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Why quantitative resistance?
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: Overreliance on large-effect resistance genes can lead to
I the evolution of the pathogen to overcome host resistance



Why quantitative resistance?
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: Quantitative resistance is conferred by small-
| effect genes, which can extend host resistance



Why genomic selection?
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Why genomic selection?

Molecular Markers and Selection for Complex Traits in Plants:
Learning from the Last 20 Years

Rex Bernardo =« Crop Sci. 48:1649-1664

Marker assisted selection (MAS):

* Requires identification (significance testing) and validation of trait-
associated markers

e 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)*: I GS uses genome-wide markers
* Significance testing not required ! to estimate the effects of ALL
* Can select on small-effect loci | loci and predict the genetic

* Requires many markers I values of untested individuals

IMeuwissen et al. 2001



Why genomic selection?
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'Aq Poland J, Rutkoski J. 2016.
Annu. Rev. Phytopathol. 54:79-98



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

Genetic characterization and genome-wide
association mapping for dwarf bunt resistance in
bread wheat accessions from the USDA National
Small Grains Collection

Tyler Gordon, Rui Wang, David Hole, Harold Bockelman, J. Michael Bonman & Jianli Chen

Theoretical and Applied Genetics 133, 1069-1080(2020) | Cite th

* 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

GBLUP model Cross validation
(vanRaden, 2008)
y=1u+Zu+e
y is vector of genomic
estimated breeding
values (GEBVs)
genomic

relatlonshlp matrix
u~N (0, Gag)
e~N(0,102)

Training Testing

|

Jia, 2017
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Genomic selection when major-
effect genes are known

GBLUP model + fixed effects 8 & A — —
(vanRaden, 2008) 2
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g ol
f is a vector of fixed i "
effects Alole
Accession Bt gene Origin BLUE DB- DB- QDB.ui- QDB.ui- QDB.ui-
6D1 6D2 6DL? 7ALP 7DSs¢
Pl 345106 Serbia 3.9 + - — - _
Pl 345428 Montenegro 4 - - - - -
Pl 476212 USA 4 + - - - +
Pl 560601 Turkey 3.8 + - — - _

QTL explained 9-15% of the phenotypic variation  cordonetal. 2020



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

Assem ble a nd eva I uate genomic selection PHENOTYPIC SELECTION GENOMIC SELECTION
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