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Resistance Breeding – cornerstone for meeting future challenges

Frank Ordon
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Introduction

https://www.wcrp-climate.org/news/wcrp-news/1879-ipcc-wg3-ar6 https://www.wfp.org/publications/food-security-implications-ukraine-conflict
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Plant Production Chain
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Y=GxExMX
https://www.earlytaste.de/produkt/brotkorb/www.fotolia.de www.fotolia.de www.fotolia.de
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Yield losses

Fig. 2. Typical crop losses and yield levels estimated with and without various
protection regimes. The value of crop protection practices (shown at left as
‘current situation’) can be calculated as the percentage of potential losses
prevented by all the crop protection measures that are employed (compare with
centre panel). In contrast, the impact of pesticide use on crop productivity (right
hand panel) takes into account consequential changes in the agricultural system
(for example, use of alternative varieties of the crop, modified crop rotation,
reduced fertiliser use), which are provoked by the abandonment of pesticides
and which are often accompanied by reduced attainable yield. Redrawn after
Oerke, 2006.

Moore et al. 2021 http://www.transgen.de/pflanzenforschung/pflanzengesundheit/
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Pests and diseases in the background of climate change

Insects Viruses Bacteria Fungi

Chmielewski, 2007: Rise in average temperature about 3-6°C facilitates moving north of insects of about 1000 km 

Dr. A. Habekuss, JKI
TuYV

BYDV

Fungal pathogens adapted to higher temperature like stem rust in wheat or Cercospora beticola will gain importance

Commons.wikimedia.org/wiki/File: Suíkerbiet
Dr. E. Schliephake, JKI

Deutsch, C.A.; Tewksbury, J.J.; Tigchelaar, M.; Battisti, 
D.S.; Merrill, S.C.; Huey, R.B.; Naylor, R. Increase in crop
losses to insectpests in a warming climate. Science 
2018, 361, 916–919.

+2°C = 213 Mio t loss
in wheat, maize
and rice due to
insects
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Breeding progress in wheat
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Stripe rust

T1: 110 kg N/ha   -0.13%/a   r = -0.56 ***
T3: 220 kg N/ha   -0.14%/a   r = -0.53 ***

T1: 110 kg N/ha   -0.11%/a  r = -0.36 ***
T3: 220 kg N/ha   -0.13%/a  r = -0.37 ***

Year of release

Powdery mildew

T1  +38 kg/ha*a   r =0.61 ***
T2  +34 kg/ha*a   r =0.65 ***
T3  +46 kg/ha*a   r =0.62 ***
T4  +36 kg/ha*a   r =0.69 ***

t/h
a

Grain yield

Topfit 1972  Memory 2013
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Breeding progress in wheat
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P1 x P2

Pedigree Selection

P1 x P2

Use of doubled haploids

Marker based selection
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Plant breeder‘s toolbox

Marker type RFLPs Genomic SSRs AFLPs EST SNPs/SSRs DArTs BOPAs/OPAs iSelect Genotyping by
sequencing

Throughput single marker
application

single marker
application

few marker
application

single marker
application 6K 1,5K 9K 50K

Multiplexing no mutiplexing few markers
multiplexing low multiplexing few markers

multiplexing

platform/ 
simultaneous

analysis

platform/ 
simultaneous

analysis

platform/ 
simultaneous

analysis

platform/ 
simultaneous

analysis

simultaneous
multiplexing
NGS/GBS

Amount of D N A Large amount low amount low amount low amount low amount low amount low amount low amount low amount

Quality of D N A very good average average average very good very good very good very good very good

An estimate of the evolution of sequencing costs over the last 10 years. 
Costs are given for sequencing a megabase using a logarithmic scale.
M. Delseny et al. (2010) Plant Sci. 179: 407-422
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Systematic use of plant genetic resources

