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Milestones in Plant Breeding
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Graph: Broadberry et al. (2015) British Economic Growth (Cambridge University Press) and United Nations Food & Agriculture Organisation 

Rediscovery of Mendel’s 
findings in 1900 (from 1865) 
Breeding becomes a science
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In the past two decades, 
plant breeding alone has 

contributed to 

~67% increase of crop 
production*

in the EU, ensuring a stable 
supply of food and feed for 
the EU and beyond, while 

reducing the need for 
agricultural land





Non-targeted mutations



• More than 3,200 mutant varieties – including numerous crops, ornamentals and trees – have 
officially been released for commercial use in more than 210 plant species from over 70 
countries (Source: FAO/IAEA Mutant Varieties Database)

http://mvd.iaea.org/


Random mutations
Non-targeted



• Requires a lot of time (7-25 year)

• Non-targeted: based on co-incidence: 

searching for a needle in a haystack

• Not applicable for a number of plants 

(eg. grapes, trees,…)

• Often difficult to separate positive  

and negative traits 

• Requires vast investments despite the 

use of molecular markers



GMO
Contains ‘foreign’ DNANon-targeted



GMO
Contains ‘foreign’ DNA

CRISPR-Cas
Does not contain 

‘foreign’ DNA 
2012

Non-targeted



• Very efficient (2 - 7 year)

• Very precise: targeted changes 

• Cheap and easy

• Improved varieties can not be distinguished from varieties obtained by 

conventional breeding 

(no DNA from unrelated species)

• Can rely on an overwhelming knowledge on plant genes and genomes

• Increasing agrobiodiversity -> from elite commercial varieties to 

improving low acreage varieties of regional and cultural relevance

• Specific contributions to sustainability incl. the time and resource 

benefits of using NGTs vs conventional breeding

2020 Nobel Prize



• Inactivation of six MLO susceptibility 
genes in wheat results in disease 
tolerance

• Reduction of breeding time to 3-4 
years vs 10-15 years by conventional 
breeding; directly in modern varieties, 
no trade offs





How to deal with these challenges? An agricultural perspective

• > 800 peer reviewed publications 

on gene editing in crops
• > 70 different crops species

• Mostly category 1-”conventional-

like”- applications

• High diversity of applications 

with benefits for the producer 

and the consumer

www.eu-sage.eu/genome-search
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70 different species

How to deal with these challenges? An agricultural perspective





The legislation and its'
implementation will determine if 
and how NGTs will be used in 
shaping our future agri-food 
systems
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