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The Problem

Common bunt caused by Tilletia tritici and T. laevis J
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Refreshing Your Memory...

@ winter wheat trials, sowing in November

@ artificial inoculation with teliospore suspension

©® infection with "IFA Aggressive” inoculum (higher virulence)
O scoring: cutting open 100 heads per plot

O incidence in % (0/1 scoring)
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Organics-Compliant

common bunt is mainly a problem in organic agriculture }

no seed dressings with systemic fungicides allowed

high amount of farm-saved seeds sown in Austria

® contamination via neighbouring fields possible

EU organics regulation also binding for seed production
® genome editing currently regarded as GMO in the EU

® possible future restrictions on currently registered fungicides
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Organic Agriculture - Acreage Worldwide in 2020

World
749M

hectares

Australia

35.69M

hectares

1.6%

of the world’s
farmland is organic

4.1%

growth
since 2019

In Oceania there were 35.9
million ha, in Europe 17.1
million ha and in Latin
America 9.9 million ha.

Asia -
Latin America

Europe

" Oceania

Distribution of organic agricultural
land by region 2020.

FiBL

wwwifibl.org

/~Northern America
- Africa

The ten countries with the
largest organic agricultural
areas represent 75 % of the
world’s organic agricultural
land.
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The five countries with the largest
areas of organic agricultural land
2020.

18 countries have 10% or more
of their agricultural land under
organic management.

Liecheenstein 157

3 50%
Percentage

Top § countries with more than
10% of organic agricultural land
2020.

In 2020, nearly 3 million
hectares more were reported
compared with 2019.
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Growth of the organic agricultural
land 2000-2020.

Source: FiBL 2022 www.organic-world.net - statistics.fibl.org
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Organic Agriculture - Land Use Development in Austria

The countries wih the largest

Land use: Organic area by country
organic area in million hectares

Arctic

e Australia 35M
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FiBL survey based on national data sources, data from certifiers, and Eurostat: https://statistics.fibl.org
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Organic Agriculture - Cereals Production

The countries with the highest

Cereals: Organic area by country The countries wih the largest
organic area in hectares organic area share in %
Arctic
Ocean Austria 174 %
China 1M
Estonia 144%
Germany 04M
Sweden 129%
France 0.4M
Italy 1.0%
Italy 03M
Switzerland 107%
USA [EY
Finland 82%
Pacific Canada 03M
Ocean Latvia 81%
Spain | 02M
Lithuania 77%
Russia = 02M
Denmark 73%
OUTH O g pysTRA Ukraine | 02M EB I“
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ERICA Oceal Potand [l 024
Germany 62%
Total organic Organic Romania 01IM o
reece 52%
area TR Thailand || 0.1M
5088503 0.7 % Luxembourg 49%
’ , .
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The development of the organic cereal area in hectares Distribution of the organic area by Organic area by continent in
oM cereal type hectares
Barley 9.56% —, [ Widrice 002% Europe 30M
Cereals.n.
™ 74 Asia 13M
Chia __
028% Northern Amer... osM
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- Maize § Latin America | 02M
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Oceania | 00M
~ Rye..439.
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Other cereals | \— Rice 1225%
463% oM oM

2005 2010 2015 2020

FiBL survey based on national data sources, data from certifiers, and Eurostat: https://statistics.fibl.org
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Project Overview

Aim: Combine marker-assisted foreground and genomics-assisted background selectionJ

in populations with introgressed exotic resistance alleles

Key Facts

® experimental “back-cross” population: BC3Fy 5

® resistance donors: Blizzard, Bonneville and P1119333

® marker-assisted selection via KASP-markers for resistance QTL in F; and F
® genomics-assisted background selection in BCyF; via GEBVs

¢ validation through field testing in generations Fy.3 and Fy4
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Common Bunt Resistance QTL

3 resistance donors - QTL mapped by Muellner et al. (2020, 2021) - markers available

