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In this study, an F2:3 population derived from the cross 

between Hiberna and Pfyner was used to analyze the 

inheritance of yield and its components in barley by generation 

mean analysis and to map the corresponding QTLs 

(quantitative trait loci) by microsatellite markers. Generation 

mean analysis suggested that both additive and dominance 

effects were important for most of the traits evaluated, but 

dominance and non-allelic interaction had a more pronounced 

effect for days to maturity, number of grains per spike, spike 

length and plant height. The highest heritability was obtained 

for number of tillers, indicating that this trait is controlled by 

additive effects. The additive effects played major role in the 

inheritance of grain yield per plant, since heritability of this 

trait was low. The linkage map constructed by 159 

microsatellite markers covered a total length of about 1030.5 

cM. Using the method of composite interval mapping 2, 4, 2, 

4, 1, 4 and 7 QTLs were detected for days to maturity, number 

of tillers, 1000-grain weight, plant height, spike length, 

number of grains per spike and grain yield, respectively. Ten 

QTLs had corresponding occurrences with the QTLs reported 

earlier, indicating that these QTLs are stable across genetic 

backgrounds. The results of this study also showed that, grain 

yield per plant controls with several minor genes. It can 

therefore be concluded that direct improvement of this trait is 

somehow problematic. Two major QTLs contributed by 

‘Pfyner’ on chromosomes 1H and 2H (qgs-1 and qnt-2a) were 

found to significantly increase number of grains per spike and 

number of tillers, respectively. Thus, genetic improvement in 

grain yield would be easier through indirect selection for these 

QTLs than through direct selection for grain yield. 

 

Keywords: Barley, Generation mean analysis, QTL mapping, 

Genetic map, Marker-assisted selection. 
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 ,=> D�2 F#��
2� �2 %�;�

 ,�2 	�2!#) ��!U2 .( D�M#��� )��+7 x���# D�"A�.

L�#  �
�� ,�T�U 
� ,=> D�2 )C �2� 
�-# �.

	!�A�� b��_�# 6
2�7 �2 %�
'@  ,�2 
2�
�?'@ 42

) ��!U3 .(
� )C2'E  '@ 	�J1 ,=> D�2 �'�"C

 W�# �2 %*NO'�X L@�\�� <2'p2 �,�_N�X � %-�2�52 <2'p2

 %-�2�52×  ,�_N�X � %-�2�52×  '9# �2 ��# ,�_N�X

%"T� 4
��O ��@ 
2� . %-�2�52 'p2 mN�d� ,�J1[d] 

 %-�2�52 L@�\�� 'p2 �×  %-�2�52[i]  ��U� 'M#�-#

��|�� ,�.��1  ,=> D�2 42'@,�2 . D�"A�.

 ,�_N�X 'p2 mN�d� ,�J1[h]  ,�_N�X L@�\�� 'p2 �× 

                                                                     
1. Oppositional nature 



   %��&

2
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 ,�_N�X[l] %� 
�-#  ,=> D�2 42'@ )C !.�

m1�|� W�# �2 bu���&2 4������21  )@ ��# D�2 )C 	��@

 <J8-� �@ 2
 ,=> D�2 eJ>2 !"�O'5 ��? )@�#

%� )U2�� 4'�-�@ !���# .Rohman et al. (2006) 

 �Kakani et al. (2007) �\S7 
�)#�32!U <�\  42

4� )��+7 �2 	��=��2 �@  D�2 %8��#K �'�"C 	�S# LNO

,�T�U 
� 2
 ,=>  
2'] )TN�r� �
�� �U m*�d� 4�.

!#�2� . � %-�2�52 <2'p2 B����O �� '. 
� )E'32

 �!� )�?�"� 'p}� ,=> D�2 6
2�7 	�S# 
� ,�_N�X

                                                                     
1. Duplicate type 

,��.2�@ %*NO L@�\�� <2'p2 ��@ '7 . 4'M�� Q�\S7 
�

Nakhjavan et al. (2010)  )��+7 �2 	��=��2 �@

L�# D�M#���  �� %]J7 �2 L>�& ,�T�U I� 
� �.

 4�U :]
1-BC-80455 × EC 84-12  D�2 6
2�7

!#�2� 
2'] )TN�r� �
�� 2
 ,=> . P�2'� �� '. 
�

 �!� ���'# 4
��@O � %�@�R
 B"75  4'��2
��

 '@ L��-�l] [m, d, h, i, ^��"� H�2'@ D�'7  2


,�2� . '��� x���# �@ 'f�& Q�\S7 x���# )���\� �@

%� D�\\S�  
� %V�7�"5 B"��3 bu���&2 )C ,=3 
2�7

L�# ,�\5�� 
2!"E ,=> D�2 42'@ )�N�2 4�.  ���O

%� � ��@ !.2�d#  )@ L�# D�!"E �7 2
 B"��3 ,���@

,?2!#2 Q��T7 .  

