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How do eyespot resistance genes transferred into winter 
wheat breeding lines affect their yield?
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Abstract: Eyespot can reduce yields, even up to 50%. There are four genetically characterized resistances in wheat varieties, controlled 

by: (1) the ���Œ�‘�W gene, transferred from ���Ž�•�’�•�˜�™�œ�1�Ÿ�Ž�—�•�›�’�Œ�˜�œ�Š; (2) the ���Œ�‘�X�1�•�Ž�—�Ž�ð�1�˜�›�’�•�’�—�Š�•�’�—�•�1�•�›�˜�–�1� �‘�Ž�Š�•�1�Ÿ�Š�›�’�Ž�•�¢�1���Š�™�Ž�•�•�Ž�1���Ž�œ�™�›�Ž�£�ò�1�û�Y�ü�1�•�‘�Ž�1

���Œ�‘�Y gene, originating from ���Š�œ�¢�™�¢�›�ž�–�1�Ÿ�’�•�•�˜�œ�ž�–�ò�1�Š�—�•�1�û�Z�ü�1�•�‘�Ž�1���ï���Œ�‘�ï�“�’�Œ�,�[�� gene, a quantitative trait locus (QTL) located on chromosome 

5A of Capelle Desprez. However, those loci have drawbacks, such as linkage of ���Œ�‘�W�1with deleterious traits and limited effectiveness 

of ���Œ�‘�X�1against the disease. Here we present an initial study which aims to characterize wheat pre-registration breeding lines carrying 

12 eyespot resistance genes, consider their resistance expression in inoculation tests and the influence of resistance genotypes on the 

yield. We selected four groups of breeding lines, carrying: (1) the ���Œ�‘�W gene alone: one line; (2) the ���Œ�‘�X�1�•�Ž�—�Ž�1�Š�•�˜�—�Ž�ñ�1�•�˜�ž�›�1�•�’�—�Ž�œ�ò�1�û�Y�ü�1�•�‘�Ž�1

���ï���Œ�‘�ï�“�’�Œ�,�[���1�•�Ž�—�Ž�1�Š�•�˜�—�Ž�ñ�1�˜�—�Ž�1�•�’�—�Ž�ò�1�Š�—�•�1�û�Z�ü�1���Œ�‘�W + ���ï���Œ�‘�ï�“�’�Œ�,�[��: three lines. For the first time, the effect of the combination of ���Œ�‘�W�1and�1

���ï���Œ�‘�ï�“�’�Œ�,�[�� genes was compared with resistance conferred by ���Œ�‘�W or ���ï���Œ�‘�ï�“�’�Œ�,�[���1alone. We found significant differences between 

infection scores evaluated in resistant lines carrying ���Œ�‘�W and ���ï���Œ�‘�ï�“�’�Œ�,�[�� alone, while no differences in terms of the level of resistance 

expression were detected between ���Œ�‘�W alone and ���Œ�‘�W + ���ï���Œ�‘�ï�“�’�Œ�,�[��,�1and between wheat lines�1carrying ���Œ�‘�W�1and�1���Œ�‘�X alone. More-

over, we demonstrated that the ���Œ�‘�W gene, together with an ���Ž�ï�1�Ÿ�Ž�—�•�›�’�Œ�˜�œ�Š�1segment, caused statistically significant yield losses, both as 

a single eyespot resistance source or in a combination with ���ï���Œ�‘�ï�“�’�Œ�,�[��. Yield scores showed that wheat lines with ���ï���Œ�‘�ï�“�’�Œ�,�[�� had 

the highest yields, similar to the yielding potential of ���Œ�‘�X-bearing lines and control varieties.
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Eyespot is a stem base disease of winter wheat (���›�’�•�’�Œ�ž�–�1
�Š�Ž�œ�•�’�Ÿ�ž�– L.) caused by two closely related fungal species: 
���Œ�ž�•�’�–�Š�Œ�ž�•�Š�1 �¢�Š�•�•�ž�—�•�Š�Ž (formerly ���Š�™�Ž�œ�’�Š�1 �¢�Š�•�•�ž�—�•�Š�Ž) and 
���Œ�ž�•�’�–�Š�Œ�ž�•�Š�1 �Š�Œ�ž�•�˜�›�–�’�œ (formerly ���Š�™�Ž�œ�’�Š�1 �Š�Œ�ž�•�˜�›�–�’�œ; Crous 
�Ž�•�1�Š�•�ï�1�X�V�V�Y�ü�ð�1� �‘�’�Œ�‘�1�˜�•�•�Ž�—�1�Œ�˜�Ž�¡�’�œ�•�1�’�—�1�•�‘�Ž�1�œ�Š�–�Ž�1�•�’�Ž�•�•�ï�1���¢�Ž�œ�™�˜�•�1
causes the reduction of nutrient transport at the stem base 
and lodging, which consequently, can lead to a significant 
yield reduction (Lucas �Ž�•�1�Š�•. 2000), even up to 50% (Mur-
ray 2010). Yield losses are due to the reduced number of 
tillers, premature wilting or death of stems, and smaller 
�”�Ž�›�—�Ž�•�œ�1�û���Œ�˜�•�•�1�Š�—�•�1�
�˜�•�•�’�—�œ�1�W�_�]�Z�ò�1���ž�›�›�Š�¢�1�Š�—�•�1���›�ž�Ž�‘�•�1�W�_�^�\�ü�ï�1

