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2026 National Sclerotinia Initiative Annual Meeting   
(ALL TIMES CENTRAL TIME)  
 
Location – Holiday Inn, 3803 13th Ave South, Fargo, ND  
 

January 21, 2026  
  
7:00 – 8:00 am Breakfast (Sterling)  
  
ZOOM Link for meeting:  https://www.zoomgov.com/j/1602081692  
  
8:00 am  Welcome & Introductions – Lanie Bilodeau, USDA-ARS, Fargo, ND  
  
8:10 am  Welcome – Larry Chandler, USDA-ARS, Fort Collins, CO  
  

Sclerotinia Research Progress – Disease Management  
Moderator  
  

Megan McCaghey, University of Minnesota  

8:30 am  

  

Identification of a Hypovirulence-Associated Mitovirus in Sclerotinia sclerotiorum 
from Canola in North Dakota – Abdolbaset Azizi, Bita Babakhani, Luis E. del Rio 
Mendoza, North Dakota State University, Fargo, ND  

8:50 am  

  

Legacy effects of crop diversification on soybean white mold disease - Chuntao Yin,  
Nathan Lahr, Weidong Chen, Shannon Osborne, Michael Lehma, USDA-ARS, Brookings,  
SD  

9:10 am  

  

Identification and Evaluation of Biological Control Agents from North Dakota Soybean 
Fields and Evaluation of Commercial Biological Products for the Control of Sclerotinia 
sclerotiorum – Madeeha Matloob, Gabe Dusek, Hope Renfroe-Becton, Wade Webster, 
North Dakota State University, Fargo, ND  

9:30 am  

  

Biocontrol alternative for disease management of Sclerotinia sclerotiorum increases 
boscalid fungicide susceptibility - Aurelie Rakotondrafara, Damon Smith, University of 
Wisconsin, Madison, WI  

9:50 am  

  

Improving RNA persistence for effective control of Sclerotinia stem rot: Investigating 
nanoparticle-based delivery systems - Abdolbaset Azizi, Achintya N. Bezbaruah, Sirsa 
Mazumdar, Luis E. del Río Mendoza, North Dakota State University, Fargo, ND  

10:10 am  Temporal Infection Dynamics and Differential PGIP-Associated Responses in Chickpea 
Following Sclerotinia sclerotiorum Inoculation - Bing Liu, Kiwamu Tanaka, George  
Vandemark, Weidong Chen, Washington State University, Pullman, WA  

  
10:30 – 10:50 am  Break (Sterling)  

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.zoomgov.com%2Fj%2F1602081692&data=05%7C02%7CAnnette.Muehler%40usda.gov%7C13646dc24b6a44083e7908de551065f5%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C639041726081338149%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=Cl0GHo7UDw4GvpczDTClvzhB54%2FyhhGcJSC%2Buc7tHFU%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.zoomgov.com%2Fj%2F1602081692&data=05%7C02%7CAnnette.Muehler%40usda.gov%7C13646dc24b6a44083e7908de551065f5%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C639041726081338149%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=Cl0GHo7UDw4GvpczDTClvzhB54%2FyhhGcJSC%2Buc7tHFU%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.zoomgov.com%2Fj%2F1602081692&data=05%7C02%7CAnnette.Muehler%40usda.gov%7C13646dc24b6a44083e7908de551065f5%7Ced5b36e701ee4ebc867ee03cfa0d4697%7C1%7C0%7C639041726081338149%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=Cl0GHo7UDw4GvpczDTClvzhB54%2FyhhGcJSC%2Buc7tHFU%3D&reserved=0


10:50 am Double-stranded RNA targeting white mold Sclerotinia sclerotiorum argonaute 2 for 
disease control via spray-induced gene silencing – Yi-Wen Tseng, Connor Pedersen, 
Shin-Yi Marzano, USDA-ARS, Toledo, OH  

11:30 am Pyramiding plant-derived antifungal proteins to enhance white mold resistance – 
Laurel Leber, Chien-Fu Wu, Timothy Mueser, Shin-Yi Marzano, USDA-ARS, Toledo, OH 

11:50 – 12:10 Todd Scholz 

12:10 – 1:10 Lunch Break (Sterling) 

Sclerotinia Research Progress – Breeding & Germplasm Evaluation 
Moderator Wade Webster, North Dakota State University 

1:10 pm Prediction of White Mold Severity and Yield under Disease Pressure in Dry Beans from  
UAS Data - John Hawkins, Valerio Hoyos-Villegas, Michigan State University, East Lansing, 
MI  

1:30 pm Genome-Wide Association Study of White Mold Resistance in Common Bean - Ram  
Neupane, John Hawkins, Alvaro Soler-Garzón, Phillip N Miklas, Valerio Hoyos-Villegas, 
Michigan State University, East Lansing, MI  

1:50 pm Developing Soybean Varieties with Resistance to Sclerotinia Stem Rot - Raju Thada  
Magar, Feng Lin, Suneth Sooriyapathirana, Muhammad Salman, Jason Anandappa, Drew 
Mitchell, Prabjhot Kaur, Cuihua Gu, Paige Pickett, Randy Laurenz, Martin Chilvers,  
Dechun Wang, Michigan State University, Michigan State University, East Lansing, MI  

2:10 pm Mobilization of White Mold Resistance into Commercial Pinto and Black Bean Market 
Classes - Jayanta Roy, Phil McClean, Phil Miklas, Rian Lee, and Juan M. Osorno, North 
Dakota State University, Fargo, ND  

2:30 pm Improved white mold resistance in dry and snap beans through multi-site screening 
throughout major production areas - Valerio Hoyos-Villegas, Evan Wright, Martin 
Chilvers, Michigan State University, East Lansing, MI  

2:50 pm  Discussion  

3:30 – 5:00 pm Break & Poster Session 

(Sterling) 5:00 – 5:30 pm Free Time  

5:30 – 7:00 pm Group Dinner (Dakota Hall)  



 
 

January 22, 2026  
  
7:00 – 8:30 am Steering Committee Breakfast (Prairie)  
  
7:00 – 8:30 am Meeting Attendee Breakfast (Sterling)  
  
Sclerotinia Research Progress – Gene Discovery & Pathogen Biology  
Moderator  
  

Kiwamu Tanaka, Washington State University  

8:30 am  

  

Investigating the relationship between oxalic acid tolerance and basal stalk rot 
resistance in sunflower - Srushtideep Angidi, Israt Zaman, Julie Pasche, Luis del Rio 
Mendoza, North Dakota State University, Fargo, ND; William Underwood, USDA-ARS, 
Fargo, ND  

8:50 am  Identifying genomic diversity amongst Sclerotinia sclerotiorum isolates: A stepping 
stone towards improved white mold breeding - Marysia Zaleski-Cox, Tanya Copley,  
Mark Derbyshire, Lone Buchwaldt, Syama Chatterton, Valerio Hoyos-Villegas, Michigan 
State University, East Lansing, MI   

  
9:10 am  

  

A conserved Sclerotinia sclerotiorum chorismate mutase targets the plant shikimate 
pathway - Dandan Shao, Nathaniel M. Westrick, Damon L. Smith, Mehdi Kabbage, 
University of Wisconsin, Madison, WI (must be scheduled on 1/22)  

9:30-10 am  
  

Break (Sterling)  

10:00 am  

  

Mechanistic Study of the SsHADV-1–Regulated Effector SsDV-28 in the Pathogenesis of 
Sclerotinia sclerotiorum - Wei Wei, Weidong Chen, Utah State University, Logan, UT  

10:20 am  

  

Effect of light quality on gene expression during early stages of infection of canola 
plants by Sclerotinia sclerotiorum - Bita Babakhani, Jatinder Singh, Abdolbaset Azizi, 
Upinder Gill, Gupta Rajeev, Luis del Rio Mendoza, North Dakota State University, Fargo, 
ND  

10:40 am  

  

Deciphering the genetics of Sclerotinia sclerotiorum virulence across crop species -  
Hsuan Fu Wang, Milton Drott, Megan McCaghey, University of Minnesota – Twin Cities  

11:00 am  

  

Necrotic and Margin-specific Transcriptional and Metabolic reprogramming During 
Sclerotinia sclerotiorum Infection - Hira Kamal, Weidong Chen, Kiwamu Tanaka, 
Washington State University, Pullman, WA  

11:20 am  Discussion/Wrap Up  
  
11:50 am – 1:00 pm    Lunch (Sterling) & Departure  
  



 

  



 

 

Identification of a Hypovirulence-Associated Mitovirus in Sclerotinia sclerotiorum from 
Canola in North Dakota  

Abdolbaset Azizi, Bita Babakhani, Luis del Río Mendoza*  

Department of Plant Pathology, North Dakota State University, Fargo, ND  

  

Funded plan of work: Investigating mitovirus-induced changes in pathogenicity, small RNA 
profile, and transcriptomic patterns of Sclerotinia sclerotiorum  

  

Abstract:  

Mitoviruses with small, positive RNA genomes, which are replicated in mitochondria, have been 
reported infecting S. sclerotiorum. As part of this project, 15 Sclerotinia sclerotiorum isolates 
collected from North Dakota fields and 11 canola commercial lines were screened for the 
presence of mitoviruses using PCR assays with Mitovirus-specific primers.  The virus (SsMV) 
was detected in almost one-half of the isolates and in all canola lines. A virus-free isolate, 
obtained by treating an infected isolate with electrotherapy and antibiotic, and the infected 
isolate were used to characterize the effect of viral infection on fungal growth and virulence. On 
PDA, the virus-free isolates showed dark pigmentation and the medium turned black after 5 days 
of incubation while the infected isolate remained white and the medium did not change color. 
The virus-free isolate produced smaller mycelial colonies and fewer sclerotia compared to the 
infected isolate, but no differences were observed between them in the size of the lesions they 
caused on canola stems. Further screenings, however, showed the virus was present in these 
plants. The complete sequence of the RNA-dependent RNA polymerase (RdRp) gene of SsMV 
was generated using Illumina RNA sequencing and deposited in the GenBank (NCBI) as 
accession PV533622.1. Interestingly, the fungal genetic codons for tryptophan, TGA and TGG, 
were also detected in plants not inoculated with the infected isolate.  In plants, the TGA is a stop 
codon, which suggests the RdRp gene must be present in Mitovirus-infected fungal endophytes 
which were detected in the plants by RNA sequencing.  Studies are currently underway to 
characterize the biological properties of the SsMV and its interactions with S. sclerotiorum and 
associated plant hosts.  

  

Contact Information - Dr. Luis del Río, Dept. of Plant Pathology, North Dakota State 
University, Fargo, North Dakota, P.O. Box 6050, Fargo, ND 58108, 701-231-7073; 
luis.delriomendoza@ndsu.edu.  

 

 

  

mailto:luis.delriomendoza@ndsu.edu


 

 

Legacy effects of crop diversification on soybean white mold disease  

Chuntao Yin, Nathan Lahr, Shannon Osborne, Michael Lehman, USDA-ARS-PA North Central 
Agricultural Res. Lab, Brookings, SD & Weidong Chen, USDA-ARS Grain Legume Genetics 

and Physiology Research Unit, Pullman, WA  

  

Funded Plan of Work: Crop diversification manipulates soil microbiota for enhancing soybean 
resistance to Sclerotinia sclerotiorum   

ABSTRACT:   

Work conducted in 2025 evaluated the legacy effect of crop diversification on soybean responses 
to Sclerotinia sclerotiorum infection. Prior work demonstrated that soybean leaf damage caused 
by S. sclerotiorum was significantly lower when soybeans were grown in soils preceded by corn 
compared with winter wheat. To further investigate the effects, soybean rhizosphere and 
endosphere microbiomes were characterized using amplicon sequencing. Microbial community 
analyses revealed small but significant effects of crop rotation, cover crop, and S. sclerotiorum 
infection on both bacterial and fungal communities in soybean rhizosphere and root. Notably, the 
rhizosphere bacterial community differed between corn-preceded and winter wheat-preceded 
treatments, with the strongest differences between CS and CPWwS. Differentiation abundance 
analysis showed that Pseudomonas was significantly more abundance in root samples from 
cornpreceded soils than from winter wheat-preceded soils under pathogen infection and cover 
crop integration. In addition, 409 bacterial strains isolated from the buried sclerotia were 
screened for antagonistic activities against S. sclerotiorum, of which 80 exhibited mild, 
moderate, or strong antagonism in vitro. Among ten bacterial strains tested in plants, one 
Enterobacter consistently and significantly reduced leaf damage compared with the control. The 
remaining candidate strains will be evaluated in plants in 2026, and bacterial consortia will be 
developed and accessed for their potential to suppress S. sclerotiorum infection.   