  
 ��!U2-  %]J7 �2 L>�& ,�T�U 
� %12
� <�=> %8��#K 4�. '��2
�� '���\�Pfyner × Hiberna  

<�=> [m] [d] [h] [i] [l] h/d χ
2 

%3!��
 �7 ��
 195.83±0.39** 7.3±0.04** -9.39±1.47** -1.83±0.39** 6.66±1.1** -1.29 0.000n.s 

)+"� �2!T7 5.75±0.264** 1.16±0.27** 0.16±0.489n.s - - 0.14 0.585n.s 

)#2� 
2�. 
�� 39.52±0.514** -2.82±0.53** -8.58±0.94** - - 3.04 5.56n.s 

)7�@ W�=7
2 97.53±3.51** -5.96±0.9** -17.3±3.96** -13.05±3.6** - 2.91 0.125n.s 

)��? ��R 20.51±6.05** -1.87±0.26** -42.7±19.51* -11.9±6.00* 34.11±13.63* 22.85 4.90n.s 

)��? 
� )#2� �2!T7 69.87±0.52** 3.29±0.04** -41.7±1.91** -10.36±0.5** 32.43±1.42** -12.67 0.794n.s 

)#2� �'8*�1 10.45±0.51** 1.8±0.52** 0.77±1.03n.s - - 0.43 3.97n.s 

n.s � * � :**%"T�'�X ^�7'7 )@ %"T� � 
2�  ����&2 �r� 
� 
2�5 % �1.%  
[M] :L�# ���7 D�M#���  �%]J7 I� 
� �.[d] : �%-�2�52 <2'p2 W��+�[h] : �,�_N�X <2'p2 W��+�[i] : %-�2�52 L@�\�� <2'p2 W��+�×  �%-�2�52[l] : W��+�

 ,�_N�X L@�\�� <2'p2×  �,�_N�Xh/d :,�_N�X )U
� .  
  

 ��!U3- ,p2
� '���\�  L>�& ,�T�U 
� %12
� <�=> %>�[? � %���1 4'�q� %]J7 �2Pfyner × Hiberna  

<�=> 
,p2
� %���1 4'�q�  ,p2
� %>�[? 4'�q�  

Mahmud and 
Kramer (1951) 

Warner 
(1952) 

Allard 
(1960) 

Allard 
(1960) 

Mather and 
Jinks (1982) 

D�M#��� 
Mather and 
Jinks (1982)  

%3!��
 �7 ��
 0.80  0.80 0.80 0.80 0.80 0.800 0.52 

)+"� �2!T7 0.91 0.90 0.90 0.91 0.90 0.904 0.82 

)#2� 
2�. 
��  0.75 0.74 0.74 0.75 0.75 0.746 0.34 

)7�@ W�=7
2 0.90 0.89 0.86 0.86 0.86 0.874 0.67 

)��? ��R 0.82 0.85 0.84 0.82 0.85 0.836 0.31 

)��? 
� )#2� �2!T7 0.78 0.83 0.82 0.78 0.84 0.810 0.54 

)#2� �'8*�1 0.65 0.61 0.60 0.64 0.65 0.630 0.39 

  

 %3!��
 �7 ��
 �2!T7 ,=> 42'@ Q�\S7 D�2 
�

 �� W��+� 
�QTL !� %����"� . )�&�# D�N�2

 %��#K)qdm-3 ( ������'C 4�
 '@3H  )@ I���# �

 'M#�-#GBM1382 !� %@���
 . 
2!\�LOD  '�-�@
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 �218  L@�] 'M#��@
�"��R2 
�8� D�2 
��@ ,�2 %#K .

