
Fine-mapping of the Rpt5 net blotch resistance gene 
region in barley 
Yaniv E1, Tanskanen J1, Törönen P2, Kalendar R1, Mishra P2, Kiviharju E3, Erkkila M3, Tenhola-Roininen T3, Jalli M3, Doležel J4, 
Holm L2, Manninen O5, Schulman AH1 

P.teres f. teres PTT 

1MTT/BI Plant Genomics Lab, MTT Agrifood Research, Jokioinen, Finland & Institute of Biotechnology, Viikki Biocenter, University of Helsinki, P.O. Box 65, Helsinki, Finland 
2Bioinformatics Group, Institute of Biotechnology, Viikki Biocenter, University of Helsinki, P.O. Box 65, Helsinki, Finland 
3MTT Agrifood Research, Jokioinen, Finland 
4Centre of Plant Structural and Functional Genomics, Institute of Experimental Botany AS CR, Olomouc – Holice, Czech Republic 
5Boreal Plant Breeding Ltd., Jokioinen, Finland 

Abstract 
The net blotch disease, caused by the Pyrenophora teres f. teres, is one of the most important fungal diseases of barley (Hordeum vulgare) in Finland. During testing of a collection of 
barley accessions, including landraces, for resistance to net blotch, the Ethiopian landrace CI9819 turned out to be 98% resistant, an optimal level for providing sustainable 
resistance. The resistance gene in CI9819 was designated Rpt5. We are using a variety of mapping strategies, including collinearity exploitation, to fine-map Rpt5. So far we have 
narrowed the Rpt5 containing segment to 0.03cM. We have also carried out association genetics on a wide set of barley cultivars and made expression analyses of resistant and 
susceptible mapping parents. These approaches, combined with the genetically and physically mapped barley gene space (“gene-ome”) and emerging barley genome sequence will 
greatly enhance the efforts to positionally clone Rpt5. 
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Introduction: 
The net-type net blotch disease caused by Pyrenophora teres f. 
teres was first described by Drechsler (1923). Net blotch is 
common worldwide and causes great yield losses (Liu et al., 2011; 
Manninen et al., 2006). Net-type net-blotch is the most important 
barley disease in Finland. Testing of 47 different barley landraces 
against P. teres f. teres Finnish isolates resulted in identification of 
the Ethiopian landrace H. vulgare CI9819 having 98% resistance 
(Jalli, 2010). Preliminary genetic mapping of H. vulgare CI9819 
revealed two genes, Rpt5 and Rpt6, conferring resistance to the 
net-type and the spot-type, respectively (Manninen et al., 2006). 
Rpt5 was separated from Rpt6 by crossing CI9819 with cv. Rolfi, 
picking a recombinant line that contains only Rpt5 and making a 
doubled haploid from it.  The resulting line, C40, was crossed with 
cv. Rolfi to produce an F2 mapping population of over 5,000 
individuals for refinement of the genetic map of the Rpt5 region. 
Currently, the map is being improved by exploiting the collinearity 
of the Rpt5 syntenic region in Brachypodium distachyon 
chromosome 3.  

1. Genetic mapping of the Rpt5 region 
The genetic mapping of the Rpt5 region proceeded by exploiting 
retrotransposon-based genetic markers (Manninen et al. 2006). 
Subsequently, Illumina iSelect SNP platform containing 7,864 markers  
(Comadran et al., 2012; Tondelli et al. 2013) was used to refine the Rpt5 
map. These genic SNP markers were exploited for anchoring of the Rpt5 
region to the collinear region in B. distachyon. 