1A 7A
® major eff. on CB + dwarf bunt (DB) e medium eff. on CB, small eff. on DB
® 498.5 - 516.6 Mbp ® 711 - 737 Mbp
® 205 Blizzard/Bonneville-RILs ® 120 Blizzard-RILs
1B: Btl2 - 7D:
® major effect on CB, no effect on DB ® major effect on CB + DB
® 8- 22Mbp ® 6.5-10.8Mbp
® 205 Blizzard/Bonneville-RILs ® 80 P1119333-RILs
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Population Development: Example Bt12-Population

| PI119333 x Rainer |

selfing, RR
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Population Development: Example Bt12-Population

| PI119333 x Rainer |

selfing, RR

Amicus
1351.5.10_P2
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Population Development: Example Bt12-Population

| PI119333 x Rainer |

selfing, RR

RILs x WWW, Amicus
1351.5.10_P2

| BCiF; x WW, |

Rr x rr
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Population Development: Example Bt12-Population

| PI119333 x Rainer |

selfing, RR

RILs x WWW, Amicus
1351.5.10_P2
Arminius

| BGF x WW, |(\ Aurelius
Rr x rr Tillexus

Magdalena Lunzer — XXII International Workshop on Bunt and Smut Diseases



Population Development: Example Bt12-Population

| PI119333 x Rainer |

selfing, RR

RILs x WW, Amicus
1351.5.10_P2
Arminius
| BGiF x WW, |(\ Aurelius

Tillexus
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Population Development: Example Bt12-Population

| PI119333 x Rainer | | BGFy x WWs|

e

Amicus

RILs x WW; BGFy
1351.5.10_P2
RR x rr

Arminius
| BGF x WW, |(\ Aurelius

Tillexus

MAS & GS, Rr|
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Population Development: Example Bt12-Population

[PI119333 x Rainer| | BGFL x WW |

R
s

Amicus

RILs x WW; BGFy
1351.5.10_P2
RR x rr

Arminius
| BGF x WW, |(\ Aurelius

Tillexus

MAS & GS, Rr|

Adesso  W12.207.2.3.9 Christoph
Alessio 1314.3.11.P1 Arminius
Aurelius W10.115.4.2.9 8263
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Population Development: Example Bt12-Population

[PI119333 x Rainer| | BGFL x WW |

R
s

Amicus

RILs x WW; BGF
1351.5.10_P2
&

Arminius
| BGF x WW, |(\ Aurelius

Tillexus

MAS & GS, Rr|

Adesso  W12.207.2.3.9 Christoph
Alessio 1314.3.11.P1 Arminius
Aurelius W10.115.4.2.9 8263
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Population Development - Selection Efficiency

| PI119333 x Rainer | | BGFy x WWs|

R
[Rrx | _TMAS & GS, Rr]

screened: 613
BGsF, selected: 54

screened: 2165
selected: 197

%]

| BCiF; x WW, |

screened: 241
selected: 81
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Population

| initial cross| | BG | | MAS Rr| | BG | | MAS Rr| | BG | | MAS Rr| |se|fing| | MAS RR|

o] ]
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Population Development - Theoretical Timeline

‘ initial cross‘ ‘ BCy ‘ ‘ MAS Rr‘ ‘ BG ‘ ‘ MAS Rr‘ ‘ BG ‘ ‘ MAS Rr‘ ‘selfing‘ ‘ MAS RR‘

o] o]

@ Oct '19 Jul '20 Dec '20 Jul '22 Dec '22 Jul '24 Dec '24 @

field test ‘ ‘ BG ‘

field test ‘ ‘ BG ‘

field test‘ ‘ BGs ‘

initial cross ‘ ‘ sowing ‘ field test ‘

‘Rerr

‘FQ Rr

‘FQ:?, RR‘ ‘RRXI’F

‘BC1F2:3 RR‘ ‘RR  rr

‘BCgFgﬁ RR‘ ‘RR % rr

‘BC3F2;3 RR‘
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Population Development - Theoretical Timeline

