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1997; Iwata, 1996; Sun et al. 1995.(

    ��A 3`<<5�
 a<<��2
 \�<<
�! �� �<<�/P �<<��:��! �<<�

)Endo & Morishima, 1983:(nt
-1 *pi= ni

ni =�v� ���
 a/P -���� ���!� ����#

nt =  ���!� aB ����#)3�����9(

     ��<<<	�
 :� �� ���<<<H�0] ?��<<<	
 3`<<<5�
 -��<<<�

H< ��. [�0# zT�)Gene diversity ( ���H�0] 3F�� :

)Degree of Polymorphism (�H ���M=5�:

 ��. [�0# zT�H)Endo & Morishima, 1983:(

k
HG= 1- ∑ pi2

 i=1

k =a/P aB ����#��. ?��
 �9 �� �9

� ���H�0] 3F�)Ghareyazie et al., 1996(

Kk-1
Np = ∑(Xi . ∑Xj)

j=i+1 i=1

Np =�MF ����# a�H�0] -�9)��+O	!��
(

Xi : Xj =3���� ����# a/P -���� -�9i : E�jE�.

P = ���H�0] 3F��)a�H�0] ���!� ���:��!(

N = c��
 �=MF 1�4��2
 aB ����#

P = NP . N-1 

N = 0.5 nt (nt – 1) 

             �<� ���<H�0] ?��<	
 : �<�. [�0# ����:��! ����� ��

s��<<� h<<5�=
 ���	<<5P -�<<9)  s��<<=� �<<5��� �� a<<N�b

  -:� �<<� c<<
�@AJ�LL���<<#  �� Ir ���	<<5P ��8<<B  (

����A 34��2
.

 ��	#��. [�0# zT�H)Genotype diversity (  k<`_ �	�

!<<<�� \�
�<  �<H 3`5�
 �)Endo & Morishima, 1983;

Cai & Morishima 1997:(
k

GD= - ∑ pi . ln pi
 i=1

pi =�	#��. ���:��!iE� 

k =�	#��. aB ����#��H ��9�8
 -�9

jf� % "	��#
  \:�FJ       ?�<�
 ���H�0] : ��/P ���:��! s��=�   -�<9

   s��� �� G���:��P ��.    �
 ?�8� �� �	5P : ?���� -�9 �<9� .

?�<<�
   [�<<�D
 �� 3<<�/�g
 ���<<
 �<<�. -�<<9oo �� a<</P 

 �
 -��*A�
��00B .  s��� �� �
�     �<�0# ������ -�9Kr  a</P 

 ?P ��    h5�=
 �� �9�/I      �9�8
 ��. ?��
 �9 �� a/P  �H � .

     ?. aB �� ��. [�0# h5�=
   \���
 �9X/K�    ��<� �<N��  .

 s��� ��  -�9Ir     �:�b ���	5P ��8B �I   ?P �� a/P    �<� �9

 h<<5�=
o/K  �<<5� ��<<���A ��9�8<<
 ?. �<<9 �� a<</P  .

 ?P �<<<�. [�<<<0#  �<<<	� �<<<9o/Kq   �<<<5� ���<<<� �<<<N�� 

)Glaszmann, 1988 .(�D
 ��<< [��K	#��. <<�=Z
 �< t

 G���:�<<�P) h<<5�=
q/I �<<	#��. �<<9 �� ��<<! ( ��9�8<<


�<<���A .  \��<<�
 �<<	� ��	#�<<�. [�<<0# zT�<<H��/K��<<�  .
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  ��	8<���
 : -�B)Cai & Morishima, 1997 (   �<5��� �<�

J��    s��� �� ��
 ��;�      �� [�0# ���2
 �)�@70� -�9IJ

    �� ��. ?��
�/o  ���B ?�	�         c��#��<� ��<����� �<��� : ���

    <H )���A \�b 3� �# 3B �5� -���2
 �<5� �� .  c�����<0�

 [�<<0# zT�<<H��/K -��<<� JI?�8<<� ��<<�. ?�<<�
  ��<<09�

    s��� �� ���� [�0# ��F:   �<
 ?���� -�9 �<H�� .   �� -��	4<�

3����-�9             G<9 �<� �<����P �	#��. �v� �� 3��8
 E�� -���� 

 �0=H�� ��! .    �\�{
 ?��0� 3�3����    E�� -���� -�9   : ^<���

    �:�A �{B� c	� �� E�0	�� ��	#��. -�9  �<	� c�� : �0=H�� ���

s��� ���� [�0# �� -�7�� a	/��
 ?���� -�9�H��.

