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Durum wheat

Triticum durum L. ssp. durum

2n = 4x = 28

AABB genomes

Grown on ~13.5 million ha globally

In the U.S. ~2 million ha

Producing regions: Middle East 

North America 

Southern Europe 

North Africa

Use: pasta

couscous

Mediterranean breads

semolina-based products



Global Durum Wheat Panel (GDP)

Initiated in 2015

Identify beneficial alleles in durum wheat germplasm

Make these alleles available for breeding programs

Collection of 2,503 tetraploid wheat lines

Included 987 Triticum turgidum spp.

Selected  510 Triticum turgidum ssp. durum 

332 modern accessions

178 landraces 

Represented lines from 41 countries, CIMMYT, and ICARDA

CIMMYT: International Maize and Wheat Improvement Center

ICARDA: International Center for Agricultural Research in the Dry Areas



Hard red spring wheat (HRSW)

Triticum aestivum

2n = 6x = 42

AABBDD genomes

Grown on >200 million ha globally

HRSW: ~10 million ha in the U.S.

Producing regions: North Dakota

Montana

Minnesota

Use: bagel

artisan hearth breads

pizza crust



Hard red spring wheat panel (HRSWP)

USDA-ARS National Small Grains Collection

Total of 812 accessions

• cultivars

• breeding lines

• cultivated accessions

• landraces

• genetic stocks

Lines from 88 countries
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Necrotrophic wheat pathogens
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Classical gene-for-gene model 

(effector-triggered immunity)

biotrophic plant–pathogen interactions

Toxin-based inverse gene-for-gene model 

(effector-triggered susceptibility)

necrotrophic plant–pathogen interactions



Pyrenophora tritici-repentis

https://plantwiseplusknowledgebank.org/

Tan spot

Wheat 

sensitivity gene

Pathogen

necrotrophic effector gene

Tsn1

Tsc1

Tsc2

Ptr ToxA

Ptr ToxB

Ptr ToxC

Pathogen

races

Race 1

Race 2

Race 3

Race 4

Race 5

Symptoms: necrotic lesions surrounded by chlorotic borders

Yield loss up to 50%



Parastagonospora nodorum

https://cropprotectionnetwork.org

Septoria nodorum blotch (SNB)

Symptoms: lens-shaped or elliptical necrotic lesions

with pale yellow halo

Yield losses: 30 - 50 %

Wheat 

sensitivity gene

Pathogen

necrotrophic effector gene

Tsn1-B1

Tsn1-B2

Snn1-B1

Snn1-B2

Snn2

Snn3-B1

Snn3-B2

Snn3-D1

Snn4

Snn5-B1

Snn5-B2

Snn6

Snn7

SnToxA

SnTox1

SnTox267

SnTox3

SnTox4

SnTox5
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Phenotyping

GDP HRSWP

Tan spot

Infiltration

Ptr ToxA

Ptr ToxB

Spray inoculation

Pti2 (race 1)

86-124 (race 2)

331-9 (race 3)

L13-192 (race 4)

DW5 (race 5)

SNB

Infiltration

SnToxA

SnTox1

SnTox267

SnTox3

SnTox5

SNB

Infiltration

SnToxA

SnTox1

SnTox267

SnTox3

SnTox5

Illumina iSelect 
90K SNP array

GWAS in R using 
MLM method

Genotyping
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Global Durum Panel GWAS – tan spot

Average disease scores of races 1-5



Global Durum Panel GWAS results – tan spot

Pti2 (Race 1) Produced effector:
Ptr ToxA + Ptr ToxC

86-124 (Race 2) Produced effector:
Ptr ToxA

331-9 (Race 3) Produced effector:
Ptr ToxC

Tsc1

Tsr7

Tsr7



Global Durum Panel GWAS results – tan spot

L13-192 (Race 4) No known effector

DW5 (Race 5) Produced effector:
Ptr ToxB

Tsc2



Global Durum Panel GWAS – tan spot

ToxA ToxB

28%

72% 69%

31%



Global Durum Panel GWAS results – tan spot

Ptr ToxA

Ptr ToxB

Tsn1-B1

Tsc2



Global Durum Panel GWAS results – tan spot
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Gurminder Singh



