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Transforming our world: the 2030 Agenda for Sustainable Development



We need solutions* to problems now

*Solutions, not potential solutions



Omega-3 Long Chain Polyunsaturated Fatty Acids

• Beneficial for human health

• A limited natural resource

• No known plant sources available

• Vital for aquaculture

“Omega-3 fish oils” and “omega-3 LC-PUFAs” are 

synonymous and used interchangeably. 

In general, these terms refer to eicosapentaenoic acid 

(20:5n-3; EPA) and docosahexaenoic acid (22:6n-3; DHA)



Omega-3 LC-PUFAs (“Fish oils”) are well-known to be health-protective  



Fish oils        vs Vegetable oils  

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





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

World fish oil production (capture)
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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 USP of salmon
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Aquaculture is the major consumer of fish oils

Produce omega-3 LC-PUFA in transgenic plants

Need a new 
sustainable 
source of 
fish oils

Primary 
producers of 
LC-PUFA are 

algae

Wild fish 
mainly take up 
LC-PUFA via the 

food chain

Farmed fish has 
to be fed with 

fish oil

Reduction 
fisheries are 

limiting growth 
of aquaculture

75% of all the fish oils
harvested from the oceans are 

used in aquaculture



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



Making omega-3 LC-PUFAs in a GM Plant

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



Easy to transform with Agrobacterium
Short growth season, 3-4 months
High ALA (omega-3 18:3) substrate
Not a Commodity Crop

Camelina is an ideal host for making omega-3 fish oils



Pathway is complicated but 

target levels are modest 

(20% EPA and DHA)

LC-PUFA Biosynthetic pathway



Optimising the omega-3 trait in Camelina via metabolic engineering 

Transformation
Selection

ScreeningDesign

Lipidomics
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GM Camelina lines producing EPA+DHA: 2012/13 iterations
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GM Camelina Field Trials at Rothamsted- 2014 onwards

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



Positive press coverage of GM field trials





Expand your horizons

Field trial in Manitoba, 2017 
To provide 0.5 ton of Camelina oil for salmon feeding trial in Scotland



Validating the efficacy of our novel oil in aquaculture



In collaboration with University of 
Southampton (Philip Calder & Graham Burdge)

First demonstrations of our novel oil in human nutrition 



Gene-editing is transforming how we do life sciences

• CRISPR-Cas9 and related tools are a 

disruptive tool with which to edit DNA

• Incredibly precise, easy to use, 

“democratising” research.

• BUT – Use in EU has effectively been blocked 

by ECJ ruling of July 2018 (GE ≡ GM)

• Commercial use is covered by patents

• New technology largely untested at scale

Irrespective of that, it is widely expected that GE will 

transform plant and animal breeding, decreasing 

susceptibility to diseases, enhancing nutrition and 

decreasing environmental impact. 

BUT – somethings can only be achieved by GM 
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Stacking GE and GM to enhance the accumulation of omega-3 LC-PUFAs

Using the CRISPR-Cas9 fae1 mutant background enhances the accumulation of EPA & DHA

BUT… GE alone cannot create the omega-3 fish oils trait



The conversion of an idea into a product takes time and money

MarketBlue skies Strategic P/o concept Demo

1996         2010           2012           2014        2020s?

Creating a value chain which delivers better nutrition to the consumer and helps aquaculture to reduce its 
reliance on oceanic sources of fish oils

Hurdles: GM Regulation, IP/FTO, Business 
development, Commercialisation

From field to fjord to fork



Slow magic: Agricultural R&D a century after Mendel (2000)
Persistence pays: US agricultural productivity growth and the benefits from 
public R&D spending (2009)  Professor Philip Pardey (Department of Applied 
Economics, University of Minnesota)

Innovation in Agriculture – Time is not on your side



Social license and consumer acceptance 

A key question for the public: Who is paying and who is benefiting?

Don’t assume that the brilliance of your idea will carry the day



Rothamsted Omega-3 Flagship – key messages

• Camelina is a robust platform capable of producing superior levels 

of EPA and DHA compared with other plant systems

• Positive data from GM field trials in UK and N. America

• Significant positive data from feeding studies with salmon, sea 

bream and sea bass, also mouse & human studies – peer reviewed 

and open access

• An established network of expert collaborators in both 

aquaculture and human nutrition sectors, also Camelina 

biotechnology and agronomy

• Regular contributor to public dialogue and engagement in 

discussions on GM and GE – informing policy and perception
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Thanks for your attention – Questions?



“The triffids are grotesque and dangerous 
plants, over seven feet tall, originally 

cultivated for their yield of high-grade oil.  
So long as conditions give the mastery to 
their human directors, they are a valuable 

asset to mankind. 

But when a sudden universal disaster turns 
these conditions upside down, the triffids 
become an active and dreadful menace.”

John Wyndham

Penguin Books 1951

(Fiction)