���:��!    �� ��/P -�9 ?��
 �=8	� ��. -�9    �<�   �<��:��!

  ��/Ps���        �� : ����� ?�8� �8b�! �@=T� ����	5P -�9

      �@=T� �	� ��. ?��
 �0]   -��<��   �0=<H���)   \:�<FJ .(

 s��� �� a/P ?���� -�9Cat1-2�@=T� ��    ^</�� �ib�<! 

    s��� �� �
� : ���    a/P �	5P -�9Cat1-1     �<5� ���� ^/�� 

)   �� i	�35 �����  .(       3<B c
�@A 3�/�g
 �� 3=`/�K�   3<���� 

           ��<� ���<B d�Z=�� 3��� �	# ��5� �� �� ������ s����   �<	� 

Jq 3<<���� )o� (% a<</PCat1-2 �0=<<H�� �� ) ����<<��J .( ��

���#    a/P ?���� -�9Pgi1-2    �:�b �� qr %   �/: ���� ^/��

 s��� ��  a/P �	5P -�9  -�9J   : I   ��<F: -:�4<
 �`4� �� 

  �����)  ������K .(        a</P ��<H ��9�8<
 ���:��!Pgi2-1  �� 

s��<<�  -:�4<<
 G<<9 �<<� �	<<5P : ?��<<�� -�<<9) �:�<<b�r (%

�
  �H��)  \:�<FJ .(   a</P 3<B �/�<b ��  -�<9Amp1-1 : 

Amp1-2s��<<<� ��     -:�4<<<
 �`4<<<� �<<<� �<<<����� -�<<<9

)�:�bor (%     a/P �	5P �� �/: �0=H�� ��F:Amp1-1  �<� 

  �:�bLX %   �5� ^/��)  ������I .(     ��<H ��9�8<
 �`4�

  -���Amp2-1   : Amp2-2  s��� ��         3<� �	<5P : ?��<�� -�9

  �
 ����
 1��N�H�� .  ���:��!Amp3-0�� s���  -�<9

   �� i	<� ?����or % �� : s��<�  -�<9    �:�<b �<�0# �	<5P� %

5�<<� .�@A 3�/�g
 �� c
(Glaszmann, 1988)	�<<< �Ir

   �� G��K�    ������ G�� )o� (%   ����� a/P c�� -���� .  a/PJ

 :I �`4<<� �<<� ^<<	#�# 3<<� ?��<<�� �� �<<	� IL % :JL % ��<<��

               �� i	<� -:�4<
 �`4� �� a/P :� c�� �	5P �� �
� : ���H

�r% �0=4<<9 ^<</�� �) ����<<��� .( ���<<
 ��Amp4 �	<<9 

    s��<� �<� �!@=T�     <
 �	<5P -�<9     : �8<� ��9�8Amp4-1  �<� 

 �<<��:��!Jrr % O<<# 1��<<N 3<<� a�<<H)Monomorph (

  �<H�� ��F: .   a</PShd1-1     �:�<b �<��:��! �<� ?��<�� �� 

Xr %  ��	<<5P �� m<<�� �<<� : ��<<� ^<</��Sdh1-2 �<<� �r %

�
 ^/���H�� .   c<
�@A �<5��� ��(Glaszmann, 1988)

