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Association Analyses of Crown Rust Reaction 
10 isolates 
11 field locations 
2010, 2011 

29 GWAS 

Significance 
Threshold: 
P≤1.68E-5 



Condensed results: 

For each chromosome, the lowest p-value per isolate/location year. 
 

• 29 SNPs significantly associated with at least one phenotype. 
• 12 linkage groups. 
• 28 of the 29 phenotypes were significantly associated with at least one SNP 

 



Oat Crown Rust QTL 
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Mrg 02 03 03 05 06 08 08 08 09 09 09 12 18 18 18 18 19 20 20 20 20 20 20 20 20 20 23 23 28 
cM 28 102 160 136 74 81 131 152 57 62 87 59 21 68 68 68 70 39 42 84 123 136 157 227 243 251 54 63 33 
BRBG *** **   * ***   ** 

DQBG *   * * ** *   ** 

DSGB *   * * ***     ** * 

LQCB *   * * * * ***   * *   

LRBG   ** * *** ***   

LSLG ** ***   ** * * 

NGCC * ***   ** ** *** * * *** 

NRBB ** **   *** *   * ** * ** ** 

NTGG *** **   *** *   **   *** *** *** * * 

SJGL ** *   ***   ** *   ** * 

B11IR * * ***     ***   **   *** *** *** *** 

C10IR * * *     *   **   

C11IR **     *   *   *   

F10IR *               

F11IR *         *   * * *   ** * 

S10IR * *             * 

S11IR **           ** 

W10IR *** * *         *** *** * **   *** 

W11IR           * 

B11SV     *   ** ** ** ** **   

C10SV * **       ***     

C11SV ** *   ***   *   *   * * *   

F10SV ** * ***   *   * ***   ** ** **   

F11SV *     *   ** ** *   ** 

O11SV *           

S10SV         * * ** 

S11SV         *** 

W10SV * * *         ** ** ** ** * * 

W11SV                   *                                   
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Crown rust reaction 
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Buckthorn 
nursery 



Crown Rust Resistance Scores for Pc Differential Lines in the 2016 
Minnesota Buckthorn Nursery 

Differential 
Infection 
Response Severity Differential 

Infection 
Response Severity 

Pc 35 MSS 50 Pc 57 S 50 

Pc 36 MSS 60 Pc 58 MR 20 

Pc 38 S 70 Pc 59 MS 40 

Pc 39 MSS 50 Pc 60 MRMS 40 

Pc 40 MRMS 50 Pc 61 MR 40 

Pc 45 MRMS 30 Pc 62 RMR 20 

Pc 46 MR 30 Pc 63 MSMR 40 

Pc 48 MSMR 50 Pc 64 MRMS 15 

Pc 50 MS 30 Pc 67 MRMS 30 

Pc 51 S 50 Pc 68 MRMS 40 

Pc 52 S 20 Pc 70 MS 40 

Pc 53 RMR 10 Pc 71 MSS 50 

Pc 54 MRMS 20 Pc 91 MSMR 30 

Pc 55 MSMR 30 Pc 94 RMR 10 

Pc 56 MSMR 40 Pc 96 RMR 15 

Infection 
Response Description 

R Fully resistant, no sporulation 

MR 

Moderatly resistant, small 
pustules, little sportulation 

RMR 

Both R and MR, R 
predominant 

MRMS 

Both MR and MS, MR 
predominant 

M Between MR and MS 

MSMR 

Both MS and MR, MS 
predominant 

MS 

Moderatly susceptible, larger 
pustules, sporulation 

SMS Both S and MS, S predominant 

MSS 

Both MS and S, MS 
predominant 

S 

Fully susceptible, large 
pustules, no chlorosis or 
necrosis, sporulation 



The Pc58 phenotype 
LSLG 

TAM O-301 

Baton Rouge 

Ogle expresses an IT of 3+, while TAM O-301 has an IT of ;1.  



Mapping Pc58: 
• Crown rust phenotypes on 

Ogle and TAM O-301 oat 
parents at  the flowering 
stage.  

• 283 RILs 
• Genotypes from the 

Illumina 6K chip 
• Crown rust infection type 

(IT) and disease severity 
data were recorded for 
each RIL when the oats 
were flowering. 
 

Ogle TAM O-301 



 
 

Composite Interval Mapping  (CIM) revealed a Pca resistance QTL on 
Chromosome 9D that we believe corresponds to Pc58a. A LOD score of 3 is 
shown as a horizontal black line. 

   Baton Rouge, Louisana 2013 
   Baton Rouge,Louisana 2014 
   Castroville,Texas 2014 



26 SNPs were chosen to 
represent the Chromosome 
9D region, based on linkage 
to Pc58a in the Ogle x TAM 
O-301 population and 
placement on the oat 
consensus map. 

cM positions were from Chaffin et al. 2016 

Locus_Name Group Dist (cM) LOD 
GMI_ES17_c2707_866 Mrg02 0 
avgbs_220846 Mrg02 0.6   
avgbs_118675 Mrg02 2   
GMI_ES03_c649_134 Mrg02 2.7 0.6 
GMI_ES15_c3333_509 Mrg02 3.5 11.7 
avgbs_101263 Mrg02 3.7   
GMI_ES17_c4198_561 Mrg02 4   
GMI_ES14_c53_424 Mrg02 4.5   
avgbs_11731 Mrg02 5.1   
avgbs_57430 Mrg02 5.4   
avgbs_37061 Mrg02 5.5   
avgbs_9226 Mrg02 7.9   
avgbs_20089 Mrg02 7.9   
avgbs_31205 Mrg02 8.5   
avgbs_60000 Mrg02 8.5   
avgbs_122095 Mrg02 10.8   
avgbs_238879 Mrg02 10.8   
avgbs_108315 Mrg02 10.8   
avgbs_97476 Mrg02 10.8   
Excalibur_c38463_284 Mrg02 10.8   
GMI_ES03_c1903_678 Mrg02 10.8 11.2 
GMI_DS_LB_6614 Mrg02 10.8 11.2 
GMI_ES22_c870_456 Mrg02 10.8   
GMI_ES01_c3009_196 Mrg02 10.8   
RFL_Contig3562_1249 Mrg02 10.8   
GMI_ES17_c5643_361 Mrg02 27.4 



On the barley genome: 

13 known or predicted genes 

2 similar to resistance gene 
analogs with nucleotide binding 
regions and leucine-rich repeats 



BAC Library 

young expanding 
leaf tissue 

partial restriction 
digestion 

clone into BAC 
vector 

transform by 
electroporation 



Why a BAC library? 

• Map-based cloning of QTL can be facilitated by 
the ability to identify and sequence large-insert 
Bacterial Artificial Chromosome (BAC) clones, 
which harbor mapped EST sequences, and 
surrounding genomic landscape 

Base Sequence  

Annotation 

Re-sequence 

Variants 



Ajay 
• Ajay was developed 

by Darrell Wesenberg 
at the USDA-ARS 
National Small Grains 
and Potato 
Germplasm Research 
Unit, and released as 
a variety in 1989.  



Ajay 

http://pool.aowc.ca/ 

Ajay 



Insert Size: 
from 80 kb 
to >200 kb 

 
Average = 140 kB 

 

478,080 clones 
 

5X genome 
coverage 

https://www.genome.clemson.edu/ 



Clones are identified by hybridizing the overgo probes 
to the filter. Positive clones show as dark spots. 
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