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What could gene technology really
deliver for the food sector? 
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Breeding: The art of finding “good mutants”
and keeping them

Wild 
cabbage

Apical shoots Side shoots Stem Leaves Flowers Inflorescence
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Gregor Mendel understood the laws of 
genetics
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Breeding since the 1920ties:
– Introducing “supernatural variation”

Institute of Radiation 
Breeding (Ibaraki-ken)

Chemical 
mutagenesis
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Random events causes damage to the DNA
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…the plant repairs it, but a piece may get lost
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Mutation breeding han been enormously 
successful – over 2 500 registered varieties

The green revolution
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Agrobacterium – a tool for introducing 
novel genes into plants

Picture: Wikipedia
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Biotechnology made easy
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The big thing with biotechnology –
Change one gene/trait at the time
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Selections and crossings

Hybrid breeding

Induced mutations

Cytogenetics

Species hybrids and polyploidy

In vitro-techniques

Molecular markers

Transformation

Genomic selection

Gene editing

Year

Techniques in plant breeding

Not covered by GMO regulation Covered by GMO regulation
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Enourmously polarized discussion about GMOs

Picture: Wikipedia

”...no validated evidence that GM crops have greater 
adverse impact on health and the environment than 
any other technology used in plant breeding. There 
is compelling evidence that GM crops can contribute 
to sustainable development goals”
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- Breeding using Agrobacterium is not more risky 
than breeding through e g radiation

- Yet, decision-makers (in particular in EU) has not
changed the GMO legislations

- In reality, GMOs are in most countries not 
allowed outside the lab

- Consumers tend – in this case – to think “better   
safe that sorry“, hence believe in alternative facts 
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Do you gluten-free/low gluten wheat?

Developed 
in 2008  
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Do you want multi-vitamin corn?

Developed 
in 2009  
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Do you want low GI potatoes?

Developed 
in 2006  
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Do you want low-methane rice?

Developed 
in 2016  
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What plants do you want?
- Increased vitamin content?
- Increased anthocyanin (antidoxidant) content?
- Plants resistant to insects and pathogens that    
can be grown without pesticides?

- Lack of allergens?
- Need less water and fertilizers?
- Keep fresh longer?
No problem, they already exist (basic science 
coupled to breeding) – but are not allowed to be 
used in farming
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A game-changing technology
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Genome editing using CRISPR/Cas9 
– the “Molecular scissors”
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Genome editing using CRISPR/Cas9 
– the “Molecular scissors” - a piece of DNA get lost
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Are CRISPR/Cas9-edited plants lacking PsbS 
GMOs or not?

Radiation PsbS gene deleted

Agrobacterium PsbS gene damaged GMO

Not GMO

CRISPR/Cas9 PsbS gene deleted ???

EMS Point mutations in 
PsbS gene Not GMO
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Cultivating CRISPR cabbage in my garden (2016)
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Then came the ECJ decision...

July 24 2018 –
Not a GMO

July 25 2018 –
Perhaps  a GMO
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What could gene technology really deliver for 
the food sector? 

- Scientist/breeders ”reinvent the wheel” with
CRISPR, hoping that now plants can be used
- Many novel opportunities
- In most of the world; No new DNA, not a GMO. But
EU different

- EU farmers not allowed to use the new varieties
- Import to EU not allowed (unless each passes the 
needle’s eye of the EU GMO legislation)
- Impossible task for EU: Keep out something 
untraceable


