Fine mapping and validation of a major locus for race nonspecific partial resistance to powdery mildew on chromosome
arm 1AS in the German spring wheat cv. ‘Naxos’
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Introduction
Powdery mildew, caused by Blumeria graminis f. sp. tritici
is a major wheat disease in maritime and temperate
climates. It can cause yield losses up to 40% if not
properly controlled. Resistance breeding is considered a
more sustainable and economic alternative to chemical
disease control with fungicides. While race-specific
resistance often is of short durability, long-lasting
resistance can be achieved by combining several genes
for partial, and race non-specific resistance.
The German spring wheat cv. ‘Naxos’ shows a high level
of partial resistance to powdery mildew in the field
(Fig. 1), and in a previous study we identified a major
QTL on 1AS with resistance from Naxos in the
SHA3/CBRD x Naxos recombined inbred line (RIL)
population based on QTL mapping with SSR and DArT
markers (Lu et al. 2012).

A third RIL population, Avocet x Naxos was phenotyped
in the field and genotyped with KASP markers developed
from the most significant 90K SNP markers on 1AS in
SORU#1 x Naxos. The QTL was validated also in this
population, and explained up to 10% of the phenotypic
variance (data not shown).

Near-isogenic lines for the 1AS QTL
The genotyping of the Avocet x Naxos RIL population
identified one F6 family (AxN-39) with heterozygous
genotype calls for markers in the QTL area. Near-isogenic
lines (NILS) were produced from heterozygous segregants
for validation of the phenotypes in the field. As shown in
Fig. 3, the QTL contributed to more than a 50% reduction
in powdery mildew severity in this near-isogenic
background. We then decided to develop a fine-mapping
population based on this segregating F6 family in order
to mendelize the QTL.
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Fig. 4. Linkage map of the 1AS QTL area based on 35K and
90K markers genotyped with the KASP system on 318
segregating lines from heterozygous plants of RIL AxN-39.

20
10
0
Naxos

Avocet-YrA

AxN-39_res

AxN-39_sus

Fig. 3. Powdery mildew severities of near-isogenic lines for
the 1AS QTL along with the parental lines Naxos and
Avocet-YrA. Data from hillplot trial at Vollebekk in 2016.
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Fig. 1. Powdery mildew symptoms of a highly susceptible
RIL (left) and the resistance source Naxos (right) in
hillplots.
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Recently, we further refined the linkage maps with
inclusion of SNP markers from the Illumina 90K wheat
chip and narrowed down the QTL area. For validation,
QTL mapping with 90K SNP markers was also done in
the SORU#1 x Naxos population. Again, the 1AS QTL from
Naxos was identified as a major determinant of powdery
mildew resistance, explaining from 10 to 19% of the
phenotypic variance in the field. The colinearity of
common SNP markers confirmed that the QTL was the
same in the two populations (Fig. 2, Windju et al. 2017).
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Fig. 2. Alignment of the linkage maps and corresponding LOD curves from the QTL mapping of powdery mildew resistance on
1AS in the two mapping populations SHA3/CBRD x Naxos and SORU#1 x Naxos.

Heterozygous plants from the segregating F6 family AxN39 were selfed to produce a fine-mapping population of
318 segregating lines for the QTL in a uniform genetic
background. These were genotyped with KASP markers
for the target QTL area developed from the Illumnia 90K
and Affymetrix 35K SNP chips. The resulting linkage map
is shown in Fig. 4. Individual plants representing
recombination events within the QTL area have been
selfed to produce sets of near-isogenic lines for the
different breakpoints. These will be tested for powdery
mildew resistance in the upcoming 2017 season to
further refine the QTL area.
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