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Wheat rust  ‘Cereal killers’'

https://www.cimmyt.org/news/tackling-wheat-rust-diseases-requires-108-million-a-year-study-shows/

15 million tons of wheat are lost yearly, resulting in a $3 billion loss.

Enough to bake ∼ 25.5 billion loaves of bread

425 million peoples annual bread consumption
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The three wheat rust fungi 

Yellow/Stripe rust 

Puccinia striiformis

f.sp.tritici/Pst

Black/Stem rust

Puccinia graminis f.sp.

tritici/Pgt

Brown/Leaf rust

Puccinia triticina

Yellow-orange
Temp. 2-15°C

Races: 

Warrior (PstS7)

Kranich (PstS8)

Orange-brown 

Temp. 15-22 °C
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Orange- red

Temp. 15-30°C

Races:

TTRTF

TKTTF

TKKTF

Orange- red

Temp. 15-30°C

Races:

TTRTF

TKTTF

TKKTF

Yellow-orange
Temp. 2-15°C

Races: 

Warrior (PstS7)

Kranich (PstS8)



Life cycle of Rust fungi (Cereal Killer) 

https://bengaluru.sciencegallery.com/phytopia/exhibits/plant-disease

BarberryWheat
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Common barberry removal Campaign (1918 to 1980) 

https://www.mnopedia.org/thing/barberry-eradication-program-1918-1980 6



Barberry eradication in Western Europe 
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Stripe Rust is spreading rapidly across the globe.

Paraguay

South America

Sweden, 
Denmark, 

Germany, UK, 
Austria

Europe

Ethiopia

Africa

Pakistan
Afghanistan

Asia

Australia

2012

PstS10
PstS13

PstS7
PstS10
PstS13

PstS16
PstS13

PstS16

PstS10
PstS13

Data collected from GRRC and RustWatch 9 

10



European Union Farm to Fork strategy aims to reduce pesticide use and risk by 30% 

by 2030 

Agronomic practices Modern Fungicides Resistance breeding 

Source: Wikipedia and CIMMYT
20
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Wild relative to 

wheat 

• Environmental friendly

• Economical effective

Durable source

Biotic/abiotic

Rye chromosomes

1R

2R

3R 

4R

5R

6R

7R

Rye 

(Secale cereale) 
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Resistance breeding



Identifying 

new sources 

for stripe rust

resistance   

Characterization 

of stripe-rust 

resistance genes

Incorporating 

small rye 

chromatin

Combination 

of stripe rust 

and stem rust

✓Wheat-alien introgression lines

✓Wheat-rye introgression lines

✓ Physical mapping and developing 

KASP markers

✓ In wheat genome

✓ Adapted cultivar

Study Aim and Objectives 
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Wheat-alien introgression lines 
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✓ Wheat-rye introgression lines i.e., 

SLU124, SLU126, SLU128 etc.

✓ Wheat-Leymus racemouses 

introgression lines

✓ Wheat-Leymus mollis introgression 

lines

✓ Wheat-Thinopyrum junceiforme

introgression lines 

Thinopyrum junceiforme

Leymus racemosus

Plant materials

14Prof. Arnulf Hans Merker (1945-2010)        



Materials and Methods 

✓A set of winter and spring wheat-alien introgression lines

✓Agronomic performances, diseases and pests screenings   

✓Allelopathic Potential

✓End-use quality analysis (Grain Samples for Micronutrients Concentration 

and Protein Composition)
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Results 

✓wheat–rye introgression lines highly resistant

✓Resistance towards the Hessian fly

✓High levels of zinc and iron

✓Very low cadmium concentrations

✓Large variation in bread-making quality

✓Improve production, resistance and quality
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Rye chromosome (6R) for stripe 

rust resistance gene (YrSLU)

Source:https://bengaluru.sciencegallery.com/phytopia/exhibits/plant-disease 18



Wheat–rye 

introgression lines

Phenotype and 

Genotype analysis

Yellow/Stripe rust 

resistance genes  
SLU124, SLU126 (LINES)

4R, 5R and 6R 
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Line SLU126

20

KRANICH   UK94/519  DK66/02     Taj01a/10             ER02/03    DK11/09    DK71/93    AF87/12    DK09/11  SE100/09   TR34/11

30 Yr races 



Fluorescent in situ hybridization (FISH)
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The role of Ph (Ph1) locus

1 2 3 4 5 6 7

A

B

D

Ph1

(Sears, 1977)
Pairing homoeologous loci (Ph) 
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1 2 3 4 5 6 7