 !N2� �2 %�
��� LNOHiberna  D�2 )C !� ^U��

QTL  	�2!#2 )@ %-�2�52 'p24/11 !��@ )��2� . )E'32


�8� D�2  �2 B�@ ,�#2�7 %#K26  <2'��z7 �2 !>
�

 	�S# 
� )#�=���� �!���# )�U�7 2
 ,=> D�2 %V�7�"5

 D�2 6
2�7QTL :;� B\# %-�2�52'�X <2'p2 4'7

!"��2� . ,�_v7 L@�]'�X %-�2�52'�X <2'p2 )C �+#O �2

%� %�# �!"��@  
� )C ��@ 
2�!��2 
2!"E 
2�7

,�T�U  D�2 �2 i'=7 ��& 
� 4�.QTL )@ I� 
2�"1


�8� j
��� 
�.��3 eJ>2 42'@ 'p2 s
�@ %#K

�'C 	��=��2 . D����QTL  ������'C 4�
 '@6H  �@

LOD  ���T�14/3  )*>�5 
�116  �7118 %�#��

 'M#�-# )@ I���# � %M����� 	�'3 42!�@2 �2 
�3
��

Bmag0001 ,�2� 
2'] . D�2QTL  �2 B�@ ,�#2�7

8  !���# )�U�7 2
 ,=> D�2 %V�7�"5 F#��
2� �2 !>
�

 !N2� �2 %�
'�� LNO �Pfyner  D�2 )C !� �1�@


�8� 
2!\� )@ %-�2�52 'p2 %#K56/3 !��@ )��2� .

�X )U
� 
2!\� 6
2�7 
� )C ��@ 
O 'M#�-# ��# ,�_N

 D�2QTL ,��.2�@ %-�2�52 <2'p2 !#��@ '7  

)��!U4  .(  

  
 ��!U4-  %8��#K 4�.'��2
�� '���\�QTL %]J7 �2 L>�& ,�T�U 
� %12
� <�=> 	!� %����"� 4�.  

Pfyner × Hiberna 
�8� H�
 )@ )*>�5 %@�� ^C'� 42  

	!� H
2�3 �@�"�  R2 
 )U
�

,�_N�X 

 <2'p2

,�_N�X 

 <2'p2

%-�2�52 
LOD 

,�T]��  
(cM)  

D�'�8���#  

'M#�-# 
������'C 

 !N2�

	!"-d@  
��#  

QTL 

        %3!��
 �7 ��
          

-  26.7  1.39  -15.9  -11.4  18.2  14-18  GBM1382  3H  Hiberna  qdm-3  
-  8.4  0.54  1.93  3.56  3.14  116-118  Bmag0001  6H  Pfyner  qdm-6  

        )+"� �2!T7          
Li et al. (2006)  14.8  1.38  0.83  -0.60  5.2  109-117  Bmag0718  1H  Hiberna  qnt-1  

Eshghi et al. (2011)  33.2  0.55  1.01  1.84  4.7  6-9  Bmac0134  2H  Pfyner  qnt-2a  
-  7.2  0.74  0.28  0.38  7.1  73-78  EBmac0521  2H  Pfyner  qnt-2b  
-  11.5  0.44  0.25  0.57  3.3  44-48  EBmac0603  7H  Pfyner  qnt-7  

        )#2� 
2�. 
��         

Li et al. (2005)  7.4  1.81  4.18  -2.31  5.5  33-37  Bmag0500  6H  Hiberna  qtw-6a  
Xue et al. (2010)  11.6  1.67  5.26  3.15  3.02  99-104  EBmac0674  6H  Pfyner  qtw-6b  

        )7�@ W�=7
2          
Korff et al. (2010)  21.7  0.42  3.44  8.2  6.1  90-91  GBM1043  3H  Pfyner  qph-3a  

-  6.1  1.04  2.51  2.4  11.5  131-136  Bmag0877  3H  Pfyner  qph-3b  
Hori et al. (2003)  9.6  0.68  -3.1  -4.52  5.3  147-149  HVM62  3H  Hiberna  qph-3c  

- 5.3 0.52 -0.78 -1.51 3.9 80-95 
GBM1231 
GBMS013 

5H Hiberna qph-5 

        )��? ��R          
-  48.5 1.93  3.47  1.8K  8.1  27-36  Bmac0218  2H  Pfyner  qsl-2  

        )��? 
� )#2� �2!T7          
-  28.0  0.67  4.81  7.21  12.6  38-43  EBmac0816  1H  Pfyner  qgs-1  

Li et al. (2006)  14.3  1.06  4.62  4.35  4.1  135-139  Bmag0877  3H  Pfyner  qgs-3  
-  13.9  1.48  6.30  -4.25  3.5  31-37  Bmag0500  6H  Hiberna  qgs-6  

Eshghi et al. (2011)  6.2  1.07  1.81  1.69  3.2  129-133  Bmag0507  7H  Pfyner  qgs-7  
        )7�@ 
� )#2� �'8*�1          
-  4.2  2.30  0.23  -0.10 4.1 108-114  Bmag0718  1H  Hiberna  qyp-1  

