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Project Title: Identification of Bacterial Leaf Streak (BLS) resistance in Minnesota Germplasm 
 
Importance of this project to the profitability of wheat producers: 
This project focuses on efforts to control bacterial leaf streak (BLS) by identifying sources of resistance in Minnesota 
wheat. We propose to perform a genome-wide association study (GWAS) and bi-parental mapping on an array of wheat 
lines from the UMN wheat program. We will generate phenotypic and genotypic data that will be used in analyses to 
identify potential sources of resistance to bacterial leaf streak (BLS) within the wheat genome. The results of these studies 
will inform the UMN wheat program in making selections that contain genes that affect increased resistance to BLS. 
Ultimately, our goal is to provide Minnesota producers with wheat lines that demonstrate strong resistance to BLS to 
mitigate the economic impacts of this disease. 
 
Procedures: 
Wheat seeds will be planted in irrigated nurseries consisting of two-row plots, 3 feet in length and replicated twice at each 
location. Plots will be inoculated at the boot stage using our standardized protocol of applying a bacterial suspension 
using a gas-powered backpack sprayer. We will apply a well-characterized bacterial strain (CIX40), which was originally 
collected in MN in 2010 and has been consistently used in all our inoculated nurseries (Curland et al. 2018). Disease 
assessments will be collected after two weeks, with additional ratings collected as the disease is monitored over the 
growing season. 
 
Genotyping by sequencing (GBS; Elshire et al. 2011) uses next-generation DNA sequence technology (Illumina) to obtain 
single nucleotide polymorphism (SNP) markers across the entire genome. These SNP markers can be used in genome-
wide association studies (GWAS; Yu and Buckler 2006) to discover SNP markers that can be used in marker-assisted 
selection for traits of interest. A panel of 74 advanced experimental breeding lines that were phenotyped in the BLS 
cooperative nurseries in a minimum of 4 environments will be genotyped using GBS. The samples will first be prepared 
for DNA sequencing in our lab, then submitted to the University of Minnesota’s Genomics Center (UMGC) to run on the 
Illumina sequencer. The short DNA sequence reads from each individual line will be compared to the wheat reference 
genome (Zhu et al. 2021) to find the SNP markers and determine their physical positions in the genome. Data from these 
74 lines will be combined with the GBS data from the 123 cultivars and advanced breeding lines we previously genotyped 
and phenotyped. GWAS will be performed using the phenotypic and genotypic data for the complete panel of 197 lines 
using a specialized software called GAPIT 3.0.1 (Lipka et al., 2012) to find SNP markers that have a significant effect on 
BLS severity in the field. 
 
Additionally, a genetic mapping population of 95 lines plus their two parents (MN11394-6 (R) X MS Barracuda (S)) has 
been screened in two environments. These lines will be screened again in Crookston and St. Paul in 2024 and genotyped 
using GBS. Biparental trait mapping will be performed in R using the ‘qtl’ software (Arends et al., 2010; Broman et al., 
2003). 
 
Regional linkages to other research activities: 
Since 2013, the University of Minnesota’s Small Grains Pathology lab has coordinated a cooperative BLS screening 
nursery. This inoculated nursery is run at four locations each growing season: St. Paul and Crookston (MN), Fargo (ND), 
and Brookings (SD). Dr. Shaukat Ali (South Dakota State University) manages the Brookings nursery and Dr. Zhaohui Liu 
(North Dakota State University) oversees the Fargo nursery. The historical data from these nurseries will be used in the 
GWAS analysis. 
 
List any other secured, pending, or planned submissions to outside funding sources for this work: 
Support for the Bacterial Leaf Streak Cooperative Nursery (BLSCN) is provided by the Small Grains Initiative grant 
“Evaluation of small grains cereals for multiple disease resistance” ($99,015 for 7/23-6/24). The Dill-Macky lab has 
additional funds that will cover the GBS (genotype by sequencing) costs (estimated at $5, 211.44). 
 
Research Group: 
Rebecca Curland (Research Scientist, UMN Plant Pathology) is the PI who will lead the project and oversee the field trials 
and data collection. 
Ruth Dill-Macky (Professor and Plant Pathology Department Head) is a co-PI who will advise this project and whose lab 
will support the pathology work. 
James Anderson (Professor, Agronomy and Plant Genetics) is a co-PI who will advise this project and whose lab will 



support the GWAS and bi-parental mapping analyses. 
Emily Conley (Research Scientist, Agronomy and Plant Genetics) will complete the GWAS and bi-parental mapping 
analyses. 
 
Relationship to past projects: 
This project builds on methods and data from previous projects. The MNWRPC has provided funding that has allowed us 
to make significant progress in developing screening methods for BLS, generating phenotype data for Minnesota wheat 
lines, and exploring management options for BLS control. The goals of this project represent a culmination of previous 
work that will enhance UMN’s wheat breeding program’s ability to select for BLS resistance. 
 
Estimate the budget requirements: 
Wages and fringe benefits: $10,136 salary and fringe for the support of Rebecca Curland, Plant Pathology technician. 
$5,210 salary and fringe to support Emily Conley, Agronomy technician. $1,200 to support undergraduate technicians to 
manage the field plots. 
Materials and Supplies: $300 for lab supplies for culturing bacteria and inoculum production. 
Other Direct Costs: $250 for land rental and $450 for publication costs. 
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          Project Title:    Bacterial Leaf Streak (BLS) resistance in Minnesota Germplasm
 
 
           Principal Investigator(s) / Project Director(s) 
 

Rebecca Curland
  
  

  
                      Funds Requested For                
 Year 1                Year 2                 Year 3            
(2024)                (2025)                 (2026) 

A.  Salaries and Wages     $12,496 $ $ 

     1.  Co-principal Investigator(s) $7,393

     2.  Senior Associates   

     3.  Research Associates – Post Doctorate    

     4.  Other Professionals $3,903  

     5.  Graduate Students   

     6.  Prebaccalaureate Students          $1,200  

     7.  Secretarial - Clerical   

     8.  Technical, Shop and Other   

B.  Fringe Benefits $4,050  

C.  Consulting and Professional Services   

D.  Supplies and Services  
  

$300

E.  Travel   

F.  Sub-Contracts   

G.  Repairs & Maintenance   

H.  Rentals & Lease 
  

   

I.  Other Expenses 
 

$700  

 
TOTAL AMOUNT OF THIS REQUEST  (per year) 

 

 
$      17,546 

 
$      $         