There are four sources of eyespot resistance identified 
in commercial wheat varieties: ���Œ�‘�W (Worland �Ž�•�1�Š�•�ï�1�W�_�^�^�ü�ð�1
���Œ�‘�X (de la Peña �Ž�•�1�Š�•�ï�1�W�_�_�\�ü�ð�1���Œ�‘�Y (Murray �Ž�•�1�Š�•�ï�1�W�_�_�Z�ü�1�Š�—�•�1
���ï���Œ�‘�ï�“�’�Œ�,�[��, a quantitative trait locus (QTL) on chromo -
�œ�˜�–�Ž�1�[���1�û���ž�›�•�1�Ž�•�1�Š�•. 2010). ���Œ�‘�W�1is the most effective eye-
spot resistance gene. It was introduced into the VPM-1 
wheat line (VPM = Ventricosa × Persicum × Marne; Maia 
�W�_�\�]�ü�1 �•�›�˜�–�1 �•�‘�Ž�1 � �’�•�•�1 �•�›�Š�œ�œ�1���Ž�•�’�•�˜�™�œ�1 �Ÿ�Ž�—�•�›�’�Œ�˜�œ�Š�1(Zhuk.) 
���‘�Ž�—�—�Š�Ÿ�ï�1�û���Š�’�Š�1�W�_�\�]�ü�1�Š�—�•�1�’�œ�1�•�˜�Œ�Š�•�Ž�•�1�˜�—�1�•�‘�Ž�1�•�’�œ�•�Š�•�1�Ž�—�•�1�˜�•�1

�Œ�‘�›�˜�–�˜�œ�˜�–�Ž�1 �]���1 �û���˜�ž�œ�œ�’�—�Š�ž�•�•�1�Ž�•�1 �Š�•�ï�1 �W�_�^�Y�ò�1 ���˜�›�•�Š�—�•�1�Ž�•�1 �Š�•. 
�W�_�^�^�ü�ï�1���Œ�Œ�˜�›�•�’�—�•�1�•�˜�1���Œ���’�•�•�’�—�1�Ž�•�1�Š�•�ï�1�û�W�_�^�\�ü�ð�1�•�‘�Ž�›�Ž�1�’�œ�1�Š�1�Œ�•�˜�œ�Ž�1
association between the ���Œ�‘�W resistance gene and �����,���W�‹, 
an endopeptidase isozyme allele from ���Ž�ï�1�Ÿ�Ž�—�•�›�’�Œ�˜�œ�Š chro-
�–�˜�œ�˜�–�Ž�1�]�����ï�1 ���‘�’�œ�1�•�˜�Œ�’�1 �’�œ�1�•�’�—�”�Ž�•�1 �•�˜�1 �œ�’�–�™�•�Ž�1�œ�Ž�š�ž�Ž�—�Œ�Ž�1�›�Ž-
peat (SSR) markers ���ž�œ�•�������X�V�V�W�,�]���� as well as ���‹�Š�›�Œ�_�] 
(Groenewald �Ž�•�1�Š�•�ï�1�X�V�V�Y�ò�1���‘�Š�™�–�Š�—�1�Ž�•�1�Š�•�ï�1�X�V�V�^�ü�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1
Santra �Ž�•�1 �Š�•. (2006) showed that �����,���W�‹ is more effec-
tive than ���ž�œ�•�������X�V�V�W�,�]����. VPM-1 is the most popular 
breeding line and has been used extensively as a source of 
���Œ�‘�W�1in breeding programs (Doussinault �Ž�•�1�Š�•�ï�1�W�_�^�Y�ü�ï�1���‘�Ž�1
second eyespot resistance gene, ���Œ�‘�X,�1is present in the va-
riety Cappelle Desprez (Hollins �Ž�•�1�Š�•�ï�1�W�_�^�^�ü�ï�1���’�—�Œ�Ž�—�•�1�Ž�•�1�Š�•. 
�û�W�_�[�X�ü�1�•�˜�ž�—�•�1�•�‘�Š�•�1���Š�™�™�Ž�•�•�Ž�1���Ž�œ�™�›�Ž�£�1� �Š�œ�1�•�Ž�œ�œ�1�’�—�•�Ž�Œ�•�Ž�•�1�‹�¢�1
eyespot than other cultivars in field trials. However, John-
�œ�˜�—�1�û�W�_�_�X�ü�1�›�Ž�™�˜�›�•�Ž�•�1�•�‘�Š�•�1���Œ�‘�X�1is less effective than ���Œ�‘�W. 
The ���Œ�‘�X gene was identified in Cappelle Desprez wheat 
using three closely linked SSR markers (Table 1) (Chap-
man �Ž�•�1�Š�•�ï�1�X�V�V�^�ü�ï�1���ž�›�Š�—�•�¢�1�Ž�•�1�Š�•. (2002) showed that ���Œ�‘�X�1
caused resistance to eyespot at the seedling stage and an 