Global Durum Panel GWAS results – tan spot

Ptr ToxB

Ptr ToxB – expansion of chlorosis

Sensitive lines

Ptr ToxB – expansion of chlorosis

DW5

Expansion of 

chlorosis

1

0

DW5 score

3.54

2.86



Global Durum Panel GWAS results – tan spot

Tsr7 is a major resistance factor in durum wheat.

Tsc1 and Tsc2 play significant roles in conferring susceptibility.

Tsn1 is not a relevant factor in tan spot development in durum.

New QTL on 2AS associated with race 4 isolate.

Novel trait characterized by expanding chlorosis and increased disease severity. QTL 

on chromosome 5BL.

Breeders are recommended to select for Tsr7 and eliminate Tsc1, Tsc2, and Tsn1-B1. 

14 lines resistant to tan spot.

Summary bullet points
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Disease scores – SNB
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Hard Red Spring Wheat Panel GWAS results – SNB
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Global Durum Panel GWAS results – SNB

SnTox1

SnTox267

SnTox3

SnTox5

Snn5-B1

Snn1-B1 / Snn1-B2 Snn3-B1 / Snn3-B2

Snn5-B2



SNB resistance in durum and spring wheat

Summary bullet points

HRSW breeders 

High frequency NEs: SnToxA, SnTox267, SnTox3

Should eliminate Tsn1-B1, Snn2, Snn3-B1, Snn3-B2, and Snn7

Select the resistant allele at 3BL QTL associated with SnTox267

Identified 41 lines insensitive to all five NEs

Durum breeders

High frequency NEs: SnToxA, SnTox1, SnTox5

Should eliminate Tsn1-B1, Snn1-B1, Snn1-B2

Select the resistant alleles at 2BS, 4BL and 7BL QTL associated with SnTox5

Identified 32 lines insensitive to all five NEs
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Identified two copies of Snn1 (Snn1-B1 and Snn1-B2).

Snn1-B2 evolved relatively recently compared to the paralog Snn1-B1.

Developed KASP markers eliminating sensitive lines, and a Snn1 null 

allele KASP marker, which shows the presence of the gene in durum 

and hexaploid wheat. Sudeshi Seneviratne

The benefit of  the GWAS projects in marker 

development and validation



Snn3-D1 (chromosome 5D) has been cloned from Ae. tauschii, and a candidate 

gene Snn3-B1 (chromosome 5B) (homeolog) was identified to recognize SnTox3. 

While characterizing and validating Snn3-B1, Snn3-B2 (paralog) was identified 

which also recognizes SnTox3 and leads to susceptibility.

Developed diagnostic markers for showing the absence of Snn3-B1 and Snn3-B2

Evaluation of the HRSW panel showed that several alleles of each gene exist in 

germplasm.

Zengcui Zhang

The benefit of  the GWAS projects in marker 

development and validation



Katherine Running

Identified two loci controlling ToxA sensitivity (termed Tsn1-B1 and Tsn1-B2). 

Developed breeder-friendly markers (KASP, STARP) to identify ToxA-

insensitive lines.

Markers were validated in the GDP and HRSW panels.

The benefit of  the GWAS projects in marker 

development and validation



Molecular cloning and characterization of tan spot susceptibility 

gene Tsc2 in wheat.

Analyzed the allelic diversity of Tsc2.

Developed a diagnostic genetic marker (KASP) for marker-

assisted elimination of Tsc2 in wheat.

Marker successfully validated in the GDP and HRSW panels.

Gurminder Singh

The benefit of  the GWAS projects in marker 

development and validation
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Thank you 
for your attention!

Contact

agnes.szabohever@ndsu.edu

www.linkedin.com/in/agnes-szabo-hever/


