United States
Department of
Agriculture

Research, Education &
Economics

Agricultural Research
Service

Northern Plains Area

March, 2015

Version 1.0

Meeting Strategic Milestones
of the National Sclerotinia
Research Initiative for 2014

Integrated Research for Disease
Management in Sunflower, Canola,
Dry Bean, Pea & Lentils and Soybean



Executive Summary

Vision Statement: An integrated research approach will guide the effective development of diagnostic
technologies, disease management systems, genomic resources, and crop germplasm exhibiting durable
resistance to Sclerotinia sclerotiorum. Strategic deployment and use of these resources will help sustain the
competitiveness of U.S. canola, pea, lentil, chickpea, common bean, soybean, and sunflower producers in

domestic and global markets.

Introduction: The Strategic Plan for the National Sclerotinia Initiative 2013-2017 provides programmatic
transparency to all sectors of the agricultural value-chain and gives the research community a foundation
for an integrated research approach for mitigating this devastating disease. The performance measures
outlined in the Strategic Plan are relevant to the current needs of U.S. agriculture. Each performance
measure defines the actions that will be taken to solve the problem, describes what is promised or will be
produced, and provides a mechanism for peer review and assessment of research progress. The current
document, Meeting Strategic Milestones of the National Sclerotinia Research Initiative for 2014 provides an
interim accounting of how the research community has addressed the goals and objectives the plan, and

provides the basis for rating overall program performance on an annual basis. This document and

information regarding the governance and activities of the National Sclerotinia Research Initiative may be

accessed at: http://www.ars.usda.gov/Research/docs.htm?docid=20317&page=3

Rating Summary:

Sclerotinia Initiative Research Progress Evaluation

2013 | 2014 | 2015 | 2016 | 2017
number of accomplishment citations

Total Accomlishments 43 58

Total Milestones 79 79

Achievement Rating (%) |54.4|73.4

Total Projects 21 22

Accomplishments / project 20 | 2.6

Total Publications 266 | 283

Germplasm/Varieties released 41 9

Achievement Rating: # cited accomplishments/ # published milestones *100



http://www.ars.usda.gov/Research/docs.htm?docid=20317&page=3

Distribution of Accomplishments across Strategic Plan

Milestone

Milestone #

2013

2014 | 2015

2016

2017

Crop Germplasm Resources & Genetics

PM 1.1: Identify new sources of resistance.
Germplasm of all NSl crops.
Improved phenotypic methods for validating resistance.
PM 1.2: Transfer new sources of resistance (pre-breeding).
Common bean breeding lines from interspecific crosses.
Canola, chickpea, lentil, pea, soybean and sunflower lines.
Sunflower breeding lines from wild species
PM 1.3: Genetic analysis and discovery of QTL
Breeding pops in canola, bean, pea, soy, and sunflower.
Backcross in sunflower/MAGIC populations in common bean.
GWAS and linkage analysis in common bean & sunflower.
QTL markers in NSl crops.
Metabolic mechanisms with resistance QTL.

PM 1.4: Pyramid white mold resistance and release cultivars.
Canola, chickpea, lentil, and pea lines released.
Pinto and other bean market classes released
Interaction of QTL in common bean and soybean.
Establish disease nurseries.
Soybean breeding line with Sclerotinia resistance
Commercial & experimental release of sunflower lines.

Pathogen Biology & Mechanisms of Resistance

PM 2.1: Characterize population structure & ecology
Interaction of pathogen with environmental factors.

Biotypes with resistance to new fungicide chemistry
Characterization of the genetics of fungicide resistance
Characterization of ecological types in the population.
Associate activity in Sclerotinia with specific genetic markers.

PM 2.2: Characterize virulence/aggressiveness
Reactions of isolates on new sources of host resistance.
Collection of isolates with broad aggressiveness
New sources of host resistance isolates
Criteria for virulence/aggressiveness on specific hosts.

PM 2.3: Identify environmental & genetic factors in germination
Factors that may enhance myceliogenic germination.
Genetic control ofmyceliogenic/carpogenic germination
Genetic events that lead to carpogenic germination.

PM 2.4: Temporal gene expression profiles of Sclerotinia.
Transcriptomic, genomic, and metabolomic data bases.
Improved gene annotation using transcriptomic data.
Genetic control of infection processes

PM 2.5: Identification and verification of candidate genes.
Development and maintenance of culture collections.
Transcriptome profiling analyses.

Promoters for RNAIi constructs.
Inventory of genes involved in pathogenesis.
Functional verification of candidate genes.

Gene Discovery & Phenotypic Association

PM 3.1 Molecular marker resources for QTL Discovery.
Core set for deployment in genotyping systems
DNA markers for annotation of crop genomes
Allele specific DNA markers for disease resistance
Allele specific DNA markers for quality traits

number of accomplishm
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Milestone

Milestone #

2013

2014

2015

2016

2017

Allele specific DNA markers for yielding ability

5

PM 3.2 Genetic and physical maps for Sclerotinia resistance.

Compilation of genotypic data from mapping populations

Improved genetic maps for Sclerotinia resistance genes

Consensus genetic map for Sclerotinia resistance genes
Core sets of markers for disease resistance

Core sets of markers for quality traits

Core sets of markers for agronomic traits

Place candidate genes on consensus genetic map
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3.3 Characterize gene models for pathology & resistance.

Standardized annotation of maps among crop species.
Transcriptomic, proteomic & metabolomic annotation of QTL
Biological mechanisms for resistance, such as: oxalic acid
Gene atlas with a comprehensive list of all expressed genes.
Identification of specific genes within QTL

a b~ wN P

RlRs]s

3.4 Genome mapping and allelic analysis through GWAS.

High resolution exome maps of QTL

Specific alleles that mediate Sclerotinia resistance.

GWAS studies of phenotypic variation in disease resistance.
Haplotype maps correlated with genetic variation for resistance.
Allele specific markers for pyramiding genes

a b~ WN PP
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PM 3.5 Develop improved resistance with biotechnology.

Inventory validated resistance genes, promoters, & constructs
Transcription factors and elements of gene regulation
Functional tests in model plants to determine candidate genes
Efficacy of transformed genes on defense control

Genome editing to modify resistance to Sclerotinia

Crop germplasm transformed with putative anti-fungal genes.

o g~ WN PP

Disease Management & Crop Production
PM 4.1: Optimize fungicide application programs.

Collection of S. sclerotiorum isolates for fungicide sensitivity
Economic return of fungicide applications

Management guides for fungicides

Spray technologies for fungicide performance

Ttiming of fungicide applications.

a b~ WwN P

PM 4.2: Develop bio-control alternatives.

