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LIPID COMPRISING LONG CHAIN POLYUNSATURATED FATTY ACIDS

FIELD OF THE INVENTION

The present invention relates to lpid compeising docosahexacnoic acid and/or
5 docosapentacnoic acid, obtained from plant cells or microbial cells, and processes for
producing and using the lipid.

BACKGROUND OF THE INVENTION
Omega-3 Tong-chain polyunsaturated fatty acids (LC-PUFA} are now widely

10 recognized as important compounds for human and avingal health. These fatty acids
may be obtained from dietary sowrces or by conversion of linoleic (LA, 18:206) or o-
Unolenic (ALA, 18:303) fatty acids, both of which are regarded as essential fatty acids
in the human diet. While humans and many other vertebrate animals are able to
convert LA or ALA, obtained from plant sources to C22 they carry out this conversion

15 ata very low rate. Morcover, most madern societies have imbalanced diets in which at
least 909 of polyunsaturated fatty acids (PUFA) are of the 06 fatty acids, instead of
the 4:1 ratior or less for mo:@3 fatty acids that is regarded as ideal {Trautwetn, 2007).
The immediate distacy source of LC-PUFAs such as efcosapentasuoic acid (EPA,
20:503) and docosahexaenoic acid (DHA, 22:603) for humans is mostly from fish or

20 fish oil. Health professionals have therefore recommended the regular inclusion of fish
containing signiticant levels of LC-PUFA into the human diet.  Increasingly, fish-
derived LEC-PUFA oils are being incorporated inte food products and in infant formula,
for example. However, due to a decline in global and natioual fisheries, alternative
sources of these heneficial health-cuhancing oils dre needed.

25 Flowering plants, in contrast to animals, lack the capacity to synthesise
polvunsatiurated fatty acids with chain lengths longer than 18 carbons.  In particular,
crop and horticultural plants along with other angiosperms do net have the enzymes
needed to synthesize the longer chain @3 fatty acids such as EPA. docosapentaenoic
acid (DPA, 22:503) and DHA that are derived from ALA. An important goal in plant

30 biotechmology is therefore the engineering of crop plants which prodece substantial
guantities of LC-PUFA, thus providing an altevoative source of these compounds.

LEC-PUFA Binsynthesis Pathwavs

Biosynthesis of LC-PUFAs i orgamisms such as microalgae, mosses and fungt

fad
L

usually accurs as a series of oxygen-dependent desaturation and elongation reactions
(Figure 1), The most common pathway that produces EPA in these organisms includes
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a Ab-desaturation, Af-elengation and AS-desaturation (termed the A6-desaturation
pathway) whilst 4 less common pathway uses a AQ-elongation, AB-desaturation and AS-
desaturation (fermed the A9-desaturation pathway). These consecutive desaturation

and elongation reactions can begin with either the @6 fatty acid substrate LA, shivan

¥ {1

schematically as the upper left part of Figure 1 {@6) or the @3 substrate ALA through
to EPA, shown as the lower right part of Figure 1 (@3). If the initial A6-desaturation is
performed on the 6 substrate LA, the LC-PUFA product of the series of three
cnzymes will be the @6 faty acid ARA. LC-PUFA synthesising organisms may
convert 6 fatty acids to @3 faity acids using an @3-desaturase, shown as the Al17-
10 desatorase step in Figure 1 for conversion of avachidonic dcid (ARA, 20:4m6) 1o EPA.
Some members of the 3-desaticase family can act on a variety of substrates ranging
from LA to ARA. Plant @3-desaturases often specifically catalyse the Al5-
desataration of LA to ALA, while fungal and veast w3-desaturases may be specific for
the Al7-desaturation of ARA to EPA (Percira et al., 2004a; Zank =t al., 2003). Some
15 reports suggest that non-specific w3-desaturases may exist which can convert a wide
variety of w6 substrates to their corresponding @3 products (Zhang et al., 2008).

The conversion of EPA to DHA il these orgaistsims oceurs by a Ad-elongation of
EPA to produce DIPA, followed by a Ad-desaturation to prodoce DHA (Fligure 1), In
contrast, manumals use the so-called “Sprecher” pathway which converts DPA 1o DHA

20 by three separate reactions that are independent of a Ad-desaturase (Sprecher et al.,
1995).

The front-end desaturases generally found in plamts, mosses, microalgae, and
lower aniroals such as Caenorfiabditis elegany predominantly accept fatty acid
substrates esterified to the su-2 position of a phosphatidyleheline (PO substrate. These

25 desaturases are therefore known as acyl-PC, lipid-linked, front-end desaturases
(Domergue ot al., 2003). In contrast, higher animal front-end desatarases generally
accept acyl-CoA substrates where the fatty acid substrate is linked to CoA rather than
PC (Domergue et al., 2005). Some microalgal desaturases and one plant desaturase are
known to use farty acid substrates esterified to CoA (Table 21

30 Each PUFA elongation reaction. consists of four steps catalvsed by a multi-

coraponent protein complex: fiest, a condensation reaction results fu the addition of a

2C unit from malonyl-CoA to the fatty acid, resulting in the formation of a B-ketoacyl
intermediate. This is then reduced by NADPH, followed by o dehvdration to vield an

enoyl intermediate. This intermediate is finally reduced a second time to produce the

fad
L

elongated fatty acid. It is generally thought that the condensation step of these four
redetions is substrate specilic whilst the other steps are not. In practice, this means that
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native plant elongation machinery is capable of clongating PUPA providing that the
condonsation enzyme {typically called an ‘clongase’) specific to the PUFA is
introduced, although the efficiency of the native plant elongation machinery in
elongating the nor-native PUFA substrates may be low. Ta 2007 the Wentification and

¥ {1

characterisation of the yeast elongation cycle dehydratase was published (Denic and
Weissman, 2007).

