
���� ���	
� � ��� ��������� ������ ��	���   

���� ���  �	�
����� ����  ������ � 1390 )59 -49( 

* ����� � !���": $ 
%� &��'(�)"         E-mail: mohammadinejad@uk.ac.ir  

�������� 
�� QTL ����� ��� ���� ���� �����  
��� ��  (Saltol) !��� �� 

 
�"��# $%�
 ��&�1*% ��#�� (��� )�*�2,�-��./ )��0� ���3��2�� ��3� )�4 )  

��5�� 6���583���# )����9 :�;�6=/ )� �#�#�7  ?�@ :=@���A��8  

1�  ������� 	
��  ����� ���������� ������� ����� �� �� �!"# ��$���� �2 �8� � '���!(()*� +, 
-.�! /��� ��-)IRRI(+!2!(!3 �45!��� 45* � �3 �4�  ������� 	
��  ����� ���������� ������  

��"8�� ,9:�� ��$���� �5� -.� ���!3 ��-!'<=5*5� *5�*5�, �� ���� >?!=5*5���5� ������@�� � 

6�  ������� 	
��  ����� ���������� ������ ���"� �� �# ��$���� �7�  ��5�� /��� ��-!-.� CDEF�
 ���:�GH�  

)���<�� I<�3� :10/9/90- ���<5O� I<P :28/9/90( 

  
CD���  

  
 ,��5��� C!Q�� R<�S T��#�  ,U�E���9�� V�  �� ,E��� +<�

W�9��  /��� �� ��5# C� H).� �����)Saltol(+!� CDEF� �� � ��-!-.� ,(()*�
 /���)IRRI( ��� 45* �"# ��!3 45!(!2! W�E �� +1384  ��1386 �<��X ��Y� .
QTL [�'� �\� �5# C� H).�� (Saltol)  ]^Y �_<�E ]^Y _!`�� �� C�

 �� ��5# C� H).� CU!9� ��  _!E�9? C� _<�E ��D�  _!E�9?Ca �!X C(Q���� 
/��� �� b
� �� H��Q P!���5� ����<� C:��Y �� ���89E� �� ��E� �\F�, 

Pokkali×IR29  c�5��� ��1 �E��#,<  ��Q C� �E� ��#3/64 �� 2/80 
�5�3 T5�� �� ����!2, ��� ��� Y5� d53 ��8�!��� C.  C� �� >? +<� ��

C!Q�� e!b� T��#� �5`�� Saltol  ��10  ���5 ��'<� �$����EST-SSR  �!:)Y 
+<fg�9�D� ��   �='<�BC3F4  ,b
� �� H��QPokkali×IR29  +<� ���� C�

�# ���89E� ��5� ��# ��U<� C!Q�� . C:��Y ,3��O� ���3� �5`�� +<��BC3F4  ��
 ��5# 	5iE12 �16 18 ,E�j!�5�3 �9� �� k�)<�j!�5�=  ,��<  ���# ,��<

 QTL �W�9�  ��5# 	5iE �� ��5# C� H).� ���!!l� �����12  16 
,E� �# �� ��� ��D�< g��<�-� ,���� �� �9� �� k�)<� .�<���� +� � �=,  C�

P!��� 18  24 ����� C!Y5� �� ��5# C� H).� ��!9�� ���!!l� �� ���� . ��
C93�< 4�E� ,*�)9Q� ���� �� >? +<� �� Saltol C(��3 �� C� �� ��Q W5m

2/1 ,9��E�X�5�� � ���  c�5���1  C�-� �� �-��i� 4�E� �� C� �# +!!:�
 ��Q �� ���.� +<� /��� ,�<'!3350 �!� ���5(,  ��$���� C(��3 ��  �#��

RM8094�RM3412  CP6224  ,��#�� .��<��� +!'X P< +<� n)� C� ��
j!�5�= 	
�� �"Y � �$����H).� ���� ,���<� ��  ����� ��5# C�  �<^?

�E� .  
  

�E�?�F   ��=�: Ca �!X C(Q�� ���5# C� H).� �/������ C�-� e!b� ,��<  
                         QTL � Saltol   
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 �#��# 

 56�7�� 89� 89:; 2%; -1�	� ��/�3 (8<+
1

 � -���� 5���1 � *���( 	�8' =%� � >;�"?

 "89@� �A 86 $( B�� -����8C. *6 $	��  ���!1

 -<.D �� E� *F 2�� -����8C 5��1 G��(

 H/�F I1�6 J"86 *+
K �� -1�	� ��/�3 (8<+
1

-� ((83(Szaboles. 1999) .6 �� H800 �+ ��

N�	� �� 	��</- �	��.F$  5<.� �6 ��OK 8��;8� 	(

	��$ )397 �+	��</ �� ( ��+' �Q� 2)434 

�+	��</ �� (� �86�	- !��6 .�� �6 86�86 	� 7� G20 

N�	�  S	(- 56�'  � 2.F50 N�	�  S	(- 6A- 

� ��OK-  ��6(Nakhoda et al. 2012).  T��� 86

 �/(	�A86150 �+N�	� �� 	��</ ��-  2.F  1���

9:; 2%; ��OK 	( J"86	�� 8$  "	�( 	�8' . $	�� *6

 U8V� -���A $�/	�.F 	( &O� 5WB� X� ���!1

2�� .	�Y *6$ � 	( *F� �	�' G5/21 �+ 	��</ ��

9:; 2%;	�� 8$ � �� *F �(�6�� G 	� 712 �+ ��

 � 	�� 	��</5/9 �++' 	��</ ���-� �- !��6 

(Laffite et al. 2006) . �� $	��6 	( -�[

 *6 2Q�+' � $	�� *7V!� G�� $�/	�.F$�%" 

