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Project Update Outline

Prevalence = Does rust occur in a field? (Yes/Fields 
Surveyed)

Virulence = Can the pathogen overcome a resistance 
gene?

Additional/Future objectives 



Introduction: Sunflower

(Courtesy of North Central Integrated Pest Management Center)  

1.3-2.0 million acres 
planted annually
Rust is a top 5 
sunflower disease.

  Prevalence (2002-2015)
Range approximately 20-80%
Mean of about 40-50%



(Photos: Zachary Ittel)



(ONX)

Sample Locations:
2023: 67 
2024: 57 (ONX)



Prevalence: Results
2023

North 
Dakota 41/43

South 
Dakota 8/8

Wisconsin 6/6
Nebraska 10/10

Minnesota …
Totals 65/67



Prevalence: Results
2023 2024

North 
Dakota 41/43 31/31

South 
Dakota 8/8 15/15

Wisconsin 6/6 6/6
Nebraska 10/10 …

Minnesota … 5/5
Totals 65/67 57/57



Rust Prevalence 2023-2024

122/124 
Fields >98%



Objective 2
Determine the virulence phenotype of 

P. helianthi in the Northern Great 
Plains.

(Photo: Zachary Ittel)



Introduction: Pathogen Virulence

New races can overcome genetic resistance
Management:

Genetic Resistance
Fungicides
Removal of volunteer plants

(Photos: Zachary Ittel)(Berghuis et al. 2021; Friskop et al. 2015; Gulya and Masirevic 1996)
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A race survey
informs breeders

(Photo: Zachary Ittel)

R genes

Hybrids

Reoccurring 
Rust 

Life Cycles
New races 

R genes

Virulence: Background



Virulence: Background



P. helianthi Virulence in
2011-2012 

238 single pustule isolates
29 races
Wide diversity of virulence

States: NE, ND, SD, CA, IA, MN, TX, and 
MB.

NE, ND, and MB each had rust that 
could overcome all known R genes

(Friskop et al. 2015)



P. helianthi Virulence in 
California during 2017-2018

Production fields:
2017 – 6 races (11 SPI)
2018 – 8 races (13 SPI)

(Berghuis et al. 2021)

Wild sunflower:
2017 – 6 races (11 SPI)

2018 – 16 races (20 SPI)
CA had rust that could overcome all known R genes
Wide diversity of virulence



Virulence: Methods 
(Pathogen Recovery)

(Photo: Zachary Ittel)



(Photo: Denis Colombo)



(Photo: Zachary Ittel)



(Photo: Zachary Ittel)(Photo: Kaylie Schlect)



(Photo: Daniel Gill)



Prevalence: Results
2023 2024 Bulk Isolates

North 
Dakota 41/43 31/31 123

South 
Dakota 8/8 15/15 45

Wisconsin 6/6 6/6 33
Nebraska 10/10 … 30

Minnesota … 5/5 3
Totals 65/67 57/57 234



Prevalence: Results
2023 2024 Bulk Isolates SPI’s

North 
Dakota 41/43 31/31 123 30

South 
Dakota 8/8 15/15 45 18

Wisconsin 6/6 6/6 33 6
Nebraska 10/10 … 30 0

Minnesota … 5/5 3 2
Totals 65/67 57/57 234 56



Determining 
Virulence Phenotype 

(Race)
(Photo: Zachary Ittel)



Infection Type (IT)

0

5 (0.8mm)

1 (<0.2mm) 2 (0.2-0.4mm)

3 (0.4-0.6mm) 4 (0.6-0.8mm)

(Photos: Dr. Brandt Berghuis)



Triplet Differential Resistance Gene Scoring Value

One
7350 … 1
MC90 𝑅𝑅1 2
MC29 𝑅𝑅2+𝑅𝑅10 4

Two
P386 𝑅𝑅4𝑒𝑒 1

HA-R1 𝑅𝑅4𝑎𝑎 2
HA-R2 𝑅𝑅5 4

Three
HA-R3 𝑅𝑅4𝑏𝑏 1
HA-R4 𝑅𝑅4𝑐𝑐 2
HA-R5 𝑅𝑅4𝑑𝑑 4(Friskop et al. 2015; Gulya and Masirevic 1996)

Universal Differential Set
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Triplet Differential Resistance Gene Scoring 
Value Code

One
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HA-R2 𝑅𝑅5 4

Three
HA-R3 𝑅𝑅4𝑏𝑏 1

7HA-R4 𝑅𝑅4𝑐𝑐 2
HA-R5 𝑅𝑅4𝑑𝑑 4



Race Name = 
347



Triplet Differential Resistance Gene Scoring Value

One

7350 … 1
MC90 𝑅𝑅1 2
MC29 𝑅𝑅2+𝑅𝑅10 4

Two

P386 𝑅𝑅4𝑒𝑒 1
HA-R1 𝑅𝑅4𝑎𝑎 2
HA-R2 𝑅𝑅5 4

Three

HA-R3 𝑅𝑅4𝑏𝑏 1
HA-R4 𝑅𝑅4𝑐𝑐 2
HA-R5 𝑅𝑅4𝑑𝑑 4

(Friskop et al. 2015; Gulya and Masirevic 1996)

Universal Differential Set



Triplet Differential Resistance Gene Scoring Value Code

One

7350 … 1
MC90 𝑅𝑅1 2

MC29 𝑅𝑅2+𝑅𝑅10 4

Two

P386 𝑅𝑅4𝑒𝑒 1
HA-R1 𝑅𝑅4𝑎𝑎 2
HA-R2 𝑅𝑅5 4

Three

HA-R3 𝑅𝑅4𝑏𝑏 1
HA-R4 𝑅𝑅4𝑐𝑐 2
HA-R5 𝑅𝑅4𝑑𝑑 4

Four

? ? ?