Efficacy of current bio control agents
Novel antagonists of S. sclerotiorum
Management guides for bio fungicides

w N P

PM 4.3: Develop disease-warning systems.

Models that calculate risk of disease development
Effect of tillage practices on Sclerotinia survival;
Economic loss models

Define risk levels for crop-specific fungicide decisions

A WN P

PM 4.4: Optimize cultural practices for disease management.

Variety selection based on disease reaction
Publication of disease management information
Epidemiological information on disease development.

N

Total Accomlishments
Total Milestones
Achievement Rating (%)
Total Projects
Publications

68
79
86.1
21
266

58
79
73.4
22
283




2014 Accomplishment Highlight Summary

Selected sunflower germplasm with combined resistance to S. sclerotiorum head rot, stalk rot,
phomopsis and stem canker among backcrossed progenies of interspecific hybrids or amphiploids
2n=34 chromosomes.

Improved the ascospore production method developed by retired pathologist Dr. Michael Boosalis;
the original isolate (NEB-274) and one other produced ascospores with no preconditioning other
than scarification.

Determined that Sclerotinia disease onset at early bloom stage affected greatest disease levels and
seed yield loss in dry beans, soybeans, and sunflowers.

Validated white mold (WM) resistance from P. coccineus and P. vulgaris in advanced snap bean
breeding lines; advanced populations with WMG904/20-3 h, WMG39 and A195 sources of
resistance.

Determined inheritance of resistance genes in F1 to F3 populations of interspecific cross
combinations between H. tuberosus, H. strumosus, H. decapetalus, H. hirsutus, H. divaricatus, H.
occidentalis, and H. salicifolius with HA 410 and a susceptible inbred line HA 234.

Identified QTL in a F6:7 RIL population from the cross of cultivated sunflowers HA 441 and RHA 439;
and an AB-RIL population BC2F5:6 from the cross of HA 89 and wild annual species H. argophyllus (PI
494573, resistant parent).

Evaluated F1 populations among elite sunflower breeding lines showing increased levels of
resistance in the field plus 3700+ individual F2 plants from 25 RIL populations to determine
mechanisms of resistance.

Developed a common bean linkage map from 160 F5:7 lines (Orion/USPT-WM-12) for white mold
reaction; genotyped RIL population with the BARCBean6K_3 BeadChip (6000 SNPs), and established
a QTL analysis (WM7.1 and WM8.3) pipeline for RNA-seq and fine mapping.

Developed 500+ dry bean breeding lines with resistance by GWAS; associated SNP markers with
phenotypes; mapped and validated QTL for resistance

Developed a WM-MAGIC (Multi-parent Advanced Generation Inter-Cross) population for future fine-
mapping and improved common bean germplasm.

Evaluated two doubled haploid lines, NEP32 and NEP63 (susceptible and resistant) in a F2
population exhibiting transgressive segregation for white mold resistance; conducted RNA-Seq to
identify ~ 9000 splice variants and ~ 3400 novel transcripts, 5 QTLs for resistance to SSR, one gene
was identified as a potential candidate for resistance on CO1 of the canola genome.

Evaluated Sclerotinia stalk rot infection QTL analysis by GBS; developed two public SNP genetic maps
containing more than 15,000 markers; determined GBS was cost effective for SNP discovery and
genotyping in sunflower.

Conducted GWAS on snap bean, Mesoamerican, and Andean Diversity Panels using GBS; discovered
35,000 SNPs distributed throughout the genome; Four SNPs showed significant associations with



field WM disease severity and mapped on Pv08 different from WMS8 3; SNPs mapped on Prva 03, 06,
07,08, 09, 10 and 11.

Evaluated a diverse set of early maturing (maturity groups I, Il and Ill) 280 soybean plant
introductions selected based on 52,041 SNP marker data for resistance nursery and greenhouses
with the drop-mycelium method.

Used meta-QTL analysis to refine and validate QTL reported with resistance: WM2.2, WM2.3,
WM7.2, WM8.4, WM 9.2 and WM 11.1 which mapped to five different chromosomes in the bean
genome.

Developed F2 populations of RoundUp Ready canola and mapped five significant SNP markers
associated with resistance to chromosomes A01, A03, C01, and CO0S8.

Pyramided QTL that represent different sources with plant architectural avoidance traits for field
resistance to white mold along with yield, lodging, and agronomic desirability in common bean.

Identified partial resistance to S. sclerotiorum in secondary gene pool and in adapted dry and snap
bean lines; released a snap bean, a pinto, a bayo and six kidney lines with moderate WM resistance.

Tested 10 soybean lines in the Uniform Soybean Tests — Northern Region (19 locations in 10 US
states and 1 Canadian province), for yield and other agronomic traits.

Genotyped all 366 isolates of S. sclerotiorum collected over the past 6 years from nine bean
production regions in the USA Mexico and France using 16 polymorphic microsatellites and UPGMA
cluster analysis.

Developed a standardized screening greenhouse straw test and the CIAT scale for rating all field
screening tests.

Identified 17 QTL in the S. sclerotiorum genome for virulence on soybean and dry bean; 5 loci had
highly significant marker trait associations and 12 loci associated with virulence.

Obtained 150X sequence coverage of whole S. sclerotiorum genome; Identified 15 mutants with
reduced virulence in a T-DNA insertion library; developed partial expressed gene atlas for pathogen
and lentil

Mapped metabolic phenotypes to identify genetic loci (mQTL) that co-localize with the resistance
phenotype and identify candidate resistance genes in common bean.

First use of Linkage Disequilibrium to validate recombination due to cross-over not mutation in the
S. sclerotiorum genome.

Found that genes governing lignin, pectin and flavonoid metabolism are potential candidate genes
for nodal resistance in chickpea.

Cloned Inducible promoters for soybean transformation that included PGIP1 and pERS8 to drive the
OxO0 gene, transformed soybean GV3101 Agrobacterium with pER:OxO.

Identified candidate genes by resequencing the genomes of nine S. sclerotiorum isolates from three
different mycelial compatibility groups to identify hypervariable genes; validated function of
candidate genes by RNAi and VIGS; assayed for mycelial compatibility and frequency of mycovirus
transmission through hyphal anastomosis.



Found 5 Arabidopsis genes encoded two putative precursors of peroxidases (Psat_118093 and
Psat_116532), a chalcone synthase (Psat_107301), a ferulate 5-hydroxylase (Psat_117663) and a j-
1,3-hydrolase (Psat_111657). All are linked to host defenses up-regulated in PI240515.