 $�86 -+<.� \	�S *6 *F 2�� *�4�� ]8��3

-+� (�^�'� �/	�.F G�� � � 5� _; 2��.  �	�' 	(

 �G` �a6�� $�	�� $�/	�.F �� E� ��A

����� !/ � ����F��� b�D ]8��3 G�8�.6 $�/

	�� � (	�( (�K� ��8�� 	( -Q�+' . �� �(�c���

 $�/8d"�."�	��/����	 	( -Y ��� $�/*��e3 

*.7" 2OK-6�� QTL�/1  ����84 *K�; (	�� J"86 	(

*�483 	�8' �2� (McCouch et al. 1995) .

]f;*6 $�/3 ��83(�)"/�-  �� �(�c��� �6

�86 -g�<g�� $�/8d"�."$ ��4�� H!; *6 5
%; H

	��$  �� -<� � *�483 (�D *6 $8�.6 h���

248.� -Q���!� *!�� G�� 	( i	�6 $�/  X� *[�"

                                                                     
1. Quantitative Trait Loci (QTLs) 

-������8F i	�6 89� F (�6 �&� � heK &j!; 	( *

�&���� heK  *6 5
%; � &���� *6 &� � 2_�"

*k/�3 *+[8� 	( $	���$ J"86 	(  89@�

2��(Gregorio. 1997)  .��[�" G������8F *- 

=��; Gregorio (1997) 	( 5�" 8F  �� 5S�[

'f;- Pokkali×IR29  l�����8F $�	1 ���!�-� 

 � . G��QTL 89� i	�6  l�" 2%; Em� *FSaltol 

48B�-  �(83  (� [3/64 �; 2/80  o�!; ��  S	(

;�!4m- �86 �	$ K�; p�4 \�cS(8F *.  G�4�� 2OK

*[�" �6 X�(�" -d���� �6 $�/8d"�." Saltol  *F

 	(U8Y $�/ 8d"�." X
F *6 H!��3 (MAS)
2  *6

 $�86 UfS� 	�j!�5
%; 2�� $	�8N $	�� *6. 

Bonilla et al. (2002)  �Niones (2004)  *.7"

 �� �(�c��� �6 �	 l�����8F �� *[�" G��$�/8d"�." 

RFLP
3 � SSLP

4 �� 5S�[ q���K �� �(�c��� �6 

 -'f;Pokkali×IR29 (�
" o�_�� ".  H/�)�

*.7" 	�j!� *6 8N�[a'( -6��8;  *F *[�" G��

G�
V� $�/8d"�." G�4�� 2OK2OK 8;  $�86 UfS�

 � 8d"�." X
F *6 $	�� *6 5
%; G!k
/ 

*!��  ����? -����!������ $�/ 	(  *[�" G��

 � l�,"� �(�6  /��D.   

 

H?� ? ���#�F  

� 	(� �� *Bg�V� G�B
K X'f; 2- �.386- 

)BC3F4 ( 5S�[ $	�� *6 T��[ G�r -'f; ��

IR29  -+%� &'	 �6 � $	�� *6 5
%��Pokkali  ��

*_;8� *� � ����� !/ -�.386 -'f; �6 IR29 

(83 �(�c����  .B
K=��; 	�Fe� 2  Hs6

UfS� \�;�_"� �g�!<;�6 � X�"?? 	( $*��@� 

G6  Gm+4 	( J"86 \�77%; -++
g�g�;(�6 � �   .

Y- g�; 5[�8��  �B
K G=��; 2Gregorio  

                                                                     
2. Marker Assisted Selection 

3. Restriction Fragment Length Polymorphism  
4. Simple Sequence Length Polymorphism 



  $ 
%� (�)"��	�<
/ �: *.7" a'( -6��QTL �8�!F 89� i	�6� !!F ...  51 

(1997)  *6 5
%; $�86 -m;�!4 H!��3��	 � $

*[�" G���(86 	( $�86 -m;�"? H!��3 Saltol 

2483 \	�S .-m;�"? H!��3 *6  H!��3 \	�S

�" $�868j"(	�� *[1  H!��3 �*!�� -<�"?2 �6 

 �� �(�c���40 8d"�." ��	�	��/�� e� l�,"��248 . 	(

 �6 -m;�!4 H!��3 ��?���� t��_�" *B��K  g�; -Y

-'f; 5�" 8/ u��" -�	86  =��8� 2%; -�.386

 2OK *��D X� 5
1 	( *F  � l�,"� $	��

 -'f; -+S� *��D � � � G.3(�D -m;�!4 -6���	�

 � �(�( -�.386 . -m;�!4 � -m;�"? J���" T��� 86

 �; � *�483 \	�S H!��33 f; 5�" -�.386 -'

24�� *��(� . 2��O" 	( (84 *�BC3F1 $�86 *F 

 $�/8d"�." RM3412 �RM8094 -!48Y 

Saltol  "(�6 \�d���8�/ )BC3F1-11-6-5� 

BC3F1-9-10-9  �BC3F1-9-5-2 ( �� � H!��3

 -!.3(�D�A�/ *� 2B
K  BC3F4  � 5S�[. �� 

 5��4 8/2000  -6���	� (	�� � H!��3 -4(�^; (84

 !�483	�8' -m;�!4 )5<�1 .( -6���	�6000  (84

BC3F4  =��8� 	( 	( hA 	( 2.F �	 X'�;� �6 

 *"���	 $��(34  *"�_� �29 -�"�� *K	( (�83� 

 -_�" 26�Y	70  S	( 2483 \	�S.  $��( ��
1�

$�86 -��O" -6���	� v / �6 r�6  	( 2.F -[��"

 l83 -+[�� � l�,"�.  $	�� *6 5
%; �����

"?>;��/  	(3 $	�� 	�
;  &� � �8+F �6

2�� / $�/  -<�8�<g�12 �16  �18 -�(E!
�� 86 

8�� 248�e� \	�S .G�r $ g�� $�/IR29  �

Pokkali *6 w;8; *6  5
%�� � T��[  /�� ���!1

*6 $	�� *6  u��" ��8
/ !�483	�8' -6���	� (	��. 