Li et al. (2006)  6.2  0.53  0.20  0.38  7.7  131-139  Bmag0877  3H  Pfyner  qyp-3  
-  3.9  0.73  0.16  0.22  5.3  59-60  Bmac0084  4H  Pfyner  qyp-4a  
-  3.1  0.74  0.2 -0.27  4.5  91-96  EBmac0701  4H  Hiberna  qyp-4b  

-  5.6  0.65  0.11  0.17  3.3  8-9  
GBM5028 
GBMS032  

5H  Pfyner  qyp-5  

-  5.3  0.34  0.11  0.32  3.8  100-101  EBmac0674  6H  Pfyner  qyp-6  
Xue et al. (2010)  5.7  0.58  0.25  0.43  6.2  42-49  EBmac0603  7H  Pfyner  qyp-7  
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 L8�2- 	��=��2 %8��#K )-\#
�8� ,;U 	!� %@��QTL %]J7 �2 L>�& ,�T�U 
� %12
� <�=> �@ P_7'� 4�.Pfyner × Hiberna  
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���� #��$"  

L�# D�M#��� )��+7 x���# ,=> )C �2� 
�-# �.

	��� bJ��C 6
2�7 �2 ,�T�U D�2 
� )+"� �2!T7 42

,�2 
2�
�?'@ . D�2 %�
'@ �
�� <�=> 
��� 
�

,p2
� '���\� D�'7u�@ ,=> � %���1 4'�q�

 �'�"C 
� � �2� Z�[�?2 ��? )@ 2
 %>�[? %8��#K

�@ %-�2�52 <2'p2 �;"7 
O ��. � ��@ ,��.2 'p2 )#�3

!-# 	!�� 
O 42'@ %*NO'�X �� � %*NO L@�\�� . )+��# 
�

%� B"��3 ,=> D�2 42'@ )C ��@ 
2�!��2 
2�7

L�# 
� %V�7�"5)��#'@ 
� )�N�2 4�. %&J>2 4�.

��� �]2� 'p}� . '@ ��? <�TN�r� 
� ��# 'M�� D�\\S�

,�T�U 4�
 2
 %-�2�52 <2'p2 B\# �U m*�d� 4�.

 ,��.2 �@ ,=> D�2 42'@ 	!� 	!.�-� W�"7 
�

	�'C %@���
2  !#2(Mariey. 2004; Verma et al. 

2007; Eshghi and Akhundova. 2009;. 

Eshghi et al. 2010).  

 
�;E ,=> D�2 42'@ %�
'@ �
�� ,�T�U 
�

QTL !� %����"� .%��#K %&2�# D�2   !"��#2�7

 b�1��+�7/66  ,=> D�2 %V�7�"5 F#��
2� �2 !>
�

!"���# )�U�7 2
 . D�N�2QTL )qnt-1 ( 4�
 '@

 ������'C1H  )*>�5 
� �109  �7117 %�#�� 
�3
��

 'M#�-# )@ I���# � %M����� 	�'3 42!�@2 �2

Bmag0718 !� %@���
 . D�2QTL �8/14  �2 !>
�

���# )�U�7 2
 ,=> D�2 %V�7�"5 <2'��z7 . 
2!\�

LOD  �2 '�-�@5 
�"��R2 L@�] 'M#��@ D�2 
��@


�8�,�2 %#K .B.�C LNO !N2� �2 )+"� �2!T7 	!".�

Hiberna  D�2 )C !� ^U��QTL  )@ %-�2�52 'p2

 	�2!#26/0 !��@ )��2� . %��#K )�&�# D�2 �'8*�1 W�#

 P��7 )CLi et al. (2006)  �,�2 	!� H
2�3 ��#

)@i�5 <
�>��@ ,�_N�X .QTL  'M��)qnt-2a ( D�@

 4�.'M#�-#Bmac134  �HVM36 ) )*>�5 
�

07/1 %�#�� �2 
�3
��Bmac134 ( 4�
 '@ �

 ������'C2H ,�2� 
2'] . D�2QTL  'p2 s
�@

 %��;"7 )@ ,�#2�72/33  ,=> D�2 <2'��z7 �2 !>
�

!"C )�U�7 2
 .�S#)@ 
O %8��#K �'�"C 	  <
�>

 �
O 	!".� !N2� ��]�# ,�_N�XPfyner  'p2 
2!\� �

 
O %-�2�5284/1 ��@ )+"� �2!T7 B�2�52 ,;U 
� � .

 %;@�-� Q�\S7 
�Eshghi et al. (2011)  
�


�!@ 4�U :]
 �� %]J7 �2 L>�& ,�T�U  )"����

SB91925  �ICB-102607  %��#K )�&�# D�2 ��#

,=> ��'@ 
� !#�'C %@���
2 ,��.2 �@ )+"� �2!T7 .


