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New plant breeding techniques for disease-
resistant crops

Gene editing with CRISPR/Cas in plant breeding  
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Plant breeding = exploiting genetic diversity in 
crops for our benefit

Presenter
Presentation Notes
Selection of genes and alleles (gene variants) present in nature, but the combinations are new, and hence also the resulting forms (phenotypes)



Maize yield and 20th century innovations in plant 
breeding and crop cultivation practices
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Challenges for agriculture in the 21st century –
greater than ever before

1. Increase food production
2. Energy through biobased crops
3. Using less water
4. Fewer other inputs
5. Adapted to changing climate

2x more with 2x less

-> We’ll need to employ all the tools in the
plant breeders’ toolbox

-> but 21th century breeders’ tools face 
regulatory hurdles in the EU

Sir John Beddington, 2012

Presenter
Presentation Notes
Apple 1 in 20,000 trees screened, on average 20 yrs. The first variety resistant to apple scab, from a wild species, took 50 years to make

Tool development has stopped in the 21st century. Luckiliy, as the current varieties will bot be suited for the future suited. In fact, they would not withstand pests and diseases.

All tools developed this century face regulatory hurdles because of the definition of genetic modification in the 2001 directive



~ 3000 varieties worldwide since the 1930’s

Example: seedless grapefruit

Tool: increase variation with mutation breeding

Presenter
Presentation Notes
Ruby red seedless grapefruit
3000 in 2011 (Wikipedia)
Techniques for overcoming crossability barriers
Techniques for chromosome and genome manipulation  Haploidization, Genome doubling, polyploidization, Production of alien addition or substitution lines, Translocation breeding, Manipulation of chromosome pairing in meiosis, Mutagenesis, Cell fusion, Partial genome transfer 
Other relevant plant breeding-related techniques (including shortening breeding cycles)




Select 
plants
with 
mutations  
on target 

Breeding for removal 
of undesired mutations 
and homozygous state

Population of plants with 
genome-wide mutations
(e.g. 17,000x) 

Random mutagenesis is truly random

Presenter
Presentation Notes
Impossible to do for many targets simultaneously



Select plants
with no or few 
off-target
mutations

If necessary:
Breeding for removal
of CRISPR-Cas9 DNA-construct
and/or off-target mutations

Few plant with
target mutations
(e.g. 5x) 

What if we could direct it?



 CRISPR/Cas induces a double strand break at the specific target site 
in genomic DNA

2012: Gene editing using CRISPR/Cas

Induced double strand break

Immediate repair by cell

CRISPR-Cas

Sometimes with a mistake
* Select that offspring

Presenter
Presentation Notes
Partly developed in Spain, France, Netherlands, Sweden, Austria, Lithuania, Canada and US
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Lander 2016
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Nature Biotechnology 37 , 1251–1252 (October 2019)

http://www.nature.com/nbt


T.W. Mew - IRRI, Los Baños (PH)

Bacterial blight (Xanthomonas) in rice

The case of the hijacked genes

Presenter
Presentation Notes
But there hundreds of hijacked genes.it is not unusual that a pathogen sends 300 proteins (effecors) into the cell to repress defense and swith on pathways whose products it needs.
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Target genes: rice SWEET11, 
SWEET12, and SWEET13

63 Xoo strains sequenced

Which rice sequences do they 
target?

CRISPR/Cas of all these promotor 
regions in IR64 and Ciherang-Sub1 

Set of 30 lines with
• 21 alterations in SWEET promotors
• Disease-resistant
• Normal growth

Select and sequence the rice lines

Presenter
Presentation Notes
IRRI int’l rice research institute in Philiipines, with groups in US, Germany and France
Plus toolkit to anbale employing the right rice variety as a function of the local strains of the disease.



 Crambe abyssinica (for European farmers)

● Modify fatty acid profile

● Improved quality for industrial use

● Avoid production of glucosinolates

● For the seed meal to be protein-rich animal feed

● in Crambe’s two genomes with CRISPR

Dual-use “Oil+protein” crops

Presenter
Presentation Notes
In eu h2020 project cosmos, c/c as crambe, as many crops form the cabbage family, is tetraploid (has 2 genomes)



 While retaining baking quality

 Mutations are identical to ‘natural’ mutations

 Difficult to do with random mutagenesis, as there are more than 100 
targets

 One PhD student: up to 1/3 removed

Removing epitopes from gluten to make bread 
wheat safe for people with coeliac disease



 Gene editing to be regulated as 
GM, while ‘traditional’ mutagenesis 
is exempted, despite being less 
precise

 Europe will miss out on 
opportunities 

But - Consequence of the ECJ ruling

Jouanin et al. (2018) Development of wheat with 
hypoimmunogenic gluten obstructed by the gene 
editing policy in Europe. 
Frontiers in Plant Science (2018)
doi: 10.3389/fpls.2018.01523

GM regulation > < Non-GM

Presenter
Presentation Notes
Mutated plants, we can now analyse the mutations by genome wide sequencing, contain 20-40 deleterioaus mutations per plant, i.e., mutations that affect random genes. Out CRISPR mutants are being analysed by sequening and by studying proteins, only gluten have been changed.



Questions?

18

http://edepot.wur.nl/357723
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