6	e�/ �H  ��2.F  \ � *6��	 J!�  $��( 	(50 

-�"�� *K	(	�8' (�83  	e6 -g�
�[� (�F	 �;  !�483

(�� *��<� .Em�  	( �/	e68��$ (��	 H$  eC�F

4�S-  	( h�Y8�*"��K ��d��(  $��( 	( -"�32 

                                                                     
1. Forground selection 

2. Background selection 

-�"�� *K	( (�83 \ � *62  ��	*"��K 	�(� " .  

�/	e6$ *"��K ��	( 	( �(��8c[(�,�� $�/ � �

	( -"�� 2g3 *F 8�� 	( -"�+��" *<_� X�  �A 	�8'

483(�6 *��  " � 2.F . \ � *6  �	 �� E� �/	e63 
 ��	�	$ hA  8V7�*6 -��eC ��+%� ���� 4  ��7�"�

� !�4�  *F �(��4� �6&� � �8+F -<�8�<g� 2�� / 

w�[ 86 ���sg( -�(E!
�� 86  8�� � 5S�[. 

*�� �� ��+%� *6 -��eC  *"���	 	�Y � &j!;�6  

 �� �(�c���NaOH � HCl �	( ���8" XH   �6 86�86

2/5   � *���( ��d" 26�9(Gregorio et al.  

1997).  

>;�"? *_;	 �/)$	�� *6 5
%; ����� (�(  *�c/

 ��  B6	�
; *k/�3�/ �6  2BN� $8/�x -6���	�
� *'�� *k/�3 *.�	 �/  *�4��8y; ]�	 T���86

Gregorio et al. )2002(  � l�,"�.  -6���	� G�� 	(

*k/�3*6 �/ \	�S$(�8c"� -6���	�  " �  (�84� �

 *_;	 5
%�� 	��61  *_;	 T��[ 	��6 (�84� �9 

 !�483.  G6 ��3 2B
K t��_�" �?����(�84� � 2B
K 

�� J�!�BC3F1-11-6-5   �	 T��[ >;�!4 -d
/

�  "(�( ��86  w��!� -m;�"? -6���	� 2OK "(�_" .

(�84� =74 G��86�!6  �( *6 a+B��8d�( 5��4 

)BC3F1-9-10-9   � BC3F1-9-5-2 (�86$  -6���	�
 !�483 	�8' �(�c��� (	�� -m;�"?.  

 u�8s���DNA  *�4�� 8y; ]�	 �6Delaporta 

et al. )1983 (>;�"? � -6��2000 (84  �� -4(�^;

 G64000 (84 >;�!4 � -6��-d
/ *F �  �� J�!�

BC3F1-9   "(�6l�,"� 2483 .86 ��f1  $�/8d"�."

�(�c��� *.7" 	( E"�" =��; � �  *[�" G�� -6��

86fY� T���1�\ �� 5S�[ -g�<g�� *.7" �� 5S�[ 

*.7" J"86 -<��4 -6��(	�� *[�" $�868j" 

)IRGSP, 2005 ( !` $�/8d"�."  G� g�� G6 5<�

  " � h�s�"�) �� K1.(  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

                                                                     
3. Styrofoam 

4. Yoshida 
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 5<�1 - g�; 	�(�
"B
K  � t��_�" 2��86 �?��$ 8x o�_���[�" *.7" z *Saltol  

  
 �� K1- �/8d"�."$ �86 �(�c��� (	��$  o�_���"? *.7"<- Saltol  

Aw71 83��C �+K 83��CA 
 ��Y

	��"  
;��z B'��2 8d"�." 

GGA GGA GGA GAG GAA GAA G TTC TCA TCG CAC CAT CTC TG 375  (AGA)12 11.0 AP3206 

CGC GAC CAG TAC TAC TAC TA AAG TTT GTA CAC ATC GTA TACA 209 (AT)31 11.2 RM8094 

CCC ATG TGC AAT GTG TCT TC AAA GCA GGT TTT CCT CCT CC 211 (CT)17 11.6 RM3412 

TAC TGC TGC TAC CCT TGT TC GTA GCA TGC AAC CGT GGT AG 180 - 12 CP6224 

GTA CGT AAA CGC GGA AGG TG TAG CTC CAA CAG GAT CGA CC 259 (CTT)9 12.2 RM493 

GGC ATG CCG AAT GAA ATG CATG TGC CTC TTC CCT GGC TCC CCTG 263 (CT)12 12.3 RM140 

TCGTCGAGTAGCTTCCCTCTCTACC GACTTGCCAACTCCTTCAATTCG 124 AGAT 12.5 RM10793 

ACAGATGGATATTATAAGAAGTAACA TATATAGTAAATTTGTTTGGTGTAGG 112 AT 12.7 RM8115 

CCA TCA ATC TCA GCC GTC CG CGA GCA GGG CTA CGT GTA  CC 240 - 13.5 CP3970 

GAG GTT ATC AGG TAG AAC GC GCT CTA CAA TGG TTT GTG AG 170 - 13.8 CP10136 

  

