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

Fish oils vs Vegetable oils

Typical fatty acid composition of Typical fatty acid composition of
some commercial fish oils some commercial vegetable oils
Saturated Saturated
14:0 9 4 8 5 3 Omega-3 140 - 015 - - -
16:0 17 10 18 12 22 but not 16:0 8-13 22-46 34 57 4-10
Monounsaturated Iong Monounsaturated
16:1 13 8 10 6 3 _ 16:1 - 025 - <0.5 <0.5
18:1 10 25 13 20 21 chain 18:1 17-2636-68 9-16 15-25 10-20
20:1 1 10 4 9 1 20:1 <04 - 7-13 <05 <0.5
22:1 1 7 3 3 22:1 - - 4152 - -
VLCPUFAs PUFAs
20:5 22 10 16 7 6 9 n- R i E :
Omega-3 _ EPA
22:5 2 1 2 3 2 18:3(n-3) 410 <1 7-12 - 45-70
LC-PUFAs 22:6 DHA 9 10 9 11 22 VLCPUFAs
Other B 20:5 - - - - -
16 15 17 17 17 - 275 _ _ _ _ i}
| 22:6 - - - - -

*** Importantly, only the omega-3s EPA and DHA found in fish oils have validated health claims ***
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Omega-3 LC-PUFAs (“Fish oils”) are health-protective \D RESEARCH

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
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Aquaculture — vital for sustainably feeding the world now and in the future \D Ay
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Growth of aquaculture is “sustainable” but at the cost of nutritional value

100 - Microingredients

1.0 2.0 2.2 3.1 3.7 4.0
9 /| 23 11.2 8.4 11.1 11.2 10.7 Starch
80 - 12.5 .
18.3 19.2 20.1 Plant oil
701 M Plant protein
60 -
50 - = Marine oil
40 - B Marine protein
30 -
20 -
10 -
0 T T T T
1990 2000 2010 2012 2013 2016
m@ 35g
EPA+DHA/week
All marine and salmonid species require m 2016 %
diets containing omega-3 fish oils. As the = — I
industry expanded, the finite & expensive == = g
fish oil was diluted with cheaper plant oils. m
Although this keep the costs low, it reduced
the EPA & DHA levels in the fillet, meaning The declining USP
the consumer got reduced nutrition € declining of
salmon
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The Vision —to make omega-3 fish oils in a GM plant \D il
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Making omega-3 LC-PUFAs in a heterologous host \D RESEARCH

Identify algal genes for the
synthesis of omega-3 LC-PUFAs
& transfer them to oilseeds

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.
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Efficient metabolic engineering is challenging but possible \D RESEARCH

18:3 18:4 FA-CoA

AQ, 12, 15 AG 9,12,15

CsFAD3 [RZ] / [Rx]

182202 ————) 1?9312
CsFAD2 T AR
[R1] "E FA (FFA) 18 "
18:0 ——r 18:1A° Tttt »18:20%° phosphollpase 1F8A3 TAG
[R3] v
: 20:4 20:5
: A8 11,1417 ——p  75,8,11,14,17 CDP-choline
e [RX]
20:241 : 203 204
' A8 11,14 A5 811,14 FA-CoA
v v v [R4] [R5] OH
. . 11 .
20:0 20:14 20:20%1 ieeeeeeeeane.s >§8':‘11 DAG
[RS] v Omega-3 track
D2:5 22:6
A7, 10, 13,16, 19 A4, 7,10,13,16,19
Vi B
22:4 —_—p 225
v o A7, 10, 13, 16 A4, 7,10,13, 16
22:0 22:1A% [R6]
Omega-6 track
[R1] = A12-desaturase  [R2] = A6-desaturase
[R3] = A6-elongase [R4] = A5-desaturase
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Unexpected asymmetry in the accumulation of fatty acids
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reveals by MALDI-MS imaging
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Marmon et al 2017

Metabolic imaging reveals previously
unknown additional complexities in the
biosynthesis & accumulation of seed oils
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GM Camelina Field Trials at Rothamsted- 2014 onwards \D ROTHAMSTED
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The UK’s most comprehensive GM field trials — and all that entails..
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Omega-3 Flagship — Recent Milestones
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Omega-3 Research — Challenges & Future Impacts \D RESEARCH

Understanding complex Fit for purpose
systems , o
* Addressing the oil yield penalty
« Metabolic flux through lipid metabolism * De-risking feeding studies
* Impact of transgenesis on the genome * Evidence base for GM regulation

» Spatial separation of oil synthesis

Discovery £} Bioeconomy
programme € programme

N—”

Novel products; flexible platform

 Data science
* Genetic, epigenetic, RNA, &
metabolic networks
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