2. Refinement of the genetic mapping of the Rpt5 region using B. distachyon collinearity  
The goal of anchoring the Rpt5 region to the collinear region in B. distachyon was to develop additional genetic markers based on B. distachyon genes 
for fine-mapping Rpt5. The segment on chromosome 3 of B. distachyon between the two SNP markers anchoring Rpt5 was 2,160 Kb. Barley sequence 
data stemming from the IBSC genome sequencing project (IBSC, 2012) was used to develop markers corresponding to B. distachyon genes inside that 
segment. The genetic CAPS markers were developed as described by Raats et al. (2014). Currently, the size of the B. distachyon segment defined by 
the genes corresponding to the two nearest Rpt5 flanking markers (Xmtt011 and Xmtt009) is 279 Kb, narrowing the B. distachyon segment by almost 
eight fold. This B. distachyon region contains 39 annotated genes, offering the potential to further exploit collinearity for refinement of the Rpt5 
region. The collinear regions Oryza sativa, Sorghum bicolor, and Zea mays are being examined for this purpose. 

3. Association genetics of the Rpt5 region 
Association genetics for the characterization of the Rpt5 region was undertaken as a compliment to 
Mendelian mapping. A selection of 216 two-rowed barley cultivars representative of the European 
diversity of two-rowed barley was screened with the iSelect platform of 7,864 SNPs that is described 
above. A second population, comprising a collection of Nordic landraces and European old and new 
varieties, was examined using 15 BOPA1 SNPs (Close et al., 2009). The cultivars were tested for 
resistance or susceptibility to P. teres f. teres by inoculation with four net-type isolates from different 
parts of the world at the seedling stage. Scored for resistance was as described by Manninen et al. 
(2006) and Tekauz (1985). Association analyses were performed with the mixed linear model (Yu et al., 
2006) approach by using TASSEL version 3.0 (Bradbury et al., 2007). Minor SNP markers with allele 
frequencies lower than 5% were removed. P values lower than 0.05 were considered significant. The 
estimated positions of the SNPs were based on the IBSC (2012) map. For both populations, the most 
important loci for net blotch resistance was located on chromosome 6H: at 44.77 cM, 55.94 cM, and 
60.23 cM. The QTL at 55.94 cM seems to be exactly at the same locus as the Rpt5 gene that we have 
mapped earlier in the Rolfi x CI9819 cross.  The figure focuses on the chromosome 6HL region 
containing Rpt5. It shows the level of association of the net-type net blotch resistance of the barley 
cultivars with the different SNP-based markers per chromosomal location of the SNP-based markers as 
estimated according to the maps of the IBSC (2012). The highest level of association of the net-type 
net-blotch resistance with SNP allelic polymorphism corresponded to the Rpt5 location.  

4. Conclusions 
Association genetics of the Rpt5 region with a high-density Infinium iSelect SNP array has enabled anchoring of the Rpt5 region to the 
syntenic region in B. distachyon chromosome 3. Genes in the collinear B. distachyon region served to refine the Mendelian map of the Rpt5 
region through development of CAPS makers based on gene and pseudo-gene sequences assigned to barley 6HL by the ongoing genome 
sequencing project (IBSC, 2012). Iterative application of this approach has narrowed the corresponding segment in B. distachyon to 279Kb. 
Additional potential exists for saturating the Rpt5 with more molecular markers derived both from the 39 B. distachyon genes on this 
segment and from genes on corresponding segments in other sequenced grasses. Additional F2 lines are currently being screened to 
increase the resolution. Ultimately, a CI9819 pooled BAC library (Chalhoub et al., 2004; Isidore et al., 2005; Simková et al. 2008; Vrána et al. 
2000) will enable positional cloning of the Rpt5 gene. 