Found 24 hr post inoculation gave best differential transcriptome profile from Pl 240515 and Lifter;
mechanism of resistance was attributed to genes governing programmed cell death.

Verified candidate defense genes in silenced soybean transgenic GPCR-RNAI plants susceptible to
powdery mildew, confirmed silencing of 14-3-3 gene and ODC2 cellular localization; Candidate
genes include: prenyltransferase, protease inhibitor, Glutathione S-transferase, TIR-domain protein,
dirigent-like protein, NADH oxidoreductase, chalcone synthase, cytochrome p450.

Conducted GBS on a F2 canola population and generated a high density genetic map consisting of
~1850 SNP markers. The SNP markers associated with the QTLs have the potential to be developed
as Cleaved Amplified Polymorphic Sequences (CAPS) markers

Conducted functional tests of MED16 mutants, the ODC2 gene was functionally characterized to
regulate oxalate degrading enzymatic activity when overexpressed in Arabidopsis.

Mapped the HSS1 gene in Arabidopsis and demonstrated loss of function confers extreme
susceptibility to Sclerotinia infection when mutated; identified a B. napus ortholog of HSS1 (BnHss1).

The oxalate decarboxylase gene (ODC2) gene from pathogen was fine mapped the A. thaliana

Showed the HSS1 gene encoded Mediator subunit MED16, a transcription factor complex required
for resistance by blocking JA ET defense and required for WRHY33 activation of PDF1.2.

Developed effective and durable disease resistance for Sclerotinia stem rot of canola through
transgenic and/or cisgenic engineering of the host using two genes, one from a host plant and
another from the pathogen that block disease when over-expressed in canola.

Found that current recommendations for applying fungicides at early bloom (soybeans, dry beans)
and againl10 to 14 days later (dry beans) was moderately effective at managing Sclerotinia under
early disease onset and moderately to highly effective at managing Sclerotinia under intermediate
and late disease onset.

Evaluated Asteraceae family root exudate effects on myceliogenic germination of sclerotia.

Published guides to improve use of fungicides for management of Sclerotinia in dry beans and
soybeans; economic yield loss models, and maintained mist nurseries for disease assessments in

sunflower.



Milestones for Sclerotinia Research - 2014

Accomplishment Coding: Goal . Performance Measure . Milestone . Plan of Work (i.e. 1.1.1.19)

Crop Germplasm Resources & Genetics

Goal 1: Identify novel germplasm sources with higher levels of field resistance effective
against a wide range of aggressive Sclerotinia sclerotiorum isolates.

PM 1.1: Identify new sources of resistance in plant germplasm.

o Germplasm accessions of canola, chickpea, lentil, pea, and sunflower, and wild crop
relatives with resistance to S. sclerotiorum are identified and used in breeding programs.

1.1.1.19 USDA ARS scientists at Fargo ND phenotyped 260USDA Plant Introductions for
resistance to head rot and stalk rot in multiple, separate, inoculated field trials; and Identified
germplasm with superior Sclerotinia resistance for incorporation into breeding program and for
candidate gene and genome wide association mapping for effective marker-assisted selection.
Resistance to Phomopsis and stem canker also was evaluated. One gene family was
particularly important in basal stalk rot resistance in sunflower; multiple genes are responsible
for resistance to stalk rot, Phomopsis and stem canker. Advanced existing populations and
breeding lines for stalk and head rot resistance. Improved phenotypic methods for identifying
and validating resistance to S. sclerotiorum, in accessions from USDA and World germplasm
collections.

¢ Improved phenotypic methods for identifying and validating resistance to S. sclerotiorum
in accessions from USDA and World germplasm collections.

1.1.2.11 USDA ARS scientists at Fargo ND used field misting facilities at Staples, MN, and
Carrington, ND to evaluate stalk rot resistance in backcrossed progenies of interspecific hybrids
or amphiploids 2n=34 chromosomes.

1.1.2.19 USDA ARS scientists at Fargo ND improved the ascospore production method
developed by retired pathologist Dr. Michael Boosalis at the University of Nebraska, Lincoln,
NE. The original isolate (NEB-274) and one other produced ascospores with no preconditioning
other than scarification, while four isolates failed to produce any apothecia. This method
produced predictably large quantities of ascospores, but it is highly isolate-dependent.

1.1.2.22 Scientists at NDSU determined that timing of Sclerotinia disease onset affected
disease levels and seed yields differently in dry beans, soybeans, and sunflowers. In dry beans,
overall Sclerotinia disease levels were highest when Sclerotinia developed at early bloom, and
the yield loss was highest when Sclerotinia developed at early bloom. In soybeans, overall
Sclerotinia disease levels were highest when Sclerotinia developed at early bloom. In
sunflowers, overall disease levels were highest at either at early or late bloom.



PM 1.2: Transfer and adapt new sources of resistance genes into useful plant
germplasm (pre-breeding).

¢ Common bean breeding lines derived from interspecific crosses with effective resistance
in multiple environments and against a range of aggressive isolates.

1.2.1.25 Scientists from USDA ARS at Pullman WA, Oregon State University and NDSU
validated white mold (WM) resistance from P. coccineus and P. vulgaris in advanced snap bean
breeding lines; advanced populations. WMG904/20-3 was the best source of P. coccineus
resistance. Also crossed WMG39 to the great northern ‘Spinel’. Developed populations with
A195 source of resistance in a snap bean background.

e Canola, chickpea, lentil, pea, soybean and sunflower lines selected from un-adapted
accessions with confirmed resistance to Sclerotinia stem rot and evaluated for
agronomic traits.

1.2.2.11 USDA ARS scientists at Fargo ND made seven cross combinations between H.
tuberosus, H. strumosus, H. decapetalus, H. hirsutus, H. divaricatus, H. occidentalis, and H.
salicifolius were made with HA 410, followed by backcrossing to obtain new resistant lines and
to diversify resistance gene sources. Conducted inheritance studies between new resistant lines
crossed with susceptible inbred line HA 234. Evaluated F1, F2, and F3 progeny families.
Transferred major resistance QTLs into lines HA 410 or HA 441.

¢ Sunflower breeding lines with enhanced resistance to Sclerotinia stalk rot derived from
wild annual and perennial species via interspecific hybridizations. Alien chromosome
addition stocks characterized and used for resistance breeding.

