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Quantitative trait loci (QTL) mapping were carried out for 

10 rice cooking and eating quality traits, by using a 144 

recombinant inbred lines derived from cross between Hashemi 

and Neamat varieties with microsatellite markers. The ten 

traits included amylose content (AC), gelatinization 

temperature (GT), and 8 parameters from the viscosity profile. 

A total of 23 QTLs were detected for the 10 traits, with at least 

one QTL and as many as 4 QTLs for each individual trait. At 

least one QTL for each trait detected on chromosome 6. 

Several QTL clusters were observed for multiple quality traits. 

Especially, one QTL cluster near the Alk locus on 

chromosome 6 includes four QTLs: qGT6, qFV6b, qCSV6 and 

qSBV6, which control GT, final viscosity (FV), consistency 

viscosity (CSV) and setback viscosity (SBV), respectively. 

Most of them were major QTLs. Another important QTL 

cluster was located at Wx locus on chromosome 6 includes 3 

QTLs: qAC6, qMV6a and qBDV6, which control AC, MV 

(minimum viscosity) and breakdown viscosity (BDV), 

respectively. Moreover, these QTLs were major QTLs. Our 

results showed some of cooking and eating quality controlled 

by tow region on chromosome 6, region of Wx locus and 

region of Alk locus. Markers linked to these two genes can be 

used as marker assisted selection in breeding programmes. 

 

Keywords: Amylose content, rice viscosity profile, 

microsatellite marker, QTL mapping 
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�-�A-  

f!%<  +0#
�(Oryza sativa L.) 	��3 1I��@� 
P/O�� 1< 	�#�!�; 1 ��#%3 +� ���< � �# ���^ 5000 
��� \�� 1< 
#� 0 e8 � +�#Ej a��G %,< �%b� 
+� ��%3 .>�# 1/j 4#Ej +/'# +��! �# ��%� ��!� 
+� ���< � 75 �'
� 4`%!# � >��G�%� 1!#��
 ���^ 

5/2 �
��/�� %&! �# ��%� ��!� 1��<#� 1< 
H +� ���< .
f!%< 1< 
�Q +/: 23�'
� �# 4`%!# � 16 �'
� �# 

>��G�%� ��%� #
 >���G +� � : (IRRI. 1997) .f!%< 
U� 4#Ej 1���,! 4# *�# 1: 
#�X� 4���� �# 4`%!# 
S�`
 +�#Ej #
 >���G +� � : .[��'�b; *?� � 

c#
�; f!%< 1< 
�Q 1< +/: 1/��� [��'�b; 1���,! 
>��OG +� ��%3 .>�#%<� < 1���,! SF� >�%G 
��:�5 
� 
>��OG *�&�: *?� � c#
�; 1!#� f!%< +� ���< .

1���,! 1!#� f!%< xi��O� e�%� %G �# %��� 
1���,! +��- T{� ���! Sn- +� ��%3 .19
� [
#%^ 
+ �Gi`  
��(Gelatinization Temperature) 

(GT)� 
#���  ��/��H(Amylose Content) (AC)� 
*_/j �` � [�&' w�<%� 1< +3� 8�D 1���,! 1!#� 

f!%< �# [��'�b; +/'# 1���,! f!%< � ��- 1: %< 
4�
 *�&�: *?� � c#
�; 1!#� f!%< %m�� +� � ��< 

(Bao and Xia. 1999) . �# 4
���< 	��X0 1<
1< ��/��H 
#��� >�XX)� SF� �# +@� 
#� 0  >�%G

>��OG 4�-
��:�5  �f!%< c#
�; � *?� *�&�: 	�  :
 +�:#� 
` �%� : *)G x�G��0(Wx locus)  4�


 ������%:6 +�  ���<(Tan et al. 1999; Bao et 

al. 2000; Aluko et al. 2004) . >�# 1: � D %-
1< 
`  #
 ��/��H 
#��� 1< w�<%� M� G +���G +��F G

+�! 1�9�G  >�XX)� �# 4
���< T�I� >��- 1< �� :

` 4�#�OG  %��� 4�
 %< %m# UD�: 4�-

������%:  >�# 4#%< f!%< 4�- +5%O� � #��� *&'
	�%:  �!#(Liu et al. 2011; Sabouri 2009; 

Zhang et al. 2008) . >�XX)� �# 4
���< 	��X0 1<
+ �Gi` [
#%^ 19
� 1< 
��  �# %k�� +@� 
#� 0

 �f!%< c#
�; � *?� *�&�: 
� %m�� 4�-
��:�5
 >�I�@IH 
` a��G(Alk locus)  ������%: 4�
6 

+� �%� :  ���(Umemoto et al. 2002; He et 

al. 2006; Sabouri et al. 2012) 1: � D %- �
	��X0 >�# %< >�XX)� �# %k�� +;%< 
` 1: �!#  4�-

V
�< UD�: � %m#  %��� 4�
 %< 4%k�� %m#
�����%:  � ��- %m�� *&' >�# �%� : 
� �-

(Sabouri 2009; Li et al. 2011; Liu et al.. 
2011) . 

 ���^90 %< 1!#� �'
� T�@,G 1���,! �# ��&� f!
+� >��@��/��H � ��/��H T��� 1: *�# 	��  ���<

(Jiang et al. 2004) . [��'�b; >�#%<� <
 ���
 	�k��� a��G 1: f!%< 1���,! +3� 8�D

 
��i�!H �@���(Rapid Visco Analyzer) 
	�#�!# +� 4%�3 1< ��! ���  4�-
��:�5 �# +@� 
#� 0
>��OG < *?� *�&�: 	�  :+� h��)� f!% ��%3 . �<

*^#
 1< 19�G  4#%< �
H S: 
#�X� 1< ���! � J�
 
��<
	�#�!#  >�# �# 	��&��# �[��'�b; >�# 4%�3

 f!%< c#
�; � *?� *�&�: >��OG *F9 [��'�b;
1<  *�# 1�5�� J%��3 *0%�(Bao and Xia. 

1999) . �# 4�#�OG �>�XX)� �# +nO< 	��X0 1<
 1���,! +3� 8�D [��'�b; 
` a��G f!%< 1!#�

 �%� : >�I�@IH 
` a��G %k�� +;%< � +�:#�
+�  ���(Wang et al. 2007; Traore et al. 

2011; Teng et al. 2012) . f���! 1: � D %-
 [��'�b; >�# 1: �#� 
�,! >�XX)� �# %k�� +;%<


` a��G UD�: 4�-V
�< � %m# 4�
 %< 4%k�� %m#
������%: %��� +� �%� : f!%< 4�-  �!��(Liu et 

al. 2011; Li et al. 2011).  
 