  

  

  

  

 

Contact information for primary author: Chuntao Yin, Chuntao.yin@usda.gov  

 

 

 

  

mailto:Chuntao.yin@usda.gov


 

 

Identification and Evaluation of Biological Control Agents from North Dakota Soybean 
Fields and Evaluation of Commercial Biological Products for the Control of Sclerotinia 

sclerotiorum  

Matloob, M.1, Dusek, G.D.1, Renfroe-Becton, H.1, and Webster, R.W.1  
1 Department of Plant Pathology, North Dakota State University, Fargo, ND  

  

Funded Plan of Work: Identification and Evaluation of Biological Control Agents from North 
Dakota Soybean Fields and Evaluation of Commercial Biological Products for the Control of 
Sclerotinia sclerotiorum  

ABSTRACT:  

Sclerotinia sclerotiorum is a fungal pathogen resulting in significant yield and economic losses of 
multiple important crops. To improve disease management, this study aimed two complementary 
biological control approaches as an alternative to chemical control. First, we explored biological 
control candidates (BCCs) derived from bulk soil collected in 2023 and 2024 from North Dakota 
soybean fields. So far, 218 fungal isolates in 2023 and 90 fungal isolates in 2024 were isolated and 
screened for biological control activity against S. sclerotiorum. Preliminary results from dual 
culture and detached leaf assays indicate ten isolates from 2023 and 12 isolates from 2024 inhibit 
the growth of S. sclerotiorum. Based on molecular identification, some of the fungal isolates 
belong to Aspergillus, Clonostachys, Penicillium, and Fusarium genera, and few are still unknown. 
Pathogenicity assays were also conducted to verify the phytotoxic effects of these BCCs on 
soybean. Some identified BCCs exude unknown compounds that hinder fungal growth. Following 
this, cell free culture filtrates were extracted from these selected BCCs, and liquid 
chromatography-mass spectrometry will be used to identify these antifungal compounds. The 
second objective of this study evaluated the efficacy of six commercial biocontrol products against 
S. sclerotiorum in soybean fields at two North Dakota locations, Oakes and Fargo, in 2025. Using 
a randomized complete block design with four replications, we assessed six commercial biocontrol 
products Double Nickel 55 (Bacillus amyloliquefaciens strain D747), LifeGard WG (B. mycoides 
isolate J), Serenade OPTI (B. subtilis strain QST 713), Howler (Pseudomonas chlororaphis strain  
AFS009), RootShield Plus WP (Trichoderma harzianum Rifai strain T-22 and T. virens strain G41), 
and Botrystop (Ulocladium oudemansii strain U3), comparing them to a non-treated control and 
the fungicide Endura (boscalid, SDHI) was included as a positive control. Data recorded from 
these trials includes Sclerotinia stem rot disease index percentage (SSR DIX%) and yield. At Fargo 
location, no significant differences were observed among treatments for SSR DIX% (P=0.4294) 
and yield (P=0.7432). While in Oakes, significant differences were observed among treatments for 
SSR DIX% on two evaluation dates (Aug. 22nd, and Sept. 3rd) with P=0.0153 and P=0.0049, 
respectively. However, no significant yield differences were observed among treatments 
(P=0.8696). Further multi-year trials are necessary to validate the efficacy of these commercial 
biocontrol products for managing SSR in soybean fields.    

Contact Information – Dr. Richard (Wade) Webster, Department of Plant Pathology, NDSU Dept. 
7660, PO Box 6050, Fargo, ND 58108-6050; 701-231-8045; richard.webster@ndsu.edu 



 

 

Biocontrol alternative for disease management of Sclerotinia sclerotiorum  increases boscalid 
fungicide susceptibility  

Aurelie Rakotondrafara and Damon Smith, University of Wisconsin-Madison, Madison WI  

  

Funded plan of work: Biocontrol alternative for disease management of Sclerotinia sclerotiorum 
increases boscalid fungicide susceptibility  

  

ABSTRACT:  
With the limited number of genetically resistant cultivars, management strategies for diseases 
caused by Sclerotinia sclerotiorum in many crops relies heavily on fungicide use. The long-term 
reliance on conventional, synthetic chemicals may be unsustainable and environmentally costly.  
In this study, we aim to identify alternative strategies to combat S sclerotiorum-induced diseases 
by relying on solutions that might be considered “green” and could potentially be used to revert 
fungicide resistance in S sclerotiorum. Consistent with this, previous work has established that 
when S. sclerotiorum was infected with Sclerotinia sclerotiorum hypovirulent associated DNA 
virus (SsHADV1), which is a small DNA virus of fungi, it developed much smaller leaf lesions on 
soybeans and thus slowing down disease progression, a characteristic of “hypovirulence” 
(Mochama et al 2018). However, the mechanisms through which mycoviruses reduce fungal 
growth and aggressiveness remain unclear, particularly regarding the viral factors involved and 
their modes of action. We initially isolated the viral SsHADV1 REP involved in limiting fungal 
fungal growth and disease development. This slow growth was associated with a reduction in 
fungal oxalic acid production, which is an essential factor for fungal pathogenicity, and with an 
increase in fungal susceptibility to sublethal concentration of commercial fungicide.  Additionally, 
the exogenous application of SsHADV1 REP protected sunflower plants from basal stem rot by S. 
sclerotiorum.  In this study our goals were to 1) Sequence optimize the virus-derived proteins for 
their anti-fungal activity., 2) optimize the foliar spray application of REP as protective and/or 
curative measures against S. sclerotiorum, and 3) test the combination of REP treatment and 
boscalid fungicide on plants to control S. sclerotiorum isolates that show different aggressiveness 
or resistance to fungicide.  As preliminary data, we identified and validated a 14 amino acid 
sequence within the SsHAV1 REP that is important for function. This sequence is highly conserved 
among different REP sequences of unrelated DNA viruses, despite their overall low sequence 
identity. We are currently optimizing the foliar spray application of REP by testing whether 
bacterial endospores expressing the REP would show better stability when applied on leaves.   

  
 

 

 

 



 

 

Improving RNA persistence for effective control of Sclerotinia stem rot: Investigating 
nanoparticle-based delivery systems  

Abdolbaset Azizi1, Achintya N. Bezbaruah2, Sirsa Mazumdar2, Luis E. del Río Mendoza1  
1 Department of Plant Pathology, North Dakota State University. Fargo, ND 58108; 2 Department 

of Civil Engineering, North Dakota State University. Fargo, ND 58108  
  

Funded plan of work: Development of RNA fungicides for management of Sclerotinia 
sclerotiorum on canola  

Abstract  

Sclerotinia stem rot (SSR), caused by Sclerotinia sclerotiorum (Lib.) de Bary, can reduce 
significantly the yield of canola and other economically important crops. As part of this project, 
we developed a construct containing four S. sclerotiorum genes that reduce virulence of this 
pathogen when inoculated on canola plants. The construct was transformed into E. coli to generate 
sufficient amounts, as hpRNA, for inoculation trials. Initial trials showed that despite being 
effective in reducing disease severity, the construct had low durability in storage and provided 
protection to plants for a relatively short period of time. This research investigated the application 
of different nanoparticles to enhance RNA stability and increase protection time against SSR. To 
conduct this research, five different positive charge nanoparticles including Amine-Terminated 
NanoXact™ Silica (Asi), Layered Double Hydroxide (LDH), Chitosan (CH), Silica (Si), and 
Sodium montmorillonite (Na-MMT) were used. Fluorescent microscopy of labeled RNA showed 
binding RNA with all of the nanoparticles one hour after incubation at 24 ᵒC, with protection from 
degradation lasting more than 14 days. Analysis of free RNA in water containing RNA-bound 
nanoparticles using qPCR and nanodrop showed that RNA degraded rapidly at room temperature 
(22-24 ᵒC), but nanoparticles effectively absorbed RNA and released it slowly. The RNA 
degradation rate was slower in the presence of nanoparticles. A total bacterial hpRNA (300 ng/µl) 
containing the construct was mixed with 0.2 and 0.1mg/ml of nanoparticles and applied to canola 
plants. Seven days later, the plants were inoculated with S. sclerotiorum. Lesion size was recorded 
and used to calculate AUDPC. The results showed significant (P = 0.05) differences between 
treatments. The nanoparticles CH, Asi, and Si reduced disease severity when applied at a 
concentration of 0.2 mg/ml compared to the control and hpRNA applied alone. The Si nanoparticle 
applied at 0.1 mg/ml showed efficient results with significant differences (P = 0.05) compared to 
the other nanoparticles and control hpRNA alone.   

   

  

Contact Information - Dr. Luis del Río, Dept. of Plant Pathology, North Dakota State 
University, Fargo, North Dakota, P.O. Box 6050, Fargo, ND 58108, 701-231-7073; 
luis.delriomendoza@ndsu.edu.  

 



 

 

Temporal Infection Dynamics and Differential PGIP-Associated Responses in Chickpea 
Following Sclerotinia sclerotiorum Inoculation  

Bing Liu1, Kiwamu Tanaka1, George Vandemark1,2, Weidong Chen1,2  

1 Department of Plant Pathology, Washington State University, Pullman, WA, USA; 2Grain 
Legume Genetics Physiology Research, USDA ARS, Pullman, WA, USA  
  
  
Funded plan of work: Exploring defense proteins to improve plant resistance to Sclerotinia white 
mold  

ABSTRACT:  
  
White mold, caused by Sclerotinia sclerotiorum, is a destructive necrotrophic disease affecting 
numerous broadleaf crops and causing substantial yield losses under cool, moist conditions. Our 
previous work has shown that interactions among fungal polygalacturonase (SsPG), Arabidopsis 
polygalacturonase-inhibiting proteins (AtPGIP) and S. sclerotiorum PGIP-INactivating effector 
(SsPINE1) play important roles in white mold development. However, the temporal progression 
of infection and the molecular basis of resistance in chickpea remain unknown. Here, we 
assessed disease responses in 11 chickpea varieties (‘Billy Bean’, ‘Dwelley’, ‘Dylan’, ‘CDC 
Frontier’, ‘Myles’, ‘Nash’, ‘Quinn’, ‘Royal’, ‘Sawyer’, ‘Sierra’, and ‘Spinach White’) following 
stem inoculation with S. sclerotiorum. Across varieties, lesion development did not differ 
significantly at early infection stages. Mycelium enveloped stems within approximately 12 h post 
inoculation (hpi). Lesions appeared at 18 hpi, stem creasing was evident by 24 hpi, and tissues 
above lesion began to desiccate by 48 hpi. Lesion lengths reached 3.0 to 3.7 cm at 48 hpi and 5.4 
to 7.0 cm at 72 hpi. Based on lesion severity at 48 hpi, ‘Dwelley’ was among the most 
susceptible and ‘Quinn’ among the most resistant; these cultivars were selected for 
transcriptional analyses of chickpea CaPGIPs. In both cultivars, CaPGIP4 showed the strongest 
induction, followed by CaPGIP3. However, CaPGIPs responses were substantially higher in 
‘Quinn’ than in ‘Dwelley’, with CaPGIP4 increasing by over 3000-fold in ‘Quinn’ versus 
approximately 200-fold in ‘Dwelley’. Among S. sclerotiorum PGs, SsPG1 was the most 
responsive. Notably, SsPINE1 expression significantly increased approximately 65-fold in 
‘Dwelley’ but was not significantly induced in ‘Quinn”, suggesting cultivar-specific defense 
strategies. Based on these transcriptional patterns and our previous studies in Arabidopsis, we 
expected protein-protein interactions between CaPGIP4 and SsPG1, as well as CaPGIPs and  
SsPINE1. However, yeast two-hybrid assays revealed that in ‘Dwelley’, SsPG3 interacted with 
CaPGIP1 and CaPGIP4, implying that other factors besides CaPGIPs likely contribute to 
chickpea resistance to S. sclerotiorum. Ongoing RNA-seq analysis will further identify 
regulatory pathways and key determinants underlying chickpea resistance to white mold.  