1.2.3.11 USDA ARS scientists at Fargo ND Increased the number of 2n=34 progeny families for
field testing, and 2n=36 plants from selfed 2n=35 plants, expected to be disomic additions, were
tested in the field to identify major resistance QTLs associated with specific chromosomes.
Mapped the disomics to specific linkage groups of the sunflower RFLP map.

PM 1.3: Genetic analysis and discovery of quantitative trait loci (QTL) that confer
resistance to Sclerotinia

e Bi-parental breeding populations generated in canola, common bean, pea, soybean, and
sunflower for identification of QTL associated with Sclerotinia resistance from diverse
sources.

1.3.1.13 USDA ARS scientists at Fargo ND Identified QTL in a F6:7 RIL population from the
cross of cultivated sunflowers HA 441 and RHA 439; and an AB-RIL population BC2F5:6 from
the cross of HA 89 and wild annual species H. argophyllus (Pl 494573, resistant parent).

1.3.1.14. Scientists from NDSU established and evaluated several F1 populations among elite
breeding lines or varieties and accessions showing increased levels of resistance in the field.
More than 3700 individual F2 plants from 25 populations were harvested and used to develop
RIL populations to study the genetics of the resistance mechanisms. .

1.3.1.15 Scientists from USDA ARS at Pullman WA, Oregon State University and NDSU



10

examined phenotypic interaction among major QTL conferring partial resistance to WM in
common bean. 160 lines from the RI population (Orion/USPT-WM-12) in F5:7 were phenotyped
for white mold reaction (Resistant parent USPT-WM-12, a pinto; Great northern Orion was
susceptible). Genotyped RIL population is for SNPs with the BARCBean6K_3 BeadChip (6000
SNPs). Developed a common bean linkage map and established a QTL analysis (WM7.1 and
WM8.3) pipeline for RNA-seq and fine mapping.

1.3.1.21 Scientists at Michigan State University developed over 500 breeding lines by crossing
resistant with susceptible parents and evaluated resistance in nursery and greenhouses. Lines
were genotyped with SNP markers associated with resistance by GWAS. SNP marker and
phenotypes mapped and validated QTL for resistance

e Advanced backcross populations in sunflower and MAGIC populations in common bean
used to identify, validate and fine map QTL identified from exotic sources including
interspecific populations.

1.3.2.15 Scientists from USDA ARS at Pullman WA, Oregon State University and NDSU
developed a WM-MAGIC (Multi-parent Advanced Generation Inter-Cross) population for future
fine-mapping and improved germplasm development with approximately 20 genotypes.

¢ Use of genome-wide association mapping and linkage analysis to identify and map QTL
with major and minor effects in common bean and sunflower.

1.3.3.04 Scientists at NDSU evaluated two doubled haploid lines, NEP32 and NEP63, to
inoculations with S. sclerotiorum (susceptible and resistant respectively). F2 population from the
cross between these two DH lines transgressive segregation. Conducted an RNASeq to identify
resistance genes in canola genome ref. Identified ~ 9000 splice variants and ~ 3400 novel
transcripts. ldentified 5 QTLs for resistance to SSR. Generated several transformants for these
potential genes. One gene was identified as a potential candidate for resistance on C01

1.3.3.10. USDA ARS scientists at Fargo ND tested all applicable statistical methods for GS
using cross-validation of subsampled training and selection data sets, to simulate the accuracy
that could be achieved in an actual breeding program. These data sets were stratified to avoid
bias from the same pedigree, leading to more realistic predictions of accuracy. Phenotypic data
individual results were pooled and converted into the statistics of average accuracy and
predictive intervals. The latter statistic, in particular, indicated the level of statistical certainty
when real selection candidates were evaluated.

1.3.3.13 USDA ARS scientists at Fargo ND evaluated response to Sclerotinia stalk rot infection
field trials. Conducted QTL analysis by GBS on individual lines in mapping populations and
developed a molecular linkage map with a genome-wide set of SSR and SNP markers.
Developed two public SNP genetic maps containing more than 15,000 markers. Determined
that GBS (21000 SNP) was cost effective for SNP discovery and genotyping in sunflower.

1.3.3.15 Scientists from USDA ARS at Pullman WA, Oregon State University and NDSU
conducted GWAS on snap bean, Mesoamerican, and Andean Diversity Panels using genotype-
by-sequencing (GBS). Pinto, navy, black, great northern, pink, and small red market cultivars
were re-analyzed by GWAS. Discovered 35,000 SNPs were distributed throughout the genome.
Four SNPs showed significant associations with field WM disease severity and mapped on
PvO08 in a different location from WM8.3.SNPs mapped on Pv 03, 06, 07, 08, 09, 10 and 11. A
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wax bean cv ‘Unidor’ consistently topped the trial in terms of field resistance.

1.3.3.21 Scientists at Michigan State University evaluated a diverse set of early maturing
(maturity groups 1, 1l and I1I) 280 soybean plant introductions selected based on 52,041 SNP
marker data for resistance nursery and greenhouses with the drop-mycelium method.

o Breeder friendly QTL-linked DNA markers generated in canola, chickpea, common bean,
lentil, pea, soybean, and sunflower and validated for application in marker-assisted
breeding.

1.3.4.10 USDA ARS scientists at Fargo ND determined the sunflower genome contains
sufficient polymorphic sites to support the use of GBS in the breeding program. Found 60,000
markers GBS data from progenitor lines with whole genome sequence (WGS).

1.3.4.12 Scientists at Michigan State University used meta-QTL analysis to refine and validate
QTL previously reported to be associated with resistance. The QTL targeted for validation were
WM2.2, WM2.3, WM7.2, WM8.4, WM 9.2 and WM 11.1. These QTL mapped to five different
chromosomes in the bean genome. Crossed elite breeding lines from the Mesoamerican gene
with validated resistance sources. Marker-assisted backcrosses were performed with the elite
lines as recurrent parents. The introgression lines were evaluated in a 3-replicate field nursery.

o Define metabolic mechanisms associated with Sclerotinia resistance QTL in common
bean, soybean, and sunflower.

PM 1.4: Pyramid white mold resistance in plant germplasm using traditional and
genome sequence guided approaches, and release germplasm lines and cultivars with
enhanced resistance.

e Canola, chickpea, lentil, and pea lines with resistance to Sclerotinia and a broad portfolio
of desirable agronomic traits developed and released.

1.4.1.06 Scientists at NDSU developed F2 populations and mapped five significant SNP
markers associated with resistance located in chromosomes A01, A03, C01, and C08.
Developed RoundUp ready canola.

e Breeding lines and cultivars of pinto and other bean market classes released with
broadly effective resistance pyramided from diverse sources - Andean, Middle American,
and secondary gene pools (P. coccineus), in combination with desirable agronomic
traits.

