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Outline
• Overview of IWG breeding at UMN
• Kernza® variety release

• GWAS for yield traits
• Genomic selection with dominance, GxE, & haplotype blocks
• QTL mapping for Fusarium and bacterial leaf streak resistance
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Intermediate Wheatgrass Breeding Goals

• Grain Yield
• Sustained Grain Yield

• Seed Size 
• Shatter Resistance
• Free Threshing

• Plant Height 
• Lodging Resistance
• Diseases (FHB, Ergot)

• End-use Quality
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Borrowed from Zhang, X (2016 FGI Meeting)



IWG Breeding at UMN with Genomic Selection



Breeding Progress: Trait Improvements



Kernza Variety Release
Our first Kernza variety, MN1504, is approved for release in 2019!
• Produces an average of 500 lbs. of grain per acre (563 Kg ha-1)
• Currently being increased on 100 acres (40 Ha) in MN well-head protection areas 
• Variety release mechanism being decided

Data summarized from 3 locations, 16 reps
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MN1504 Release 
MN1504 in Becker, MN (2016)MN1504 is a good agronomic performer:

• Short plant height: 113 cm (3.7 ft)
• Minimal lodging, uniform maturity
• Moderately high seed threshability



Future UMN Kernza Variety Candidates

• = Four MN16XX candidates planted in 2018 for small-plot seed 
increase in St. Paul; large-scale increase and state-wide trials in 2019

• Other candidates discontinued due to poor agronomic performance such as lodging, 
low yield, tall stands, ergot.
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Yield Traits: QTL Mapping & Genomic Selection

Materials: Cycle 3 genets (560) of which ~450 used in GWAS
Evaluated in 3 environments: 2017 and 2018 St. Paul, and 2018 Crookston

Traits: 
- Grain yield
- Thousand Kernel Weight
- Seed length
- Seed width
- Spike weight
- Spike length
- No. of spikelets per spike

GWAS:
Genotyping by sequencing
Allele-calling using the latest v2.1 IWG reference genome
Population structure determined using STRUCTURE
Q-matrix used as covariate in GWAS

Marvin Seed Scanner



QTL for yield and seed traits

We identified 154 
genomic regions 
associated with yield 
and yield component 
traits in our cycle 3 
IWG breeding 
population.



Applicability of QTL in Genomic Selection
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Best 10 SNPs = QTLs with highest percentage of phenotypic variance explained (R2) in GWAS.

In general, adding QTLs as fixed effects increases prediction ability.



Genetic mapping for FHB & BLS resistance
Materials & Methods:
A77-3: resistant to FHB (Fusarium head blight) & bacterial leaf streak (BLS)
C20-7: susceptible

- Parents were selected based on field evaluations during 2011-2013
- Crossed to obtain 108 F1 genets
- Syringe-inoculated using

- FHB isolates collected from 2014 IWG plants
- BLS culture grown from wheat-infecting pathogen

- Per plant: 5 spikes for FHB & 3 flag leaves for BLS
- Data recorded 21 dpi
- Joinmap for linkage map construction
- MapQTL for CIM

Bajgain et al., in review



FHB & BLS phenotypes
Disease phenotypes observed in the IWG F1 mapping 
population A77-3 x C20-7:

A: Fusarium head blight (FHB)
B: Bacterial leaf streak (BLS) 
in 2016, 2017, and 2018.

A77-3 (R) C20-7 (S)

A77-3                    C20-7 

1cm

Bajgain et al., in review



QTL for FHB and BLS resistance

15 QTL were associated with FHB resistance and 11 QTL with BLS.
5 QTL were common between the two diseases. 

Bajgain et al., in review



Disease reduction in 2-3 QTL models & Genomic Selection

Bajgain et al., in review



Genomic Selection with Dominance effects

GBLUP (Genomic best linear unbiased prediction) vs. Bayesian models: 

• Model with additive effects only (A variant)
• Model with additive and dominance effects (AD variant)
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Bajgain et al., in preparation



Genomic Selection with GxE interaction effects

• Models accounting for GxE effects (GBLUP only)
i. Single Kernel “MM” for main random genetic effect across all environments 
ii. Multi-Kernels

a. “MDs” for main genetic effect in all environments and a single G×E effect for 
all environments

b. “MDe” for main genetic effect in all environments as well as a single G×E effect 
for each environment

Bajgain et al., in preparation

Spike Length: H = 0.73
Seed Width: H = 0.44
TKW: H = 0.69
Yield: H = 0.68
Spike Length: H = 0.58
Spike Weight: H = 0.43
No. of Spikelets: H = 0.31
Shatter Resistance: H = 0.75
Threshability: H = 0.56



Genomic Selection with haplotype blocks

GBLUP (Genomic best linear unbiased prediction) vs. Bayesian models: 

• Models with haplotype blocks
• Blocks based on recombination breakpoints
• Sliding window of 2, 5, 10 SNPs

Bajgain et al., in preparation



Additive vs. Additive + Dominance models

• No significant difference between additive only vs. additive + dominance models
• In fact, additive only models were better in many cases

• GBLUP models were slightly better than Bayesian models, in general
• No single method or model gave the highest predictive ability for any particular trait
• No relationship between trait heritability and predictions

Bajgain et al., in preparation



Better predictions when GxE effects considered

• Models incorporating GxE effects outperformed nearly all other models

• With GxE effects included in the models, predictive abilities improved by nearly two-folds for 
yield, spike length, spike weight, and threshability.

Bajgain et al., in preparation



Haplotype Blocks increase trait prediction

• Overall, haplotype block length of 2 SNPs (sliding window method) was better for most traits
• Blocks constructed by considering recombination breakpoints (Haploview) were worse

• Compared to single SNP markers, the increase in predictively ability (~1-2% in UMN_C3) may not 
be worth the time it takes to convert genotypic data into haplotype blocks

Bajgain et al., in preparation
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Trait Improvements 2011-2018



Trait Distributions & Heritabilities

Boxplots of phenotypic data collected on UMN_C3 in St Paul in 2017 and 2018, and in 
Crookston, MN in 2018



IWG Linkage Disequilibrium & Recombination

Pairwise LD (r2) and recombination frequencies in the IWG F1 mapping population A77-3 x C20-7. 
Average genome-wide LD half-decay occurs within 7.5 cM; wheat is ~ 7 cM
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