  
  
Contact Information: Dr. Weidong Chen, USDA- ARS, and Washington State University, 
Pullman, WA 99164; 509-335-9178; weidong.chen@usda.gov  



 

 

Double-stranded RNA targeting white mold Sclerotinia sclerotiorum argonaute 2 for 
disease control via spray-induced gene silencing  

Yi-Wen Tseng, Connor Pedersen, Shin-Yi Marzano, USDA-ARS, Toledo, OH 43606, USA  

  

Funded Plan of Work: Exploring RNAi-based management strategies to confer plant resistance to 
white mold infection   

  

ABSTRACT:   

Spray-induced gene silencing (SIGS) has recently emerged as a promising alternative method for 
controlling white mold. Building on our previous research, we focused on developing SIGS 
approach to control white mold by silencing argonaute 2 (SsAgo2), a crucial component of the 
fungal small RNA pathway. The efficacy of dsRNA mixture sprayed on the sunflower trial during 
the 2024 field season was promising, and a manuscript describing the study is nearly complete. In 
2025, we tested the dsRNA mixture on field-grown soybean using a high-pressure mist sprayer 
following the same rate used for sunflower. Disease severity showed no significant differences 
between the water control and the dsRNA mixture treatment, which may have been due to 
insufficient spray coverage in dense vegetation, indicating the need for further greenhouse 
optimization. Additionally, all treatments (dsRNA mixture, nanosheet with adjuvant, and chemical 
fungicide), as well as the no-spray control, showed no significant difference in yield, likely due to 
the low overall disease pressure. We are testing the spray in the greenhouse on other NSI crops to 
determine their corresponding application rates. The soybean field trial will be repeated using a 
higher application rate to improve efficacy. To understand the mechanism underlying dsRNA 
efficacy on sunflower, RNA-Seq was performed to analyze gene differential expression in 
sunflower leaves sprayed with control RNA from the T444T empty vector, FF4 dsRNA, and FF5 
dsRNA. Gene ontology analysis revealed that leaves treated with dsRNAs exhibited 
downregulation of jasmonic acid (JA) pathway inhibitors compared to the control RNA treatment, 
(log2 fold change ≥ ±3). Among the upregulated genes in FF5-treated samples, four 
ethyleneresponsive transcription factors were identified, which are commonly associated with 
ethylenedependent defense responses and cross-talk with JA-dependent signaling. We speculate 
that secondary siRNA amplification is involved and are in the process of confirming this finding.  

  

Contact information - Dr. Shin-Yi Marzano, USDA-ARS, 3050 W. Towerview Blvd., Toledo,  
OH 43606; (419)530-5053; shinyi.marzano@usda.gov   

 

 

 

 



 

 

Pyramiding plant-derived antifungal proteins to enhance white mold resistance  

Laurel Leber, Chien-Fu Wu, Timothy Mueser, Shin-Yi Marzano  

Funded Plan of Work: Pyramiding plant-derived antifungal proteins to enhance white mold 
resistance  

ABSTRACT:   

Work was conducted since July 2025 to recombinantly express defensins, specifically 
NP_001352208 and AAO38756 from chickpea, with SHuffle E. coli system. Defensins are 
cysteine-rich, small peptides with antifungal and antibacterial properties involved in innate 
immunity. They act by interacting with and permeabilizing cell membranes, bind to fungal-specific 
membrane lipids, and trigger intracellular death pathways. Nearly all plant defensins adopt a 
cysteine knot–like CSαβ motif, consisting of one α-helix and three antiparallel β-sheets, stabilized 
by eight conserved cysteine residues that form four disulfide bonds. This motif is complex but very 
stable once properly folded. The complexity of the knot-like structure poses a solubility challenge 
for recombinant expression in E.coli. In particular, the high cysteine content increases the 
likelihood of incorrect disulfide bond formation, leading to misfolded peptide that is neither 
soluble nor biologically active. Recombinant peptide expression has been achieved by 
transforming pET-9a expression vectors containing the defensin sequence into a SHuffle T7 E. coli 
expression system. This expression system expresses a chromosomal copy of disulfide bond 
isomerase DsbC to promote disulfide bond formation. Unfortunately, this has not solved the 
solubility issues. A range of buffers was also evaluated to improve solubility; however, these efforts 
were unsuccessful. As a next step, we plan to try chaotropic salts to disrupt the hydrogen-bonding 
network. We also plan to remove a cysteine residue from the C- and N-termini to prevent formation 
of a disulfide bond, which we believe promotes polymerization during expression and leads to 
clusters of insoluble peptides. Additionally, we plan to add a soluble linker to the N terminus of 
the peptide, with a polyhistidine tag and a TEV site. The addition of this linker will promote 
expression and solubility. Once we have expressed soluble peptide, we will use IMAC to purify, 
followed by treatment with TEV protease to cleave off the soluble linker and polyhistidine tag. 
Once the peptide has been fully purified, we will conduct detached leaves and greenhouse assays 
to determine antifungal activity against S. sclerotiorum. Downstream, we hope to develop a 
sprayable solution containing these defensive peptides that can be used to combat white mold 
infections. At least two US patents (U.S. Patent Nos. 6916970 and 7862826) have used similar 
peptides and demonstrated success with their antifungal and antibacterial capabilities.  

  

  

Contact information - Dr. Shin-Yi Marzano, USDA-ARS, 3050 W. Towerview Blvd., Toledo,  
OH 43606; (419)530-5053; shinyi.marzano@usda.gov   



 

 

Prediction of White Mold Severity and Yield under Disease Pressure in  
Dry Beans from UAS Data 

 
John Hawkins1, Valerio Hoyos-Villegas1  

1Plant, Soil and Microbial Sciences Department, Michigan State University,   
East Lansing, MI 48824  

Plan of Work: Evaluation and optimization of genomic selection for durable white mold 
resistance in dry bean  

  
ABSTRACT:  

White mold is the major yield-limiting disease in dry beans in the US and white mold resistance 
is a major selection target in many dry bean breeding programs. The typical method of 
phenotyping white mold severity is to walk the field at plant maturity and rate disease based on 
the proportion of bleached stems. However, these ratings are neither fully objective nor 
replicable. A single visual measurement at plant maturity also fails to capture white mold 
development over time. In this research machine learning approaches are being explored to 
develop UAS imaging-based models for white mold phenotyping which aim to be objective, 
replicable, and to incorporate data across time. The first approach uses a random forest 
machinelearning algorithm to create an optimal linear model from a large set of vegetation 
indices collected at different timepoints in order to estimate white mold severity score. A 
preliminary version of this model, trained on four years of imaging data, has an RMSE on 
unseen data of 1.40 and explains 58.93% of the variation. Models were also trained for yield 
under white mold pressure. The preliminary yield model trained on the same data explained 
58.04% of the variation with an RMSE of 5.04 on unseen data. Additionally, an approach of 
using deep learning algorithms to classify zones of the field affected by white mold directly from 
orthomosaic images has been explored. As a preliminary result, a yolo12x deep learning model 
has shown greater than 99% accuracy in classifying zones of the RGB orthomosaic image into 
categories of healthy plants, white mold bleached stems, and bare soil. Other directions for future 
investigation include the integration of plant area based predictors into the random forest models 
and the exploration of deep learning based area measurement of white mold damage as 
predictors of white mold score and yield.   

  

  

Contact Info: hoyosval@msu.edu  
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Genome-Wide Association Study of White Mold Resistance in Common Bean  

Ram Neupane1, John Hawkins1, Alvaro Soler-Garzón3, Phillip N Miklas2, Valerio Hoyos-Villegas1  

1Department of Plant, Soil, and Microbial Sciences, Michigan State University, East Lansing, MI; 
2Grain Legume Genetics and Physiology Research Unit, USDA-ARS, Prosser, WA, USA; 3Irrigated 

Agriculture Research and Extension Center, Washington State University, Prosser, WA, USA  

  

Funded Plan of Work:   

  

ABSTRACT:  

White mold (WM) is a devastating disease of common bean (Phaseolus vulgaris L.) caused by the 
necrotrophic fungus Sclerotinia sclerotiorum. Under favorable conditions, WM can cause 
complete crop failure. Breeding for WM resistance is challenging because it is controlled by 
quantitative inheritance and involves intricate genetic mechanisms. A genome-wide association 
study (GWAS) was conducted to identify loci significantly associated with WM resistance using 
269 genotypes from the Mesoamerican Diversity Panel. GWAS was performed using three 
models: MLM, FarmCPU, and BLINK with one principal component. Four single nucleotide 
polymorphisms (SNPs) - S03_34048652 on chromosome Pv03; S04_1524379 and S04_29953085 
on chromosome Pv04; and S08_22592413 on chromosome Pv08 - were significantly associated 
with WM resistance in both FarmCPU and BLINK models. Of these, one SNP (S08_22592413) was 
identified by the seedling straw test, and three significant SNPs were identified by field data. The 
S04_1524379 (effect size = -0.39) was located within 11-37 Kb window containing three tandem 
leucine-rich repeat encoding genes. Similarly, the S08_22592413 (effect size = -0.35) was at a 1.5 
-9.8 Kb window from two U-box E3 ubiquitin ligase genes. These loci represent promising 
candidate markers for marker-assisted breeding program to improve WM resistance in common 
bean.    

  

  

  

  

Contact Information: Valerio Hoyos-Villegas, Department of Plant, Soil, and Microbial Sciences, 
Michigan State University, East Lansing, MI, 48824; hoyosval@msu.edu  

  
 



 

 

The National Sclerotinia Initiative, 24 years of Unlikely Partnerships. 

Todd Scholz, VP Research & Member Services, USA Pulses  

  

ABSTRACT:  

In 2002, with the help of Gordley Associates in Washington, DC, five unlikely partners— National 
Sunflower Association, USA Dry Bean Council, United Soy Bean, National Canola  
Association, and USA Dry Pea & Lentil Council agreed to support an initiative to work on White 
Mold or Sclerotinia. In the beginning, it was not always an easy collaboration. The crop groups 
and the scientific communities did not always work together. A lot has happened over the life of 
this National Sclerotinia Initiative and it is good to reflect on its history, its accomplishments and 
its future. I am retiring in June, 2026, so who better to reflect on the last 24 years of work but 
me. Hope you enjoy my account of the history.   



 

 

Developing Soybean Varieties with Resistance to Sclerotinia Stem Rot  

Raju Thada Magar, Feng Lin, Suneth Sooriyapathirana, Muhammad Salman, Jason Anandappa,  
Drew Mitchell, Prabjhot Kaur, Cuihua Gu, Paige Pickett, Randy Laurenz, Martin Chilvers, and 

Dechun Wang, Michigan State University  

  

Funded Plan of Work: Developing Soybean Varieties with Resistance to Sclerotinia Stem Rot   

  

ABSTRACT:  

White mold, caused by Sclerotinia sclerotiorum, is one of the major threats to soybean growers 
in the Northern United States. Growing resistant cultivars can reduce the white mold damage and 
yield loss.  The Michigan State University soybean breeding program has been actively developing 
white mold-resistant soybean varieties for the past two decades.  So far, the MSU soybean 
breeding program has released 10 moderately resistant and resistant soybean varieties for white 
mold.  In the year 2025, a total of 57 Elite lines, 63 Advanced Yield Trial (AYT) lines, 27 Natto lines, 
and 18 Edamame lines were evaluated for the white mold resistance at the Montcalm disease 
nursery. Similarly, these lines were also genotyped using the 6K Illumina SNP array. Genotype and 
phenotype data were used to update the genomic prediction model. In summer 2025, twentyfive 
new cross combinations were made between elite soybean lines and white mold-resistant lines. 
Likewise, F1 seeds from crosses made in the summer of 2024 were grown in the nursery , and F2 
single plants were grown in the greenhouse for rapid generation advancement. The F3 
populations, from crosses made in 2023, were tested for Marker-assisted selection (MAS) for 
major resistance genes, and selected lines were grown in the 2025 hill plot. Lines derived from 
crosses made in 2022 were tested in PYT in three locations, and lines derived from crosses made 
in 2021 were tested in AYT in seven locations. Data from the field were analyzed, and 
highperforming lines were selected. They will be evaluated for agronomic performance and 
resistance to white mold in the summer of 2026. The breeding pipeline will continue to develop 
resistance varieties for white mold.   