�<<	 �IX 3<<���� )Xq (%s��<<� �� a<</P -���� �<<����� -�<<9J

����� .   a/P ���:��!Est1-1  s��� ��     ���� �	5P : ?���� -�9

�
�H�� .  s��� �� 3=`/�  a/P ?���� -�9Est1-0 ���:��! �� �	� 

  �:�bKr % ����A ��9�8
 .     3<B �/�b ��Est2-0    c	<� �� 

s���      �:�<b �� ?���� -�9�r %   �<
 ^</��     �	<5P �� ��<H��

Est2-0  : Est2-1  �<���� ��<F: -:�4
 �`4� ��  .  �<��# :

  ?���<��9)Tang et al., 1996 (   �<��:��! �<	�Est2-0 �� �� 

      c	<] : ?����# �Q���# ���Tx�/o� %  �<���B )���<A . ��

   ��. ?��
Est5         �<2��g
 G<9 �<� �	<5P : ?��<�� s��<=� �<	� 

   : �0=H��Est5-1    ���:��! �� Jrr %    O<# 1��<N 3�  a�<H

 ���� ��F: .    ��. ?��
 ��Est9     ?���� c	� -��	4� 1:�M# �

 5P :      s��� 3B -��_ 3� ��H ��9�8
 �	      �<F 3<� ������ -�9

 �@N� G��     a</P -���� �:��	�5 ��HJ   c�����<0� : �<���� 

 �
 ���
�0
 �<H�� .       a</P �<��:��! �<
�J   : I      �<# �	<5P �� 

      �<5� ���� ?�4�� -�:�b)   \:�<FJ .( ?�<�9    3<B ��<_

   a/P ���:��! ��H ��9�8
         ���<
 �� �<F 3<� G���:��P -�9

Amp4   : Est5   ��       s��<� h<5�=
 �� ����
 ���5    �	<5P -�<9

             �� ��<�� 1:�<M# ��09���8<� [�<��
 c�� : ����� 1:�M#

s��� O	=�. ��=T�5�
 �	5P : ?���� -�9�H��.

        G���:�<�P ���<H�0] ?��<	
 �5��� ��v0
 3�   :� ��<9

    ���<<H 3`<<5�
 ���<<H�0] 3<<F�� : �<<�. [�<<0# ��<<	�


)  \:�FJ .(      s��=� �y��� ~
��F �� ��	�
 :� �9   ����8<
 

    �
 3���� ���H�0] ?��	
 ���0���� .      E�<�# 3<B �
�709 �
�

         : �0H�� t�=Z
 �����P �	#��. -���� 3�/�g
 ���
 ���!�

        ���<H�0] ?��<	
 �#��`� 3� ��Jrr %      [�<0# ��<	�
 ��<H��

      �
 ?�8� �� �N���N �� �=�B ��. �<9� .     �</�b c<�� ��

          ��5��� ���
 ���!� ����# 3� 3=4� [�0# ?��	
 �=b  ����<2


  �H�� �9��T �#:�M=
 .          ���<
� S�U<T 3<� 1:�<M# c<��

 �
 ����          �<H�� O<]�B 3<�
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 \:�FJ>?��
 ���H�0] : ��/P ���:��! 34��2
 s��� �� G���:��P ��. -�9�	5P : ?���� -�9
Table 1.Comparison of allelic frequency and polymorphism of isozyme loci in rice germplasm of Iran And Asia

 ��. [�0# zT�H)�N��(

(Gene diversity,%)
 ��/P ���:��!)�N��(

(Allelic frequency%)
���H�0] 3F��I

)�N��(

Degree of 
polymorphism

	5P�K

(Asia)
?����I

(Iran)
�	5PK

(Asia)
?����I

(Iran)

a/PJ

(Allele)
G���:��P ��. ?��


(Isozym loci)