*.7" 	�j!� *6 l�,"�8� a'( -6��Saltol�  ��4 

8d"�." EST-SSR �5�� CP10136�CP6224 � 

CP3970  �AP3206  �	��/����	 $�/8d"�." �

 5���RM8115 �RM10793� RM8094� 

RM3412 �RM493 � RM140  *F  � �(�c���

 *+S�4 	(Mb2/11  *+S�4 �;Mb 7/12  �� 6/60 

-�"��   �; ��3	��5/67 -�"��  !���( 	�8' ��3	�� 

)5<�2.(  
  

  

  

  

  

  

  

  

  

  

  



  $ 
%� (�)"��	�<
/ �: *.7" a'( -6��QTL �8�!F 89� i	�6� !!F ...  53 

  

  

  
 5<�2- � *.7"d���- �/8d"�."$ [�"������8F *- Saltol g��; \�1fY� T��� 86- �6�- J"86 l�"?  

  

H����A	( -g�<g�� $�/ ���A� (86	�F ��d.

�/8d"�."$ g�<g��- �	A ��*�/$ "?-1  	( *��@�

6G ++
g�- 7%;4 	( J"86 \�7+mG  � 2483 \	�S

{<; \r�^%�8� � �6 PCR �	$  �?

+�- 8F��5 �A  %8  ?��g� 	(100 6 � * \ �5/2 

 84�6 	( 21��TBE X1 <c; �  " � �	�4�8�<g� X

	��" \	�S �/2483. �/�dg�$ �/	��"  �6��d��( 

Alpha Imager� (Alpha Innotech 

Corporation, San Leandro, CA) }	� " � 2 

*_;	 � /(-  �/	��"2483 l�,"� .*"�
"�/$ �	�($  	��"

*6�.� �6  T��[  g�� ��	�(�$ )IR29 ( *_;	A(�84� � 

�	�($ *6�.� 	��" �6   g�� 5
%��)Pokkali (*_;	  B� 

��8�/ (�84�� g�� 	��" �( 8/ *F \�d�!-  !���( �	� 

 *_;	H  !�483 .  

                                                                     
1.  Gene Array and Molecular Marker Application 

(GAMMA) 

-m;�"? E�8;�� $�862000 (84  -4(�^;� 10 

 8d"�."-d���� *.7" 5<.; 2OK 86 �!_�$  q6�;

_����F- l8" �� �(�c��� �6  	��4�Map manager/ 

GTX 5<.; *.7" �  �(83  a'( -6�� �� �(�c��� �6

l8" 	��4� QGene Version 4 ��<� ]�	 *6�6�- 

*+S�4 �$ CIM
2  *"���A  [ � 2483 l�,"�QTL �/

��; T��� 86�68,; q- B
K�!_� 86 � 2$  HD8`

�(�(  �A 2� 6 �/.  

  

����I�� ? !  

����� ���������� � �!"��  

>;�"? ����� *6 5
%; $�86 �/$	��  �( 	(

5��4  �� J�!�9-BC3F1  o�!; *6 2��( -Qr�6

>;�"? *F $	�Y��� �/��3 1  �;9  "(�( ��." �	. 	(  

                                                                     
2. Composite Interval Mapping 

3. Score 
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-g�[ l�
; *F G�r �� J�!� $�/ 5-6-11-BC3F1 

*
" �; T��[  T��[ "(�6 .�G��86�!6  =74  

 \�1fY�2000 (84 -4(�^; �� �(��"�D  $�/BC3F4 

 �� 5S�[ 5��4 9BC3F1- *.7" 2OK -6��  

*[�" o�_�� � -g�<g��Saltol   �(�c��� " � . 	(

 -<�8�<g� 2�� /12 -�( E!
�� 86 �8��  q���;

*6 &F -3 .F �6 � *���� 	( � 5
%��  g�� 2
�

 -<�8�<g� 2�� /18 -�(E!
��  �8�� 86 q���;  

 *���� �   �6 -3 .F  *6  2
�    g�� (�6 T��[   

) 5<�3 .( -<�8�<g� 2�� / 	(16 -�( E!
�� 86 

�(�6 ���8" � *���� q���; �8�. 	(  -<�8�<g� 2�� /

16 -�(E!
�� 86 8�� �26/30 ��  S	( G�r �/

 � 5
%��93/14 G�r ��  S	(  !"�� �/29IR 

 "(�6 T��[.  	( $	��12 -�( E!
�� 86  �8��

74/61 G�r  S	( �/ � 5
%��68/8 �A  S	(  �/

 	( � T��[ $	��18 -�( 8�� 86 E!
�� 55/2 

 ��  S	(G�r � 5
%�� �/26/68   S	( T��[

 "(�6 .  