References 
• Bradbury PJ, Zhang Z, Kroon DE, Casstevans TM, Ramdoss Y, Buckler ES (2007) Tassel: software for association mapping of complex traits in diverse samples. Bioinformatics 23: 2633-2635 
• Chalhoub B, Belcram H, Caboche M (2004) Efficient cloning of plant genomes into bacterial artificial chromosome (BAC) libraries with larger and more uniform insert size. Plant Biotechnol J 2: 181-

188 
• Close TJ, Bhat PR, Lonardi S, Wu Y, Rostoks N, Ramsay L, Druka A, Stein N, Svensson JT, Wanamaker S, Bozdag S, Roose ML, Moscou MJ, Chao S, Varshney RK, Szucs P, Sato K, Hayes PM, Matthews DE, 

Kleinhofs A, Muehlbauer GJ, DeYoung J, Marshall DF, Madishetty K, Fenton RD, Condamine P, Graner A, Waugh R (2009) Development and implementation of high-throughput SNP genotyping in 
barley. BMC Genomics 10: 582-594 

• Comadran J, Kilian B, Russell, Ramsay L, Stein N, Ganal M, Shaw P, Bayer M, Thomas W, Marshall D, Hedley P, Tondelli A, Pecchioni N, Francia E, Korzun V, Walther A, Waugh R (2012) Natural 
variation in a homolog of Antirrhinum CENTRORADIALIS contributed to spring growth habit and environmental adaptation in cultivated barley. Nat Genet 44: 1388–1392 

• Drechsler C (1923) Some graminicolous species of Helminthosporium. J Agric Res 24: 641–740 
• IBSC (2012) A physical, genetic and functional sequence assembly of the barley genome. Nature 491: 711-716 
• Isidore E, Scherrer B, Bellec A, Budin K, Faivre-Rampant P, Waugh R, Keller B, Caboche M, Feuillet C, Chalhoub B (2005) Direct targeting and rapid isolation of BAC clones spanning a defined 

chromosome region. Funct Integr Genomics 5: 97-103 
• Jalli M (2010) The virulence of Finnish Pyrenophora teres f. teres isolates and its implications for resistance breeding. PhD dissertation, University of Helsinki, Helsinki, Finland 
• Liu Z, Ellwood SR, Oliver RP, Friesen TL (2011) Pyrenophora teres: profile of an increasingly damaging barley pathogen. Mol Plant Pathol 12: 1-19 
• Manninen OM, Jalli M, Kalendar R, Schulman A, Afanasenko O, Robinson J (2006) Mapping of major spot-type and net-type net-blotch resistance genes in the Ethiopian barley line CI9819. Genome 

49: 1564-1571 
• Raats D, Yaniv E, Distelfeld A, Ben-David R, Bocharova V, Shanir J, Schulman AH, Fahima T (2014) Application of CAPS markers for genomic studies of wild emmer wheat in Shavrukov Y (2014) 

Cleaved Amplified Polymorphic Sequences (CAPS) Markers in Plant Biology. Nova Publishers Inc., New YorkSimková H, Svensson JT, Condamine P, Hribová E, Suchánková P, Bhat PR, Bartos J, Safár J, 
Close TJ, Doležel J (2008) Coupling amplified DNA from flow-sorted chromosomes to high-density SNP mapping in barley. BMC Genomics 9: 294-302 

• Tondelli A, Xu X, Moragues M, Sharma R, Schnaithmann F, Ingvardsen C, Manninen O, Comadran J, Russell J, Waugh R, Schulman AH, Pillen K, Rasmussen S, Kilian B, Cattivelli L, Thomas W, Flavell AJ 
(2013) Structural and temporal variation in the genetic diversity of a European collection of barley cultivars and utility for association mapping of quantitative traits. Plant Genome 6: 1-14 

• Tekauz A (1985) A numerical scale to classify reactions of barley to Pyrenophora teres. Can J Plant Pathol 7: 181–183 
• Vrána J, Kubaláková M, Simková H, Cíhalíková J, Lysák MA, Doležel J (2000) Flow Sorting of Mitotic Chromosomes in Common Wheat (Triticum aestivum L.). Genetics 156: 2033-2041 
• Yu J, Pressoir G, Priggs WH (2006) A unified mixed-model method for association mapping that accounts for multiple levels of relatedness. Nat Genet 38: 203-208 

http://www.ueb.cas.cz/en
http://www.cas.cz/index.html

