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Transforming our world: the 2030 Agenda for Sustainable Development \D RESEARCH.
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. ROTHAMSTED
We need solutions* to problems now \D RESEARCH

‘Blah, blah, blah’: Greta Thunberg
lambasts leaders over climate crisis

Exclusive: Activist says there are many fine words but the science
does not lie - CO2 emissions are still rising

“Build back better. Blah, blah, blah. Green economy. Blah blah blah. Net zero
by 2050. Blah, blah, blah,” she said in a speech to the Youth4Climate summit
in Milan, Italy, on Tuesday. “This is all we hear from our so-called leaders.
Words that sound great but so far have not led to action. Our hopes and
ambitions drown in their empty promises.”

01:33

WAL we hear s Dlab blah blah's Greta Thunberg takes sim at climate platitudes - video

Greta Thunberg has excoriated global leaders over their promises to address
the climate emergency, dismissing them as “blah, blah, blah”.

*Solutions, not potential solutions
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Omega-3 Long Chain Polyunsaturated Fatty Acids \b A lED

Beneficial for human health

A limited natural resource

No known plant sources available

Vital for aguaculture

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

Obesity is now
prevalent throughout
much of the Western

world. This and
associated diseases
such as CVD and type 2
diabetes represent an
imminent public health
crisis.

Moderate consumption
(0.5-2g/day) of omega-3
long chain polyunsaturated

|

| fatty acids found in fish
o\ THE FO OD IRAP oilsﬁ)::an help avert this
4\ amos ety problem
e Soy
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Not all omega-3 (n-3) fatty acids are the same \D ROTHANISTED

Fish oils vs Vegetable oils

Typical fatty acid composition of Typical fatty acid composition of
some commercial fish oils some commercial vegetable oils
-l
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Aquaculture — vital for feeding the world now and in the future
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Feed conversion ratio
Estimated feed required to gain one kg of body mass
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Growth of aquaculture is “sustainable” but at the cost of nutritional value \D REoEARG

® Microingredients

11.1 11.2 10.7 Starch
%3 2 Plant o EPA+DHA Scottish farmed
' ' m Plant protein salmon fillet
= Marine oil

® Marine protein 50
4.5
4.0 4
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3.0 A

. iiﬁii;ﬁ;

1990 2000 2010 2012 2013 2016

EPA+DHA (9100 g})

M‘a 35¢g
EPA+DHA/week

1.0 A

All marine and salmonid species require

0.0

diets containing omega-3 fish oils. As the J— 2006 2007 2008 2000 2010 2011 202 2013 2014 2085
. - . ‘:::‘.*—’/)}’ Year Sprague et al., 2016
industry expanded, the finite & expensive o prag g

fish oil was diluted with cheaper plant oils. m 19g
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

4 N
Wild fish
mainly take up

LC-PUFA via the
food chain |

Farmed fish has
to be fed with
fish oil

Primary | _ Reduction
producers of s b fisheries are
LC-PUFA are limiting growth

algae of aquaculture
J

"7 Need a new
sustainable

Wiy 3 source of
! fish oils

75% of all the fish oils
harvested from the oceans are
used in aquaculture

Produce omega-3 LC-PUFA in transgenic plants



The Vision —to make omega-3 fish oils in a GM plant \D SESeARcE
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Making omega-3 LC-PUFAs in a GM Plant \b RESEARCH

The sources of genes for % Identify algal genes for the
omega-3 LC-PUFA biosynthesis 2 % synthesis of omega-3 LC-PUFAs
are marine algae & transfer them to oilseeds
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Regenerate transgenic plants with novel fatty acid traits [m




. . . . . . ROTHAMSTED
Camelinais an ideal host for making omega-3 fish oils \b RESEARCH

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

LC-PUFA Biosynthetic pathway RESEARCH

Animals
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Optimising the omega-3 trait in Camelina via metabolic engineering \b RESEARCH

Transformation

Selection

&

Lipidomics

Design Screening
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GM Camelinalines producing EPA+DHA: 2012/13 iterations ROTHAMBTED
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GM Camelina Field Trials at Rothamsted- 2014 onwards
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The UK’s most comprehensive GM field trials — and all that entails..
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oy . . ROTHAMSTED
Positive press coverage of GM field trials RESEARCH
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Expand your horizons

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

CAMELINA:
THE QUEST

FOR OMEGA-3
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Fsse=" See our short film being
QRN shown at the
— i India International
Science film festival
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Validating the efficacy of our novel oil in aquaculture
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An oil containing EPA and DHA from
transgenic Camelina sativa to replace marine
fish oil in feeds for Atlantic salmon (Salmo
salar L.): Effects on intestinal transcriptome,
histology, tissue fatty acid profiles and plasma
biochemistry
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Nutritional Evaluation of an EPA-DHA Oil
from Transgenic Camelina sativa in Feeds for
Post-Smolt Atlantic Salmon (Salmo salar L.)
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Replacement of Marine Fish Oil with de nove Omega-3 Oils
from Transgenic Camelina sativa in Feeds for Gilthead Sea Bream
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First demonstrations of our novel oil in human nutrition RESEARCH

Bestish foservaaed of Swdeitfon (20109, 121, 1245-1240 Ok T0 LOTT SO LTAS PAN0E28
© The Authoes 2019, This is an Open Access anticle, dhstnibuted under the terms of the Creative Commons Attribution licence Chitp
creativevormnons ong/ licenses 000, which permits unrestricted re-use. distribution, and reproduction inany medivum, provided e original
wiork is properdy cted
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oil into blood lipids is equivalent to that from fish oil in healthy humans

Annette L. West', Elizabeth A. Miles', Karen A. Lillycrop?, Lihua Han®, Olga Savanova’,