  
�#���� ��	�$� ��%"� �% ��EC=12 

  

�
��	

�$
�

  

  
  

�#���� ��	�$� ��%"� �% ��EC=16 

  

�
��	

�$
�

  

  
  

�#���� ��	�$� ��%"� �% ��EC=18  

  

�
��	

�$
�

  

 5<�3- ;�!4 -"���84 q���;m- -6���	� (	�� 2B
K (�84�  
  

  

  

  



  $ 
%� (�)"��	�<
/ �: *.7" a'( -6��QTL �8�!F 89� i	�6� !!F ...  55 

  

  

& ��������'� 	 � �!" ����QTL  

 >;�"?2000  (84BC3F4 *.7" $�86  a'( -6��

 *[�"Saltol   �� �(�c��� �64 8d"�."EST-SSR  

5��� CP10136�CP6224 � CP3970 � 

AP3206  �	��/����	 $�/8d"�." �RM8115 �

RM10793 �RM8094 �RM3412 �RM493  �

RM140  *+S�4 	( *F2/11 Mb  �;7/12 Mb   ��

6/60 -�"������3	 �; 5/67 -�"��  	�8' ��3	��

 !���(� �  � GB;  -d���� *.7"*6  �A 2�( 

)5<�4 .(�Y�  �6 86�86 *.7" -+F1/14 -�"��  ��3	��

� =���� 8d"�." �( G6 *+S�4 4/1 -�"����3	�� 

(�6.  G�8�
F*+S�4  �6 86�86X� �"��-  G6 ��3	��

 $�/8d"�."AP3206� RM8094� G!k
/ 

RM493� RM140  G�8�.6 ��A  �6 86�867/4 

-�"�� $�/8d"�." G6 ��3	��CP3970 � 

RM8115  *[�" -��O�"� Hs6 	(Saltol (�6 .

*��,; ;X $8d"�."� 	��6 89� -!B� 	�($�86 $ 

QTL�6 *���� $�/  $�/8d"�."RM140 �

RM8094 �RM3412  �CP6224  89� �

-!B� 	�( $�86 $QTL  �6 *����8d"�."RM493   �	

(�( ��." )�� K 2.(  

  

  

 5<�4-  -d���� *.7"10   2OK � � �(�c��� 8d"�."

*.7"  *[�" a'( -6��Saltol  ��;�F $���6 $�	

l�����8F 1  

 J���"��<�*+S�4 -6��  wF8� $�)CIM(  $�86

$	�� *6 5
%; ����� 	(  2�� / -<�8�<g�16 

-�(�8�� 86 E!
��  X�QTL B'�� 	( 26/64 

-�"���3	��� �6 l�����8F $� �6� ��  	� 7�LOD 

86�86  �61/3  G_; w�8N �24  G6  S	(

 $�/8d"�."RM3412  � CP6224(�( ��." . 	(

 -<�8�<g� 2�� /12 -�( X� 8�� 86 E!
��QTL 

 	� 7� �6LOD  �6 86�869/2 �  G_; w�8N18   S	(

 *+S�4 	(4/63 -�"�� �3	���  l�����8F $� �6� ��

 $�/8d"�." G6RM8094  �RM3412 ��<� -6��

 � . -<�8�<g� 2�� / 	(18 -�(  �8�� 86 E!
��

 	� 7�LOD ~/ �� l� F QTL�/$ ���!��-  � �

*"���A  [ �� 8;r�6LOD=2.5  (�_".  �	 8�� G�� 2+1

-�G6 �� *6 ���;  (� B; G�4	>;�"? �� $(��� *6 �/

�(�( 	( -_�	� � X
" $r�6 2j+C ��
1� ��%g $�/

 (�( 2_�" -<�8�<g� 2�� / �V� G�� 	( -m;�!4

)�� K 2.(  

 5<�5- �8�!F -������8F *[�" *.7" *6 5
%; � !!F

l�����8F 	( $	�� 1 g�� *Bg�V� 	( =��; *Bonilla 

et al. (2002)   
  

.���4� 89�-qScor1  2�� / 	( -<�8�<g� $�/

12  �16 -�( E!
�� �6 86�86 w;8; *6 �8�� 866/1 - 

 �7/2-  (�6 . �� -F�[ 8�(�7� G�� -c!� 2�f1

 $	�� *6 5
%;-� � !/(  g�� $r�6  ��6 .86 T���

� /�.� J���" 2�� / 	( � �  -<�8�<g� $�/12  �16 



56             *+,� -./�)� 0 -
+12��� -1�	� ��/�3 $	��!4 �	�
� ���� ������� ���� ������ � 1390 

-�( E!
�� 8�� 86�_!��� �-� �G�� 2B'�� (�� 
QTL *[�" 	(Saltol   G6 *+S�4 	( �8/2  �;4 

-�"��  2�� l�����8F $� �6� �� ��3	��)5<�6.(  

 -g�
�[� ��<� �T��� G�� 86Saltol *+S�4 	(  $�

 (� [ ��Y *62/1 -�"���3	���  l�����8F $�	

�	�
�  1 T���86 *F  � GB;  *.7" �6 276�V�

 (� [ 	( �(� %� G�� J"86 -<��4350  ��6�+F

-� 	( �  ��6  $8d"�." *+S�4RM8094 �

RM3412 �CP6224  -� 	�8' (83 .G��86�!6 

 UfS� 2OK  �/8d"�."  G�� X
F *6 H!��3

>;�"?��<�� $	�� *6 5
%; $�86 -"�8�� $�/  8�e�

-�  ��6 .; � *��,; J���" T���86 G!k
/ 5+%

 8d"�." �" *[�" G�� -m;�+��/RM8094 *6  ���!1

*��"86 	(  !
��	� $8d"�."*6 $�/ h�s�"� �6 $(�)"

  � -48B� 8d"�." X
F *6(Mohammadi-

Nejad et al. 2008, 2010) .	( H/�)� 8N�[� 
  

 �� K2-  �6 *���� $�/8d"�."QTL	�� *6 5
%; $�/$ � / z+�s� U�V� 	(�2 8�<g��<-  
 �V�-!B� $	�( LOD B1 B0 8d"�." 2cS 