�8� )*>�5 %@��  ,=> D�2 42'@ ,�#2�7 ^C'� 42

�����'C 4�
 '@ :. 2
 'M�� %#K 
�8� ��  4�.2H 

 �7H !���# %����"� .
�8�  %#K 4�.qnt-2b  �

qnt-7  ^�7'7 )@2/7  �5/11 F#��
2� �2 !>
�

I���# � !#�'C )�U�7 2
 ,=> D�2 %V�7�"5  D�'7


�8� D�2 )@ �.'M#�-#  %#K 4�.EBmac0521  �

EBmac0603 !#��@ . LNO %#K 
�8� �� '. 
�

B�2�52  !N2� �2 )+"� �2!T7 	!".�Pfyner  	!� L\�"�

 �� '. 6
2�7 	�S# �QTL  '�p�7 ,S7 '�-�@ ��#

��@ %-�2�52 <2'p2 . %&2�# �2 %-d@ )TN�r� D�2 
�

 4�.'M#�-# �@ )����� %��#KBmag0718  �

EBmac0603  �2!T7 ,=> 4�
 '�p�7 '@ 	�J1

	!.�-� W�"7 �2 %���] )+"�  ,=> 42'@ 	!�

!#�'C )�U�7 ��# 2
 )#2� �'8*�1 . 
O )@ �� )* �� D�2


K �� � 
K )C ,�2 L�N� �'�"C 4�.  D�2 	!""C

)����� :. �@ )�&�# D�2 
� <�=>  D�2 )8"�2 �� � !#2

� i'=7 ��& 
� ,�T�U 
� %��#K )�&�# %�
'@ �
�

,�2 )��2� ,=> �� '. ��'@ '@ %��'7��*� 'p2 I�.  
�%�# ��&� �	
  

 
�-# )#2� 
2�. 
�� ,=> 6
2�7 	�S# )TN�r�

 �!� ,=> D�2 %8��#K �'�"C )�U�7 42'@ )C �2�

%-�2�52-  4������2 <2'p2 � 	�'C ,��=C ,�_N�X

)@ B\# 	!.�-� W�"7 
� %`2��  D�2 42'@ 	!� ,=>

,�2!# .
� D�2 %N�& 2 )C ,�Kularia and 

Sharma (2005) �Prakash et al. (2005) �

Eshghi and Akhundova (2009) �

Nakhjavan et al. (2010)  �Eshghi et al. 
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(2010) %�2 <2'p2 W2�#2 D�2 �'�"C 
� 2
 4����

!"��#2� L�?� ,=> . 'f�& Q�\S7 
� )E'32

,p2
� � �
�O'@ %r���� !& 
� ,=> D�2 4'�q� !

)746/0(6
2�7 � %8��#K <2'p2 )TN�r� �  4'�q�

 L@�]'�X %*NO L@�\�� <2'p2 )C �2� 
�-# %>�[?

,��.2 �@ ,=> D�2 �'�"C 
� ,�_v7  <2'p2 �2 '7

 ,�2 %-�2�52) ��!U3 .( %7�\�\S7 
� %;@�-� x���#

 P��7 )CWu and Taked (1995) �Rohman 

et al. (2006)  �Sharma and Sharma (2008) 

,�2 	!� H
2�3 �	!��
 ��+#2 )@ .  

 �� Q�\S7 D�2 
�QTL )qtw-6a  �qtw-6b (

!� %����"� )#2� 
2�. 
�� �'�"C 42'@ . )�&�# �� '.

 %��#K ������'C 4�
 '@6H ,�2� 
2'] . %#K 
�8�

qtw-6a  )*>�5 
�33  �737 %�#�� %#�3
��  42!�@2 �2

%M����� 	�'3 'M#�-# )@ I���# � Bmag0500 

"�!� %���� . D�2QTL  )C4/7  F#��
2� �2 !>
�

 )@ %-�2�52 'p2 ��'C )�U�7 2
 ,=> D�2 %V�7�"5

 	�2!#231/2  )#2� 
2�. 
�� B�2�52 ,;U 
� � �'3

,�2� .)@ 
K D�2 L�1 	�S# i�5 <
�>  � ,�_N�X

 
O 	!"-d@ !N2�Hiberna ��@ . ,�T�U )TN�r� �@

 	
�;@ %12
� 4�U %]J7 �2 L>�&Brenda  4�U �

 %-&�H.spontaneum  D�uHS213  ,�>�[?
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