‘ initial cross‘ ‘ BG ‘ ‘ MAS Rr‘ ‘ BG ‘ ‘ MAS Rr‘ ‘ BG ‘ ‘ MAS Rr‘ ‘selfing‘ ‘ MAS RR‘
o] [
A - 7
28 e
N
r Y
@-’ Oct '19 Jul 20 Dec '20 Jul 22 Dec '22 Jul 24 Dec '24 @
initial cross ‘ ‘SOWing ‘ field test ‘ ‘ BG ‘ field test ‘ ‘ BG, ‘ field test ‘ ‘ BG ‘ field test ‘
‘RR x rr ‘FQ Rr ‘Fm RR‘ ‘RR X rr ‘BC1F2:3 RR‘ ‘RR x rr ‘BCgFgﬁ RR‘ ‘RR X rr ‘BC3F2;3 RR‘
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Population Development - Resource Efficiency

|Bch§- 225Imes|
2020

2021

|seed inrease| |fie|d test CB

2022

CB-AT || CB-CZ || DB-U.S. || YId-AT
2reps ||1rep 1rep 2 reps
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Population Development - Resource Efficiency

| BGsF, - 225 Iines|

2020 Key Points J
© 3 steps of MAS
2021 (BCoF1, BG3F1, BGF)
® 1 step of genomics-assisted selection
| seed inrease| | field test CB © resource efficiency for field testing:

® 2165 BCsF; plants screened (MAS)

o 225 tested in field trials

,207‘ ® 106 lines <10% CB incidence
© 5 different genotypes/pedigree
CB-AT Il cB-cz IDB-US. |[ YId-AT @ all lines genotyped with 7K SNP-array
2reps ||1rep 1rep 2 reps
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Goal 1: Is It Bunt Resistant?

BLUESs for CB incidence in lines possessing different resistance QTL
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Goal 1: Is It Bunt Resistant?

Heatmap of Bunt Scorings per Line

CBBLUE

Q@ AT QA
N AT A
Ko

QTL(-combinations)
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Goal 2: Is It Also High-Performing?
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Goal 2: Is It Also High-Performing?
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HL Weight-

Protein Cont. DM-

Wet Gluten-

CB BLUEs-

Goal 2: Is It Also High-Performing?
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Conclusions and Outlook

Application of MAS reduces time needed for population development
by more than 50 % J
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Conclusions and Outlook

Application of MAS reduces time needed for population development
by more than 50 % J

° marker-assisted selection worked well in most genotypes
® selection escapes due to unsuitable markers and recombination events

® high genetic variation through complex pedigrees - “background selection”
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Conclusions and Outlook

Application of MAS reduces time needed for population development
by more than 50 % J

° marker-assisted selection worked well in most genotypes

® selection escapes due to unsuitable markers and recombination events

® high genetic variation through complex pedigrees - “background selection”
® vyield trials repeated in 2023 - further validation

® testing under organic conditions missing

® durable bunt resistance needed - stacking of resistance loci
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Conclusions and Outlook

Application of MAS reduces time needed for population development
by more than 50 % J

° marker-assisted selection worked well in most genotypes

® selection escapes due to unsuitable markers and recombination events

® high genetic variation through complex pedigrees - “background selection”
® vyield trials repeated in 2023 - further validation

® testing under organic conditions missing

® durable bunt resistance needed - stacking of resistance loci

Successful development of breeding material combining resistance to bunt diseases
with competitive yield and quality characteristics J
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Marker Polymorphisms: Example Bt12-Population

resistance donor has Allele 1, all other parental lines in pedigree have Allele 2 )
Marker 47 48 49 50 51 a7 48 49 50 51
Mbp 10.8 10.7 93 83 8.2 10.8 10.7 9.3 83 8.2

BG BG;
pmicos [NONNON 11 WON Aceso [NONENON ! NONNON

1351510 | 1 1 1 1 Alessio 1 1 1 1 1
BG Christoph 1 1 1 1 1
Arminius 1 1 1 1 1 | 1314.3.11 1 1 1 1 1
Aurelius 1 1 1 1 1 | WI10.115 1 1
Tillexus 1 1 1 1 1 | W12.207 1 - 1
SZD8263 1 1 1 1 1
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Environmental conditions 2020/21

Rainfall, Soil Temperature and Air Temperature in the 2020/2021 Season
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Environmental conditions 2021/22

Rainfall, Soil Temperature and Air Temperature in the 2021/2022 Season
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Heading Date-

Plant Height-

Correlations with GEBVs

Correlation between GEBVs and phenotypes for different traits

Cluster N@
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