  

  

   

Contact Information – Raju Thada Magar, Dept. of Plant, Soil and Microbial Sciences, Michigan  
State University, 1066 Bogue St., East Lansing, MI 48824; 517-730-7559, thadaraj@msu.edu   

 



 

 

Mobilization of White Mold Resistance into Commercial Pinto and   
Black Bean Market Classes 

Jayanta Roy1, Phil McClean1, Phil Miklas2, Rian Lee1, and Juan M. Osorno1  
  

1Department of Plant Sciences, North Dakota State University,   
Fargo, ND; 2USDA-ARS, Prosser, WA  

  
  
Research Project: Mobilization of white mold resistance in common bean.  
  
  
ABSTRACT: Pinto and black bean are the major market classes produced in the United States.  
Two black bean recombinant inbred lines (RILs), R31-88 and R31-94, derived from the R31 
(Raven x I9365-31) population and carrying the WM2.2, WM5.4, and WM7.5 QTL, were 
selected as resistant parents based on their resistance phenotypes and haplotypes. These resistant 
parents were crossed with susceptible pinto cultivar ND Rodeo and the black cultivar Eclipse to 
transfer white mold (WM) resistance into a more commercial genetic background. PACE 
markers flanking each QTL interval were developed to differentiate parents and select F₂ plants 
carrying WM resistance QTL from each cross. Screening 179 F2 plants from the Eclipse x R3188 
cross using PACE markers identified 35 recombinants within the targeted QTL interval. For the 
pinto crosses, F₂ selection targeted both WM resistance QTL and the homozygous seed coat 
pinto patterning (Pi) locus. A diagnostic PACE marker was developed to enable selection for the 
pinto phenotype. From 149 and 160 F2 plants in the ND Rodeo x R31-88 and ND Rodeo x 
R3194 crosses, respectively, 15 recombinants from each cross were selected that carried both 
WM resistance QTL and the pinto pattern. Twenty (20) plants from each selected F3 family 
[Eclipse x R31-88 (n = 3); ND Rodeo x R31-88 (n = 5); ND Rodeo x R31-94 (n = 3)] were 
evaluated using the seedling straw test (1-to-9 scale) in the greenhouse. Based on resistance 
phenotype and QTL presence, 15 lines were selected and are now advancing to the F5 generation 
for field trials. Phenotypic evaluation of these advanced lines will be conducted in North Dakota 
and Washington WM nursery fields.  
  
  
  
  
  
  
  
  
  
Contact information – Jayanta Roy, Department of Plant Sciences, North Dakota State 
University, Fargo, ND 58102; Jayanta.roy@ndsu.edu  
  

 



 

 

Improved white mold resistance in dry and snap beans through multi-site  screening 
throughout major production areas  

  
V. Hoyos-Villegas, E.M. Wright, and M.I. Chilvers.  

Department of Plant, Soil and Microbial Sciences, Michigan State University, East Lansing, MI  
  

Collaborators: M. Wunsch (ND), J. Myers (OR), P. Miklas (WA), J. Osorno (ND), C. 
Urrea (NE), K. Kmiecik (WI).  

  
  
Funded Plan of Work: Improved white mold resistance in dry and snap beans through multisite 
screening throughout major production areas  
  
  
ABSTRACT:  
The research goal of our collaborative study is to identify improved sources of resistance to white 
mold in adapted dry bean breeding lines using multiple disease screening sites located in major 
bean-production areas of the United States. Two approaches were taken to evaluate entries 
submitted by collaborators: a greenhouse-based straw test and field trials carried out within white 
mold nurseries in five locations throughout the northern U.S. In 2024, trials were conducted in MI, 
ND, NE, OR, WA and QC with entries that included Black, Navy, Pinto, Pink, and Light Red 
Kidney seed classes, along with check cultivars G122, Bunsi, and Beryl. Preliminary analysis of 
greenhouse and field data shows overall moderate levels of resistance. Greenhouse data indicated 
multiple lines performed equal to the resistant check (G122) at some locations. Further greenhouse 
and field data analysis are currently underway, which will provide greater insight into the genetic 
progress towards developing future cultivars with improved levels of both physiological resistance 
and architectural avoidance to white mold.  
  
  
  
  
  
  
  
Contact Information – Valerio Hoyos-Villegas, Department of Plant, Soil and Microbial  
Sciences, Michigan State University, East Lansing, MI, 48824; hoyosval@msu.edu  

 

 

 

 



 

 

Investigating the relationship between oxalic acid tolerance and  
basal stalk rot resistance in sunflower  

Srushtideep Angidi1, Israt Zaman1, Julie Pasche1, Luis del Rio Mendoza1, William Underwood2  
  

1 Department of Plant Pathology, Microbiology, & Biotechnology, North Dakota State  
University, Fargo, ND; 2USDA-ARS, Sunflower Improvement Research Unit, Fargo, ND  

  
  
Funded Plan of Work: Mapping basal stalk rot resistance and oxalic acid tolerance traits in two 
sunflower recombinant inbred line populations.  
  
  
ABSTRACT:   
  
Oxalic acid (OA) is an important virulence factor for Sclerotinia sclerotiorum, causing plant cell 
death and contributing to disease development. Treatment of sunflower roots with OA via soil 
drench or hydroponic application mimics the symptoms of basal stalk rot disease caused by S. 
sclerotiorum, including wilting, leaf necrosis, stem streaking, and development of basal stem 
lesions. In addition to recapitulation of disease symptoms upon OA treatment, some sunflower 
lines with moderate to high levels of resistance to basal stalk rot exhibit tolerance to OA, 
suggesting that OA tolerance may contribute to stalk rot disease resistance. Recombinant inbred 
line (RIL) populations were developed by crossing stalk rot resistant and OA tolerant inbred 
lines lines RHA 801 and HA 61 to stalk rot susceptible and OA sensitive line HA 89 to facilitate 
mapping of quantitative trait loci (QTL) governing the basal stalk rot resistance and OA 
tolerance traits. Specific objectives for this project are to: 1) Map QTL associated with basal 
stalk rot resistance in both RIL populations; 2) Map QTL for the OA tolerance trait using the 
same RIL populations; 3) Compare mapped loci identified for the basal stalk rot resistance and 
OA tolerance traits and assess correlations between stalk rot resistance and OA tolerance among 
individuals of the two populations. Phenotyping of the HA 61 x HA 89 population for stalk rot 
resistance and oxalic acid tolerance were completed in the past year. Evaluation of stalk rot 
resistance for the HA 89 x RHA 801 population was completed in 2025 and a single replication 
of evaluations for OA tolerance was completed, with the remaining replications to be completed 
in 2026. Significant correlations between stalk rot resistance and the OA tolerance trait were not 
observed for either population, suggesting that OA tolerance in RHA 801 and HA 61 does not 
meaningfully contribute to stalk rot resistance. Mapping of QTL underlying the two traits is 
ongoing for both populations.  
  
  
  
  
 Contact information – Dr. William Underwood, Sunflower Improvement Research Unit,  
USDA-ARS Northern Crop Science Laboratory, 1616 Albrecht Blvd. N., Fargo, ND USA  
58102-2765; (701) 239-1316, william.underwood@usda.gov  



 

 

Identifying genomic diversity amongst Sclerotinia sclerotiorum isolates: A stepping stone 
towards improved white mold breeding  

Marysia Zaleski-Cox, Michigan State University, Lansing, MI; Tanya Copley, Centre de recherche 
sur les grains, Saint-Mathieu-de-Beloeil, QC, Canada; Mark Derbyshire, Curtin University, Perth,  

WA, Australia; Lone Buchwaldt, Agriculture and Agri-Food Canada, Saskatoon, SK, Canada;  
Syama Chatterton, Agriculture and Agri-Food Canada, Lethbridge, AB, Canada & Valerio  

Hoyos-Villegas, Michigan State University, Lansing, MI  

  

ABSTRACT:  

Sclerotinia sclerotiorum (Lib.) de Bary (Ss) is a fungal plant pathogen that causes white mold, 
leading to yield losses of up to 100% in common bean (Phaseolus vulgaris L.). Isolates vary 
widely in virulence, making it challenging to comprehensively screen breeding material. 
Breeders typically rely on a single isolate during screening, and no widely used panel 
representing the pathogen’s phenotypic diversity exists, limiting the effectiveness of resistance 
screening in bean. The objective of this study was to identify Ss subpopulations within a 
geographically diverse collection of isolates to support the development of a representative 
screening panel. To address this objective, 264 Ss isolates from across Canada and northern USA 
were collected from multiple host species and their whole genomes were sequenced with short 
reads. The virulence of a subset of 108 unique genomes was then assessed using the seedling 
straw test on three common bean lines: G122 (Andean, tolerant), USPT-WM-12 (Middle 
American, tolerant) and Beryl (susceptible). Variant effect prediction revealed high-impact 
mutations affecting over 750 genes. Several intriguing mutations within effector coding regions, 
such as a missense mutation within SSINE3 previously reported in a highly aggressive Australian 
isolate, have been identified. Evolutionary distances and Bayesian clustering revealed four 
subpopulations. A genetic relatedness matrix identified pockets of highly related individuals and 
several clonal isolates. Preliminary analyses indicate a small but significant effect of isolate 
region of origin on virulence, but host crop species had no effect. Interestingly, there is a 
significant isolate by bean genotype effect. An association between clade and virulence is still 
being evaluated. These findings suggest that breeders should inoculate with multiple isolates to 
ensure robust tolerance is developed; however, additional analyses are required before a panel 
representative of diversity can be recommended. Our next step is to conduct a GWAS to identify 
loci underlying variation in Ss virulence. This work has the potential to improve breeding for 
disease resistance by ensuring comprehensive screening of breeding material, eventually 
reducing fungicide use and yield losses.  

    

  

Contact information - Dr. Valerio Hoyos-Villegas, Dept. of Plant, Soil and Microbial Sciences,  
Michigan State University, Lansing, MI, USA; hoyosval@msu.edu  

 



 

 

A conserved Sclerotinia sclerotiorum chorismate mutase targets the plant shikimate 
pathway  

  
Dandan Shao, Nathaniel M. Westrick, Damon L. Smith, Mehdi Kabbage  

  

Department of Plant Pathology, University of Wisconsin-Madison, Madison, WI, United States   
  
Research Project: Targeting essential genes in Sclerotinia sclerotiorum to achieve Sclerotinia 
stem rot resistance in soybean  
  
Abstract  
In 2025, we continued our work addressing novel detox mechanisms and virulence determinants 
in Sclerotinia sclerotiorum. We identified a secreted chorismate mutase (SsCM1) through gene 
expression studies, and characterized its contribution to disease development in this pathogen. 
Chorismate mutases (CMs) are effectors largely studied in biotrophic fungi and nematodes for 
their ability to hijack the host shikimate pathway by diverting chorismate from salicylic acid 
(SA) biosynthesis, subsequently undermining SA-mediated defenses against biotrophic infection. 
While CMs have been primarily linked to biotrophy, we identified a novel bifunctional CM from 
the broad host range and predominantly necrotrophic pathogen Sclerotinia sclerotiorum and 
demonstrate that orthologs of this secreted CM are present in far more diverse fungal lifestyles 
than initially theorized. Unlike currently characterized secreted CMs, S. sclerotiorum CM 
(SsCM1) localizes to the plant chloroplast where it interacts with plant plastidic CMs. While 
SsCM1 is a functional, albeit weak CM, it contains a novel domain architecture of bacterial 
origin, including a putative isochorismate pyruvate lyase (IPL) domain. Interestingly, transient 
expression of SsCM1 in planta increases rather than decreases host SA levels. Our results 
indicate that secreted CMs are broadly conserved in many plant-associating fungi beyond 
canonical biotrophs and likely facilitate infection through a novel manipulation of the plant 
shikimate pathway that redirects the flow of this pathway toward increased SA production and 
away from the biosynthesis of downstream antimicrobial compounds. We propose that 
SsCM1like effectors represent a novel class of secreted CMs that may be commonly utilized by 
plantassociated necrotrophs to achieve pathogenic success, thus Offering new avenues for the 
development of potential broad-spectrum antimicrobial treatments targeting this pathogen group.  