00.00.0Cat1-0 
7122.6Cat1-1 
2977.4Cat1-2 

35.264135

< 0.50.0Cat1-3 

 ���#�BJ

Catalase 1

0.00.0Pgi1-0 
4912.5Pgi1-1 
5184.5Pgi1-2 
0.01.5 Pgi1-3 

275026

0.01.5Pgi1-4 

���
:��� �B��A �M4!J

Phosphoglucose 
isomerase1

6060.8Pgi2-1 
2927.2Pgi2-2 
84.8Pgi2-3 

55.325555

37.2Pgi2-4 

���
:��� �B��A �M4!I

Phosphoglucose 
isomerase2

0.00.0Amp1-0 
7848.5Amp1-1 
1350.7Amp1-2 
40.0Amp1-3 
50.7Amp1-4 

< 0.50.0Amp1-5 

51.063750.7

0.00.0Amp1-6 

���	=�+ �0	
PJ

Amino 
peptidase 1

0.00.0Amp2-0 
3959.5Amp2-1 
6140.6Amp2-2 

< 0.50.0Amp2-3 
< 0.50.0Amp2-4 

494848

0.00.0Amp2-5 

���	=�+ �0	
PI

Amino 
peptidase 2

453.8Amp3-0 
4828.3Amp3-1 
4317.9Amp3-2 
10.0Amp3-3 
30.0Amp3-4 

< 0.50.0Amp3-5 

60.365860

10.0Amp3-6 

���	=�+ �0	
PK

Amino 
peptidase 3

0.0 0.0`Amp4-0 
97100Amp4-1 
30.0Amp4-2 

< 0.50.0Amp4-3 
0.050.0

0.00.0Amp4-4 

���	=�+ �0	
P�

Amino 
peptidase 4

3774.3Sdh1-1 
6223.9Sdh1-2 
10.0Sdh1-3 484839
11.7Sdh1-4 

 ���.:��	9� �	��	HJ

Shikmate 
dehydrogenase1
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 \:�F 3
���J

 ��. [�0# zT�H)�N��(

(Genotype diversity,%)
 ��/P ���:��!)�N��(

(Allelic frequency%)
���H�0] 3F��I

)�N��(

Degree of 
polymorphism

�	5PK

(Asia)
?����I

(Iran)
�	5PK

(Asia)
?����I

(Iran)

a/PJ

(Allele)
P ��. ?��
G���:��

(Isozyme loci)

931.94Est1-0 
9168.05Est1-1 441743.5
0.00.0Est1-2 

 ���=5�J

Estrase 1

3662Est2-0 
4215.1Est2-1 54.86553.9
2222.7Est2-2 

 ���=5�I

Estrase 2

< 0.50.0Est5-0 
99100Est5-1 0.020.0
10.0Est5-2 

 ���=5�o

Estrase 5

0.00.0Est9-0 
4099.2Est9-1 2482
600.8Est9-2 

 ���=5�q

Estrase 9

34.739.534.67 c	7��	
(Average)
�>a/P -��*A����  �5� 3=!�A E�D�� ��/P 1��		n# c��TP c=!�A �v� �� �� : ������=5� ):� 3� �9)JL �Jq �Ir �II �I� �K� ��r ��I.(

� < -:� �� i9:;+ c�� s��=�JIr3���������� s��� .

K> -:� �� c
�@A s��=� J�LL �� s��� ���# Ir �	5P ��8B )JX.(

    k	�� ��	�
 O� ����H�0] 3F��     �9 [�0# ?��	
 �� �#

   �
 ?�	� �� ?.         3<�/�g
 ���
 3���� ����# �� a2=4
 : �����

�
�H�� .   ?��9 \�b �9 3�     ����<�� �� 3<B ��_o  ��9�8<
 

�
      ?�<�
 ^<	#�# 3<� ��H     �<�. -�<9Amp3) �r(%  �Pgi2

)K/oo(%  �Est2) L/o�(%  �Amp1) oJ (%  :Amp2) �L (%

   ���H�0] -��������  �<����  . ���<H�0]   3<���� ��   -�<9

   ?��
 -��� �5��� ���
   ��. -�9Shd1  �Cat1   : Pgi1   3<� 

 ^<<	#�# \��<<�
Kq �Ko : I���<<� �<<N��  . ?�<<�
 3<<5 �<<
�

�<<<�.Amp4�Est5 : Est9  ��<<<	
 : �<<<���� ���<<<
�0
  ?

