����*�
���"$�	�4�"-5/-	$�+��/1&�1%1?% 
�
���"$�	�4�"-#
-'�$���#	
� ����%5,I��
%���%
J5/-��-'$#$�����%5,I� ���,-� *�0+�,�-#$�#(
3+@���
�
	 100 % (A$� , 2525)  

��-'$'.-�"3+@%$�
���"$�	�4�"-�@����3�����#$� 1 &�/���<*@��0/����
	 (plant 
injury) �
���-'$#(
3+@���*�
��
	5/-�@���� (lethality) �
�����+%�� (sterility) 4" �"�� #05/-
��-'$�.//-&B�� �/03��?""B (cytological effect) '(
+��0/����
	#$����<*@��0����"���J #$�
�/0'�/-�./� *�05/-��-'$ <*@4�. &�
%'!-5/-�@��"@
 &�
%	
�5/-�
� &�
%-/�5/-�%";* 
�(
����./*/��./�@� �(
���*/��./�./*/� �(
����%";*�./��� 4" �(
����%";*�./�@� ?,�-/����
	
#$����*5,I�����/-�
���-'$5,I�/	!.��0� *�05/-��-'$#$�3�@ � 	 ��"
#$�>
	��-'$ 4" /=J+2!%�� +�.
-#$�>
	
��-'$ (IAEA, 1977) 3������5$	��%��/<*@��0��-'$ �0�.
%$�
���"$�	�4�"-5/-&�
%'!-5/-�@� �(
���
5@/�./�@� �(
�������./�@� &�
%�'$	+
	5/-30&!.4��4" 30�"$I	- */�����+%�� 4" "���J �%";*
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"$0 (A$� , 2525) '���=� (2540) �
	-
��.
 �%";*����%��/�(
%
>
	��-'$4�%%
 �/;%0��1/2
	3��%";*
?,�-�� �/0*@�	���I/�	��/����) /
�<*@��0&�
%�'$	+
	 %$�"#(
3+@ �%";*<%.-/� +��/-/�<*@� 	 +�,�-
4"@��
	 �@�#$��+"�/�/*0
-�@�%$"���J 4&� 4��;� �
�����)���01�<%.*$ 300�*�0$I	� ���*30*.
-
+��/30�=* �����@� 

Smutkupt (1973) >
	��-'$4�%%
� *�0 5, 10, 15, 20 4"  30 Krad 3+@��0�%";*����
�+"�/-���A=B '�. 2 4" '��#�
	 4"@��(
<��"!�#*'/03����/���
 �(
 4" '2
�4�"-#*"/- 
1*	�,��
�,-��/�B�?;��B&�
%-/� &�
%'!-5/-�@��"@
�%��//
	= 20 ���+"�-�"!� 4" �
����*�=*'$
�+"�/-0�30���-&!.4�� (first single leaf) 5/-�@��"@
�����+"�/-3�����#$� 1 �0�.
 ��/�B�?;��B&�
%-/� 
4" &�
%'!-5/-�@��"@
3�#=� n � *�05/-��-'$ <%.%$&�
%4���.
-#
-'���� 4" ���%
J�
����*�=*
'$�+"�/-3��@�����#$� 1 <%.%$&�
%'�%���AB��0���%
J�
����*"���J �@��"@
'$�+"�/-3�����#$� 2 �
�
�
��,��
&��I-�$I�0�.
� *�0��-'$ 5 L 15 Krad 4"  15 Krad ����� *�0#$��+%
 '%#$�'=*#$�� �./3+@���*
�
���"$�	�4�"-#
-���A=���%3������+"�/-���A=B '�. 2 4" '��#�
	 �
%"(
*�0 

Constantin 4"  Love (1967) �,��
�
��/0'�/-�./��-'$5/-�����+"�/-3�����#$� 1 
1*	3�@��-'$4�%%
 4" �����/�>
	3+@��0�����+"�/-���A=B Forrest (D L 68 L 127) �0�.
� *�05/-
��-'$4�%%
  4" �����/�#$���(
��.
 70 Krad <%.%$�"�./�
�/	!.�/*5/-���#$��"!�3����/���
 �(
 4�.
&�
%/	!.�/*5/-�@����� "*�@/	"-�%��/� *�05/-��-'$����%5,I� "���J #$�%$�"�� #0�
���-'$<*@4�. 
&�
%'!-5/-�@��"@
 �I(
+���4+@-5/-�@� 3�'2
�4�"-#*"/-�0�.
 &�
%'
%
��3��
�/	!.�/*
5/-�����+"�/- &�
%'!-�@� 4" �"�"�� "*��(
"-�
�3����/���
 �(
�� %
J 10 ��/�B�?;��B �%��/
���
�J
�,-�"�"��5/-�%";*3�����#$� 1 �0�.
��-'$� *�0 20 L 30 Krad 4"  1.5 L 2.5 Krad ����� *�0
��-'$#$��+%
 '%5/-��-'$4�%%
 4" �����/� �
%"(
*�0 
 

��
 '6
���^�����	
�Y��# 
 
1. ����/�,��
�"5/-��-'$4�%%
�./�
�����)4" ��g�
�
�5/-�������	
����A=B&�* L %/.  
2. ����/����(
3+@���*�
��"
	���A=B3��������	
����A=B&�* L %/. 4" &�*�"�/�"���J #$��@/-�
� ��.� 

/
	=�
���;0��$�	�#$�'�I���.
 �"�"��'!- 4" �
��@
�#
�4%"- �����@� 
3. '�@
-4+".-&�
%4������#
-���A=���%5/-�������	
�����/3�@3�1��4��%�
����0��=-���A=B 