A

B

D

X

1 2 3 4 5 6 7
A

B

D

Induce Homoeologous Recombination Using CS ph1b Mutant  

CS ph1bmutant                          SLU126    4R 5R 6R
F1 x CS ph1b (BC1F1)

➢ Identify recombinants

➢Yellow rust seedling resistance tests   PSTv-

14, PSTv-37,PSTv-40, PSTv-218 and PSTv-

221

➢Molecular markers analysis for 4R, 5R, 6R 

rye chromosomes

BC1F2
BC1F3
BC1F4

BC2F1
BC2F2
BC2F3
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Yr seedling resistance tests in BC1F1

Mix of PSTv14 and PSTv37 races

Parental Lines                                                        BC1F1

SLU126  CSph1b  CSA   SLU126 R        S                  S R         R
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Yr seedling resistance tests in BC1F4 and BC2F3 (Family N3-5)

XXX

Line 245 

BC1F3

Line 180

BC2F2

R R R R S  S R R 25

Line 180

BC2F3

Line 245 

BC1F4

S   S R    R R R R R



Cytogenetic analysis (FISH and GISH) in BC1F4 and BC1F3
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Genotyping by Sequencing (GBS)

✓GBS in parental lines (SLU126, CSph1b, CSA)

✓Aligned the GBS to wheat and rye reference genomes

Chromosome

High-quality SNP (after 

filtering)

6R 10675
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NLR (Nucleotide binding site leucine rich repeats) 
sequences for Rye 

Rye Chromosome NLR genes
Designated NLR to 

SLU126 (6R)

6R

 

184 26

✓NLR genes for Rye by using NLR parser software

28
6R



New resistance genes YrSLU

YrSLU

Resistant

Susceptible

6DS.6DL.6RL.6DL

wheat-rye cryptic translocation

6RL

CSph1b   YrSLU1  YrSLU2 

30
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Further analysis

YrSLU1 YrSLU2

Yellow/Stripe rust 

resistance genes
Segregating against Pstv-218

30

Resistant to PSTv-14, PSTv-

37,PSTv-40 and PSTv-221



GBS analysis allows to detect 
YrSLU

Yes, its 6R Cryptic translocation 

Cytogenetic also confirms no 
rye chromosome in resistant 
lines 

4R 5R 6R

6R

Molecular markers unable to 
detect rye chromosomes 

4R 6R

4R 

Wheat-rye introgression lines 

SLU126 (6R)

Summary 
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Stem rustStripe rust

Stripe rust + Stem rust

Opportunities and challenges with the combining of 

novel stem and stripe rust resistance genes in the 

same genotype
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Sr59 YrSLU

Seedling analysis

TTKSK, TTRTF, and TTTTF 

Psts10, Psts16, Psts7, Psts13

Speed Breeding

Normal Green house

Sr59 and YrSLU

Crossed with Adapted 

Cultivars

Stem and 

stripe rust 

races 

Linkert, 

Navruz,

SLU-Elite  

Sr59+YrSLU

Single wheat cultivar

KASP Markers

Marker-assisted gene pyramiding 
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Figure . Scheme of the performed marker-aided gene pyramiding for stem 

rust and stripe rust resistance, Top-cross (T), Double Top-cross (DT), Triple 

Top-cross 1 (TT1), Triple Top-cross 4 (TT4)
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Planting Grain Filling Dough Development
• Within 6-7 weeks 

7 June 20212 June 202121 April 2021

Speed Breeding

Greenhouse condition

• Humidity: 40-80%

• Temperature: 18º-24º°C  (20 hours Photoperiod)

• High pressure sodium lamps 
36
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✓Successful transfer of Sr59 and YrSLU

✓Complete resistance to stem rust races

✓Segregated against stripe rust races

✓Confirm genes of interest

Main Results



Conclusions
Wheat-alien introgression lines 

has distinct potential for wheat 

improvement

Wheat-rye substitution lines 

possess resistance to 30 races 

of stripe rust.

Cryptic translocation 6DS.6DL.6RL.6DL 

temporarily designated YrSLU genes 

NLR genes for 4R, 5R and 6R rye 

chromosomes 

Validation of KASP markers for YrSLU

genes transferred from 4R and 6R

Phenotype and genotype analysis, effective in identifying the source of resistance to stripe rust 

MAS gene pyramiding provide durable disease 

resistance against stripe and stem rust
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Future Directions

01

Functional Analysis

Evaluation with 

additional Yr races
03

Agronomic Performances, 

Diseases and Pests04

End-use quality 

analysis
05

Gene pyramiding into 

Swedish wheat cultivar
06

Gene Designation for 

YrSLU
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What's there?

How does it work?

How did it come to be this way?

Thank You
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