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Why quantitative resistance? 

Mundt, 2014; modified from McDonald, 2004; original data from Browning and Frey, 1969

Overreliance on large-effect resistance genes can lead to 
the evolution of the pathogen to overcome host resistance



Corwin & Kliebenstein, 2017

Why quantitative resistance?

Quantitative resistance is conferred by small-
effect genes, which can extend host resistance 



Why genomic selection?

Fofana et al. 2008

Gordon et al. 2020

We can identify (to an extent) markers 
associated with small-effect resistance loci 
through bi-parental and GWAS mapping

But how do we use identified markers to 
improve breeding practically?



Crop Sci. 48:1649-1664

Marker assisted selection (MAS):
• Requires identification (significance testing) and validation of trait-

associated markers
• Difficult to implement in breeding when trait is controlled by many QTL
• QTL analyses often miss small-effect loci
• Estimated QTL effects are usually inflated

Genomic selection (GS)1:
• Significance testing not required 
• Can select on small-effect loci 
• Requires many markers

GS uses genome-wide markers 
to estimate the effects of ALL 
loci and predict the genetic 
values of untested individuals

Why genomic selection?

1Meuwissen et al. 2001



GS in practice:
• Reduced breeding cycle time
• Reduced cost of phenotyping
• Increased genetic gain

Why genomic selection?



Testing genomic selection for 
dwarf bunt resistance
To evaluate the potential of GS to improve breeding 
for dwarf bunt resistance, we need a dataset with:
• Dwarf bunt phenotypes
• Genome-wide markers

• Phenotypes: 246 accessions score in the field for dwarf bunt incidence in 
Logan, UT for three years

• Genotypes: 90 K iSelect SNP assay (19,281 markers)



Testing genomic selection for 
dwarf bunt resistance

𝐲𝐲 = 𝟏𝟏𝛍𝛍 + 𝐙𝐙𝐙𝐙 + 𝐞𝐞

y is vector of genomic 
estimated breeding 
values (GEBVs)

𝐮𝐮~𝑁𝑁(0,𝐆𝐆𝜎𝜎𝑢𝑢2)

𝐞𝐞~𝑁𝑁(0, 𝐈𝐈𝜎𝜎𝑒𝑒2)

GBLUP model 
(vanRaden, 2008)

genomic 
relationship matrix

Cross validation

“Prediction accuracy”: Pearson’s 
correlation between predicted and 
observed dwarf bunt incidence

Jia, 2017



Genomic selection when major-
effect genes are known

𝐲𝐲 = 𝐗𝐗𝛽𝛽 + 𝐙𝐙𝐙𝐙 + 𝐞𝐞

GBLUP model + fixed effects
(vanRaden, 2008)

𝛽𝛽 is a vector of fixed 
effects 

Gordon et al. 2020QTL explained 9-15% of the phenotypic variation



Genomic selection outperforms marker assisted 
selection, but accuracies are reduced when 
predicting less-related material

Sub-population



Next steps
Assemble and evaluate genomic selection 
training population that targets:
• Relatedness to Intermountain West 

wheat breeding programs  
• Germplasm with intermediate 

phenotypes

Gordon et al. 2020
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