 
 
 
 
 
 
 
 
 
 
 



 

 

Mechanistic Study of the SsHADV-1–Regulated Effector SsDV-28 in the  
Pathogenesis of Sclerotinia sclerotiorum  

  
Wei Wei2, Weidong Chen1,3  

  
1 Department of Plant Pathology, Washington State University, Pullman, WA, USA;  

2 Department of Biology, Utah State University, Logan, UT, USA, 3 Grain Legume Genetics  
Physiology Research, USDA ARS, Pullman, WA, USA;  

  
Funded plan of work: Sclerotinia sclerotiorum hijacks host cell death control in infecting plant  
  
ABSTRACT:   
Sclerotinia sclerotiorum, the causal agent of white mold, is a major plant pathogen affecting more 
than 600 plant species worldwide, including economically important crops such as canola, 
soybean, sunflower and pulse crops, and is responsible for substantial global losses in yield and 
quality. Infection of S. sclerotiorum by the DNA mycovirus SsHADV-1 induces hypovirulence in the 
pathogen. To investigate the underlying molecular mechanisms of the induced hypovirulence, we 
introduced SsHADV-1 into wild-type S. sclerotiorum by integrating the virus into the Sclerotinia 
genome, creating a transformant strain that stably expresses the virus genome. We performed 
RNA-seq analysis to compare gene expression profiles during infection of Arabidopsis thaliana 
with those of the wild-type strain. Through this analysis, we identified a virus-regulated effector, 
SsDV-28. Targeted deletion of SsDV-28 resulted in significantly reduced disease symptoms on host 
plants. Although it is unclear whether SsDV-28 is secreted by S. sclerotiorum and translocated into 
plant cells, transgenic plants expressing SsDV-28 exhibited increased susceptibility to S. 
sclerotiorum. Furthermore, yeast two-hybrid and bimolecular fluorescence complementation 
(BiFC) assays demonstrated that SsDV-28 interacts with the plant DOMINANT SUPPRESSOR OF 
KAR 2 proteins, AtDSK2A and AtDSK2B. DSK2 is a complex ubiquitin-binding receptor protein with 
known roles in protein degradation pathways. The next step of this research will focus on 
elucidating the molecular mechanisms underlying the interaction between SsDV-28 and 
AtDSK2A/B, with the goal of determining how SsDV-28 contributes to S. sclerotiorum infection 
and virulence in the host plant.  

  
  
  
  
Contact Information: Dr. Weidong Chen, USDA- ARS, and Washington State University, Pullman,  

WA 99164; 509-335-9178; weidong.chen@usda.gov  

 

 



 

 

Effect of light quality on gene expression during early stages of infection of canola plants 
by Sclerotinia sclerotiorum  

Bita Babakhani1, Jatinder Singh1, Abdolbaset Azizi1, Upinder Gill1, Gupta Rajeeve2,  
and Luis E. del Río Mendoza1  

1 Dept. of Plant Pathology, North Dakota State University. Fargo, ND 58102, U.S.A.; 2 Edward T. 
Schafer Agricultural Research Center, USDA-ARS, Fargo, ND 58102, U.S.A.  

  

Funded plan of work: This project is not funded by the Initiative   

  

Abstract:  

Sclerotinia stem rot (SSR) is an economically important disease on Brassica napus, and is caused 
by Sclerotinia sclerotiorum. Light quality has been shown to have an effect on SSR; however, the 
genes associated with reaction to light quality during plant infection by SSR are largely unknown. 
A transcriptomics study was conducted to evaluate gene expression patterns of susceptible and 
resistant Brassica napus lines during the initial stages of infection in various light conditions. The 
experiments were performed in 16 hours (8 hours dark) of fluorescent or incandescent lights only, 
and sunlight supplemented with 600-Watt high-pressure sodium lamps (P.L. Light Systems). RNA 
samples were collected at 24, 48, and 72 hours post inoculation (hpi) in three biological 
replications. The gene expression analysis with high differential expression genes (DEGs) in 
resistant vs susceptible, fluorescent vs greenhouse, incandescent vs greenhouse and fluorescent vs 
incandescent comparisons at all time points were observed. During the first 72 h post inoculation 
up to 8,739 genes were expressed. Significant differences were detected between resistant and 
susceptible plants as well as among the light conditions. For example, the number of genes 
expressed in the resistant plant, whether up- or down-regulated, decreased with time but increased 
in susceptible plants when incubated under fluorescent light conditions compared to the 
greenhouse; similarly, some genes, like the MLO-related protein gene, were more upregulated in 
the susceptible line at 48 h after inoculation when incubated under fluorescent light compared to 
incandescent light conditions. While additional work is needed to gain a better understanding of 
the gene interactions that occurred during the initial stages of infection, the data set generated by 
this study provides an excellent opportunity to elucidate some of those interactions.   

  

  

Contact Information - Dr. Luis del Río, Dept. of Plant Pathology, North Dakota State 
University, Fargo, North Dakota, P.O. Box 6050, Fargo, ND 58108, 701-231-7073; 
luis.delriomendoza@ndsu.edu.  

 

 



 

 

Deciphering the genetics of Sclerotinia sclerotiorum aggression across crop species  

Hsuan-Fu Wang, Milton Drott, and Megan McCaghey, University of Minnesota, Twin Cities  

  

Funded plan of work: Validation and identification of genetic determinants of Sclerotinia 
sclerotiorum aggression across crop species  

  

Abstract:  

Sclerotinia sclerotiorum diseases cause significant yield losses across the Northern United States. 
Management challenges include the pathogen's broad host range, soil persistence, and 
incomplete crop resistance. Our work aims to provide tools for resistance screening assays and 
potential targets to reduce the aggressiveness of S. sclerotiorum using biotechnology approaches. 
We characterized diverse S. sclerotiorum isolates for aggressiveness across crops and developed 
a seven-isolate subpanel with conserved, cross-species virulence. Petiole inoculations with the 
subpanel successfully differentiated resistant and susceptible sunflower (HA441 and HA89, p 
<0.001) and dry bean (USPT-WM12 and Othello, p<0.001) lines across two experimental 
replicates in the greenhouse. Soybean (52-82B and Dwight) and canola (Flint and Westar) lines 
were assayed in one experimental replicate. Transcriptomic approaches identified aggressiveness 
determinants and host-specific virulence factors in S. sclerotiorum interactions across crop 
species. Six S. sclerotiorum isolates were evaluated: four varying in aggressiveness (WISS47 and 
JS659, weakly aggressive versus MNSS6 and Xtra7, highly aggressive) and two with 
hostspecific interactions (SSPotter and BN172). Isolates were inoculated on soybean (Williams 
82) and sunflower (HA89) with three biological replicates. Stem tissue samples (6 cm) were 
harvested at 24, 48, and 96 hours post-inoculation, yielding 114 total samples (108 experimental  
+ 6 controls). RNA sequencing was performed using the Illumina UG 100 platform, generating 
6-8 billion reads at 300 bp length with 150x coverage depth. The bioinformatics pipeline 
included quality control, trimming/repair, genome alignment (Salmon/STAR), gene expression 
quantification, and differential expression analysis using DESeq2, ComplexHeatmap, and 
EnhancedVolcano in R/BioConductor. Analyses identified 50 top significant gene candidates 
associated with differential aggressiveness and found that isolates employ a constitutive secreted 
protein strategy. Further, host responses differed markedly between crops leading to differential 
disease progression rates. Future work will complement transcriptomic analyses with genomic 
strategies to understand multi-crop virulence. Gene silencing will be used to validate the 
contribution of S. sclerotiorum genes to virulence. These findings will provide insights into S. 
sclerotiorum virulence mechanisms and potential targets for RNAi-based management strategies 
across crop species.  

  

Contact Information - Dr. Megan McCaghey, Dept. of Plant Pathology, Univ. of Minnesota, Twin 
Cities, 1991 Upper Buford Circle, 495 Borlaug Hall, St. Paul, MN 55108; 501-352-1220; 
mmccaghe@umn.edu  

 



 

 

Necrotic and Margin-specific Transcriptional and Metabolic reprogramming During  
Sclerotinia sclerotiorum Infection  

Hira Kamal1, Weidong Chen2, and Kiwamu Tanaka1   

1Department of Plant Pathology, Washington State University, Pullman, WA;  
 2USDA-ARS, Pullman, WA  

Funded Plan of Work: System View of Pathogenesis and Host Defense Responses at Specific 
Infection Stages of Sclerotinia sclerotiorum  

ABSTRACT:  

Sclerotinia stem rot, caused by Sclerotinia sclerotiorum, poses a major threat to crops like 
Brassica napus (canola) worldwide. This necrotrophic pathogen undermines host immunity, yet 
how these interactions are spatially organized within infected tissues remains poorly understood. 
We hypothesize that distinct host‒pathogen interaction mechanisms operate across necrotic, 
lesion-margin, and uninfected tissue zones, reflecting spatially coordinated strategies of host 
defense and pathogen virulence. Here, we employed spatially resolved multi-omics studies to 
identify gene regulatory networks and metabolomic pathways associated with disease 
progression. Transcriptome profiling identified approximately 18,911 differentially expressed 
genes in necrotic and margin tissues at 48 and 72 h post-infection with either the wild-type S. 
sclerotiorum strain (WMA1) or the oxalate-deficient mutant strain (M202). Gene Ontology 
enrichment analysis revealed 351 of defense-related genes, validating the biological relevance of 
the dataset. From these, over 15 candidate genes involved in calcium signaling, 
ubiquitinmediated regulation, hormone signaling, transcriptional control, and metabolism were 
selected for further validation. Quantitative RT-PCR showed that WMA1 triggered a highly 
coordinated response in necrotic tissues, characterized by an early calcium signaling (EF-hand 
and IQ-CaM genes), robust ubiquitin-mediated regulation (FBD, Kelch, DET1), and sustained 
hormonedependent transcriptional activation (BBX, AP2/ERF, PADRE, AUX/IAA), followed by 
latestage metabolic and defense responses, including PR-10 (Bet V1), Jacalin-related lectins, 
UDPglycosyltransferases, and glutamine amidotransferase. In contrast, M202 triggered strong 
but transient early responses of the genes mentioned above primarily confined to the lesion 
margins, with attenuated calcium and ubiquitin signaling for later responses. Metabolite 
profiling, along with zone-specific accumulation of plant hormones and photoprotective 
metabolites, further supported distinct spatial regulation of host responses. Together, these results 
demonstrate that successful necrotrophic infection depends on precise temporal and spatial 
coordination of signaling, transcriptional, and metabolic pathways, whereas disruption of this 
coordination (e.g., as seen with M202) limits pathogenic virulence. Our findings provide 
mechanistic insights into spatially organized plant defense and identify potential targets for 
improving resistance against S. sclerotiorum in canola.  

  

Contact information – Dr. Kiwamu Tanaka; Department of Plant Pathology, Washington State  
University, PO BOX 646430, Pullman, WA, 99164; 509-335-6418; kiwamu.tanaka@wsu.edu   



 

  



 

 

Using genomics assisted breeding to advance sunflower germplasm development  

  

Brent Hulke, James McNellie (USDA-ARS Fargo); Brian Smart (North Dakota State  
University); Nolan Kane, Alisha Quandt (University of Colorado – Boulder)  

  

Funded Plan of Work: Using genomics assisted breeding to advance sunflower germplasm 
development.  

