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Fish oils        vs Vegetable oils  

Not all omega-3 (n-3) fatty acids are the same

*** Importantly, only the omega-3s EPA and DHA found in fish oils have validated health claims ***

EPA

DHA



Omega-3 LC-PUFAs (“Fish oils”) are health-protective  

You only get this
benefit with EPA and
DHA, but not ALA



Farm to Fork



Aquaculture – vital for sustainably feeding the world now and in the future

World fish oil production (capture)
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Sprague et al., 2016

EPA+DHA Scottish farmed salmon 
fillet

Growth of aquaculture is “sustainable” but at the cost of nutritional value 

All marine and salmonid species require 
diets containing omega-3 fish oils. As the 
industry expanded, the finite & expensive 
fish oil was diluted with cheaper plant oils. 
Although this keep the costs low, it reduced 
the EPA & DHA levels in the fillet, meaning 
the consumer got reduced nutrition The declining USP of 

salmon
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The Vision –to make omega-3 fish oils in a GM plant 



Making omega-3 LC-PUFAs in a heterologous host  

Identify algal genes for the 

synthesis of omega-3 LC-PUFAs 

& transfer them to oilseeds

Regenerate transgenic plants with novel fatty acid traits

The sources of genes for 

omega-3 LC-PUFA biosynthesis 

are marine algae

This trait can only be generated by 
GM. Neither GE nor advanced 
plant breeding can generate it.



Efficient metabolic engineering is challenging but possible 



Unexpected asymmetry in the accumulation of fatty acids 

reveals by MALDI-MS imaging

Marmon et al 2017

Metabolic imaging reveals previously 
unknown additional complexities in the 
biosynthesis & accumulation of seed oils



GM Camelina Field Trials at Rothamsted- 2014 onwards

The UK’s most  comprehensive GM field trials – and all that entails..



Omega-3 Flagship – Recent Milestones

2017 2018 2019 2020

DNA parts 
synthesised

Constructs

GM field 
trial lines

Feeding 
trials

12 8114 39

8 3320 46

5 18 32 8

RRes 300 m2

USA 1,000
Canada 150,000

RRes 500 m2

Brooms 4,000
Canada 300,000

RRes 500 m2

Brooms 4,000
RRes 500 m2

Brooms 4,000

Human Human
Human

Salmon Salmon
Salmon
Sea bass
Trout

Tuna
2x Salmon 
(postponed due 
to Covid19)



Omega-3 Research – Challenges & Future Impacts

• Data science
• Genetic, epigenetic, RNA, & 

metabolic networks

• Metabolic flux through lipid metabolism
• Impact of transgenesis on the genome
• Spatial separation of oil synthesis

Discovery 
programme

Bioeconomy 
programme

Gene to field

• Addressing the oil yield penalty
• De-risking feeding studies
• Evidence base for GM regulation

Understanding complex 
systems

Fit for purpose

Novel products; flexible platform