� %m�� [�&' >�XX)� o/j# %_! N��# %<

 � *?� *�&�: � 	��< +�: [�&' |�9 f!%< c#
�;

` �# 4�#�OG a��G V
�< 4�- %m# UD�: �  �%� : %m#

+� �!�� .' >�# %�F< *;� � 4#%< >�#%<� < � [�&
d?,� 
` �� 
` 
�%: �%� : 4�-  [�&' >�# 	�  :
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�
` 
�  +�#�- � hH a�#%� 
� � +!#%�# f!%< S�R�
>�i *�O�9 U� �# P�X)G >�# 
� 
#%�#  4�-

\��; o�:%G�! f!%< S7
 �� +7RG �# T'�^ 1�?��H
 +!#%�#)*�O! 
� +���- (�� 	��&��#  >��OG >�( �G

�@� �%� : +!` 4�- ' 	�  : ���/��H 
#��� [�&

+ �Gi` [
#%^ 19
�  +3� 8�D [��'�b; � 
��
 4�-%k!�,! �� � %k!�,! �f!%< 1!#�1��8�- 
` �<  4�-

1��!%< 
� 	��&��# *F9 ��! #
 [�&' >�#  4�-
S� : #��� %k!�,! U�: 1< h�?�!# +^R'#.  

  

B�# �  ��- ��  


� >�# P�X)G �# 144 >�i \��; 1�?��H 
o�:%G�! RILs1  T�!F10 T'�^ �# +7RG �� S7
 
+���- � *�O! 	��&��# ��. >�i >�#  �# 	��&��# �< �-

UG UI�< J�
  
�,: f!%< [�X�X)G 1���� 
� � 
E<
�!�� 1�FG. +���- U� S7
 *�&�: 4#
#� +/)� 

*?� � c#
�; h�/r� � � ���
�� 1XW#} 
�%b� 
�3�  : U� *�O! � +!#%�# S7
 +^R'# 
 +!#%�#)T'�^ +7RG >�^  +�#%� //� � �
�Q 

IR24//( ��b)�%� �< *&�: *?� h�/r��! 
+� ���< .144 >�i o�:%G�! 1< 	#%�- �� �I#� +���- 

� *�O! � �� S7
 
�; � +/0 +���: 1< 
#� 0 �-�� 
)4 S7
 1< 
#� 0 
#%@G 1� �< �-�� (
� oI�7 �%Q 

�� �3H 
� ���  +0#
�1390 
� 10
�� +,����H 
1���� [�X�X)G f!%< 
�,: )*�
 (*,: �!���%3. 

+���
E< 
� 20 >��
�%5  � 4�9 1!#�; 
� 	��
1�,� �� ��2!# 4#. 30 ��
 v� �# �+���
E< �-�,! 1< 
>��� +/'# TX� � �!��. T87 �# 4
�:�,! >��� ���0 

%< o�� c�/< 4� < ���%3 .	
��� �-
���G 
� %- 
c�/< 1< [
�' +5��bG � N��#%< 10%7 +,: 

d?,� ��. *^��� %- �^#� +,����H 4  e<%�%��
)2 %�� 
� 2 %��(� �< 1/'�5 25 +�!�� %�� >�< � 
�
� 

                                                                     
1. Recombinant Inbred Lines  

g��
 �- ��< .1�/: [��/�0 +0#
� T��� �+�����: 
S� +��� �< 
� ����
� 10 �'
� %< 1�/0 �%: 

17�� 
#�; P<�r� �%0 1Xr � ��2!# *5%3.  
g��
 �E^ �< 1G�< aX5 4
� : 4�-  T;#� 4�-

 *?� *�&�: 1< w�<%� [�&' �G �!�� *�#�%< >��

H 
� f!%< 1!#� c#
�; � ��� 4%�3 	�#�!# �- .v� �# 

>�%; +<�: *<�Q
 c��/� 1< 14 �'
� 	�!��
 
�	�� vY� a��G 	�k��� 1:�G�� *��� + : �� �G 
f!%< 	�F7 4# �� f!%< 4#
#� 1���� 1��!�m �� t
�@�%� 

T'�^ ��� .1�i t
�@�%� �# 4�
 f!%< 	�F7 4# 
a��G 	�k��� >:��&� +-�k,����H 1��#�%< �� �G 
f!%< ��&� 1�FG ��%3 .	�#�!# 4%�3 [�&' *�&�: 
*?� 4�
 >�# f!%< ��&� � �
H T'�^ �# 
H ��2!# 

��.  
4#%< >��OG ��/��H 
#��� �# J�
 Juliano 

(1971) �< 	�k��� 4%����5�%�@Y�# 	��&��# �� .
4#%< 	�#�!# 4%�3 19
� [
#%^ + �Gi` 
�� �# J�
 

.Little et al (1958) 	��&��# �� . *F9
	�#�!# 4%�3 [��'�b; a8G%� �<  +3� 8�D3 �%3 �# 

�
H f!%< ��&� 1: �< 	��&��# �# 	�k��� h���H UD 

� �^ 100 \� �
H �	�� 
�� � v� �# 15�(# 
�%: 
25 +/�� %��I hH %rX� 
� T;#� 1!#���# 4�/5 	�k��� 

���
 �@��� 
��i�!H (RVA-3D Model 

Newport Scientific, Sydney Australia) 
#%7 
	�#� �� .	�#�!# [��'�b; 4%�3 +3� 8�D 1!��!  �< �-

1��!%< +���� 	�k��� 
� [�� 12 1< � 1X�7�  J�

 a��G 	�� 	�#� p�(�GAllahgholipour et al. 

(2006) �� ��2!# .[��'�b; +3� 8�D 1���,! 
1!��! 4�- %_!�
�� 1< 1/��� *,- 
��:�5 SF� f� � 

�# + ) � +� +<���
# +3� 8�D ��� .%{:#�^ 
+3� 8�DPKV 

2 
� Z�# 1�I�# + ) � *8m +� ��%3. 
�< *<�m 
�!�� ��� 
#��� +3� 8�D 1< T7#�^ 
#�X� 

                                                                     
2. Peak viscosity  
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��; +� ��
 � T7#�^ +3� 8�DMV 
1 *8m +� ��� .

�< �%� 
�� 1!��! � \-�: 19
� [
#%^ �G 50 19
� 
+�!�� �#%3 	
�<�� + ) � 1< *�� i�< +� ��
 � 

+3� 8�D +��F!FV 
2 *8m +� ��� .+k�?�
�%5 

+3� 8�DBDV 
3 �# [��&G %{:#�^ � T7#�^ 
+3� 8�D 1<*�� ��H .v� 4�
 +3� 8�DSBV 

4 
�< 18��)� [��&G +3� 8�D +��F! �# %{:#�^ 

+3� 8�D 1<*�� ��H .+3� 8�D �#�7 CSV 
5�# 

[��&G +3� 8�D +��F! � T7#�^ +3� 8�D T'�^ 
+���� . �^#� N��#%< �-
��:�5 >�# +���G

+3� 8�D6 RVU �!�� *8m .[�� +!��� 1: ��Q 
+��,: �G + ) � >�I�# Z�# )%{:#�^ +3� 8�D (#
 

*8m � : 1<
#� 0 
��� �G %{:#�^ +3� 8�DPeT 
7 � 

+���� 1: %{:#�^ +3� 8�D #
 �0�< +� ��� 
1< 
#� 0 4��� +3� 8�DPaT 

8 *8m ��.  
Z#%?��# DNA �# 1!��!4�- +3%< �<  J�


Murray and Thompson (1980) ��%O� 1< 
J�
CTAB 

9 ��2!# *5%3. \ :#� 	%�2!�4# 
+/� �#%� �< 	��&��# �# 	�k��� Biometra ���   

T-Gradient � 
� S2^ 10  %- 4#%< %��I�%@��
 T��� \ :#�µl2  �#DNA ) +8�%XG *_/j �<

ng/µl 5( �µl5/0  1<�
 � �/9 1<�
 4�-%3��jH �#
 oX0) 4
��� ��/)� *_/j �<µM5( �µl2/1 

