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Aphanomyces root rot (ARR), caused by the oomycete Aphanomyces euteiches, is one of the most important 

yield-limiting factors in production of legumes. In Europe, it is the main limiting factor for pea production while in 

the United States it is one of the most important diseases of alfalfa and pea (Gaulin et al., 2007). The disease 

causes stunting and death of alfalfa seedlings with complete stand loss occurring in wet and poorly drained 

soils. Non-lethal damage to seedling roots reduces forage yields and winter survival. The pathogen can infect 

adult plants during wet periods to cause loss of feeder roots and root nodules, reducing nitrogen fixation, forage 

yield, and stand life. Varieties with resistance to ARR became widely available in the 1990s; however, failure of 

resistant varieties identified a second race of the pathogen. Recent reports of failure of varieties with resistance 

to both race 1 and race 2 suggest that additional pathogenic races are present in alfalfa production fields. The 

goals of this research were to: (i) determine the prevalence of race 1 and race 2 strains in Minnesota and New 

York; (ii) identify novel strains of the pathogen; (iii) characterize the race-specific resistance to Aphanomyces 

root rot; and (iv) map resistance genes in order to facilitate breeding for resistance and to clarify race/resistance 

gene relationships. 

From 2012 to 2015, a total of 53 soil samples from alfalfa production fields in the state of Minnesota and 40 

soil samples from New York were assayed for the presence of the two races of A. euteiches. Although a PCR-

based assay is available for identifying A. euteiches in plant and soil samples (Vandemark et al., 2002), it does 

not distinguish races. The only available assay for identifying races is a bioassay using differential varieties. In 

both states, race 2 predominated over race 1 (Figure 1). Soils with a high level of ARR tended to be rotated 

frequently to alfalfa while those with a low risk of ARR had not been used frequently for alfalfa production. 

These results suggest that frequent alfalfa cultivation increases the severity of ARR. Other surveys for ARR on 

alfalfa found that race 2 is prevalent in the Midwestern United States (Malvick and Grau, 2001; Malvick et al., 

2009; Munkvold et al., 2001; Vincelli et al., 1994). The seed rot and damping off pathogens identified from these 

soils included Pythium ultimum, P. irregulare, P. sylvaticum, Fusarium oxysporum and F. incarnatum-equiseti 

(Berg et al., 2017). Many of the Pythium strains were resistant to ApronXL (mefanoxam), which is commonly 

used as a seed treatment, indicating that new strategies are needed for managing seed rot and damping off of 

alfalfa. A significant number of soils were classified as “atypical” because the race of A. euteiches could not be 

determined with the bioassay. Pure cultures of A. euteiches were isolated from diseased alfalfa seedlings grown 

in nine of the atypical soils and individual strains were used to inoculate the differential varieties. Of the 44 

strains tested, 11 were classed as race 1 and 33 were classified as race 2. None of the individual strains could 

overcome the resistance in the check variety WAPH5 that has resistance to race 1 and race 2. 

Although resistance to ARR has been incorporated into many commercial varieties, little is known regarding 

the mechanism of resistance or the genes controlling the trait. Alfalfa seedlings susceptible to ARR, resistant to 

race 1, or resistant to race 1 and race 2 were used to investigate resistance mechanisms. Zoospores were 

found to be attracted primarily to the root hair zone of seedlings and penetrated root cells within one hour of 

inoculation. Cells of resistant plants reacted to penetration with a rapid and localized hypersensitive response 

characterized by cell death and browning of penetrated cells. Cells infected by the pathogen were limited to 

epidermal cells or a small number of cortical cells in resistant seedlings. Highly upregulated genes in resistant 

plants at 24 hours after inoculation included genes involved in the phenylpropanoid biosynthetic pathway 

leading to phytoalexin (medicarpin), chitinase, and beta-1,3-glucanase production. The production of 
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phenylpropanoid compounds and suberization of the stele was seen microscopically in resistant plants at 24 

hours after inoculation. Similar responses were seen for resistance to race 1 and race 2 strains. These results 

suggest that resistance to ARR is triggered by a canonical NBS-LRR resistance gene. Notably, resistant plants 

prevent completion of the lifecycle of the pathogen. Thus, utilization of resistant varieties can potentially reduce 

pathogen density in soils. 

To gain a better understanding of the genes involved in resistance, plants were identified from the alfalfa 

variety 53V52 with resistance to a race 1 strain (MF-1) and a race 2 strain (MER4), and single plants were used 

as parents to produce F1 mapping populations. Plants were rated for severity of disease symptoms, which were 

highly correlated with the amount of pathogen DNA and number of oospores in root sections. Resistant plants 

with a score of 1 to 2 had no oospores in roots and an average of 48 ng of pathogen DNA/g root while 

susceptible plants with a disease score of 3 to 4 had an average of 23 oospores/mm root and 2744 ng pathogen 

DNA/g root. Line 85 segregating 3:1 (resistant:susceptible) for resistance to race 1 and 1:3 for resistance to 

race 2 was selected for disease phenotyping and genotyping. DNA was extracted from 373 F1 plants from line 

85 and used for genotyping-by-sequencing followed by genotype calling using FreeBayes pipelines to the 

Medicago truncatula reference genome sequence. SNP markers significantly associated with resistance to 

strain MF-1 (race 1) were identified on chromosome 1 (Figure 2). Using the genome sequence for cultivated 

alfalfa at the diploid level (https://www.alfalfatoolbox.org), three candidate NBS-LRR genes were identified 

within 38 kbp of the most significant marker (P=2.76 x 10-23). Significant SNP markers associated with 

resistance to strain MER-4 (race 2) were located on chromosome 2 (P=1.7 x 10-9). Resistance to a different 

race 1 strain mapped to the resistance locus on chromosome 1 and two additional race 2 strains mapped to the 

resistance locus on chromosome 2, using 265 plants from line 85. These results indicate that a small number of 

genes are involved in triggering the hypersensitive resistance mechanism in the variety 53V52. Plants with 

resistance to single strains of A. euteiches were identified in this project, suggesting that additional races of the 

pathogen exist in nature. However, the genes for resistance to these strains appear to be clustered in the 53V52 

genetic background. 

Strains of A. euteiches vary widely in aggressiveness toward alfalfa and previous multilocus sequence typing 

showed that the pathogen is genetically diverse (Malvick et al., 2009). Ongoing QTL mapping aims to identify 

markers tightly linked to resistance to ARR that may be useful in marker-assisted selection for breeding alfalfa 

varieties with high levels of resistance to ARR. The results of this study support the use of diverse A. euteiches 

strains when selecting disease resistant parental materials to achieve durable resistance to ARR. 

 

 

 

Figure 1. Percentage of race 1 and race 2 isolates of Aphanomyces euteiches in soil samples from alfalfa 

production fields in Minnesota and New York. 
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Figure 2. Manhattan plot showing the location of SNPs associated with resistance to race 1 and race 2 strains 

of Aphanomyces euteiches. 
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