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**��/z**��/z*��/z*�z/z**�
/zBreda 

C? >��5" \�U��' J3- �^MW- %��)N '� �M�)3- =)N'	 	�)�*FB ! �)�

2N	'	)��!��(.%'���F? ! ��")��(C?�^MW- �;w& J�' J3-

2N	�" ��'S0 '� �U+ !	.

! =N'	 	��*FB )� I5T2*� �	 V�N'PC)? �'�'	 �)�	� �^MW)-

 �R]& �UR& 	5- �'	 2)N)I!2)`�(.'	�)- �	 �U)+ !	 J)�' �)4!

C? 2RM@'	 �;w& �^MW- .=-�)& �)kN DR)� \5)9!  ' _)� 2)<�

 ! =�5- \�U��' D?�" ! C�,& �M-5T� I5T )�2V�N'(�)-�9� �	 

J3- � ! =*;R< 2�'�- V�N' 1,3F3<$ n�` �)? >2)@ >�)3�� �	

=9�< !6�- �?(=N'	 =- ��M�3- CP< I�)HMN' 2)@� I�)Y �	 ��?

 �& >�3�� ! =M��� 2N5@ .H8& ���- �^�	 �5<  ' 2)N2HM]& J3)H

 ))� =))"2 ' =))" V))�5T V�N' 2))` 5))` ��))Y! (Hordeum 

spontaneum =M��'! =- (��? �<' =M��� I�HMN' 	5`5&(�)��- �- 

%O 2�2@ ���� =- VF8� �	 V3�	 ��?�^M<53� X�	SN 	�'	 

)�(.C" �2345� V3WN�M� =)N'	 �)0c�!  ' S)3N )` J3)F? ��)?2

))� '�)4 ! �)<' ��)Y!2r3)8& �	 V�N' [�M;W)N ��)? ! 2B�W))&

 �)<' >	5FN �U�' '� ��!�UM& DHN 2B�W&�N.)�R3`V%'��)�F? !

)�z(2B�W)& [�M;WN r�'�@ �	 m2R0 m�9�' �'�- '� �P-��& =Q3MN

2N	5FN ��'S0 2B�W& !.

!	 �? �	 CE�� 6�-  ' =*;R< �!�� =)N'	 	��*FB �- r38&

C? �^MW- �;w&�R]& �@'	 �'	.)I!2`�(.C?�);w& �^MW)-

[,&�" �R]& ���)MN �)- ('	�)- �	 =)N'	 	�)�*FB �)- =*;R< I5T �'	

=- ���"$ ! 5"5�5"!	 r<5� >2&$ �<	)�(C?�@'	 �N'5�.

=*;R< �	 =N'	 	'2]� D�'S�' (=H7R& !	 �? �	(D�'S)�' :;< 

�<' >2@ =N'	 	��*FB)I!2`�(.Vy53R� ! m5*- )�(���)MN S3N

 2N	�" ��'S0 '� �P-��& .)3H8� J)�' �	 DR)� 	5)`! m2)B (G

 %	  =QR� %�&  �	 ����(���� DR� \59! %�&  �	 V3��� 

N'	 ! =*;R<=C? ! �2R- =)F3N �	 >�kMR& �3# �02N��- \59! J3RE

 (=N'	 %2@ �� %�&  m!	�3/�� 	�)�*FB �!� =*;R< �	 =N'	 	'2]� 

=N'	'��M�3- 	5FN.

�,	�	
!QTLs :	;< 

 ' ��3MNO =�HN =3P� �'�-����)N �^NSSR !�z} �^N��)N AFLP 

2@ >	�UM<' .J3-  '�
� (>	�UM)<' 	�5& �^N��N �z�^N��)N SSR !

�} �^N��N AFLP �-LOD V9'2Y�/��O�)�R34 >!�)0 ��)? =)- (

! �)@'	 G)*]� CMU? m! 5&!�" =- >!�0 !	 �? =" ���� i�KM�'

 V&�@ :3��� =-�!��	5- �^N��N )Vg@�(.

=e?�30 2@� 1�29 �'�- GT�R& �	 ��	�P*� :)3��� =- '	�- !