0.003
**

 4.17  -0.66 2.7 RM8094 ���3 5
%; �� *6 �/ *k/�

	��$ 	(  EC=16 0.005
**

 3.55 -0.43 2.43 RM3412 

0.03
*

 3.03 -0.42 2.87 RM140 

0.04
*

 2.66 -0.82 2.21 RM493 

0.007
**

 3.94 -0.48 2.06 CP6224 

0.04
*

 3.03 0.508 2.19 RM10793 

0.01
*

 2.02 -0.14 2.8 RM8094 ���3 5
%;�� *6 �/ *k/�

	��$ 	( EC=12  0.04
*

 2.79 -0.60 2.54 RM3412 

0.02
*

 2.90 -0.33 2.79 RM140 

0.03
*

 2.84  -0.29 2.96 CP6224 

0.04
*

 1.82 -0.52 2.33 RM8094 ���3 5
%; �� *6 �/ *k/�

	��$  	( EC=18 0.06 1.51 -0.43 2.55 CP6224 

0.05 1.99 -0.19 2.43 CP3970 

0.04
*

 1.26  -0.13 2.78 CP10136 

               *B0 : �� _� �� �81B1 :� ���83	 =D w�LRT :��
!��	( 2_�"- �- ��6.  

  

  
5<� 6- ��<� �6�- '([�" a *������8F- Saltol �	$  l�����8F1 .  

 �s.; *"���A  [ 8d"�6 -74� 	�%�QTL -� ��6.  
  

  

  



  $ 
%� (�)"��	�<
/ �: *.7" a'( -6��QTL �8�!F 89� i	�6� !!F ...  57 

  

  

o�_�� z�8x *.7" �6 �	� w;8;�* � �  -��"? -g��; �6

2��( 276�V� J"86. G��86�!6�  86 �F8
; �6*+S�4  G6

 $�/8d"�."CP6224 � RM8094  $�86 (�,��

  � K -�B
K-'f; �� �(�c��� �6 G�r -�.386 $�/

BC3F4  5
%��[��" $��[ *F- wF8;�" �86$  G��

 �6 -������8F *[�"�	�(  g�� $�IR29   �  ��6

8{F� [ �� �(�c��� G<
� $�/8d"�." �*[�" G�� 	( 

-� *6 ���;�? -����!� 89@� $�/�86$  *6 5
%;

$	�� (8F l� '� .�	��6�- -3)����"? $�/- �� G

[�" �� �(�c��� �6 *	��!4$�/$ ���;�8� � E<

	��	A��"? *-  2%; �?�8�GCP
1 ) \�1fY�

� ."8.�!� ( � 2�� ���8K 	(;�!F��  �? 2c/

 "�F��86  $ �� GQTL  ]	��3*F 2�� � �  	(

���!� $����	����� K � -$ �?�/$  *6 5�
%;

$	�� �  ��7�"� ��[�" G *��	 �� *.7"�6�- a'(8; 

�86$ *��"86 H!��3 $�/ 8d"�." X
F *6c�  

(�6  /��D  .Tanksley et al. (1998)  �� �(�c��� �6

�/8d"�."$ RFLP B'��2 ������8F- ��G  

Salt mRNA  �	�	$  l�����8F1 [�" 	( � *

RG146B ��<� �6�- (�
". g��; ��  B6-�6�-  l�"?

'( ��<� J"86� a�	( �? G *+S�4 885/13  �;

887/13 Mb �	$  l�����8F1 *.7"�6�-  �.  

*Bg�V� 	(�$ q��K Ren et al. (2003)  �Lin 

et al. (2004) � XQTL �86 �	 89� i	�6$  heK

 ������ � & 	( &��/ l� "�-�  �	�*. J"86 

*.7" �6�-  "(8F .� 	(��	86 G- B
K ��2 F2:3 

'f; �� 5S�[- � X� 5
%�� &'	� !� �<

)NonaBokra(  �6� X"���? T��[ &'	�< 

)Koshihikori (�86$ *.7" �6�-  � �(�c��� . -6���	�

�  � l�,"� *k/�3 *+[8� 	( $	�� *6 5
%;  �6

 �� �(�c���161  8d"�."RFLP  *.7"�d���- �� (�,

 �.  (� B;9 ��   �6 *V6�	 	( -3)  2j+C��� � �/

                                                                     
1. Generation Chalenege Program 

�A 2_�" 	 	( �/� � *.��/ l� "�-� *6  ��8
/ �����

G�r$	�� *6 5
%; $�86 �/ �	� (	���6�- 	�8' 

 !�483 . *6 �� �A 2�( *6 J���" T��� 86+F	�Y- 11 

 ( 1QTL �6 � ���LOD 6 G25/3  �;74/11 

��<��6�-  �  " *F*� QTL �86$ �����  *6 5
%;

	��$ �	$ l�����8F�/$ 1� 6� 7  ��X QTL 

�86$  \�cS�� l� F 8/2j+C  ����/ l� "� &�- �

2j+C ������/ l� "� &�- � � 2j+C�& 	��( � *. 

QTL �86$ ���� 2j+C	 	( &�*.  " � ]	��3 .