Phenotyping
7 %

18.5 %
0 %

0 %
5 %
3 %

20 %
25 %

Automatic detection of  leaf
area infected

High throughput phenotyping

Genotyping

Genome wide association studies GWAS

Tattaris M, Reynolds MP, Chapman SC, 2016. A direct comparison of 
remote sensing approaches for high-throughput phenotyping in plant 
breeding. Front. Plant Sci. 7: 1131. A. Serfling und U. Beukert

N. Steinhttps://www.illumina.com/systems/sequencing-platforms/hiseq-2500.html

11 %

https://www.illumina.com/products/by-type/microarray-kits/infinium-
iselect-custom-genotyping.html
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Systematic use of genetic resources

Genomwide association studies (GWAS)

Millner et al. 2018: Nature Genetics
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Genomic Selection

Heffner et al. 2009
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1. Mapping of the gene 
of interest on low to 
medium resolution

2. Construction of a 
high resolution 
mapping population
(5191 F2-plants)

4. Further marker saturation by 
using sequence information 
from rice, sorghum 
brachypodium and NGS data 
from barley (GenomeZipper)

3. Phenotyping of 
segmental RILs (F4) 
and marker saturation 
using available high 
density maps 

5. Identification of 
a BAC contig and 
candidate genes 
based on the 
physical map of 
barley or re-
sequencing of the 
target interval

6. Identification 
of rym13 by 
transformation, 
TILLING, RNAi

Strategy for marker development and isolation of virus resistance genes in barley using genomic tools
examplified for rym13 being effective against BaMMV/BaYMV (Lehmann et al. unpublished) 
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Isolation von resistance genes: map based cloning
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figure taken from:
Buchanan, Gruissem, Jones (2000)
Biochemistry & Molecular Biology of plants

HvPDIL5-1

Isolation von resistance genes: rym4 und rym11

rym4 rym5 rym9 rym11

rym4 x rym9 rym4 x rym11 rym5 x rym11rym9 x rym11

rym4 x rym9 x rym11 rym5 x rym9 x rym11

rym5 x rym9
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Allele mining: rym11

365 Wild barley (H. spontaneum)

847 Landrace (H. vulgare)

559 Cultivar (H. vulgare)

5 H. agriocrithon

Total = 1.816 accessions

1 4 1 28
Number of accessions carrying different alleles
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Plant breeder´s toolbox - Genome editing

Puchta and Fauser (2014) The Plant Journal

ZFNs        Zinc-Finger Nucleases
TALENs   Transcription Activator-Like Effector Nucleases
CRISPR    Clustered Regularly Interspaced Short Palindromic Repeats
Cas CRISPR-associated, RNA-guided endonuclase

Meganucleases

https://www.forschung-und-lehre.de/karriere/charpentier-
und-doudna-erhalten-chemie-nobelpreis-3168
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Plant breeder´s toolbox - Genome editing
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Genome editing – rym4

figure taken from:
Buchanan, Gruissem, Jones (2000)
Biochemistry & Molecular Biology of plants
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Ruling of the Court of Justice of the EU, 25th July, 2018

Picture: Court of Justice of the European Union

• All organisms generated by 
mutagenesis are GMO. 

• Organisms generated by targeted
mutagenesis underly the strict

regulations and are not excempted
from any obligations. 

https://prri.net/scientific-topics/new-breeding-techniques/genome-
editing/site-directed-nuclease-sdn-genome-editing
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Summary and future prospects

Improvements in plant breeder´s toolbox, e.g. the availability of high throughput marker technologies, 
genome sequences etc., and the possibilities of genome editing, have transferred plant breeding to a 

new era.

Knowledge on resistance gene sequences will facilitate efficient allele mining as well as the targeted
editing of  respective alleles, e.g. by  CRISPR/Cas, resulting in a much faster combination of resistance

with superior agronomic traits.

Modern breeding for resistance will be the cornerstone for an environmental friendly and 
productive plant production in the background of climate change and the loss of insectizides

and fungizides.
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Thank you for your attention
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