 +IH 4�-��< w�/?�dNTPs ) *_/j �<mM1( �
µl14/0 +/� UG S��!H �#%�) *_/j �<U/µl5( �
µl48/0  S��� ���%/:) *_/j �<mM50 ( �µl1  %5�<
X10 +� +� ��2!# 
H ���%3 .1;%D +G
#%^ T��� :4 

                                                                     
1. Minimum Viscosity = hot past viscosity 

2. Final Viscosity = cool past viscosity 

3. Break Down Viscosity 

4. Set Back Viscosity 

5. Consistency Viscosity 

6. Rapid Viscosity Unit 

7. Time to Peak Viscosity 

8. Pasting Temperature 

9. Cetyltrimethyl Ammonium Bromide 

1X�7� 1��%�#� 4��� 1�I�# 
� C
°94� vY� 36 

1;%D 1<  [
�'30 1�!�m 1��%�#� 4��� 4���
� 
C

°94� 45 1�!�m 1/^%� ��bG# �-%3��jH 
� 4��� 
C

°55 ) >�# ��� 
� *&9 4�-%3�jH g/�?� 1��< 1< 
��Q � *8�! 4�-��< G � C 1< 4�-��< A � T >�< 

C
°50 �G C

°70 %��C�� ��<(� 45 1�!�m 1/^%� a�< 
� 
4��� C

°72 ��< � 
� *��F! 5 1X�7� a�< +��F�!# 
� 
4��� C

°72 [
�' *5%3 .1!��! 4�- 	��%�{@G �G 
��2!# �
�5%�@I# 
� 4��� C

°20- 4
#�Fk! �!�� .
1�8I# 1< 
�_ � �E^ 4�-
#�! 18� 	
#�-����
 � 

4%�3�/9 �# ��bG# +bb?G%�j ��-%3��jH 10 
�� 
��# 1;%D +G
#%^ 1< [
�' 4��� +,-�: P8Q 

J�
 Don et al. (1991) 1��!%< 4��
 ��. 
 [i�b)�PCR +/� �` 4�
 %< T�%:#  ���H10 %

�!
 �����%< �����G# �< vY� � �!�� 4
#E3
�<  4���H
v@0 c#� �` 	�k��� �< � �!�� 4
#�%< .  

 �#�OG �#500  	
#�-����
 %k!�,!) +I#�G 1:

H 4�-%��#%� �- 1W#
# +I#�G N��# %<  a��G 	��

McCouch et al. (2002)  �Temnykh et al. 
(2000) ��< 	�� >��OG (%k!�,! U� �STS 

10 
) %k!�,!W2R  �# 
H +I#�G 1:Ayres et al. 

(1997) 1<  +�:#� 
` �< 1��8�- %k!�,! U� 
#� 0
��< 	�� 1�5%3 ( ���^ �>��I#� 4�
 %< 	�� *�G

178  %k!�,!)176 1< 	
#�-����
 %k!�,!  U� 	#%�-
 %k!�,!STS (�!�#� 
�,! +-������# T<�7 +/@�� D .

�����%: 4�
 %< T@�� D 4�-%k!�,! >�#  4�-

H �#�OG � � ��#� 
#%7 g/�?�  4�
 %< �-

������%:  �# g/�?� 4�-4  �G26 ��< [��&�� ��0 .
�OG �# �O< ��G�!` >�144  o�:%G�! >�i ) 1<�,� �!�<

 *�O! �I#�A  +���- �I#� 1<�,� �!�< �B  4#%<
�� 1�5%3 %_! 
� �-%k!�,! +���G( 4�: 
���H �# �

 �%&G *8�! 4#%< %��@�#1  1<1  � �� 	��&��#6  �G
                                                                     
10. Simple Tagged Site  
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 *��O8G *8�! >�# �# 	
#�-����
 4�-%k!�,! �#
+�! @ �I 1,X! 1�FG 
� >�#%<� < ��!�%: � 4`�

1��2GQTL 
1  �#171 �� 	��&��# %k!�,! .v�%G�� �# 
v�%G�� 	�#�  4`�@ �I 1,X! 1�FG *F9 +Y�G�!` 4�-

�%! �# 	��&��# �< �-%k!�,!  4�-
#�5#
Mapmaker/EXP 3.0 (Lincoln et al. 1992).  

QTLIciMapping �(Wang. 2009; Li et al. 

2008) �� 	��&��# . �< 4`�@ �I 1,X!LOD  ���O�
3 +k����� 1/'�5 %{:#�^ �cM 40  +8�#��: e<�G �

�� S��%G .1��2G *F9  T�87 �# 4
��H 4�-
 �# 	%�j � v!��
#� 1��2G �[�&' >�< +k��8�-

�%!  
#�5#SAS ver.9.0 �� 	��&��# . 1��2G 4#%<
QTL �%! �#  
#�5#QTLIciMapping�(Wang. 

2009; Li et al. 2008) �# 
� 1: ��� 	��&��# >
�%!  1��2G J�
 �# 
#�5#QTL +� 	��&��# ��� .

1,X! 1/'�5 +<�� %�3#%5 o:%� 4#ICIM 
2  *F9

*0%� \����� ��!` 5/0 +�!�� 
�3
�� 
� %_! 
1�5%3 �� � 4#%< �
�H%< 
#�X� LOD �1!���H 

Permutation 1000  ���O� �&IH 
#�X� �<05/0 
)05/0=Type I Error (4#%< %- *&' >��OG ���%3 
� �%! 
#�5# 4#%< %- *&' 
#�X� +!#%)< )1!���H (

LOD #
 >��OG �%:.  
  

D2� � C/���  


-��	�� \��+% 
V�'"�� ���  

 >�< [�&' 1�/: v!��
#� 1��2G �# T'�^ f���!
+ O� �R�;# 1: �#� 
�,! �-�-�� c�/< >�< 4
#�  �-

 �-
���G >�< �R�;# 1: � D %- *�#�! ��9� ) ��7
#
#
 >��I#� 1: �-�� +� T��� ��! �!�� ( 1�- 4#%<

+ O� +�
%< �
�� [�&'  ��< 
#�)	�#�  	�#� 
�,! �-
�!�,! .(	�#� p�)bG 1< 4���! >�#%<� <  1< w�<%� 4�-

                                                                     
1. Quantitative Trait Loci  

2. Inclusive Composite Interval Mapping 

>�i ��8! o�:%G�! 4�- . �-�� ��7
# >�k!��� 1���X�
+� T��� ��! #
 >��I#� 1:  ��2!# +:�G 
���H �< �!��

+ O� �R�;# �# +:�^ 1: �� < 
#� 
� >��I#� >�
��< +�
%< �
�� [�&' +���G . >�k!��� 1���X� >�#

 ���9 
� >��I#� >�k!��� 4#%< aX51  	�#� 
�,!
*�# 	�� . 4#%< 1: *�# %:} 1< ��i >� l�-

	�#� 1< %�,�< 
� ��Q#  [�&' �# �#�: %- +Y�G� 5 4�-
 �# �#�: %- 
� [%: %- T;#� �# 1!��! 1� 4�
 %<

>�i 	�#�!# �- %�3 
� 
#%@G 1� >�k!��� �# � �� 4
 1��2GQTL �� 	��&��# .  