Johnathan A, Napier', Philip C. Calder'" and Graham C. Burdge'®

'School of Humenr Develogmeent and Fealth, Facrdly of Medicine, Unersity of Southampbon, Sowtbampton $O16 6YD, UK
Ientre for Biological Sclences. Faculty of Natural and Enetmonmental Sciences. University of Soutbanpon

Scwathampron SO17 18], UK

SDepartment of Plans Sciences, Rothamsted Research, Harpenden ALS 210, UK

NIHR Soutbampon Biomedical Kesearch Centre, Undversity Hosgiteld Soawthanipton NHS Foundation Truss

Unlversity of Sowtbampton, Southampion SO16 0¥, TR

ISeabwmited 2 Lornaery X009 « Eoal revtsing reootesd 12 March X019 « Acoopid 27 Maech 2019 « First proliistad andine 3 fuwe 2010)

®

Ariish foumal of Ngrition, page 1 of 9 o 10 1017/50007 1 145200020 44
© The Authon(s), 200, Published by Cambreidge Unmvensty Press. This is an Open Access article, distnbuted under the termms of the Creative
Comumons Arnbution licence (hop //creatty conmenons.ong Boenses by 4 0, which pesmits unnestricted re-use, distribution, and reproduction
in any medium, proviced the adgina work is propesrdy oitexd

Dietary supplementation with seed oil from transgenic Camelina sativa
induces similar increments in plasma and erythrocyte DHA and EPA
to fish oil in healthy humans

Annette L. West', Flizabeth A, Miles', Karen A, Lillvcrop®, Lihua Han?, Johnathan A, Napier®,

Philip C. Calder™ and Graham C. Burdge'*

'Schoot of Human Dvvolopment and Health, Faculty of Medicine, University of Soutbamgron, Soutbampton S016 6YD, UK
*Centre for Biological Sctences, Faculty of Nasural and Environimental Sclences, University of Sautbampron, Soutbampron SO17
18], X

\Deprartment of Plant Sciences. Rothamstod Research, Harpenden ALS 20, UK

NI Satitbamyron Bsomedical Research Centre, Usiversity Hospital Soutbamgeon NHS Foundation Teust and Unirersity of
Southampion, Southanmpion SOI6 6YD, UK

rion

(Submmined 28 Murch M0~ Froad oeoaom neceoed 21 May 2000 — Acoead 2 e X0X0)

1185 AR PapeTy g

VR Al T WA

PELINL VW ORCE SN LF VO URL 0T L LN e g =

2 RTINS

i&\&’—?ﬂ. Biochimica et Biophysica Acta (BBA) - Molecular
. and Cell Biology of Lipids

ELSEVIER Volume 1865, Issue 8, August 2020, 158710

~

Differential postprandial incorporation of 20:5n-3
and 22:6n-3 into individual plasma triacylglycerol
and phosphatidylcholine molecular species in
humans

Annette L. West ™ !, Louise V. Michaelson ™ ! Elizabeth A. Miles ?, Richard P. Haslam b Karen A. Lillycrop ©, Ramona

Georgescu ?, Lihua Han ®, Olga Sayanova ”, Johnathan A. Napier ”, Philip C. Calder * ¥, Graham C, Burdge * 2 B

Show more

https://doi.org/10.1016/).bbalip.2020.158710 Get rights and content

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

Biotechnology and
Biological Sciences
Research Council




Gene-editing Is transforming how we do life sciences

e CRISPR-Cas9 and related tools are a
disruptive tool with which to edit DNA

 Incredibly precise, easy to use, . Cas9 PAM
“democratising” research. Genomic DNA /

0

« BUT —Use in EU has effectively been blocked N \
by ECJ ruling of July 2018 (GE = GM) 11
« Commercial use is covered by patents |

« New technology largely untested at scale / Guide RN T
CrRNA \
Irrespective of that, it is widely expected that GE will
transform plant and animal breeding, decreasing tracrRNA

susceptibility to diseases, enhancing nutrition and
decreasing environmental impact.
BUT — somethings can only be achieved by GM



RESEARCH

Stacking GE and GM to enhance the accumulation of omega-3 LC-PUFAs \D ROTHAMSTED

Enhancing EPA and DHA levels by gene editing

ol % seed FA

RN 4 : _&“¢m¢@jﬂjj,
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Mutagenesis of the FAET genes significantly changes fatty acid composition )
in seeds of Camelina sativa =

Mechmet E Ozseyhan”, Jinling Kang®, Xisopeng Mu™", Chaofu Lu"
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Research Council




. . . . ROTHAMSTED
The conversion of an idea into a product takes time and money \b RESEARCH

1996 2010 2012 2014 2020s?

| Blue skies >; Strategic >; P/o concept >; Demo »> Market
. . 1

. 55, s
2 -

From field to fjord to fork

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




Innovation in Agriculture — Time is not on your side \D SR

Average time for
agricultural innovation
- 28 years (!!1)

Herbicide tolerance — 17 years

Slow magic: Agricultural R&D a century after Mendel (2000)

Persistence pays: US agricultural productivity growth and the benefits from DHA-Canola — 21 years E Biotechnology and

Biological Sciences
Research Council

public R&D spending (2009) Professor Philip Pardey (Department of Applied
Economics, University of Minnesota)




. . ROTHAMSTED
Social license and consumer acceptance RESEARCH

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

S Biotechnology and
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Rothamsted Omega-3 Flagship — key messages \D RESEARCH

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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. . ROTHAMSTED
Thanks for your attention — Questions? \D RESEARCH
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“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.

PENGUIN

BOOKS

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

THE DAY OF

THE TRIFFIDS John Wyndham

Penguin Books 1951
JOHN WYNDHAM

(Fiction)