1.4.2.12 Scientists at Michigan State University pyramided QTL that represent different sources
with plant architectural avoidance traits for field resistance to white mold along with yield,
lodging, and agronomic desirability in common bean. Powderhorn, Rosetta, UST-WM12 Zeneth,
Zorro had top yield and lowest WM in nursery tests 2014.

¢ Interaction of combined QTL on level of disease reaction in common bean and soybean
elucidated.
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e Establish disease nurseries for characterizing field and greenhouse resistance to all
pathogenic forms of Sclerotinia in common bean, soybean and sunflower.

1.4.4.20 Scientists from University Nebraska, Michigan State University Seminis Seeds, USDA
ARS-Pullman WA, Oregon State University, NDSU, Colorado State University, University ldaho,
and Storm Seeds identified partial resistance to S. sclerotiorum in secondary gene pool as well
as in adapted dry and snap bean lines. Outcome helped by multiple location screening
nurseries; and released a snap bean, a pinto, a bayo and six kidney lines with moderate WM
resistance.

o At least one released soybean breeding line with Sclerotinia resistance from multiple
sources of resistance as verified by QTL-linked markers, including high yield, and
resistance to other diseases or insects.

1.4.5.21 Scientists at Michigan State University evaluated over 70 advanced breeding lines
derived from multiple sources of resistance to Sclerotinia at seven locations in Michigan for yield
and agronomic traits; also in a disease nursery and greenhouse. 15% of the selected lines will
be re-evaluated in disease nursery. Five to 10 lines will be selected and tested in the Uniform
Soybean Tests — Northern Region (19 locations in 10 US states and 1 Canadian province), for
yield and other agronomic traits. The best lines were released to the public.

o Commercial & experimental release of sunflower lines exhibiting both Sclerotinia head
rot and stalk rot resistance.

Pathogen Biology & Mechanisms of Resistance

Goal 2: Understand Sclerotinia sclerotiorum biology and development
PM 2.1: Characterize migration/population structure and ecological variability of genotypes.

e Understanding the interaction of pathogen with environmental factors such as temperature
and light.

e Identification of biotypes with resistance to new fungicide chemistry

2.1.2.20 Scientists from University Nebraska, Michigan State University Seminis Seeds, USDA
ARS-Pullman WA, Oregon State University, NDSU, Colorado State University, University Idaho,
and Storm Seeds genotyped all 366 isolates of S. sclerotiorum collected over the past 6 years
from nine bean production regions in the USA Mexico and France using 16 polymorphic
microsatellites and UPGMA cluster analysis. No significant differences in aggressiveness were
found with the straw test. Comparison of isolate sensitivity to five common fungicides did show
variation between some isolates.

e Characterization of the genetics of fungicide resistance

o Characterization of ecological types in the population.
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e Associate activity in Sclerotinia with specific genetic markers.

PM 2.2: Characterize virulence/aggressiveness within the population, identify isolates for
use in screening, and monitor durability of host resistance.

e Documented reactions of a broad spectrum of isolates on new sources of host resistance.

2.2.1.20 Scientists from University Nebraska, Michigan State University Seminis Seeds, USDA
ARS-Pullman WA, Oregon State University, NDSU, Colorado State University, University Idaho,
and Storm Seeds developed a standardized screening greenhouse straw test and the CIAT scale
for rating all field screening tests. 9 lines with large cream, pinto, great northern and cranberry
seed types and three snap beans with significantly greater WM resistance compared with Beryl.
New lines with high WM resistance from wide interspecific crosses are now in seed increases for
greenhouse screening.

o Diverse collection of isolates with a broad spectrum of aggressiveness and other
characteristics

2.2.2.16 Scientists at NDSU identified seventeen QTL within the S. sclerotiorum genome for
virulence. QTL were common to both soybean and dry bean. Five of the loci had highly significant
marker trait associations and 12 loci associated with virulence.

e Identification of new sources of host resistance using a new set of aggressive isolates

o Criteria for testing virulence/aggressiveness on specific hosts and tissue types.

PM 2.3: Identify environmental and genetic factors involved in myceliogenic and
carpogenic germination of sclerotia.

¢ Identification of host factors that may enhance myceliogenic germination.

e Genetic control and required environmental conditions governing the processes of
myceliogenic and carpogenic germination

¢ Determination of common and unique genetic events that lead to carpogenic germination in
different Sclerotinia spp.

PM 2.4: Identify genes that are functional at specific growth and infection stages of
Sclerotinia.
e Transcriptomic, genomic, and metabolomic data bases for growth stage-specific genes and
infection-related genes from both host and pathogen.

2.4.1.01 USDA ARS scientists at Pullman WA Identified 15 mutants with reduced virulence ina T-
DNA insertion library. Sequenced mutants and identified locations of mutated genes in T-DNA
insertions. Obtained 150X coverage of whole S. sclerotiorum genome. Developed patrtial
expressed gene atlas for pathogen and lentil
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2.4.1.09 Scientists at Colorado State University mapped metabolic phenotypes to identify genetic
loci associated with the metabolic source of resistance (mQTL) for leaves and stems. mQTL that
co-localize with the resistance phenotype. Data was used to identify candidate resistance genes

associated with a metabolic source of resistance to Sclerotinia in common bean.

2.4.1.16 Scientists at NDSU conducted GBS on a diverse natural population of isolates of S.
sclerotiorum. Collected lesion length phenotyping data for the isolates on four different hosts.

¢ Improved gene annotation using transcriptomic data.

e Genetic control of differential infection processes of the Sclerotinia spp. in response to
different host plants

2.4.3.01 USDA ARS scientists at Pullman WA used LD to validate recombination due to cross-
over not mutation in S. sclera genome.

2.4.3.02 Scientists at Michigan State University, NDSU and Dow AgroSciences determined that
lignin plugs were involved in nodal resistance. Total lignin content was determined. Greater
lignin deposition was found in inoculated P1240515. More lignin in the resistant line. Pectin and
flavonoid metabolism is a source of candidate genes..

PM 2.5: Identification and verification of candidate genes involved in Sclerotinia
pathogenicity.
o Development and maintenance of relevant natural and derived culture collections for use in
phenotypic association.

e Transcriptome profiling approaches for a variety of gene targets and high through put
functional analyses.

e Promoters useful for expressing RNAI constructs during infection (e.g., plant-inducible
promoters).