 
��O� �#%)!# 	#%�- 1< >��I#� >�k!��� 1���X�

H >�i >�k!��� ��- 1< o�:%G�! 4�-  �#%)!# 	#%�-

 ���9 
� +�
%< �
�� [�&' 	���)� � 
��O�1 
*�# 	�� 	�#� 
�,! .
��-  ��! ���9 
� 1: 
�Q

+� 	�-�,� [�&' +���G 
� ���  �� +�
%< �
��
+ O� �R�;# %k��@� �< �I#� �!
#� 4
#� . >�#%<� <

h�?�!# *�O�9 
�@� 4#%< 	�� 
` +<��  w�<%� 4�-
+� o�� � +�
%< �
�� [�&' 1< ���< . >�k!���

1< *�# +���- �# %Gi�< *�O! 
� [�&' o/j#  �9
 � +3� 8�D �#�7 �+3� 8�D +k�?�
�%5 [�&'

 1: +3� 8�D [
#%^ 19
� 
� [�&' >�# >�k!���
+� *�O! �# %Gi�< +���- S7
 ���<.  f���! �< >�# 1�8I#

Allahgholipour et al. (2010)  [#%��CG �!�
 1:
1< 1���,! +3� 8�D [��'�b;  ��/��H 
#��� 	#%�-

+ �Gi` [
#%^ 19
� �  � +/)� ��7
# 
� #
 
��
�R'# 	�#� 
#%7 +�
%< �
�� 	�� �
#� *X<�r� �!# .

i>� \��; o�:%G�! 4�-  T'�5�^ + �k!��� 1�?��H
 
�,! +�
%< �
�� [�&' +���G 
� �I#� �� >�<

�!�#� .	���)� 1< +-�k! �<   *�O�9 
� [�&'
>�i +� 	�-�,� o�:%G�! 4�-  1�- 
� 1: ���

>�i �# +;%< [�&'  %�,�< J�
# >��I#� 1< *8�! �-
 1: � ��#� 4%��: ��%k!��<  U�@&G ��9�  

2��+� [�&' 1�- 4#%< ��� ���< . [#%��CG 1 �#�
>�i *�O�9 
� [�&'  �# 
�,! o�:%G�! 4�-
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���%! � [�&' >�# 1����� [#%��CG  e���G 
��<

H +!#�#%5 
�,! >�# 1: *�#� �-  \�< *I�;� 	� -�

�%� : 
� 
` U� �# +�: � [�&' >�#  >�# 
��<
*X<�r� +/87 [��
#�3 o/j# �< >�# 1: �
#� [�&' 

 �
#�(Sabouri, 2009; Sabouri et al. 2012; 

Liu et al. 2011) . ��! +:�!# [��
#�3 1: � D %-
+&�: %< 
#%'#  � ��/��H 
#��� T{� [�&' +;%< 
��<

+ �Gi` [
#%^ 19
�  �!
#� 
��(Tan et al. 

1999).  
 
� +�
%< �
�� [�&' >�< +k��8�- o�%(

 ���92 *�# 	�� 	�#� 
�,! .
��-  
�Q 
� 1:
+� 	�-�,� ���9  �< ��/��H 
#��� *&' >�< ���

1< 1���,! +3� 8�D 1< w�<%� [�&' +���G  �9
+ O� +k��8�- +��F! +3� 8�D  1: �
#� ��9� 4
#�

 [
#%^ 19
� �< ��/��H 
#��� >�< +k��8�- >�# 1�8I#
+ �Gi`  �+3� 8�D T7#�^ �+3� 8�D %{:#�^ �
��

{:#�^ 
��� [�� �+3� 8�D �#�7 � +3� 8�D %
+ O� � *8{� +3� 8�D 4�%��  [�&' �< +I� 
#�

 +3� 8�D [
#%^ 19
� � +3� 8�D +k�?�
�%5
*�# +& � .+ �Gi` [
#%^ 19
�  +���G �< 
��

1< 1���,! +3� 8�D [��'�b;  T7#�^ �9
+ O� +k��8�- �+3� 8�D  +k��8�- >�# ��
#� 4
#�

 �< [�&'  [��  
���   �  19
�  [
#%^  
���
 1<  
  

 %{:#�^ [�&' �< � *8{� +3� 8�D %{:#�^
 �+��F! +3� 8�D �+3� 8�D +k�?�
�%5 �+3� 8�D
*�# +& � +3� 8�D 4�%�� � +3� 8�D �#�7 .

 �+3� 8�D T7#�^ �< +3� 8�D %{:#�^ +k��8�-
 � *8{� +��F! +3� 8�D � +3� 8�D +k�?�
�%5

+ O� + O� � +& � +3� 8�D [
#%^ 19
� �< � 
#�  
#�
 +3� 8�D %{:#�^ 
��� [�� �+3� 8�D �#�7 �< +I�

+ O�%�j +3� 8�D 4�%�� � *�# 
#� .  
 � +3� 8�D +k�?�
�%5 �< +3� 8�D T7#�^

+ O� � +& � 1r<#
 +3� 8�D [
#%^ 19
�  +I� 
#�
 +3� 8�D %{:#�^ 
��� [�� � +��F! +3� 8�D �<

+ O� � *8{� 1r<#
  T7#�^ 1r<#
 ��# �
#� 
#�
 8�D +3� 8�D 4�%�� � +3� 8�D �#�7 �< +3�
+ O� *��! 
#�.  

 � 
��� [�� *&' 1� �< +3� 8�D +k�?�
�%5
 +3� 8�D 4�%�� � +3� 8�D [
#%^ 19
�

+ O� � +& � +k��8�-  +3� 8�D �#�7 �< +I� 
#�
+ O� � *8{� +k��8�- �
#� 
#� . �< +��F! +3� 8�D

+ O� � *8{� +k��8�- +3� 8�D 4�%�� � �#�7  
#�
 +3� 8�D [
#%^ 19
� � 
��� [�� �< +I�

+ O� � +& � +k��8�- �
#� 
#� .�< +3� 8�D �#�7 
 [��  
���  %{:#�^ +3� 8�D  +k��8�-  +& �  �  

 ���91- >�i *�O�9 � >��I#� 
� f!%< 1!#� c#
�; � *?� *�&�: [�&' 1< w�<%� %���X� \��; o�:%G�! 4�- 1�?��H  