  

Abstract:  

Sunflower has a complicated, but efficient breeding method that involves the hybrid breeding 
system. Unique aspects of sunflower biology make this breeding system a good choice, most 
notably the widespread gene presence/absence variation that drives heterosis, or hybrid vigor, 
when two genetic pools are bred separately, but with product development that includes hybrids 
between both groups. Similarly, using genomic data is complicated, because sunflower genome 
size varies wildly even among related lines. This is due to introgressions from closely related 
species and duplication/deletion of genes among breeding lines. This complicates the use of 
markers in breeding, but developing a successful breeding program that is able to account for 
structural variation amongst genomes in a breeding pool could allow for increasing the scale of 
breeding programs without necessarily increasing costly and time-consuming field evaluation of 
testcross hybrids. This is especially important for Sclerotinia trials, as they require special field 
facilities and difficult-to-generate inoculum. Our work aims to reduce the amount of field work 
spent on evaluating Sclerotinia and Phomopsis disease (both necrotrophic diseases with similar 
genetic basis in resistance) by using marker resources that have been discovered and validated in 
genomic association studies in recent years. Based on the results of this work, tools for breeders 
and general recommendations will be provided to benefit the USDA sunflower breeding program 
and industry breeding programs.  

  

  

Contact Information - Dr. Brent Hulke, Sunflower Improvement Research Unit, Fargo, ND  
58102; 701-238-9525; brent.hulke@usda.gov  

 
 
 
 
 
 
 
 



 

 

Field and Greenhouse Screening of Soybean F4:5 Populations and Parental  
Checks for White Mold Resistance in Michigan  

  

S. Sooriyapathirana, K. Wang, C. Gu, A. McCoy, R. Magar, R. Laurenz, P. Tabit, M.   
Salman, P. Kaur, D. Mitchell, M. Chilvers, and D. Wang  

Department of Plant, Soil and Microbial Sciences, Michigan State University,  
East Lansing, MI, USA, 48824  

  
  
Funded Plan of Work: Developing soybean varieties with resistance to Sclerotinia Stem Rot  
  
ABSTRACT:  
White mold, caused by Sclerotinia sclerotiorum, continues to pose a significant challenge for 
soybean (Glycine max) production in the north-central United States. To assess genetic variation 
for resistance, two soybean F4:5 populations, along with their parental lines and resistance checks, 
were evaluated under field conditions in Montcalm County, Michigan, during the 2025 growing 
season. Parental checks were also screened in the greenhouse using two distinct inoculation 
methods. Field disease response was quantified using the Disease Severity Index (DSI), which 
integrates the proportion of plants across disease rating classes relative to the maximum rating 
scale. In the field, Population 1 (n = 531) exhibited DSI values ranging from 0 to 78.21%, with a 
mean of 13.87% and a positively skewed distribution, suggesting a predominance of moderately 
resistant lines and fewer highly susceptible individuals. Population 2 (n = 169) displayed a similar 
mean DSI (12.79%) but higher maximum severity (84.62%), reflecting broader segregation for 
white mold response. Interquartile ranges and additional distribution metrics further highlighted 
substantial phenotypic variability within both populations. The parental lines and checks 
performed as expected across environments. Resistant parents and checks consistently exhibited 
low DSI values, whereas susceptible and moderately susceptible checks showed elevated disease 
severity, with mean DSI values exceeding 30% in some cases. Greenhouse screening corroborated 
the field results, confirming both the reliability of phenotypic classification and the consistency of 
disease pressure. Overall, these findings demonstrate significant genetic variation for white mold 
resistance in both F4:5 populations and validate the use of combined field and greenhouse 
screening. The detected variation offers a strong foundation for resistance selection and future 
genetic mapping in soybean breeding programs. Currently, both F4:5 populations are undergoing 
further greenhouse screening, to be followed by QTL analysis.  
  
  
  
  
Contact Information - Dr. Dechun Wang, 1066 Bogue Street, East Lansing, MI, 48824;   
517-614-2939; wangdech@msu.edu  

 



 

 

A Comprehensive Evaluation of Genomic Prediction Models for Selecting Soybean  
Genotypes Resistant to Sclerotinia Stem Rot  

Raju Thada Magar, Feng Lin, Suneth Sooriyapathirana, Muhammad Salman, Jason Anandappa,  
Drew Mitchell, Prabjhot Kaur, Cuihua Gu, Paige Pickett, Randy Laurenz, Martin Chilvers, and 

Dechun Wang, Michigan State University  

  

Funded Plan of Work: Developing Soybean Varieties with Resistance to Sclerotinia Stem Rot   

ABSTRACT:  
Sclerotinia stem rot (SRR), also known as white mold, caused by Sclerotinia sclerotiorum, is one 
of the major yield-limiting soybean diseases in the Northern United States. Growing resistant 
genotypes remains the most effective control strategy. This study evaluates genomic prediction 
models to select for white mold resistance in soybeans using field data. Phenotypic and genotypic 
data collected over the past 15 years were used to assess genomic prediction accuracy. 
Phenotypic data from individual years were analyzed with various spatial models, and the optimal 
model was selected based on log-likelihood and the Akaike information criterion (AIC). Years 
characterized by low disease pressure and limited connectivity with other years were excluded 
from the multiyear analysis. For genotyping, 6k Illumina SNPs were used, and individuals or 
markers with a missing rate exceeding 15% or a minor allele frequency below 5% were excluded 
from model development. After filtering, 1138 genotypes were retained to test the genomic 
prediction model. Three modeling approaches were compared: a single-stage model, in which all 
raw phenotypic and genomic data were fitted simultaneously; a two-stage model, where the Best 
Linear Unbiased Predictor (BLUE) and its weight were computed in the first step and then used 
with genomic data in the second step; and a three-stage model, where BLUE and weight were 
computed in the first step, BLUE for each genotype was calculated in the second step, and BLUE 
from the second step and genomic data were fitted in the third step. The best genomic linear 
unbiased prediction (GBLUP) model was fitted in the first- and second-step models, while 
different Bayesian models were tested in a three-stage model. Spatial adjustment with splines 
and first-order autoregressive models provided the best fit for individual years, and single-stage 
models achieved the highest prediction accuracy of 0.63. This study demonstrates that historical 
data have excellent potential for developing genomic prediction models, and models that 
properly account for spatial variation and weights achieve higher genomic prediction accuracy.   

  

Contact Information – Raju Thada Magar, Dept. of Plant, Soil and Microbial Sciences, Michigan  
State University, 1066 Bogue St., East Lansing, MI 48824; 517-730-7559, thadaraj@msu.edu   

 

 



 

 

High-Throughput Greenhouse Imaging for Basal Stalk Rot Phenotyping in Sunflower 

Srushtideep Angidi1, Anup Kumar Das2, Julie S. Pasche1, Paulo Flores2 & William Underwood3 

1 Department of Plant Pathology, Microbiology, and Biotechnology, North Dakota State  
University, Fargo, ND, USA; 2Department of Agricultural and Biosystems Engineering, North  
Dakota State University, Fargo, ND, USA; 3USDA-ARS, Sunflower Improvement Research 

Unit, Fargo, ND, USA.  
  

Funded Plan of Work - Mapping basal stalk rot resistance and oxalic acid tolerance traits in two 
sunflower recombinant inbred line populations.  

  
ABSTRACT:  

Work was conducted in 2025 to develop an automated greenhouse phenotyping workflow for 
sunflower basal stalk rot (BSR) caused by Sclerotinia sclerotiorum. Greenhouse screening is 
constrained by labor-intensive, subjective visual scoring of wilting and plant death. A 
gantrymounted RGB camera system was developed to capture time-series images over 28 days 
postinoculation. Images were organized by time point and used to train a YOLOv12 detector to 
identify BSR symptoms. The final model achieved ~90% detection accuracy, enabling consistent 
detection of disease symptoms and supporting objective tracking of BSR progression. Performance 
declined when leaves overlapped across tray cells, and the current pipeline is limited to one 
genotype per tray. Ongoing work is expanding validation across diverse sunflower genotypes to 
improve robustness and support high-throughput, reproducible BSR screening for breeding 
applications.  

  

  

  

  

  

  

   

  

Contact information – Dr. William Underwood, Sunflower Improvement Research Unit,  
USDA-ARS Northern Crop Science Laboratory, 1616 Albrecht Blvd. N., Fargo, ND USA 58102- 
2765; (701) 239-1316, william.underwood@usda.gov  

 

 



 

 

Deciphering the genetics of Sclerotinia sclerotiorum aggression across crop species  

Hsuan-Fu Wang, Milton Drott, and Megan McCaghey, University of Minnesota, Twin Cities  

  

Funded plan of work: Validation and identification of genetic determinants of Sclerotinia 
sclerotiorum aggression across crop species  

  

Abstract:  

Sclerotinia sclerotiorum diseases cause significant yield losses across the Northern United States. 
Management challenges include the pathogen's broad host range, soil persistence, and 
incomplete crop resistance. Our work aims to provide tools for resistance screening assays and 
potential targets to reduce the aggressiveness of S. sclerotiorum using biotechnology approaches. 
We characterized diverse S. sclerotiorum isolates for aggressiveness across crops and developed 
a seven-isolate subpanel with conserved, cross-species virulence. Petiole inoculations with the 
subpanel successfully differentiated resistant and susceptible sunflower (HA441 and HA89, p 
<0.001) and dry bean (USPT-WM12 and Othello, p<0.001) lines across two experimental 
replicates in the greenhouse. Soybean (52-82B and Dwight) and canola (Flint and Westar) lines 
were assayed in one experimental replicate. Transcriptomic approaches identified aggressiveness 
determinants and host-specific virulence factors in S. sclerotiorum interactions across crop 
species. Six S. sclerotiorum isolates were evaluated: four varying in aggressiveness (WISS47 and 
JS659, weakly aggressive versus MNSS6 and Xtra7, highly aggressive) and two with 
hostspecific interactions (SSPotter and BN172). Isolates were inoculated on soybean (Williams 
82) and sunflower (HA89) with three biological replicates. Stem tissue samples (6 cm) were 
harvested at 24, 48, and 96 hours post-inoculation, yielding 114 total samples (108 experimental  
+ 6 controls). RNA sequencing was performed using the Illumina UG 100 platform, generating 
6-8 billion reads at 300 bp length with 150x coverage depth. The bioinformatics pipeline 
included quality control, trimming/repair, genome alignment (Salmon/STAR), gene expression 
quantification, and differential expression analysis using DESeq2, ComplexHeatmap, and 
EnhancedVolcano in R/BioConductor. Analyses identified 50 top significant gene candidates 
associated with differential aggressiveness and found that isolates employ a constitutive secreted 
protein strategy. Further, host responses differed markedly between crops leading to differential 
disease progression rates. Future work will complement transcriptomic analyses with genomic 
strategies to understand multi-crop virulence. Gene silencing will be used to validate the 
contribution of S. sclerotiorum genes to virulence. These findings will provide insights into S. 
sclerotiorum virulence mechanisms and potential targets for RNAi-based management strategies 
across crop species.  