X� ! ��PE QTL 2@ ���<�R@ .l5)-�& �)/' J��M�3- ��	�P*� �	

=-QTL 	5- D@ m! 5&!�" �- q9'! ��3W)- �^M)<53� �'�'	 ="

X�	SN)C3N�MN�< %�0�5&(�^N��N �- P18m184f�)-LOD I	�)]&

�/��<' .2R�'S�' V4$>24'!  ' 2@� 1�29 Wi2291 >2@ GM�& 

<'�.���<QTL 2RM��0 �'�9 m!	 m! 5&!�" �!� �?.	!2Y �	 

�� a3�5)R� 1'�33~� 2+�	 �	 =)e?�30 2)@� 1�2)9 ��)�	�P*� 

\5FQ& r<5� QTL 2@ =3`5� �? .�)PR�QTL '	�)- �	 �!� =)"

 (�<' q9'! �U? m! 5&!�" �-��� 1'�33~� =3`5� 2+�	R�a3�5

 �'�'	 =e?�30 2@� 1�29LOD I	�]& 
/}! 	5- S�' V)4$ >2)R�'

%$ 24'!  ' Wi2291 �)<' =M��0 ��R& .�R)�  ' QTL ���)<�R@ 

r3)))8& J3^N�)))3& u�)))<' �)))- >2)))@ Z5)))� ��)))? (�"�)))4' 

�	 	�5& !	��	�P*� �)<' >	5)- p�M�)& '	�)- �	 	�5)& X� !.

)I!2))`�(%'��))�F? ! m5y�))-)�!
(	5))`!QTL���))? 
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��36A.�������9[ �	U,	6 H��,�+�� 9l� HLOD 
�9� �3! 1�6�2 �f�2�
� mM	,��� 3<�� �QTL�3! �,	�	
! 
	� 

	%M_ P�UM	�� � ��9� � 	,�	� $2 1Ob
� �� �� (�?h� :	;< 

�U+ r38& m! 5&!�" LOD R2���'S�' �/'  ' =*+��

X�	SN �^N��N J��� 

X�	SN J���

�^N��N 

�29=e?�30 2@� 1��	�? V� ��/��}/z��/z��/zP18m184f 
=e?�30 2@� 1�29 ��	�? V� �z/���/z�z/z��/�BMag813 
=e?�30 2@� 1�29 ��	�? V� ��/��z/z��/z�
/��P18m34i 
=e?�30 2@� 1�29 ��	�? V� ��/���/z��/z�
/�P18 m184b 
=e?�30 2@� 1�29 '	�- 

/}��/z��/z��/�Scssr7970b 
=e?�30 2@� 1�29 J3^N�3& �}/��}/z��/z��/zP18m184f 
=e?�30 2@� 1�29 J3^N�3& ��/�z�/z��/z�}/
P18m184b 
=e?�30 2@� 1�29 J3^N�3& 
�/��z/z��/z��/�Scssr7970b 
=e?�30 2@� 1�29 J3^N�3& ��/�z�/z�}/z��/zP71m9sa 
=e?�30 2@� 1�29 J3^N�3& }
/}z�/z�z/z�/zBMag828 

=�5- \�U��' ��	�? V� ��/���/z�}/���/zP71m301a 
=�5- \�U��' ��	�? V� ��/�z�/zz�/���/zP18m184f 
=�5- \�U��' ��	�? V� �
/���/z}}/��/zHv5s 
=�5- \�U��' ��	�? V� 
�/��}/z�}/��/zP18m237d 
=�5- \�U��' '	�- ��/��z/z�/���/zP18m184f 
=�5- \�U��' '	�- �z/}z�/zz�/��/zBmag5b 
=�5- \�U��' '	�- }z/}��/z��/���/�P71m34c 
=�5- \�U��' '	�- }�/��z/z�z/�}/�Scssr25538 
=�5- \�U��' J3^N�3& ��/�z�/z�}/z�/zP71m301q 
=�5- \�U��' 3^N�3&J��/���/z�
/z�/�P18m184f 
=�5- \�U��' J3^N�3& ��/���/z�/}�/�BMag813 
=�5- \�U��' J3^N�3& ��/
��/zz/��/zHV5s 
=�5- \�U��' J3^N�3& 
�/�z�/z�/���/zBMag105 
=�5- \�U��' J3^N�3& }�/}z�/z�/�}/�Scssr25538 

V�N'2� I5T ��	�? V� ��/�z�/z��/z��/zP71m301a 
V�N'2� I5T ��	�? V� �}/
��/z��/���/zP18m184f 
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�U+ r38& m! 5&!�" LOD R2���'S�' �/' 
 ' =*+��

X�	SN�^N��N J���

X�	SNJ���

�^N��N

V�N'2� I5T��	�? V��z/}z�/z
�/z��/zP18m184d 
V�N'2� I5T��	�? V�}�/�z
/z��/z�/�P71m42e 
V�N'2� I5T'	�-��/�z�/z��/z��/zP71m301a 
V�N'2� I5T'	�-
�/}z�/z�
/z��/zBMag105 
V�N'2� I5T'	�-}}/��
/z��/z�/�P109m95a 
V�N'2� I5TJ3^N�3&
�/���/z��/z��/�BMag105 
V�N'2� I5TJ3^N�3&}�/�z�/z
�/z�/}P71m42e 
V�N'2� I5TJ3^N�3&}�/}�z/z
�/z�/�P101m43e 
V�N'2� I5TJ3^N�3&}�/}�z/z
�/z��/�P71m34c 