[�&' 
 >��I#�) >�k!���± 
��O� �#%)!#(  >�i *�O�9  4�-\��; o�:%G�! 1�?��H 

+���- *�O!  >�k!���± 
��O� �#%)!#  	���)� 

��/��H 
#��� )�'
� 1<( 20.33±0.62 C 27.37 ± 0.60 A  23.98 ± 2.18 17 – 28.7 

>�Gi` [
#%^ 19
� 
�� 4.43 ± 0.17 C 7 ± 0 A   6.12 ± 0.99 3.2 – 7 

 +3� 8�D %{:#�^) o�^ %< +3� 8�D �^#�RVU(  275.4 ± 4.9 C 332.1 ± 7.6 A  277.8 ± 47.1 131.3 – 361.3 

 +3� 8�D T7#�^) +3� 8�D �^#� o�^ %<RVU( 193.1 ± 6.7 C 301.9 ± 6.2 A  237.7 ± 46.4 110.6 – 328.8 

 +3� 8�D +k�?�
�%5) +3� 8�D �^#� o�^%<RVU(  82.3 ± 2.7 A 30.2 ± 4.4 C  40.1 ± 21.9 9 – 103.3 

 +��F! +3� 8�D) +3� 8�D �^#� o�^ %<RVU( 325.8 ± 5.1 C 428.9 ± 10.3A  362.8 ± 63.6 180.1 – 491.2 

 +3� 8�D �#�7) +3� 8�D �^#� o�^ %<RVU( 132.7 ± 4.4 A 126.9 ± 4.2 B  124.8 ± 46.8 21 – 271.8 

 +3� 8�D 4�%��) +3� 8�D �^#� o�^ %<RVU( 50.3 ± 3.5 C 102.8 ± 6.9 A  84.9 ± 45.7 -17.1 to 214 

 +3� 8�D %{:#�^ 
��� [��)1X�7� o�^%<( 6.02 ± 0.13 B 6.26 ± 0.16 A  6.53 ± 0.36 5.63 -7 

 +3� 8�D [
#%^ 19
�)+�!�� 19
� �#%3 ( 83.1 ± 2.7 A 76.4 ± 1.7 C  82.62 ± 4.8 69 – 93.2 
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>�k!��� + O� �R�;# S- �< [��&�� ��%^ 4#
#� 4�-  
#� ����^# pr� 
�5 �!
#� +:�G 
���H �< �'
�.  
  

  
  

  

  
  

  

  
  

  
  

  

  
  

+ O� � *8{� +k��8�- +3� 8�D 4�%�� �<  
#�
�
#� . [
#%^ 19
� �< +3� 8�D %{:#�^ 
��� [��

 +3� 8�D 4�%�� �< � *8{� +k��8�- +3� 8�D
+ O� � +& � +k��8�-  >�< +k��8�- ��
#� 
#�

 � *8{� +3� 8�D 4�%�� � +3� 8�D [
#%^ 19
�
+ O� ��< 
#� . [�&' >�< +k��8�- 1< w�<%� f���!

� %< 1: + �XX)� %��� f���! �< *?� *�&�: 1< w�<%

*�O�9 4�
  4�-RILs 	�%: 
�:  >�< a<#�
 4#%< �!#
 a<#�
 4#%< � 
��@� +�
%< �
�� [�&' �# +;%<

+� [��&�� [�&' �# 4%k�� �#�OG >�<  ���<(Wang 

et al. 2007; Zhang et al. 2008) . M�(�� >�#
[��&�� 1< 19�G �< *�O�9 
��<  �-	�#�!# �  >�# 4%�3

 � ���O� 4%�# [��&�� +�#�- � hH a�#%� 
� [�&'
*�# +F��<.  

  
 ���92- f!%< 1!#� c#
�; � *?� *�&�: 1< w�<%� [�&' >�< 
��%�� +k��8�- o�%(  

[�&' 
 
#���
��/��H 

 19
�  
 [
#%^

+ �Gi` 
�� 

 %{:# �^
+3� 8�D 

 T7#�^
+3� 8�D 

 +k�?�
�%5
+3� 8�D 

 +3� 8�D
+��F! 

 �#�7
+3� 8�D 

 
��� [��  
 %{:#�^
+3� 8�D 

 19
�  
 [
#%^
+3� 8�D 

 [
#%^ 19
�
>�Gi` 
�� 

0.33
** 

        

+3� 8�D %{:#�^ 0.21
** 

-0.17
* 

       
+3� 8�D T7#�^ 0.41

** 
0.04

ns 
0.88

** 

      
+3� 8�D +k�?�
�%5 -0.40

** 
-0.44

** 
0.24

** 
-0.25

** 

     
+��F! +3� 8�D 0.02

ns 
-0.25

** 
0.71

** 
0.69

** 
0.02

ns
 

    
+3� 8�D �#�7 0.43

** 
-0.39

** 
0.09

ns
 -0.04

ns
 0.28

** 
0.68

** 

   
 %{:#�^ 
��� [��

+3� 8�D 
0.31

** 
0.50

** 
0.06

ns
 0.34

** 
-0.57

** 
-0.12

ns
 -0.52

** 

  

+3� 8�D [
#%^ 19
� -0.17
* 

0.28
** 

-0.43
** 

-0.27
**

 -0.31
** 

-0.18
*

 0.03
ns 

0.43
** 

 
+3� 8�D 4�%�� 0.24

** 
-0.18

*
 -0.03

ns
 0.08

ns
 -0.22

** 
0.69

** 
0.87

** 
-0.24

* 
0.18

* 

ns �* �** :+ O� + O� ��'
� U� pr� 
� 
#�  pr� 
� 
#�5 %+ O� %�j � 
#�.  

  
���� 
 
V�'"%6 \��+%  
-��QTLs 

 �# 	��&��# �< *�G �# T'�^ +Y�G�!` v�%G��
171 >�i 4�
 %< %k!�,!  1,X! �o�:%G�! 4�-

���%3 S��%G �-%k!�,! >�# 4`�@ �I . 1,X! >�#
 ���^ 4`�@ �I1590 +�!��  #
 f!%< ��!` �# 
�3
��

 >�k!��� �<3/9 +�!��  %k!�,! *&9 %- >�< 
�3
��
 �#� \���) T@�1 .( 4�
 %k!�,! �#�OG >�%�,�<

������%: 4�-1  �6  4�
 %k!�,! �#�OG >�%��: �
�����%:  4�-4  �12 ��< . 4�
 %< �-%k!�,! 
�@�

1W#
# 1,X! �< +8�� � x��8�! P<�rG 4`�@ �I 1,X!  	��
 a��GMcCouch et al. (2002)  �Temnykh 

et al. (2000) *�#� . 1: *�# %:} 1< ��i 1�8I#

	��&��# 4�-%k!�,! N��# %< P�X)G >�# 
� 	�� 
�!��< 	�� h�?�!# 1,X! �� >��- .  