2.5.3.03 Promoters useful for expressing RNAI constructs during infection (e.g., plant-inducible
promoters). USDA ARS scientists at Urbana IL and Agriculture Food Canada Identified Inducible
promoters for soybean transformation. Sclerotinia and wound inducible promoter PGIP1 was cloned
to drive the OxO gene. Cloning of DEX promoter was unsuccessful. pER8 vector, an estrogen-
inducible promoter was cloned in OxO gene. Transformed soybean GV3101 Agrobacterium with
pPER:OxO.

o Inventory of genes potentially involved in pathogenesis recovered from ATMT random
mutagenesis and transcriptome profiling.

e Functional verification of candidate genes using a systems biology approach to gene
silencing and quantitative expression assays.

2.5.5.07 USDA ARS scientists at Urbana IL and the University of lllinois and NDSU used a
combination of comparative genomics and targeted gene silencing approaches to test three
interrelated hypotheses: 1) S. sclerotiorum genes involved in vegetative incompatibility are
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significantly more variable than other genes in the S. sclerotiorum genome; 2) transfection of S.
sclerotiorum with a mycovirus modified to express fragments of S. sclerotiorum vic-gene
homologues will silence (i.e., significantly reduce the accumulation of mMRNAs from) targeted and
closely related genes 3) silencing of S. sclerotiorum vic-gene homologues altered anastomosis
properties of S. sclerotiorum isolates and b) enhance mycovirus transmission. Candidate genes
were identified by resequencing the genomes of nine S. sclerotiorum isolates from three different
mycelial compatibility groups to identify hypervariable genes. The expression of individual
candidate genes and gene families in S. sclerotiorum potentially involved in vegetative
incompatibility were silenced by RNA interference. VIGS infectious clone of Sclerotinia sclerotiorum
hypovirus 2 and by DNA-mediated transformation with synthetic genes expressing inverted-repeat
sequences. Sclerotinia sclerotiorum isolates silenced for candidate genes were assayed for mycelial
compatibility and frequency of mycovirus transmission through hyphal anastomaosis.

Gene Discovery & Phenotypic Association
Goal 3: Develop molecular technologies that facilitate breeding progress

PM 3.1 Develop useful molecular marker resources for QTL Discovery.

¢ Identification of a core set of informative markers for deployment in genotyping systems
suitable for use in breeding programs

¢ DNA markers that contribute to the annotation of the crop genomes

o Allele specific DNA markers that can be used in pre-breeding for disease resistance
¢ Allele specific DNA markers that can be used in pre-breeding for quality traits

¢ Allele specific DNA markers for yielding ability and other agronomic traits

PM 3.2 Genetic and physical maps for Sclerotinia resistance.
¢ Compilation of marker genotyping data for different mapping populations

3.2.1.21 Scientists at Michigan State University developed over 500 breeding lines by crossing
resistant with susceptible parents and evaluated resistance in nursery and greenhouses. Lines
were genotyped with SNP markers associated with resistance by GWAS. SNP marker and
phenotypes mapped and validated QTL for resistance

e Improved genetic maps for Sclerotinia resistance genes

3.2.2.21 Improved genetic maps for Sclerotinia resistance genes. Scientists at Michigan State
University developed over 500 breeding lines by crossing resistant with susceptible parents and
evaluated resistance in nursery and greenhouses. Lines were genotyped with SNP markers
associated with resistance by GWAS. SNP marker and phenotypes mapped and validated QTL for
resistance
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e A consensus genetic/QTL map for Sclerotinia resistance genes

3.2.3.21 Scientists at Michigan State University developed over 500 breeding lines by crossing
resistant with susceptible parents and evaluated resistance in nursery and greenhouses. Lines
were genotyped with SNP markers associated with resistance by GWAS. SNP marker and
phenotypes mapped and validated QTL for resistance

e Core sets of markers for discovery of candidate genes for disease resistance

3.2.4.21 Scientists at Michigan State University developed over 500 breeding lines by crossing
resistant with susceptible parents and evaluated resistance in nursery and greenhouses. Lines
were genotyped with SNP markers associated with resistance by GWAS. SNP marker and
phenotypes mapped and validated QTL for resistance.

e Core sets of markers for discovery of candidate genes for quality traits
e Core sets of markers for discovery of candidate genes for agronomic traits
¢ Placement of candidate genes on the consensus genetic map

3.3 Characterize gene models associated with pathology and resistance.
e A standardized methodology for annotation of maps among specified crop species.

e Transcriptomic, proteomic and metabolomic annotation of genome sequences in QTL
associate with resistance to Sclerotinia diseases

3.3.2.02 Scientists at Michigan State University, NDSU and Dow AgroSciences found in reference
to Arabidopsis, five genes encoded two putative precursors of peroxidases (Psat_118093 and
Psat_116532), a chalcone synthase (Psat_107301), a ferulate 5-hydroxylase (Psat_117663) and a
B-1,3-hydrolase (Psat_111657). All are linked to host defenses up-regulated in P1240515.

3.3.2.04 Scientists at NDSU evaluated two doubled haploid lines, NEP32 and NEP63, to
inoculations with S. sclerotiorum (susceptible and resistant respectively). F2 population from the
cross between these two DH lines transgressive segregation. Conducted an RNASeq to identify
resistance genes in canola genome ref. Identified ~ 9000 splice variants and ~ 3400 novel
transcripts. Identified 5 QTLs for resistance to SSR. Generated several transformants for these
potential genes. One gene was identified as a potential candidate for resistance on C01

3.3.2.09 Scientists at Colorado State University identified components of primary and secondary
metabolism that regulate physiological resistance observed in the Andean line A195. The metabolic
traits differed between leaves and stems. A RIL population of 200 lines generated from a cross
between the bean lines A195 (resistant) and Sacramento (susceptible) was evaluated to establish
resistance and metabolic phenotypes to Sclerotinia in leaves and stems. The RIL population was
genotyped using a single nucleotide polymorphism array.

3.3.2.15 Scientists from USDA ARS at Pullman WA, Oregon State University and NDSU correlated
GWAS results with RNA-seq gene expression data. Mapped the WM 7.1 QTL of common bean
using RNA-seq data to the common bean reference genome using Tophat. Assembled transcripts
from a backcross population: Matterhorn (recurrent parent)*4/ NY6020-4 (resistant source), tissue
from four susceptible and four resistant NILs were used to form two pools from RNA-Seq reads.
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e Characterization of candidate genes involved in biological mechanisms for resistance, such
as: oxalic acid

3.3.3.02 Scientists at Michigan State University, NDSU and Dow AgroSciences found 24 hpi best
differential transcriptome profile from PI 240515 and Lifter. Unique expressed genes during pea-S.
sclerotiorum interaction. P1240515 vs Lifter in subcategories, cell wall (2.8% vs 2.1%) death (4.9%
vs 1.6%), immune system (3.4% vs 2.8%) and regulation of transcription (6.8% vs 4.2%).
Mechanism is programmed cell death (PCD).