�N��8;� GQTL �86 89� i	�6$  � 2j+C� l� "� &

��/�- )qSKC1 (�6 LOD  �6 86�8674/22 6 �� H40 

  S	(	�� ���;�!4 E"�m- K�; �	 5F�	 *F (8F *$ 

l�����8F 1 [�" 	(6 *�/8d"�." G$ C1214  �

S2139  	�8'2��( .[�"]	��3 *��  �86$ qSKC1 

[�" �6]	��3 *  =��; � �Bonilla et al. (2002) 

�( 276�V� 2� (� [ �Mb 2 [�" �� 8;r�6]	��3 * 

  � �=��; Koyama (2001) (	�( 	�8'.  

�_g�K 248.- *.7" 	(�6�- '(a qSKC1  �6

 �� �(�c���*"��
/���$ �� 86� *.7" *�	�� *  �(83

)Ren et al. 2003(. ��8d./�)� G��  ��192 

3 *k/�BC3F4  �14  8d"�."CAPS 	( (�K�� 

[�" *qskc1 �86$ *.7"�6�- '(a 3 �� �*k/��/$ 

BC3F4 �86$ ��� "�38$ ���� 2j+C l� "� 	( &

��/�- �8� 2%;� "(8F �(�c��� 	�� =.  *Bg�V� 	(

�A�/  8d"�." �( ��CAPS 6 *l�"�/$ K159  �

K061 *F �/8d"�."$ 48Y!- ��G QTL  "(�6 �86$ 

F8;�" (�84� 2D�!�6 �� wG2973   (84BC3F4 

3 �  � �(�c���*k/��/$ ��
/�\�d F8;�"w 

 �;  " � �s.� �� �(�c��� ��<��r�G �/$ �g�D 

�86$ ��� "�38$ 2j+C ���� & ��6 *���( (�K� .

�� ��8d./�)� G���!� *6 a4��-� � Xr� t��_�" G

���?��  	(BC5F2  " � ��[ *F$ �6 Hs6 	�

<`�F- �86$ qSKC1 �� 	( � !/(  g�� �� *!

�"?<- �	�(  g���$ (�6 .�7� �6�*� g��;- ��+F�"; $ 

qSKC1 6 g�� �( G� 6 ;��+F�"�K  ��d�G  � ��24� 



58             *+,� -./�)� 0 -
+12��� -1�	� ��/�3 $	��!4 �	�
� ���� ������� ���� ������ � 1390 

 " �  *F�6 y; 84 �� �A 	( *!F8;�;�8� w G

5
%; *6 8,!� $	�� *6 �- "(83 .�� G �?

j!;& g�B4 � !!F�86 ��.C 2$ 1�"-  �/8;	�m�"�8; ��

l�" *6 HKT
1 �- *F  ��63 	(8�F�6 ���/�$ � �/

�	�' �/�� 24�- .!��3 \	�S *6 � (��-  2OK 	(

 � heK�" &� 5
1 �- !F. F *�_g�!4 H��?�g�� X

�� J"86 	( ��.C G ." *Bg�V� ��!/2�� � �86�!6 �� G

� (�O!.(83�2�� �   *F	( �8��	�� =� �?�/$ 

SKC j!; �����2_�" &  ������ *6 && �- ��6 

[�" 	( *F *45/11  �;46/11 Mb �	$  *.7"

4��<-  "	�( 	�8'. � q'�� 	(�G �? g�� ���!1 *6 G

                                                                     
1. High-affinity K+ Transporter (HKT)  

 �?-����!� �� (	 "86J �86$ 	�� *6 5
%;$  ��

8Y� a�fF \�Bg�V� !
4 / � X �(�6 2�� .  

����� G�4�� ��;g-�6�-  =��; J"86 l�"?IRGSP 

(2005) �*.7"�6�- QTL�/  \�1fY� �� �(�c��� �6

���/8d"�." h�s�"� 2OK X"�6 G$ *6 �  !
4 / 

�	 	�j!�*6 �  �/8d"�."$ � H!��3 	( �
!/�	 

�O"�t�� 8d"�." X
F *6 UfS� �	 �6+
1 	�- � 

�� Hs6 2�� �(�
". �? l�C(� �/$ *6 5
%; 

 h�'8C(Sub1)  	(�&'	 X 	��6 2.F *!��( �6 

q��  l�" *6Swarna X
F *6 UfS� �� �(�c��� �6 

�	� � 8d"�."�6�- 74��2�A� ���8� 	( &'	 G�= 

� 	( � *1	��- � l�C(� �A�G  �?	( l�'	� 8���� 

*"�
"�$ *_!K �� &O� $(86	�F $�/ UfS�X
F *6 

 J"86 	( 8d"�."-� ��6.   

 

REFERENCES 
Bonilla PS, Dvorak J, Mackill D, Deal K, Gregorio G (2002) RFLP and SSLP mapping of 

salinity tolerance genes in chromosome 1 of rice (Oryza sativa L.) using recombinant 

inbred lines. The Philippines Agricultural Scientist. 85: 64-74. 

Delaporta SL, Wood J, Hicks JB (1983) A plant DNA minipreparation, version II. Plant 

Molecular Biology. 4: 19-21. 

Gregorio GB (1997) Tagging salinity tolerance genes in rice using Amplified Fragment 

Length Polymorphism (AFLP) Ph.D Dissertation, University of the Philippines, Los 

Baños, Philippines. 

Gregorio GB, Senadhira D, Mendoza RD (1997) Screening rice for salinity tolerance. IRRI 

Discussion Paper Series No. 22. International Rice Research Institute, Los Baños, 

Philippines. 

Gregorio GB, Senadhira D, Mendoza RD,  Manigbas NL, Roxas JP, Guerta CQ (2002) 

Progress in breeding for salinity tolerance and associated abiotic stresses in rice.  Field 

Crop Research. 79: 91-101. 