 1��2G �<QTL  M��2� 
� *?� *�&�: [�&'
 �#�OG23  4#%< +!` 	�k��910  %< +�
%< �
�� *&'

������%: 4�
  4�-1 �2 �5 �6 �9  �11  +���� �
 ���%3) ���93  T@� �1 .( ��/��H 
#��� *&' 4#%<

 ��QTL �����%: 4�
  4�-5  �6 ���%3 +���� � .
QTL �
 	
��� �����%: 46 1<  ��!qAC6  1�9�G �<

2/13 1< *8�! +Y�G� 5 v!��
#� �# �'
�QTL 
+���� �  �����%: 4�
 	��5  1:7/7  �# �'
�

+� 1�9�G #
 +Y�G� 5 v!��
#�  4%�,�< %m# 4#
#� �%:
��< . �� %-QTL  � ��#� +�8{� +,�#�5# %m#) ���9
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3  T@� �1 .(QTL  ������%: 4�
 %m# V
�<6 < >�
 %k!�,! ��RM589-RM190  >�# 1: *�#� 
#%7

 +�:#� 
` 
�@� 1�^�!Wx +� ���< . >�< 1: #%D
 %k!�,!RM190  +!` 	�k��9 �WX  +k��8�-

 �
#� ��9� +�i�<(Ayres et al. 1997) . 
�
��2!# [�X�X)G �# 4
���<  *&' ��b; 
� 	��

�R0# ��/��H 
#���  1�^�! a��G *&' >�# 1: 	��
+� �%� : +�:#� 
`  ���(Tan et al. 1999; 

Aluko et al. 2004) . a��G 1: +X�X)G 
� +�^
Sabouri et al. (2012)  *�O�9 U� 4�
 %<F2 

	�� ��2!# o�%j 
� ��
��Y� S7
 +7RG �# T'�^ 
 U� ��<QTL  %k!�,! �� >�< x�X�7�RM589-

RM190  � +���� � ��/��H 
#��� *&' 4#%<
��< 	�� +5%O� . >�XX)� �# %k�� +;%< 1: � D %-

 %�_!Sabouri (2009)  �Liu et al. (2011)  ��-
QTL  ������%: 4�
6  ��/��H 
#��� *&' 4#%<

 [%��C� P�X)G >�# f���! �< 1: �!�%@! +���� �
*�#�. QTL +���� � %m# UD�:  4�
 %< 	��

 �����%:5  J
#�3 P�X)G >�# 
� 
�< >�I�# 4#%<
 4#%< ������%: >�# 4�
 +/87 [�X�X)G 
� � 	��

 ��/��H 
#��� *&'QTL *�# 	�,! J
#�3 . >��I#�
	��&��#  i�< ��/��H 4#
#� +@� P�X)G >�# 
� 	��

) �< *�O!27 %��/��H (�� ��/��H 4#
#� 4%k�� � a��
) +���-20 %��/��H ( �!��<) ���91 (1< ��  
� +G
�80

+/�; ��/��H �^ �� +/�; ��/��H � i�<  >�W��) ��7
# � !��
+�:#� ( +/�I� ���� M�(�� >�# 1: � ��#�! 
#%7

��0 4#%<  +���� �QTL V
�< [#%m# �< +��- ���< %G .
+ �Gi` [
#%^ 19
� *&' 4#%<  U� 
��QTL 

: 4�
 %m# V
�< ������%6  %k!�,! �� >�<
RM4128-RM402  1: �� +���� �1/65 %

+� 1�9�G #
 *&' >�# +Y�G� 5 v!��
#�  4#
#� � �%:
��< *8{� \�#�5# %m# . ������%: �# 1�^�! >�#6  
�

 >�I�@IH 
` T)� e7#�Alk +�  ���<) M�(�� >�# 1:
 4`�@ �I 1,X! �< 4`�@ �I 1,X! >�# 1���X� �<

Temnykh et al. (2000) *�# [�8m# T<�7 ��! .(
 +@��!` �%� : ��b; 
� +/87 [��
#�3 o/j# 
�

1< >�I�@IH +!` 	�k��9 \X! 1< ��! *&' >�#  
#� 0
 [
#%^ 19
� �%� : 
� +/'# +������%: 1�^�!


H o/j# � *�# 	�� 	
��# + �Gi`  U� T7#�^ �-
QTL  V
�<  1�^�!   >�#   
�  *&'  >�#  4#%<  %m#  

  
 ���93- QTL+���� � 4�-  *�O�9 
� f!%< c#
�; � *?� *�&�: [�&' 4#%< 	��RILs 

[�&'  QTL ������%: %k!�,! LOD H1!���  LOD +,�#�5# %m# v!��
#� �'
� 

��/��H 
#��� qAC6
 

6 RM589-RM190 2.80 4.37 0.79 13.21 

 qAC5  5 RM6645-RM163  2.85 0.89 7.69 
>�Gi` [
#%^ 19
� 
�� qGT6

 
6 RM4128-RM402 3.08 27.27 0.79 65.12 

 +3� 8�D %{:#�^ qPKV6a
 

6 RM586-RM589 3.03 12.96 27.44 33.64 

 qPKV6b
 

6 RM402-RM6836  5.31 -17.54 14.0 
 qPKV5 5 RM6645-RM163  3.73 -16.86 12.74 

 +3� 8�D T7#�^ qMV6a 6 RM589-RM190 2.82 18.9 33.46 52.12 

 qMV6b 6 RM402-RM6836  3.29 -12.10 6.85 
 qMV9 9 RM219-RM257  2.89 10.73 5.86 

+��F! +3� 8�D qFV6a
 

6 RM190-W2R 2.94 4.60 22.01 11.67 

 qFV6b
 

6 RM4128-RM402  8.44 -30.61 22.64 
+3� 8�D +k�?�
�%5 qBDV6

 
6 RM589-RM190 2.78 4.59 -7.8 12.65 

 
qBDV2 2 

RM6023-
RM3355 

 3.23 8.63 10.23 

 qBDV11 11 RM1812-RM286  2.86 7.82 9.85 
 +3� 8�D �#�7 qCSV6

 
6 RM4128-RM402 2.68 6.88 -20.84 19.95 

 qCSV2 2 RM166-RM266  2.89 10.24 9.64 
+3� 8�D 4�%�� qSBV6

 
6 RM4128-RM402 2.98 4.21 -16.36 12.70 

 qSBV11 11 RM286-RM181  3.45 13.86 10.87 
+3� 8�D %{:#�^ 
��� [�� qPeT6a 6 RM190-W2R 2.74 5.97 0.12 11.94 

 qPeT6b
 

6 RM276-RM2615  8.65 0.16 19.34 
 qPeT1 1 RM8235-RM486  2.83 -0.08 5.41 
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 qPeT2 
+3� 8�D [
#%^ 19
� qPaT6

 

  

  4��80
#
�@�- �: 
�@�
` +<���%� : +�: 4�-?� *�&�: 	�  :

2 RM213-RM1358  3.33 - 

6 RM253-RM276 2.93 5.36 1.9 

  

 

 

-0.10 8.05 

1.94 17.36 
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T@�1 - ������%: 4�
 	
#�-����
 4�-%k!�,! 4`�@ �I 1,X! 1< f!%< 4�-  	#%�-QTL +���� � 4�- +�
%< �
�� [�&' 4#%< 	��  
  

  

  
  

  

  
  

  
  

  

  

	�%: J
#�3 +������%:  �!#(He et al. 1999; 

Umemoto et al. 2002; Wang et al. 2007;. 
Sabouri et al. 2012) P�X)G f���! �< P8r � 1: �

+� %(�^ ���< . ��- +/87 [�X�X)G �# +;%< 
� 1�8I#
QTL + �Gi` [
#%^ 19
� *&' 4#%<  4�
 
��

 ������%:6  *�# 	�,! J
#�3(Sabouri. 2009) �
�
#� [%��C� P�X)G >�# f���! �< 1:.  