3.3.3.03 USDA ARS scientists at Urbana IL and Agriculture Food Canada transformed soybean with
PGIP1:0x0 construct. Forty PCR positive events have been identified and regeneration of culture
into plants is ongoing. Verified candidate defense genes in silenced transgenic GPCR-RNAI plants
susceptible to powdery mildew. 14-3-3 Silenced transgenic soybean: confirm silencing of 14-3-3
gene. ODC2 cellular localization. Genes candidates: Prenyltransferase, protease inhibitor,
Glutathione S-transferase, TIR-domain protein, dirigent-like protein, NADH oxidoreductase,
chalcone synthase, cytochrome p450

3.3.3.04 Scientists at NDSU conducted GBS on a F2 population and generated a high density
genetic map consisting of ~1850 SNP markers. The SNP markers associated with the QTLs have
the potential to be developed as Cleaved Amplified Polymorphic Sequences (CAPS) markers

3.3.3.18 Scientists at University of Florida conducted functional tests of MED16 mutants. The ODC2
gene was functionally characterized and confirmed oxalate degrading enzymatic activity, and
overexpressed ODC2 in Arabidopsis.

¢ A commodity-based gene atlas with a comprehensive list of all expressed genes,
alternative splice products, identification of co-regulated genes and gene networks.

3.3.4.02 Scientists at Michigan State University, NDSU and Dow AgroSciences found in reference to
Arabidopsis, five genes encoded two putative precursors of peroxidases (Psat_118093 and
Psat_116532), a chalcone synthase (Psat_107301), a ferulate 5-hydroxylase (Psat_117663) and a
B-1,3-hydrolase (Psat_111657). All are linked to host defenses up-regulated in P1240515.

o Identification of specific genes within QTL of importance to Sclerotinia-host interactions
3.3.5.04 Scientists at NDSU conducted GBS on a F2 population and generated a high density
genetic map consisting of ~1850 SNP markers. The SNP markers associated with the QTLs have

the potential to be developed as Cleaved Amplified Polymorphic Sequences (CAPS) markers

3.4 Genome mapping and allelic analysis through Genome-Wide Association Studies.
¢ High resolution exome maps of genomic regions that harbor QTL for Sclerotinia resistance

3.4.1.04 Scientists at NDSU conducted GBS on a F2 population and generated a high density
genetic map consisting of ~1850 SNP markers. The SNP markers associated with the QTLs have
the potential to be developed as Cleaved Amplified Polymorphic Sequences (CAPS) markers

o Identification of specific alleles in gene families that mediate Sclerotinia resistance.

3.4.2.04 Scientists at NDSU conducted GBS on a F2 population and generated a high density
genetic map consisting of ~1850 SNP markers. The SNP markers associated with the QTLs have
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the potential to be developed as Cleaved Amplified Polymorphic Sequences (CAPS) markers

3.4.2.18 Scientists at University of Florida mapped the HSS1 gene in Arabidopsis and demonstrated
loss of function confers extreme susceptibility to Sclerotinia infection when mutated; identified the
specific mutation conferring the hss1 phenotype, overexpressed the HSS1 gene in Arabidopsis, and
identified a B. napus ortholog of HSS1 (BnHss1). Oxalate decarboxylase gene (ODC2) gene from
pathogen functions breakdown of oxalate, a major virulence factor was fine mapped the A. thaliana

o GWAS studies of the trait associated with phenotypic variation in disease resistance.

3.4.3.04 Scientists at NDSU conducted GBS on a F2 population and generated a high density
genetic map consisting of ~1850 SNP markers. The SNP markers associated with the QTLs have
the potential to be developed as Cleaved Amplified Polymorphic Sequences (CAPS) markers

e Haplotype maps correlated with genetic variation for resistance to Sclerotinia diseases.

¢ Allele specific markers and high-throughput screening methods for pyramiding genes that
mediate resistance to Sclerotinia diseases.

3.4.5.04 Allele specific markers and high-throughput screening methods for pyramiding genes that
mediate resistance to Sclerotinia diseases. Scientists at NDSU conducted GBS on a F2 population
and generated a high density genetic map consisting of ~1850 SNP markers. The SNP markers
associated with the QTLs have the potential to be developed as Cleaved Amplified Polymorphic
Sequences (CAPS) markers

PM 3.5 Develop plant germplasm with improved resistance using biotechnology and other
novel genetic methods.
¢ Aninventory of validated disease resistance genes, promoters, and constructs for
transformation into crop germplasm.

¢ Discovery of transcription factors and elements of gene regulation that mediate expression
of disease resistance genes.

3.5.2.18 Scientists at University of Florida showed the HSS1 gene encodes Mediator subunit
MED16, a transcription factor complex required for resistance by blocking JA ET defense and
required for WRHY33 activation of PDF1.2. MED16 central regulator of resistance. Homozygous
transgenic lines express MED16 or ODC2 were generated. Canola MED15 ortholgogs were cloned.
Transgenic plants coexpressed MED16 and ODC2 were crossed.

¢ Functional tests in model plants to determine potential importance of candidate defense
genes

¢ Determination of the efficacy of transformed genes on defense control in crop germplasm.

3.5.4.08 USDA ARS scientists at Urbana IL measured in vitro growth suppression of mycelium using
solid and liquid media amended with different levels of glyceollin, resveratrol, and pterostilbene.
Colony diameters on solid agar media and dried mycelial mass, produced in liquid media were
monitored on the surface of the detached leaflets. The percent of leaflet areas colonized and
damaged after inoculation was high. A transgenic soybean was generated that expressed genes



19

enabling constitutive production of resveratrol, a non-native phytoalexin for soybean.

o Effective use of genome editing technologies to genetically modify genomic regions in ways
that enhance resistance to Sclerotinia diseases

3.5.5.18 Scientists at University of Florida developed effective and durable disease resistance for
Sclerotinia stem rot of canola through transgenic and/or cisgenic engineering of the host using two
genes, one from a host plant and another from the pathogen that block disease when over-
expressed in canola.

¢ Development and testing of agronomic crop germplasm transformed with putative anti-
fungal genes or RNA interfering constructs for reaction to white mold.