  

Contact Information - Dr. Megan McCaghey, Dept. of Plant Pathology, Univ. of Minnesota, Twin 
Cities, 1991 Upper Buford Circle, 495 Borlaug Hall, St. Paul, MN 55108; 501-352-1220; 
mmccaghe@umn.edu  

 



 

 

Identification of genetic specificities deriving organic acid responsiveness influencing 
soybean-Sclerotinia sclerotiorum interactions  

Sachin Sharma, Gazala Ameen and Shyam Solanki  
Dept. of Agronomy, Horticulture and Plant Sciences,  South Dakota State University,  Brookings, 

SD,57007  

  

ABSTRACT:  

White mold, caused by the necrotrophic fungus Sclerotinia sclerotiorum (Ss), is a major 
constraint to soybean production worldwide. Increasing adoption of organic fertilizers has 
renewed interest in soil-derived organic acids (OAs), released during organic matter 
decomposition, as modulators of plant-pathogen interactions. While OAs are known to improve 
soil health and suppress soilborne pathogens, their role in the soybean-white mold pathosystem 
remains poorly understood. Here, we investigated whether OA exposure influences S.  
sclerotiorum aggressiveness and whether pathogen genetic variation underlies differential OA 
responsiveness on population scale. Field surveys conducted across soybean-growing regions of 
South Dakota in 2023, 2024 and 2025 yielded 107 purified Ss isolatesfrom 16 counties. These 
isolates were systematically screened for OA responsiveness using humic acid and fulvic acid 
(FA) as proxies across a concentration gradient of 20–150 mg L⁻¹. Significant positive and 
negative correlations (p < 0.05, ANOVA) were observed for mycelial growth, sclerotia size, and 
sclerotia number on in vitro assay. Interestingly, we found isolates from the same field have 
differential responsiveness to OA dosage, indicating presence of subtle genetic interaction. Since 
OA responsiveness is not uniform on growth pattern across isolated Ss population, we 
hypothesize that either pathogen’s genetic or expression variability may alter the disease 
response. To address question on disease response, FA was prioritized for downstream analyses 
due to its higher solubility and bioavailability. Two isolates Y5 and 22B exhibiting contrasting 
FA responses were selected for in planta assays on soybean cultivars Williams 82 and PI 416805. 
Disease phenotyping on detach leaf assay further strengthens confidence, and currently the next 
question that we are pursuing is how combinatorial effect of isolate variability and host response 
to OA relates to white mold disease outcome and what genetic pathways are responsible for that. 
This farm-oriented functional genomics study provides new insights into OA-responsive 
pathways shaping soybean–white mold interactions and will allow to target molecular pathways 
for improving soybean resistance under organic, regenerative, and sustainable production 
systems.  

  

Contact Information - Dr. Shyam Solanki, Department of Agronomy, Horticulture and Plant  
Science, South Dakota State University, 251 Berg Ag Hall, Box 2100A, SDSU, Brookings, SD,  
57007; shyam.solanki@sdstate.edu  

 

 

 



 

 

Histopathological analysis of the early stages of infection of canola flowers by Sclerotinia 
sclerotiorum using confocal microscopy  

Bita Babakhani1, Ashley C. Nelson1, Pawel Borowicz2, Timothy L. Friesen1, 3, and Luis E. del 
Río Mendoza1   

1 Dept. of Plant Pathology, North Dakota State University. Fargo, ND 58102, U.S.A.; 2 Dept. 
of Animal Sciences, North Dakota State University. Fargo, ND 58102, U.S.A.; 3 Edward T. 

Schafer Agricultural Research Center, USDA-ARS, Fargo, ND 58102, U.S.A.  

  

Funded plan of work: This research was not funded by the Initiative  

Abstract:  

Sclerotinia sclerotiorum causes Sclerotinia stem rot on canola (Brassica napus). Genetic resistance 
to this disease is quantitative and controlled by many genes. The development of SSR-resistant 
canola breeding lines provides an opportunity to study the morphological changes that occur at the 
microscopic level in the host and the pathogen during the initial stages of infection. Consequently, 
a study was conducted to characterize the initial stages of SSR development on flowers, leaves and 
stems of a resistant and a susceptible canola breeding lines using confocal microscopy.  Here, we 
report the results of the inoculations of canola flowers. For the study, S. sclerotiorum ascospores 
were produced and harvested in the laboratory. A suspension of 3 x 105 ascospores was drop-
inoculated on the petals of open canola flowers. Inoculated plants were incubated for 24 h in mist 
chambers at 22oC and 16 hours of white fluorescent light. Samples were collected at 4, 8, 12, and 
24 h after inoculation and immediately immersed in 96% ethanol. After 24-48 h, the petals were 
briefly immersed in KOH, rinsed in PBS, and stained. Stained samples were mounted on 
microscope slides for observation using a confocal microscope. Six technical replications per 
sample were prepared. Software Imaris v. 10.0.0 was used to conduct volume analysis and to 
measure fungal biomass. Programmed cell death (PCD) will be analyzed by quantifying nuclear 
breakdown. Preliminary results indicate that ascospores started germinating at 4 hours after 
inoculation and penetrated 8 hours post inoculation on flowers independently of them being from 
resistant or susceptible lines. This observation may suggest that genetic resistance is not expressed 
on petals; however, additional work needs to be done to confirm this. In addition, similar 
histopathological studies are being conducted on leaves and stems.  The information generated by 
this study will help enhance our understanding of the events that transpire during the early stages 
of infection and would complement ongoing efforts to elucidate gene activity during that 
interaction.  

  

 Contact Information - Dr. Luis del Río, Dept. of Plant Pathology, North Dakota State 
University, Fargo, North Dakota, P.O. Box 6050, Fargo, ND 58108, 701-231-7073; 
luis.delriomendoza@ndsu.edu.  
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Executive Summary   
Vision Statement: An integrated research approach is needed to guide effective development of 
diagnostic technologies, disease management systems, genomic resources, and crop germplasm exhibiting 
durable resistance to Sclerotinia sclerotiorum. Strategic deployment of these resources will help sustain 
global food security through increased competitiveness of U.S. canola, pea, lentil, chickpea, common bean, 
soybean, and sunflower producers.   

Process & Development of the Strategic Plan for the National Sclerotinia Research 
Initiative  
- 2017-2021: On January 20-22, 2016, approximately 60 scientists and stakeholders with knowledge of 
the fungal pathogen, Sclerotinia sclerotiorum participated in an annual workshop hosted by the United 
States Department of Agriculture’s Agricultural Research Service (ARS) in Minneapolis, MN. ARS, the 
National 
Sunflower Association, the U.S. Canola Association, the USA Dry Pea and Lentil Council, the U.S. Dry 
Bean Council, and the United Soybean Board co-organized this program. Participants reviewed annual 
research accomplishments and peer assessment of program performance toward that targeted improved 
understanding and management of Sclerotinia disease in canola, dry edible beans, peas & lentils, soybean, 
and sunflower. A summary (pending addition of 2015 data) of program performance against priorities of 
the USDA ARS National Sclerotinia Research Initiative (NSI) strategic plan for 2013 to 2017 follows: 



National Sclerotinia Research Initiative Strategic Plan for 2017 to  
2021  

34 

 
 

ARS leadership considered stakeholder input in the overall assessment of the NSI program performance 
and in determining the research needs of industry. Reviews of ARS projects associated with NSI also were 
conducted by the Office of Scientific Quality Review to ensure relevance, quality and performance in 
meeting goals of ARS national programs. USDA-ARS leadership of NSI included:  

Dr. Roy Scott, National Program Leader, Office of National Programs, Beltsville MD  
Dr. John McMurtry, Area Director, Northern Plains Area, Ft. Collins, CO  
Dr. William Kemp, Agricultural Administrator, Red River Agricultural Research Center, Fargo ND  

Stakeholder and scientists worked in concert during the 2015 calendar year to gather and develop input 
for highest research priorities for the next 5-years. These data were compiled for final edits by 
stakeholders and scientists during break-out sessions the annual NSI meeting in January, 2016.   

There was consensus that genetic as well as management solutions to the Sclerotinia problem were 
attainable. This optimism was largely due to NSI scientist applications of advances in molecular biology 
to characterize genes involved in Sclerotinia resistance genomic data of soybean, dry bean, Medicago 
truncatula, the pathogen and other plant genomes. Implementation of molecular tools in breeding 
programs and the availability of genome sequence resources has greatly enhanced gene discovery and 
characterization of NSI data through on-line genomic research tools.   
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Three goals plus performance measures and milestones were agreed upon for the NSI Strategic Plan 2017 
to 2021. The following individuals lead teams that developed and edited this Strategic Plan:  

Goal 1: Germplasm Resources & Translational Genomics--Phil Miklas, USDA ARS, Prosser WA  
Goal 2: Pathogen Biology & Mechanisms of Resistance----Jim Steadman, Univ. Nebraska, Lincoln, NE  
Goal 3   Disease Management & Crop Production-------------Michael Wunsch, ND State Univ., Fargo ND  

This strategic plan encompasses the breadth of research disciplines necessary to better understand the  
disease and to provide significant management options for the affected producers across the U.S. To  
achieve the strategic goals and research objectives, this plan emphasizes achievements that hinge on  
teamwork throughout the Sclerotinia research community. All actions and results will be attained in a  
manner that is both inclusive and open to public scrutiny.   

 
Background   
  
Sclerotinia sclerotiorum, the most important species of Sclerotinia, has an unusually large host range of 
over 400 plant species in numerous families. This fungus causes diseases known as white mold, 
Sclerotinia stem rot, wilt or stalk rot, or Sclerotinia head rot on a wide variety of broadleaf crops. It 
commonly causes economic yield loss in dry edible beans, sunflower, soybean, canola, pea and lentils. 
Many other crops also are susceptible such as alfalfa, potato, peanut, mustard, safflower, flax, borage, 
crambe, buckwheat, chickpea, lupine, faba bean and numerous vegetables such as lettuce and carrots. The 
pathogen is found in diverse environments from southern to northern climates and in different agricultural 
systems under both dryland and irrigated conditions. Although found primarily as a pathogen in the field, 
it can also be a problem under storage conditions for some crops. The success of this pathogen and its 
demonstrated ability to adapt to a wide range of conditions can be largely attributed to its aggressive 
mode of pathogenesis and to the production of specialized multicellular developmental structures for 
survival and dispersal. Improved knowledge of population structure, ecological types, virulence diversity, 
germination factors, pathogenicity factors, and advances in molecular biology are needed to develop 
effective control methods for the numerous diseases caused by this pathogen.   
  
The collective annual economic loss attributed to Sclerotinia damage in the five crops participating in the 
ARS National Sclerotinia Research Initiative has been as high as $482 million.  Specifically, annual losses 
for each of the crops have been as high as $100 million for sunflowers; $300 million for soybean; $46 for 
dry edible beans; $24 million for canola; and $12 million for pulse crops. The disease is a serious threat to 
the future of the confection sunflower, where quality is a significant concern. Diseased seeds can’t always 
be separated in cleaning and processing resulting in bitter tasting seeds which are rejected by consumers.   
  
The primary survival (overwintering) structure of S. sclerotiorum is the sclerotium. A sclerotium is a  hard 
resting structure consisting of a light colored interior portion called a medulla and an exterior black 
protective covering called the rind.   The rind contains melanin pigments which are highly resistant to 
degradation, while the medulla consists of fungal cells rich in beta glucans and proteins. The shape and 
size of sclerotia depend on the host and where they are produced in or on infected plants. The Sclerotinia 
disease cycle begins when sclerotia germinate after overwintering in soil. Sclerotia may undergo 
carpogenic germination which results in the production of a small mushroom called an apothecium and 
ascospores which are ejected into the environment. The pathogen produces oxalic acid and numerous 
enzymes that break down and degrade plant tissue. Disease development is favored by moisture and 
moderate temperatures of 15 to 25 C.  
   
Another method of germination is myceliogenic, where sclerotium produces mycelium. This is common 
in the disease cycle in Sclerotinia wilt of sunflower. Most other Sclerotinia or white mold diseases of dry 
edible beans, soybean, canola and sunflower head rot are initiated by carpogenic germination and 
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infection of above ground plant parts by ascospores.  Few studies have quantified sclerotia survival in the 
field. Microbial degradation is the principal reason for a decline in populations of sclerotia. Many fungi, 
bacteria and other soil organisms parasitize or utilize sclerotia as carbon sources. Crop rotations allow the 
natural microbial population to degrade sclerotia. Two important fungal parasites involved in the natural 
degradation of sclerotia are Coniothyrium minitans and Sporidesmium sclerotivorum. Both may become 
biocontrol agents for sclerotia.   
  