 �� +3� 8�D %{:#�^ *&' 4#%<QTL  4�

 ������%:6  U� �QTL  ������%: 4�
5  +���� �

 M��2� 
� 1: ���%34/60  +Y�G� 5 v!��
#� �# �'
�
+� 1�9�G #
 � : . �� �#QTL +���� �  4�
 	��

 ������%:61< +@� �  ��!qPKV6a  +,�#�5# %m# �<
 %k!�,! �� >�< *8{�RM586-RM589  *�#� 
#%7

 � 1�9�G �<6/33 % ��< %m# V
�< +Y�G� 5 v!��
#�
) ���93  T@� �1 .(
��-  T@� 
� 1: 
�Q1  ��!

+� 	�-�,�  
` 	�k��9 1< U���! 1�^�! >�# ���
+� +�:#� ���< .
�,! 1:  +!` 	�k��9 >�# %�m�G 	� -�

+� +3� 8�D %{:#�^ *&' 4�
 %< ���< . >�# f���!
3� 8�D %{:#�^ *&' ��b; 
� P�X)G f���! �< +

 [�X�X)GBao et al. (2002)  �Liu et al. 
(2011)  U� 1:QTL  ������%: 4�
 %<6  4#%<

 f���! �< +I� *�#� *X<�r� �!�%: +5%O� *&' >�#
 1: >�XX)� �# %k�� +;%<QTL  %{:#�^ *&' 4#%<

 ������%: 4�
 +3� 8�D6  ��!�%@! +���� �
 *�#� [%��C�(Bao et al. 2003; Wang et al. 

2007; Zhang et al. 2008) .QTL UD�:  %m#
+���� �  ������%: 4�
 	��5  �F G7/12 % v!��
#�

+� 1�9�G #
 *&' +Y�G� 5 �%: . ��! +/87 [��
#�3 
�
 U�QTL UD�:  ������%: 4�
 %m#5  �%� : 4#%<

 ��< 	�� J
#�3 +3� 8�D %{:#�^ *&'(Liu et 

al. 2011; Wang et al. 2007) .  

�#�OG  1�QTL ������%: 4�
  4�-6 )�G �� ( �
9 �� +���� � +3� 8�D T7#�^ *&' 4#%< . �� �#

QTL  ������%: 4�
6 1< +@�  ��!qMV6a  �<
 1�9�G52 %V
�< +Y�G� 5 v!��
#�  %m# 4#
#� � %m#

1< 4%k�� � *8{� +,�#�5#  ��!qMV6b  1�9�G �<
8/6 %UD�: +Y�G� 5 v!��
#�  %m# 4#
#� � %m#

�#�5#��< +& � +, .QTL V
�<  
` 1�^�! 
� %m#
*�#� 
#%7 +�:#� . � !�� S- *&' >�# >�#%<� <

*�# +�:#� 
` %�m�G *)G +3� 8�D %{:#�^ *&' .
 1< ��! *&' >�# �
�� 
� +/87 [�X�X)G o/j# 
�

 *�# 	�� 
�0}# +�:#� 
` a��G 
H �%� :(Bao 

et al. 2003; Wang et al. 2007; Zhang et. 
al. 2008) .QTL UD�:  ������%: 4�
 %m#9  1:

 �F G9/5 %+� 1�9�G #
 +Y�G� 5 v!��
#�  ��! �%:
 4�
 +G��&�� +!` 
�@� 
� ��# >�XX)� %��� a��G

 ������%:9  *�# 	�� J
#�3 � +���� �(Liu et 

al. 2011) . �� +��F! +3� 8�D *&' 4#%<QTL 
 ������%: 4�
6 1<  4�- ��!qFV6a  �qFV6b 

1<  +�:#� 
` 1�^�! 
� o�G%G) %k!�,! �� >�<
RM190-W2R ( 1�9�G �<7/11 % +Y�G� 5 v!��
#�

 >�I�@IH 
` 1�^�! 
� �) %k!�,! �� >�<RM4128-

RM402 ( 1�9�G �<6/22 % +Y�G� 5 v!��
#�
 � *8{� +,�#�5# %m# 4#
#� +I�# 1: �!�� +���� �

��< +& � +,�#�5# %m# 4#
#� +��� .1< >�# +G
�80 
 
#%7 >�I�@IH � +�:#� 
` �� %- %�m�G *)G *&'
 *&' >�# 4�
 %< >�I�@IH 
` %�m�G 1�8I# 1: �
#�

1< +� +�:#� 
` �# %�,�< oG#%�  M�(�� >�# 1: ���<
+� ��W�G �
�� ��! +/87 [�OI�r� f���! a��G  ���<
(Wang et al. 2007; Zhang et al. 2008) .  

 1: +3� 8�D +k�?�
�%5 *&' 4#%< [��&G �#
1< +3� 8�D %{:#�^ � T7#�^ +� *��  1� �#�OG ��H
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QTL ������%: 4�
  4�-6 �2  �11 1<  �< o�G%G
 1�9�G7/12 �2/10  �8/9  +Y�G� 5 v!��
#� �# �'
�

���%3 +���� � .QTL  ������%: 4�
6  
�@� 
�
��< +& � +,�#�5# %m# 4#
#� � *�#� 
#%7 +�:#� 
` .

 1/�9 �# >�XX)� �# +;%<Bao et al. (1999)  �
Wang et al. (2007)  U� ��!QTL V
�<  %m#

 �!�%: J
#�3 +�:#� 
` 
�@� 
� *&' >�# 4#%<
 ��- >�XX)� �# %k�� +;%< ��#QTL  4�


 ������%:6  �!�%@! +���� � *&' >�# 4#%<(Bao 

et al. 2002; Liu et al. 2011) .QTL UD�:  %m#
+���� �  ������%: 4�
 	��2  ��! +/87 [�OI�r� 
�

 ��< 	�� J
#�3(Liu et al. 2011)  +I�QTL 
UD�: +���� � %m#  �����%: 4�
 	��11  >�I�# 4#%<

+� J
#�3 � +���� � P�X)G >�# 
� 
�< ��� . *&'
 � +��F! +3� 8�D [��&G �# 1: +3� 8�D �#�7

+� T'�^ +3� 8�D T7#�^  	�k��9 �� a��G ���
+!`  ������%: 4�
 +@� +�:6  %k!�,! �� >�<

RM4128-RM402  1�9�G �< >�I�@IH 
` U���!
20 % � +& � +,�#�5# %m# � +Y�G� 5 v!��
#� �#

 ������%: 4�
 4%k��2  1�9�G �<6/9 % v!��
#� �#
+� �%� : P�X)G >�# 
� +Y�G� 5 ��� . [�X�X)G 
�

 +/87QTLUD�: 4�- %< >�I�@IH 
` 1�^�! 
� %m# 4#
 *�# 	�� J
#�3 *&' >�#(Bao et al. 2002; 

Wang et al. 2007)  P�X)G >�# f���! �< 1:
*�#� *X<�r� . 1�8I#Wang et al. (2007)  U�

QTL V
�<  
` 1�^�! 
� *&' >�# 4#%< ��! %m#
 P�X)G >�# 
� 1: �!�%: J
#�3 +�:#�QTL  
�

�,! #��� �` �#�7 *&' 4#%< +�:#� 
` 1�^�! .
QTL � �+���  ������%: 4�
 	��2  [�X�X)G 
�

 ��< 	�� J
#�3 ��! +/87(Liu et al. 2011) .
 � +3� 8�D �#�7 *&' �� � !��- +3� 8�D 4�%��
 �# 1��!�m [�&' |�9 +3� 8�D +k�?�
�%5
 >�< �R�;# �# 1: *�# +3� 8�D [��'�b;

+� T'�^ +3� 8�D %{:#�^ � +��F! +3� 8�D ��� .