Disease Management & Crop Production

Goal 4: Broaden knowledge of Sclerotinia sclerotiorum epidemiology and improve disease
management strategies

PM 4.1: Optimize fungicide application programs.

e Aregion-wide collection of S. sclerotiorum isolates to establish a baseline of fungicide
sensitivity

e Identification of the economic return of fungicide applications relative to timing of disease
onset

e Updated management guides for growers on use of fungicides for disease management

e New spraying technologies that improve fungicide performance by enhancing canopy
penetration, plant coverage, and fungicide deposition

o Determine most effective timing of fungicide applications relative to canopy closure after
blooming.

4.1.5.22 Scientists at NDSU found that current recommendations for applying fungicides at early
bloom (soybeans, dry beans) and again 10 to 14 days later (dry beans) was moderately effective at
managing Sclerotinia under early disease onset and moderately to highly effective at managing
Sclerotinia under intermediate and late disease onset. It was unclear whether this application
strategy was optimal, as alternate fungicide application strategies were not comprehensively tested.

PM 4.2: Develop bio-control alternatives for disease management.

o Identification of application strategies that will maximize the efficacy of currently available
bio control agents for control of S. sclerotiorum

e Identification of novel antagonists of S. sclerotiorum and assessment of their efficacy in
field trials
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4.2.2.19 USDA ARS scientists at Fargo ND tested a hypothesis based on the observation that
sunflower is the only crop plant documented to develop root infection by Sclerotinia, but
ornamental plants within the Asteraceae family are susceptible to Sclerotinia infection using
sclerotia. This implied root exudates stimulate myceliogenic germination of sclerotia, or may inhibit
carpogenic germination. A cross section of Asteraceae genera was evaluated to test this
hypothesis on induction of myceliogenic and carpogenic germination of sclerotia.

o Updated management guides for growers on use of bio fungicides for disease
management

PM 4.3: Develop disease-warning systems to optimize management of S. sclerotiorum.

¢ Models that calculate risk of disease development as functions of leaf wetness duration
and temperature, and risk of apothecia formation as function of soil moisture conditions

o Effect of tillage practices on Sclerotinia survival;
e Economic loss models based on plant density at time of disease onset
o Define risk levels to guide crop-specific fungicide selection decisions

PM 4.4: Optimize cultural practices for disease management.
e Variety selection using disease reaction measured as the amount of sclerotia produced

¢ Collate disease management information and distribute to growers through print media,
internet postings and extension publications

4.4.2.22 Scientists at NDSU contributed to (1) improved use of fungicides for management of
Sclerotinia in dry beans and soybeans, (2) improved Sclerotinia disease risk assessment
through the development of economic yield loss models based on timing of disease onset, and
(3) improved progress in breeding sunflowers for resistance to Sclerotinia head rot by identifying
sources of head rot resistance and by developing tools for using disease assessments to predict
sunflower yield potential under Sclerotinia head rot disease pressure.

e Epidemiological information on disease development (spatial distribution, remote sensing,
etc.) that could be used to support precision agriculture programs for disease control.
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. 2014 . .

Project Pl Affiliation Commodity
Request

Comparative transcriptomics of Sclerotinia ARS-
sclerotiorum infecting grain legumes for Chen $76,884 Il Pea & Lentil
genomics assisted breeding Pullman WA
Expression profiling of the pea-Sclerotinia Mich State
sclerotiorum interaction for genomics Chilvers $50,577 - Pea & Lentil
assisted breeding Univ
Identifying and verifying genes for defense ARS-
to Sclerotinia Clough $89,929 Urbana IL Soybean
Characterizing resistance and pathogenicity
genes associated with infrection of B. napus del Rio $64,093 NDSU Canola
by Sclerotinia sclerotiorum
Myceliogenic germination in response to .
crop-specific factors del Rio $54,958 NDSU Canola
Improylng regstange to Sclerotinia del Rio $39,489 NDSU Canola
sclerotiorum in Spring canola
Functional analysis of Sclerotinia
sclerotiorum genes involved in mycelial D . $28.000 ARS Path
compatibility by virus-induced gene omier ! Urbana IL athogen
silencing
Evaulation of native and non-native
phytoalexins in suppressing in vitro, in vivo, ARS Pathogen,

. . Hart
and in planta growth of Sclerotinia artman $60,000 Urbana IL Soybean
sclerotiorum
Linking metabolic phenotypes with genetic Colorado
factors that confer resistance to Sclerotinia Heuberger $75,115 . Dry Bean
sclerotiorum in common bean State Univ
Using genomic selection to optimize ARS
prediction of Sclerotinia and agronomic Hulke $89,049 Sunflower
phenotypes for more efficient breeding Fargo ND
Transferring Sclerotinia resistance genes ARS
from wild Helianthus species into cultivated Jan $149,163 Sunflower
sunflower Fargo ND
Validating QTL for White Mold Resistance in Mich State
Mesoamerican Beans Kelly $49,985 Univ Dry Bean
Identification of major genes-QTL for ARS
Sclerotinia resistance in cultivated sunflower Qi $101,790 Sunflower
and wild Helianthus Fargo ND
Characterization and validation of two
distinct mechanisms for partial resistance to McPhee $55,001 NDSU Pea & Lentil
Sclerotinia sclerotiorum in pea
White mold resistance-QTL: Identification . ARS-

i Mikl
interactions & fine mapping in common bean tklas $169,547 Prosser WA Dry Bean
Identification and functional analyses of
candidate Sclerotinia sclerotiorum virulence | Brueggeman $55,250 NDSU Pathogen
genes.
Tackling White Mold from the Ground-Up: . .
Manipulating Carpogenic Germination Pethybridge $21,160 Cornell Univ| Pathogen
Synerg!st_lc enhan(_:ement of resistance to Rollins $60,411 Univ Florida Canola,
Sclerotinia sclerotiorum Model Crop
Discovery and use of novel sources of head
and stalk rot resistance in sunflower and . ARS Sunflower,
studies of Asteraceae genera stimulating Seiler $78,454 Fargo ND Pathogen
myceliogenic germination
Improved white mold resistance in dry and
snap beans through multi-site screening and Univ Pathogen,
pathogen characterization throughout major Steadman $51,071 Nebraska Dry Bean
production areas
Enhancing soybean for resistance to Mich State
Sclerotinia stem rot Wang $44,409 uUniv Soybean
Sinflowers and impacts and implications of Sunflower,
sclerotinia infection timing in dry bean, Wunsch $68,000 NDSU Dry Bean,
Soybean

soybean, and sunflower