?? ? ?

? ? ?



Differential Name Pedigree Gene Year Released

HAR-9 Selection of Rf ANN 
1742 𝑅𝑅11 2013

RHA 464 Selection of PI 
413047 𝑅𝑅12 2013

HAR-6 (R702CLPlus/HAR6-
1)F2 𝑅𝑅13𝑎𝑎 2013

HAR-8 Selection of PI 
432512 𝑅𝑅15 2018

HAR-18 Selection of South 
Africa line KP193 𝑅𝑅17 2020

HAR-19 Selection of South 
Africa line KP193 𝑅𝑅18 2020

Differential Additions 

(Bulos et al. 2013; Gong et al. 2013; Ma et al. 2018; Meyer et al. 2021; Qi et al. 2014; Qi et al. 2021) 



Triplet Differential Resistance Gene Scoring Value

One
7350 … 1
MC90 𝑅𝑅1 2
MC29 𝑅𝑅2+𝑅𝑅10 4

Two
P386 𝑅𝑅4𝑒𝑒 1

HA-R1 𝑅𝑅4𝑎𝑎 2
HA-R2 𝑅𝑅5 4

Three
HA-R3 𝑅𝑅4𝑏𝑏 1
HA-R4 𝑅𝑅4𝑐𝑐 2
HA-R5 𝑅𝑅4𝑑𝑑 4

Four

HAR-9 𝑅𝑅11 1

RHA 464 𝑅𝑅12 2

HAR-6 𝑅𝑅13𝑎𝑎 4

Five

HAR-8 𝑅𝑅15 1

HAR-18 𝑅𝑅17 2

HAR-19 𝑅𝑅18 4





Differential Resistance Gene Virulent/Screened % Virulent
7350 …
MC90 𝑅𝑅1
MC29 𝑅𝑅2+𝑅𝑅10
P386 𝑅𝑅4𝑒𝑒

HA-R1 𝑅𝑅4𝑎𝑎
HA-R2 𝑅𝑅5
HA-R3 𝑅𝑅4𝑏𝑏
HA-R4 𝑅𝑅4𝑐𝑐
HA-R5 𝑅𝑅4𝑑𝑑
HAR-9 𝑅𝑅11

RHA 464 𝑅𝑅12
HAR-6 𝑅𝑅13𝑎𝑎
HAR-8 𝑅𝑅15

HAR-18 𝑅𝑅17
HAR-19 𝑅𝑅18



Differential Resistance Gene Virulent/Screened % Virulent
7350 … 33 / 33
MC90 𝑅𝑅1 33 / 33
MC29 𝑅𝑅2+𝑅𝑅10 2 / 28
P386 𝑅𝑅4𝑒𝑒 16 / 31

HA-R1 𝑅𝑅4𝑎𝑎 22 / 33
HA-R2 𝑅𝑅5 9 / 29
HA-R3 𝑅𝑅4𝑏𝑏 3 / 27
HA-R4 𝑅𝑅4𝑐𝑐 7 / 23
HA-R5 𝑅𝑅4𝑑𝑑 31 / 33
HAR-9 𝑅𝑅11 4 / 14

RHA 464 𝑅𝑅12 5 / 25

HAR-6 𝑅𝑅13𝑎𝑎 0 / 32

HAR-8 𝑅𝑅15 1 / 33

HAR-18 𝑅𝑅17 3 / 32

HAR-19 𝑅𝑅18 14 / 32
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HAR-8 𝑅𝑅15 1 / 33 3%

HAR-18 𝑅𝑅17 3 / 32 9%

HAR-19 𝑅𝑅18 14 / 32 44%
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Differential Resistance Gene 2011-2012 2017-2018 2023-2024
7350 … 100% 100% 100%
MC90 𝑅𝑅1 100% 92% 100%
MC29 𝑅𝑅2+𝑅𝑅10 16% 28% 7%
P386 𝑅𝑅4𝑒𝑒 26% 78% 52%

HA-R1 𝑅𝑅4𝑎𝑎 40% 84% 67%
HA-R2 𝑅𝑅5 21% 2% 31%
HA-R3 𝑅𝑅4𝑏𝑏 4% 42% 11%
HA-R4 𝑅𝑅4𝑐𝑐 33% 72% 30%
HA-R5 𝑅𝑅4𝑑𝑑 98% 74% 94%
HAR-9 𝑅𝑅11 - - 29%

RHA 464 𝑅𝑅12 - - 20%

HAR-6 𝑅𝑅13𝑎𝑎 - - 0%

HAR-8 𝑅𝑅15 - - 3%

HAR-18 𝑅𝑅17 - - 9%

HAR-19 𝑅𝑅18 - - 44%
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Race Comparison

2011-2012
238 isolates
29 races
Virulence on 9/9 
differentials
Most common:

300 & 304

2017-2018
55 isolates
22 races
Virulence on 9/9 
differentials
Most common: 
336

2023-2024*
31 isolates
Virulence on 
14/15 
differentials

• Most common: 
33400



Additional/Future Objectives

Puccinia helianthi 
population genetic 
analysis
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Puccinia helianthi 
population genetic 
analysis

Whole Genome 
Pathogen Sequencing

SAM pop experiment

Fungicide evaluation

Additional/Future Objectives



Project Update Summary

Prevalence = Does rust occur in a field? (Yes/Fields 
Surveyed)

Virulence = Can the pathogen overcome a resistance 
gene?

Future directions
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Questions?

Thank you
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