� ��! *&' >�# 4#%< �QTL  �����%: 4�
 +@�6 
 %k!�,! �� >�<RM4128-RM402  
` U���!
 1�9�G �< >�I�@IH7/12 % %m# � +Y�G� 5 v!��
#� �#

 ������%: 4�
 4%k�� � +& � +,�#�5#11  1�9�G �<
9/10 % *8{� +,�#�5# %m# �< +I� +Y�G� 5 v!��
#� �#

 ���%3 +���� �)���93 T@� �1 .(QTL 
+���� � �# 4#%< 	�� ������%: 4�
 *&' >6 1<  ��!
qSBV6  �<QTL  U� 
� +��F! +3� 8�D 1< w�<%�

 >�# ��b^ 1< 19�G �< 1: *�# 1�5%3 
#%7 
�@�
��8! 
�_�!# �# 
�� +��F! +3� 8�D �# *&' . 
�

 [�X�X)GBao et al. )2002 ( �Wang et al. 
)2007 ( U� ��!QTL  4#%< >�I�@IH 
` 
�@� 
�

 P�X)G >�# f���! �< 1: ��< 	�� J
#�3 *&' >�#
*�#� *X<�r� .QTL UD�: +���� � %m#  4�
 	��

 ������%:11  +���� � P�X)G >�# 
� 
�< >�I�# 4#%<
�� . 
�FD a��G +3� 8�D %{:#�^ �G 
��� [��

QTL �����%: 4�
 4�-1 �2 �6 )�G�� ( 
� 1:
 M��2�7/44 %�
#�+� 1�9�G #
 +Y�G� 5 v!�  �!�%:

+� �%� : ��� . �� �#QTL +���� �  4�
 	��
 ������%:61< +@� �  ��!qPeT6a  
` T)� 
�

 1�9�G �< +�:#�9/11 % 4%k�� � +Y�G� 5 v!��
#�
 %k!�,! �� >�<RM276-RM2615  4���^ �G �

 1�9�G �< >�I�@IH 
` 1< U���!3/19 % v!��
#�
 � ��#� 
#%7 +Y�G� 5 *8{� +,�#�5# %m# 4#
#� ��%- �

�!��< . f���! �< 1:Wang et al. (2007)  U� 1:
QTL V
�<  %k!�,! 1< U���! %m#RM276  4#%<

*�#� *X<�r� �!��< 	�%: J
#�3 *&' >�# .
 >� l�-Zhang et al. (2008)  U� ��!QTL 

 ������%: 4�
6 �!�%: J
#�3 *&' >�# 4#%< .
QTL +���� � ���%: 4�
 	�� ���2  f���! �< ��!

Zhang et al. (2008) *�#� *X<�r� . +I�QTL 
+���� �  ������%: 4�
 	��1  >�# 
� 
�< >�I�# 4#%<

�� J
#�3 � +���� � P�X)G . 19
� *&' 4#%<
 U� �F G +3� 8�D [
#%^QTL  ������%: 4�
6 
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1<  ��!qPaT6  %k!�,! �� >�<RM253-RM276 
 1�9�G�<4/17 % 5 v!��
#� �# *&' >�# +Y�G�

 f���! �< 1: ���%3 +���� �Wang et al. (2007) 
 U� 1:QTL V
�<  %k!�,! 1< U���! %m#RM276 

*�#� *X<�r� �!��< 	�%: J
#�3 *&' >�# 4#%<.  
 �#�OG5  ������%: �� 4�
 +!` %��R:5 ) U�

+!` %��R: ( �6 )4 +!` %��R: (�� +���� � .
 ������%: 4�
 +!` 4�-%��R:6  
�@� �� 
� ��

 >�# 1< U���! �� � � ��#� 
#%7 >�I�@IH � +�:#� +!`
 �!��< +!` 
�@� ��) T@�1 .( 
� e7#� +!` %��R:

 T��� +�:#� 
` 
�@�QTL [�&' 1< w�<%� 4�-
 +k�?�
�%5 � +3� 8�D T7#�^ ���/��H 
#���
 +k��8�- 4#
#� *&' 1� >�# 1: ��< +3� 8�D

 �!��< ��! +�i�<) ���92 ( 4i�< +k��8�- >�# �
1< ���� [�&' >�# >�<  >�# +@��!` �%� : T�I�

���< c%�,� +!` 	�k��9 U� a��G [�&' . %��R:
 T��� >�I�@IH 
` +@���! 
� e7#� +!`QTL 4�-

+ �Gi` [
#%^ 19
� [�&' 1< w�<%�  �
��

��< +3� 8�D 4�%�� � �#�7 �+��F! +3� 8�D . >�<
+ O� +k��8�- ��! [�&' >�# *�#� ��9� 
#� . 1�8I#

 � +�:#� +!` 
�@� �� 
� +!` 4�-%��R: >�#
 a��G >�I�@IHBao et al. (2003) �Wang et al. 

(2007)  �Zhang et al. (2008)  	�� J
#�3 ��!
��< . 
` 
�@� �� 
� +!` 4�-%��R: >�5%3 
#%7


�,! >�I�@IH � +�:#�  �� >�# %m# � *��-# 	� -�
 � *?� *�&�: [�&' +@��!` �%� : 
� +!` 
�@�

+� f!%< 1!#� c#
�;  a��G M�(�� >�# 1: ���<
 *�# 1�5%3 
#%7 ��:�G �
�� +/87 [�X�X)G o/j#
(Wang et al. 2007; Zhang et al. 2008; Li. 

et al. 2012) . � %(�^ P�X)G f���! 19�G �< >�#%<� <
 [�&' +@��!` �%� : �
�� 
� ��9�� [��
#�3 o/j#

+� �f!%< 1!#� c#
�;� *?� *�&�: �< a8G%�  �# 
#�G
 � +�:#� +!` 
�@� �� �< 1��8�- 4�-%k!�,!

1��!%< 
� >�I�@IH  U�: 1< h�?�!# +^R'# 4�-
9 
� %k!�,! � ��7
# c#
�; � *?� *�&�: ��8F< *F

>�i �%: 	��&��# ���9 4�- .  
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