6�)-  ' =*;R)< �!����	�? V��
/���/z��/���/}P18m184d 
6�-  ' =*;R< �!����	�? V�
}/���/z��/���/}BMag105 
6�-  ' =*;R< �!��-'	�
�/���/z
�/z��/�BMag105 
6�-  ' =*;R< �!��J3^N�3&��/�z�/z��/zz/zBMag375 
6�-  ' =*;R< �!��J3^N�3&��/}z
/z�}/z��/zP18m184d 
6�-  ' =*;R< �!��J3^N�3&

/���/zz/���/�BMag105 
6�-  ' =*;R< �!��J3^N�3&}�/}�z/z
�/z�/�P104m95a 

=*;R< I5T��	�? V���/}�}/z}�/z
/}Bmac30a 
=*;R< I5T��	�? V�}�/�z�/z��/z�/zP104m95a 
=*;R< I5T��	�? V�}�/�z�/z��/z�z/�P101m289g 
=*;R< I5T'	�-
�/�z�/z��/z��/�P71m34b 
=*;R< I5T'	�-
�/}z
/z��/z�/zP18m184b 
=*;R< I5T'	�-��/��z/z��/z}/�P71m301e 
=*;R< I5TJ3^N�3&
�/�z�/z��/z�/zP104m95g 
=*;R< I5TJ3^N�3&
�/�z�/z��/z�/�P71m301e 
=*;R< I5TJ3^N�3&}z/�z
/z�z/zz/zP101m289g 

=*;R< �	 =N'	 	'2]���	�? V��
/�z�/z��/z��/zP71m301a 
=*;R< �	 =N'	 	'2]���	�? V���/����/z��/��/}BMag813 
=*;R< �	 =N'	 	'2]�J3^N�3&��/�z�z/z}�/��/�BMag813 
=*;R< �	 =N'	 	'2]�J3^N�3&��/�z�/z

/z�/�P18m184c 
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��� 

=e?�30 2@� 1�29 �'�- m! 5&!�" �!� '� C�)@ ! m!	 ��)?

2N	�" ��'S0 .

�	 =))�5- \�))U��' �))�	�P*� ��))PE �'�'	 QTL �))- q))9'! 

m! 5&!�" 	5- �U? ! D@ (��PE (!	 ��? .C?=)H7R& �	 J3RE

 ��)PE S)3N '	�-QTL )&!�" �!� 5m!  ! �R)� (=)< ��)? D)@

 2@ >	'	 �3L��2N.%��& ?!	 �)? �	 \�)U��' >2)R�'S�' �NO �� 

	�'	 	5`! 24'!.QTL !	 �? �	 m!	 m! 5&!�" �- q9'! =)H7R&

 �)PN$ J3^N�3& !	5)- p�M�)& .J)�'QTL �^N��)N �)- P18m184f

�@'	 �^M<53� .J�' >2R?�" V4$QTL 24'! �	 Tadmor 	5)`! 

	�'	 �	 !=)- '	�- ! ��	�? V� �5)T r)<5M& :)3��� =)-�/�!�

�MN�<  ' �M& =�5- \�U��' �&2?�" J���|�- �'�'	 '	�- =H7R& �	 !

�'2H&LOD !R2I	�]& %$�z%	5- .\5FQ&QTL 	5`5& ��?

 :3��� =- '	�- ! ��	�? V� �	 	!2Y }�!}}1'�)33~�  ' 2+�	

 >	5FN =3`5� '� �a3�5R� 2N'.D@ J3-  ' QTL �)- >2@ �L�&

 !	 (=H7R& !	 J3^N�3& u�<'QTL �	 �)�	�P*� X)� !QTL �	 

	5- p�M�& '	�- .X�QTL 	5)- p�M�)& =�SQ� =< �? �	 S3N .

�))�F? ! _�3))- %'�)}((%'��))�F? ! m5y�))- )�!�(! J3))� (

%'��)))))�F?)��(%'��)))))�F? ! 1|5)))))3� !)��!�}((

	5))`!QTL �))U? �))? �	 '� =))�5- \�))U��' >2))RR" I�))MR" ��))?