   ��� �MN -:�4
 ����H�0] .  <� �*/  3 ?P -�	A��<B   3<� �<9

  ?��0�    ��� 3	N�# s��� �� �7��8���H .    [�<��
 c�� 3=`/�

 -��<<<�Est9 s��<<<� -��<<<� h<<<2!   ���<<<N �<<<����� -�<<<9

�5�.

  s��� ���H�0] 3F��     ?��
 �� �	5P : ?���� -�9 -�9

  �<�.Cat1�Pgi2�Amp2�Amp3�Amp4 �Est5 : Shd1

 -��<<�� �<<b �<<#�0=<<H�� �<<2��g
 G<<9 �<<� . ���<<
 �<<0] �<<
�

      ����A ��9�8
 �	� ���� �@=T�)  ������o .( ���H�0]

Pgi1   S�UT 3� : Est9s��� ��     �<=�B ��	4<� ?��<�� -�9

�
 �<H�� .         �<�. [�<0# m<�� �<�Est1   : Amp1    ?��<�� �� 

�
 �	5P �� �=8	� ��	4��H��.

      �<
 ?�8� i9:;+ c�� s��=� [��D
   s��<� ��<9�  -�<9

?����               -���� ���<�� ��	4<� O<	=�. [�<0# c=<H�� �<� �:@� 

 s��<<� �<<7�� �� 1:�<<M=
 : S�<<T O<<	=�. ��=T�<<5 -�<<9

 �
 ���	5P�0H�� .         a<	/� c<�� 3<� ����=b� 1:�M# c��  �<5�

    ���<# : E���� 3B            -��<�=
 ?�	/�<5 �<_ ?��<�� �
�<� -�<9

     �4�� O� �� a2=4
 ��_ 3�          ��<! 3<� �U<0
 ��=`4<� E�<�

)  a��� 1:�M# -����
  �4�� �� 3vb@      ��<	A c<�� ��N� E��

        c	<] : �<09 ����H d�0F -�	5P �� (   3<=!�� a<
��# �<�� .

            �`	B�#�<� �	4<
 �� 3B ��� �9��Z� ��v=�� �� �:� c�����0�

      �0H�� ��H 1��		n# )�Z=5� ���	`_ d�Z=�� : . ���A�B��

 ?�����9 :)Nakagara et al., 1975 (� ��<<7/� �5��<< -�

   �9���=5� �A�0B��+         �<��:��! ~<���# 3<B �<����� ��9�8
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Fig. 1- Comparison of allelic frequencies at isozyme locus Cat1 among Asian (Glaszmann, 1988) 

and Iranian rice germplasm

 a�HI>���:��! 34��2
 /P -�9?��
 �� �����	=�+�0	
P ��.  >J �Q���# ���Tx ?�	
 s��� -�9 �	5P) �c
�@AJqLL (?���� :
Fig. 2- Comparison of allelic frequencies at isozyme locus Pgi1 among Asian (Glaszmann, 1988) 

and Iranian rice germplasm
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Fig. 3- Comparison of allelic frequencies at isozyme locus Amp1 among Asian (Glaszmann, 1988) 
and Iranian rice germplasm
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Fig. 4- Comparison of allelic frequencies at isozyme locus Amp3 among Asian (Glaszmann, 1988) 

and Iranian rice germplasm
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Fig. 5- Comparison of polymorphism (Gene diversity) at isozyme loci among Asian (Glaszmann, 1988) 
and Iranian rice germplasm
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Fig 7. Zymogram of lucine aminopeptidase (Leu-Amp) in plumuls of Iranian rice on Starch gel

Amp1

Amp3

Pgi2

Pgi1

 a�H�>B��A�M4! G���P E��A�����  ���
:��� �)Pgi (3�9�	A-�93=5�8� \. -:� �� s��� 

Fig 6. Zymogram of phosphoglocose isomerase (pgi) in plumuls of Iranian rice on Starch gel
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