IRGSP (International Rice Genome Sequencing Project) (2005) The map-based sequence 

of the rice genome. Nature. 436: 793-800. 

Koyama ML, Levesley A, Koebner RMD, Flowers TJ,   Yeo AR (2001) Quantitative trait 

loci for component physiological traits determining salt tolerance in rice,  Plant 

Physiology. 125: 406-422. 

Lafitte H, Ismail A, Bennett J (2006) Abiotic stress tolerance in tropical rice: progress and 

future prospects. Oryza. 43: 171. 

Lin H X, Zhu MZ, Yano M, Gao JP, Liang ZW, Su WA , Hu XH, Ren H, Chao DY (2004) 

QTLs for Na
+ 

and K
+
 uptake of the shoots and roots controlling rice salt tolerance. 

Theor. Appl. Genet. 108: 253-260. 

McCouch SR, Doerge RW (1995) QTL mapping in rice. Trends in Genetics. 11: 482-487. 

Mohammadi-Nejad G (2008) Identification and validation of QTLs controlling the 

attributed traits to salinity in rice. Ph.D Dissertation, College of Agriculture, Isfahan 



  $ 
%� (�)"��	�<
/ �: *.7" a'( -6��QTL �8�!F 89� i	�6� !!F ...  59 

University of Technology. 

Mohammadi-Nejad G, Arzani A, Rezai AM, Singh RK, Gregorio GB (2008) Assessment 

of rice genotypes for salt tolerance using microsatellite markers associated with the 

saltol QTL. African Journal of Biotechnology. 7: 730-736. 

Mohammadi-Nejad G, Singh RK, Arzani A, Rezaie AM, Sabouri H, Gregorio GB (2010) 

Evaluation of salinity tolerance in rice genotypes. International Journal of Plant 

Production. 4: 199-208. 

Nakhoda B, Leung H, Mendioro MS, Mohammadi-Nejad G, Ismail AM (2012) Isolation, 

characterization, and field evaluation of rice (Oryza sativa L., Var. IR64) mutants with 

altered responses to salt stress. Field Crops Research. 127, 191-202. 

Niones J M (2004) Fine mapping of the salinity tolerance gene on chromosome 1 of rice 

(Oryza sativa L.) using near isogenic lines, M.S. Dissertation, University of Philippines, 

Los Baños, Laguna, Philippines. 

Ren ZH, Zhu MZ, Yano M, Gao JP, Liang ZW, Su WA, Hu XH, Chao DY, and Lin HX 

(2003) QTLs for Na and K content of shoot and root controlling rice salt tolerance, 

Proc. First Intl. Symp. Rice Functional Genomics, International Convention Center, 

Shanghai, China. 

Szaboles I (1989) Salt-Affected Soils., CRC Press., Florida. 

Tanksley SD, Young ND, Paterson AH, and Bonierbale MW (1989) RFLP mapping in 

plant breeding: new tools for an old science, Biotechnology, 7: 257-264. 

 

 

 



                                 Crop Biotech. Vol. 1, No. 1, 2012 

 

Fine-Mapping of a Major Effect QTL Responsible for Salinity Tolerance 

(Saltol) in Rice 
 

GH. MOHAMMADI-NEJAD
1
, R. K. SINGH

2
, A. M. REZAIE

3
,  

A. ARZANI
4
, B. NAKHODA

5
, M. H. FOTOKIAN

6
, A. MOUMENI

7
  

AND GLEN B. GREGORIO
8
 

1, Dep. of Agronomy and Plant Breeding, College of Agriculture, Shahid Bahonar University 

of Kerman, Kerman, 2, 8, Plant Breeding, Genetics and Biotechnology Division-International 

Rice Research Institute, (IRRI), LosBanos-Laguna-Philippines, 3, 4, Dep. of Agronomy and 

Plant Breeding, College of Agriculture, Isfahan University of Technology, 5, Dep. of 

Molecular Physiology, Agricultural Biotechnology Research Institute of Iran, 6, Dep. of 

Agronomy and Plant Breeding, College of Agriculture, Shahed University-Tehran, 7, Rice 

Research Institute of Iran, Rasht- Iran 

(Received: Dec. 1, 2011- Accepted: Dec. 19, 2011) 

 

ABSTRACT 

 
This research was conducted to validate and fine-map the region attributed to salinity 

tolerance (Saltol) on chromosome1 in rice at International Rice Research Institute (IRRI) 

during years 2005 to 2007. A major effect QTL (Saltol) which is responsible for Na
+ 

and
 

K
+
 uptake and Na/K ratio was identified using F8 recombinant inbred lines (RILs) of 

Pokkali/ IR29 cross on chromosome 1. This QTL explained around 64.3 to 80.2% of the 

phenotypic variation for the mentioned traits. Fine-mapping was done using 10 SSR and 

EST-SSR markers and near isogenic lines (BC3F4), derived from IR29 × Pokkali produced 

for salinity tolerance at seedling stage. Random BC3F4 individuals were genotyped and 

phenotyped under two different electrical conductivities at seedling stage. QTL responsible 

for salinity tolerance at both ECs, were found in the Saltol region, which explained 18 and 

24% of the phenotypic variation for SES scores, respectively. According to the present 

results, possible location of Saltol was found in the interval around 1.2 cM on chromosome 

1 that was around 350Kb based on physical map.This QTL was mapped at the intervals of 

RM8094, RM3412 and CP6224. Therefore, molecular breeding for salinity tolerance in 

Iranian genotypes could be done using the mentioned markers. 
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