The effect of tillage on survival of sclerotia is poorly understood. Fungicides have been used with some 
success in dry edible bean and canola. Crop rotation continues to be used for certain crops such as sunflower 
where inoculum densities in the soil play a major role in disease development. Most Sclerotinia diseases 
are not controlled by host resistance. However, moderate levels of host resistance in dry edible beans and 
soybean have been used in integrated control programs.   
  
The National Strategic Plan for the Sclerotinia Initiative 2017-2021 provides the research community 
with a foundation for a comprehensive and integrated research approach toward these problems. The 
performance measures outlined in this plan are relevant to the current needs of US agriculture. The plan 
defines the actions that will be taken to solve these problems, describes what is promised or will be 
produced, assigns accountability for the work to be accomplished, and provides a mechanism for peer 
review and assessment of research progress.   
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National Sclerotinia Research Initiative Strategic  

Plan (2017 to 2021)  

Crop Germplasm Resources & Translational Genomics   

Goal 1: Characterize genetic diversity and facilitate transfer of useful genes among 
germplasm resources to achieve higher levels of field resistance against a wide 
range of aggressive Sclerotinia sclerotiorum isolates.   

PM 1.1:  Identify new sources of resistance in plant germplasm.  USDA & 
International Germplasm Collections are a valuable and virtually untapped source 
of genes that could mediate effective resistance to S. sclerotiorum in canola, pea, 
lentil, chickpea, common bean, soybean and sunflower cultivars.  Milestones & 
Deliverables:  

• Improved phenotypic methods for identifying & validating DNA markers for S. 
sclerotiorum resistance in accessions in USDA & World germplasm collections. 

• Molecular cytogenetic systems for developing comparative genomic 
hybridization and single nucleotide polymorphism (SNP) arrays to facilitate 
germplasm genotyping. 

• A comprehensive association of genotypic x phenotypic features among 
germplasm accessions and wild crop relatives to identify useful sources of 
resistance to S. sclerotiorum. 

PM 1.2: Use of interspecific resources to transfer resistance genes into 
cultivated plant germplasm. Transfer of resistance genes via interspecific and 
other wide crosses often is constrained by genetic incompatibilities or other 
problems resulting in non viable progeny. Undesirable genes may accompany the 
introgression of beneficial genetic variation for Sclerotinia resistance from 
unadapted and wild species in modern variety production.  
  
Milestones & Deliverables:  

• Ability to evaluate utility and track the chromosomal location and expression 
profile of DNA segments introgressed from interspecific crosses to related 
breeding lines. 

• Improved genetic methods for combining useful genes for resistance to 
Sclerotinia stem rot from unadapted sources to agronomic lines of canola, 
chickpea, lentil, pea, soybean and/or sunflower 

• Determine the utility of novel resources such as alien chromosome addition 
stocks for enhancing resistance to Sclerotinia stalk-rot & head-rot derived 
from wild annual and perennial species of sunflower. 

PM 1.3:  Generate high-density genetic maps with validated markers for 
quantitative trait loci (QTL) that confer resistance to Sclerotinia.  Validated 
DNA markers from genome-wide-sequencing and/or exome-capture help annotate 
genetic maps of existing variation among recombinant-inbred lines or haplotypes 
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for resistance genes. Micro-array technologies enable custom designed chips with 
marker sets that facilitate pre-breeding efficiency.      

  
Milestones & Deliverables:  
• Highly inbred bi-parental breeding lines and special populations generated in 

canola, common bean, pea, soybean, and sunflower for identification of QTL 
associated with Sclerotinia resistance from diverse sources. 

• High-resolution genetic and consensus maps of resistance QTL based on 
annotation with validated markers generated from genome-wide association 
(GWAS) mapping, exome maps, haplotype maps and/or linkage analysis. 

• Transcriptomic, proteomic and metabolomic annotation of genomic sequences 
in QTL associated with resistance to Sclerotinia diseases 

• Characterization of candidate genes involved in biological mechanisms for 
resistance, such as: oxalic acid oxidase. 

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

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

• Effective use of genome editing technologies to genetically modify genomic 
regions in ways that enhance resistance to Sclerotinia diseases or determine 
candidate gene function 

• Identification of allele-specific gene markers within QTL that influence 
Sclerotinia-host plant interactions 

• Improved arrays of validated markers to facilitate screening germplasm 
resources and expedite marker-assisted-selection in canola, chickpea, 
common bean, lentil, pea, soybean, and sunflower breeding programs. 

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

• Centralized databases that connect DNA sequences to linkage groups, 
chromosomes, QTL, candidate genes, polymorphisms and phenotypic traits 

PM 1.4: Pyramid white mold resistance in plant germplasm and release 
germplasm/cultivars with enhanced resistance. Germplasm resources 
seldom contain all identified favorable alleles for defense against Sclerotinia. QTL 
from multiple sources must be combined into single lines to enhance overall 
resistance. Translational genetics will help determine which of the marked genes 
for disease resistance are most important for use in breeding enhanced 
germplasm and cultivars.  
Milestones & Deliverables:  
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• Use of allele specific markers and high-throughput phenotyping methods to 
facilitate pyramiding genes that mediate resistance to Sclerotinia diseases. 

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

• 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. 

• Establish disease nurseries for characterizing field and greenhouse resistance 
to all pathogenic forms of Sclerotinia in common bean, soybean and sunflower. 

• Soybean breeding lines with Sclerotinia resistance from multiple sources of 
resistance as verified by QTL-linked markers, including high yield, and 
resistance to other diseases or insects. 

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

• 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. 

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.  The genotypic basis for genetic variability in S. 
sclerotiorum populations within North America is not well characterized. Identifying 
ecological types within populations will provide an understanding of how disease 
develops and survives in agro-ecosystems.      

Milestones & Deliverables:  
• Understanding the interaction of pathogen with environmental factors such as 

temperature and light. 

• Identification of biotypes with resistance to new fungicide chemistry 

• Characterization of the genetics of fungicide resistance  Characterization of 

ecological types in the population. 

• Associate traits 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.  Differences in virulence exist within pathogen populations, but relation 
of the variation to pathogen genotype and host range is poorly understood. 
Physiological characteristics may be important to disease development and 
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pathogenesis. Standard methods will be developed to describe virulence/ 
aggressiveness in the pathogen. Host specificity and the range of virulence/ 
aggressiveness of collections from different hosts and environments will be tested to 
determine impact on partial resistance.   
   

Milestones & Deliverables:   

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

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

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

• 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. Factors like plant 
exudates are involved in the myceliogenic germination, whereas moisture and 
temperature are important in carpogenic germination.  The biological mechanisms 
and genetic control of sclerotial germination are not precisely understood. The role 
of soil microorganisms, other than mycoparasites, in the sclerotia-sphere also may 
impact the germination process and help identify points in the cycle where 
germination can be disrupted.   
   

Milestones & Deliverables:  

• Identification of host factors that may enhance myceliogenic germination. 

• Genetic control and required environmental conditions governing the 
processes of myceliogenic and carpogeneic 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.  The genome sequence of Sclerotinia sclerotiorum is now 
available. Gene discovery in Sclerotinia will be accelerated by effective means of 
studying functional genes at specific growth and infection stages, host-pathogen 
interactions, or under specific environmental conditions. Comparing S. sclerotiorum 
with related Sclerotinia spp. will provide insight into factors and mechanisms that 
limit host ranges of S. minor and S. trifoliorum, and will in turn help us better 
understand the mechanisms involved with the extremely wide host range of S. 
sclerotiorum.  
  

Milestones & Deliverables:     
• Transcriptomic, genomic, and metabolomics data bases for growth stage-

specific genes and infection-related genes from both host and pathogen. 
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• Improved gene annotation using transcriptomic data. 

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

 
PM 2.5:  Identification and verification of candidate genes involved in 
Sclerotinia pathogenicity.  Profiling transcriptomes of Sclerotinia in interactions 
with various host plant tissues would allow identification of pathogen and host gene 
expression patterns and will provide further clues as to key factors for pathogenicity 
and defense. Universal mechanisms exist in organisms to inactivate target genes 
with interfering RNA molecules to prevent them from being translated into functional 
proteins. RNAi approaches in Sclerotinia will be standardized and widely available.  
   

Milestones & Deliverables:  
• Development and maintenance of relevant natural and derived culture 

collections for use in phenotypic association. 

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

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

• Inventory of genes potentially involved in pathogenesis recovered from 
mutagenesis and transcriptome profiling. 

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

Disease Management & Crop Production  

Goal 3:  Broaden knowledge of Sclerotinia sclerotiorum epidemiology and improve 
disease management strategies   
  

PM 3.1:  Optimize fungicide application programs.  Efforts will identify 
fungicides, concentrations and application methods that provide best control of 
Sclerotinia in canola, soybean, common bean, pea, lentil, chickpea and sunflower.   
Milestones & Deliverables:  

• A region-wide collection of S. sclerotiorum isolates to establish a baseline of 
fungicide sensitivity 

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

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

• New spraying technologies that improve fungicide performance by enhancing 
canopy penetration, plant coverage, and fungicide deposition 
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• Determine most effective timing of fungicide applications relative to canopy 
closure after blooming 

 
PM 3.2:  Develop bio-control alternatives for disease management. Activities 
will focus in the evaluation of already available commercial bio-control agents, like 
Coniothyrium minitans. Additional surveys and screening exercises will identify new 
antagonists of S. sclerotiorum and optimal application  
   

Milestones & Deliverables:  
• Identification of application strategies that will maximize the efficacy of 

currently available biocontrol agents for control of S. sclerotiorum 

• Identification of novel antagonists of S. sclerotiorum and assessment of their 
efficacy in field trials 

• Updated management guides for growers on use of biofungicides for disease 
management 

PM 3.3:  Develop disease-warning systems to optimize management of S. 
sclerotiorum.  Disease-warning systems based on epidemiological associations 
between environmental conditions and cultural practices help optimize fungicide use 
for control of S. sclerotiorum in canola, dry bean, sunflower, soybean, and pulse 
crops.   
   

Milestones & Deliverables:  
• Epidemiological information on disease development to support precision 

agriculture programs for disease control 

• 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 

• Effect of tillage practices on Sclerotinia survival 

• Economic loss models based on plant density at time of disease onset 

• Definition of risk levels to guide crop-specific fungicide selection decisions 

PM 3.4:  Optimize cultural practices for disease management.   
The impact of common cultural practices on disease development will be evaluated 
through field experiments emphasizing crop rotation schemes, variety/hybrid 
selection, planting dates, etc. Use of precision agriculture technology will help 
optimize disease  
management.   
   

Milestones & Deliverables:  
• Collated disease management information with distribution to growers 

through print media, internet postings and extension publications 
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• Quantified impact of irrigation scheduling on apothecia development and 
Sclerotinia disease dynamics with application to irrigation scheduling for 
optimized crop yields where Sclerotinia is an important limiting factor. 

• Assessment of the relative importance of initial Sclerotinia infection from 
ascospores relative to secondary spread of Sclerotinia from diseased plants to 
adjacent healthy plants when stems of diseased plants are girdled by the 
disease, lodge, and become in direct contact with adjacent healthy plants. 
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Appendix  

Collaborators & Organizations   

Advisory Committee  
  
Roy Scott, ARS National Program Leader  
Larry Chandler, Area Director 
John McMurtry, Associate Area Director  
Lanie Bilodeau, Center Director 
Barry Coleman, National Canola Association 
John Sandbakken, National Sunflower Association 
   

Todd Scholz, USA Pulses   
Mark Miller, United Soy Board 
Scot Bales, US Dry Bean Council  

USDA Agricultural Research Service locations  
    
Ft. Collins, Colorado  
Pullman, Washington  
Prosser, Washington  

Fargo, North Dakota  

Universities/Institutions  
 North Dakota State University  
University of Nebraska, Lincoln 
Michigan State University  
Oregon State University  

University of Idaho  
Ohio State University  
Colorado State University  
Agriculture & Agri-Food Canada  

Commodity Organizations  
  
USA Pulses 
National Sunflower Association  
United Soybean Board   

US Dry Bean Council   
U.S. Canola Association   
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