 =)- 5` m! 5&!�" m! 5)&!�" >c)�! m5)< ��)?(CM)U? ! CQR)� 

2N	�" ��'S0.%'���F? ! ��;F~3� )�(	5)`! S)3NQTL ��)? 

=)�5- \�)U��' >2)RR" I�MR" ��'S)0 '� m��)PE m! 5)&!�" �!�

2N	�".��PE 	'2]� QTL m! 5&!�" �- q9'! ��)PE (=< (!	 ��?

 2@ ���<�R@ ��	�? V� �	 V�N'2� I5T I�MR" �'�- D@ !.=)<

QTL m! 5&!�" �- q9'! '	�)- �	 S)3N �)U? ! ��)PE (=)< ��?

 2))@ >	'	 �3L�))� .QTL �^N��))N �))- =M))<53� P71m301 �	 

�? �	 ��PE m! 5&!�" 	5)- p�M�& =H7R& !	 .J3)F?QTL �	 

C? S3N =�5- \�U��' 	�5& �<' >	'	 %��N �N��& .J)�' >2R�'S�' V4$

 4'!  ' �NO %��&2Wi2291 �	 ! �<' >2@ �@�N ��	�P*� '	�)- !

=- r<5M& �5T�/z�MN�< � I5T �- �M&2�& V�N' 2�'S�' .�- >!,B

 (J�'QTL �^N��N �- =M<53� p18m184f=" =)- )RB �)NO %�)�& %'5

 2)@ >	'	 �3L�)� =)�5- \�U��' �'�-()� I5)T �'�)- 2�	 V�N'

�))�	�P*� J��M�))3- �'�'	 ! >	5))- �/.))& S))3N R2)��2))+�	 (!

J���|�-LOD )}/
(�<' >	5- .J�' >2R�'S�' V4$QTL 2)4'! �	 

Wi2291 �@'	 �'�9 .!	 �)? >2R�'S�' V4$ ��R&QTL �)- q)9'! 

C9�  ' m5< m 5&!�"Tadmor -�<' >	5.u�)<' �)- =�SQ��	 

>	'	 J3^N�3& ��PE (=H7R& !	 �a3�5R� ��?QTL 2�	�0 ���<�R@

 �- ="QTL r38& �	 >2@ �L�& ��? ��?��	�P*� X)� ('	�- !

�<' =M@'	 p�M�& 	�5&.

�!�� %'S3&=*;R< =- =" CE�� 6�- �,#  ' %'5RB=N��N �'

_�B  ' )& n5W)8& ���)� =)- VF8� �	 >�30 VF]4'�	5)@(

!	 �'�'	QTL m! 5&!�" �!� �	 �)U? ! !	 ��)? �)�	�P*� !

X�QTL 	5- '	�- �	 �U? m! 5&!�" �!� .QTL �)? �	 �3�' 

�	 ! 	5- p�M�& =H7R& !	 �)�	�P*� :)3��� =)- '	�)- !��!��

�)<' >	5)FN =3`5� '� �5-S& �U+ �a3�5R� 1'�33~�  ' 2+�	 .

�^N��NBmag105 �- J�'QTL	 �^M<53� ! =M@' %$ >2R?�" V4$ 

4'!  '2Wi2291 �<' >2@ GM�& .>2)R?�" V4$ !	QTL �)^�	 

C9� �	Tadmor2N�'	 �'�9 .

=< =H7R& �? �	 =*;R< I5T �'�-QTL =)" 2)@ ���)<�R@ 

m! 5&!�" �!� 2RM)@'	 �'�)9 �)U? ! ��PE (=< (!	 ��? .J)�'

QTL V4$ ��R& ! >	5;N �/'�� �? !	 �)?  ' %$ >2)R�'S�' ��? 2)4'!

 �<' >	5-.=< J3-  'QTL >	'	 J3^N�3& �	 >2@ ���<�R@ ��)?

 X)� =H7R& !	QTL 	5)- p�M�)& r3)8& !	  ' m'2)" �)? �)- .

%'���F? ! ��;F~3�)�(	5`! S3NQTL�? I5)T >2RR" I�MR" �

m! 5&!�" �!� '� =*;R< 2N	�" ��'S0 =< ! !	 ��?.

�	 =*;R))< �	 =))N'	 	'2))]� �'�))-�))�	�P*� !	 QTL �!� �))- 

m! 5&!�" 2@ >	'	 �3L�� ��PE ! !	 ��? .�^N��)NBmag13 

�- ="QTL '	 X�	SN �^M<53� m!	 m! 5&!�" �- q9'! �@(��

=)3`5� '� �a3�5R� 1'�33~�  ' 2+�	 	�)" J)�' >2)R�'S�' V)4$ !
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