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The World Is Changing

http://www.cru.uea.ac.uk/cru/data/temperature

Global deviation from 1961-1990 medium (in °C)
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Agricultural Land Is Shrinking

1961: 
4,170 m2 per capita

3.1 billion

FAO
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Agricultural Land Is Shrinking

FAO

9.4 billion

2050: 
1,542 m2 per capita
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Fortunately, Yields Have Increased
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Blank

But we must do better
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Threat of More Frequent and Extreme Droughts 

self-calibrated Palmer drought severity index (PDSI) 2100 vs. present
”value of −3.0 or below indicates severe to extreme droughts “

Dai et al., 2013
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Field Experiments in Tübingen und Madrid

Limited rain fall: Madrid

Plenty of rain fall: Tübingen
517 A. thaliana accession

24,000 pots
October 2015 – May 2016
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Number of seedsSurvival

Survival x progeny = Darwinian fitness
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Where Are the Advantageous Variants?
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Home Advantage of Genetic Variants
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Blank

How do we get such variants into our crops?
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The Promise of Genome Editing

Cas9 enzyme

Genome

„guide RNA“
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Advantageous Variants Do Not Always Help…
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…but with genome editing, they can be tested much more quickly
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Blank

Some recent hits of genome editing
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A Genetic Variant Discovered in Teosinte Improves Maize

Science 2019

teosinte variant
(weak)

maize variant
(strong)
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Plenty of Examples of Advantageous Gene Inactivation

PNAS 2002
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Wheat With Reduced Allergenicity

Plant Biotech. J., 2018

gluten content
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A Controversial Trait: Herbicide Tolerance

Sun et al., Mol. Plant 2016
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Herbicide Tolerance – Without GMOs or Genome Editing



© Detlef Weigel 201920/25

Natural Mutation Rates

1870 1930 1970 1990

collection year

87 modern genomes 

36 herbarium genomes 

73

27

HPG1 – a single clonal lineage of A. thaliana
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Reconstruction of Phylogeny and Mutation Rates

wikimedia.org 

1600 1700 1800 1900 2000

modern genomes
herbarium genomes

M Expósito
(now Carnegie)

C Becker
(now GMI/LMU)

Exposito-Alonso, Becker et al. (2018)

5,100 point mutations

à ~1 mutation /  
genome /
generation

With Burbano lab
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What Does This Imply For Crops Such as Wheat?

wikimedia.org

A. thaliana: 1 mutation/genome (0.1 billion bp)
wheat: 100 mutations/genome (10 billion bp)

1 ha field à 10 t =  10 million g wheat

1 wheat grain = 50 mg à 20 grains/g

200 million grains à 20 billion mutations
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How Different Are, For Example, Two Maize Varieties?

B73 Mo17

total number
of genes 38,686 37,605

synonymous
substitutions 16,744 16,437

nonsense-
mutations 3,614 3,283

≥1 exon
missing 2,750 2,319
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Intergovernmental Panel on Climate Change
2019 report
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Lessons Learned

• Hybrid necrosis loci often in clusters and with internal repeats

• Causal polymorphisms in coding regions

• Trade-off between defense and growth (danger of too many R genes)

• May promote or reduce outcrossing