PUFA desaturation in plants, mosses and microalgae naturally ocomrs to fatty
acid substrates predominantly i the acyl-PC pool whilst elongation occurs to substrates
in the acyl-CoA pool. Transter of fatty acids from acyl-PC melecules to a CoA carrier
10 is performed by pbhospholipases (PLAs) whilst the transfar of acvl-CoA fatty acids to a
PC carrier & perforned by lysophesphatidyl-choline  acyltransferases {LPCATs)
{Figure 9) (Singh et al., 2005).

Enemeered production of LC-PUFA

15 Most LC-PUFA metabolic engineering has beon performed using the aerobic

AbG-dosaturation/elongation pathway.  The biosynthesis of ylinolenic acid (GLA,
18:3w8) in tobacco was first reported in 1996 using o Af-desaturase from. the
cyanobactetivm Syrechocystis (Reddy and Thomas, 19961 More recently, GLA has
been produced in crop plants such as safflower (73% GLA in seedoil, WO
200 2006/127739) and soybean (28% GLA; Sato et al, 2004}, The production of LC-
PUFA such as EPA and DHA involves more complicated engineering due to the
increased number of desaturation and elongation steps lnvolved. EPA productiod in a
land plant was first reported by Qi et al. (2004) who introduced genes encoding a A9-
elongase from Isochrysis galbana, o A8-desaturase fromy Euglena graciliy and a AS-
25 desaturase from Mortierelln alping into Arafidopsis vielding op to 3% EPA. This
work was followed by Abbadi et al. (2004} who reported the production of up o 0.8%
EPA in flax secd using genes encoding a A6-desaturase and A6-clongase from
Physcomitrella patens and a AS-desaturase from Phacoedactyhom tricerautum.
The fiest report of DHA production was in WO (04/017467 whege the production
30 of 3% DHA in soybean embryos is described, bot not seed, by introducing genes
encoding the Saprolegnia dicling Ab-desaturase, Mortierella alping Ab-desaturase,
Muortierella alping AS-desaturase, Seprolegnia dicling Ad-desatuvase, Seprolegnio
dictima Al7-desaturase, Mortierella wiping Ab-clongase and Pavlove lutheri AS-

elongase. The maximal EPA level in embryos also producing DHA was 19.6%,

fad
L

indicating that the efficiency of conversion of EPA to DHA was poor (WO
2004/071467), This fuding was similar to that published by Robert et al. (2005),
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where the flux from EPA v DHA was low, with the production of 3% EPA and 0.5%
DHA in Arghbidepsis using the Duanio rerio AS/6-desaturase, the Caenorhabditis
elepans Ab-clongase, and the Paviova saling AS-clongase and Ad-desaturase.  Alsg in
2005, Wa et al. published the production of 25% ARA, 15% EPA, and 1.53% DHA in

Brassica juncea using the Pyéhivm irregulare Ab-desaturase, a Thraustochytrid AS-

¥ {1

desaturase, the Physcomitrelle patens AG-elongase, the Calendula officiennlis Al2-
desatirase, a Thraustochyvirid AS-elongase, the Fhytophthora infestans Al7-desaturase,
the Oucorhiyacus mykiss LO-PUFA elongase, a Thraustochytrid Ad-desaturase and a
Thraustochyfrid LPCAT (Wu et ab., 2005). Summaries of efforts to produce oil-seed

10 crops which synthesize @3 LC-PUFAs is provided in Venegas-Caleron et al. {2010)
and Ruiz-Lopez et al. (2012).  As indicated by Ruiz-Lopez et al. (2012), results
obtained to date for the production of IDHA in transgenic plants has been no where near
the levels seen in fish oils. More recently, Petrie ot al (201 2) reported the production of
about 15% DHA in Apabidopsis thaticna seeds, and WO2013/185184 reported the

15 production of certain seedoils having between 7% and 20% DHA. However, there ans
no repotts of production of plant eils having more than 20% DHA.

There are no reports of the production of DPA i recombinamt cells to
significant levels withowt coocomitant production of DHA. ludesd, the present
tnventors are waware of any published suggestion or motivation to produce DPA in

20 recombinant cells without production of DHA,
There therefore remains a need for more efficient production of LC-PUEA in

recombinant cells, in particular of DHA or DPA in seeds of pilseed plants.

SUMMARY OF THE INVENTION
25 The present inventors have identified methods and plants for producing lipid
with high levels of DHA and/or DPA.  As described in WO2013/185184, the present

inventors have previpusly disclosed extracted plant lipid, and plants and plant parts for

producing such lipid, compristng DHA in the total fatty acid content of the extracted

lipid of between 7% and 20%. An uppevr limited of 20% was defined becauss at the
30 time it was considered a maximal amownt of DHA which could be produced in plants.
However, as described herein, the inventors were surprised to fisd that levels of DHA
in the total fatty acid content greater than 20% can be obtained. The inventors alse
found plant lipid, and plant parts and plants for producing lipid comprising DPA in the
total fatty acid content of the extracted lipid of between 7% and 35%., particularly in the
abhsance of DHA.

fad
L
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Accordingly, in a first aspect the present invention provides extracted plant
lipid, comprising fatty acids in an esterified form, the falty acids comprising oleic acid,
palmitic acid, w6 fatty acids which comprise Hnoleic acid (LA}, @3 fatty acids which
comprise t-linalenic acid (ALAY and docosahexacoeic acid (DHA)Y, and optionally one

¥ {1

or mote of stearidonic acid (SDA), eicosapentagnoic acid {EPA}, docosapentaenoic

acid (DPA) and eicosatetracnoic acid {ETA), whereinn the level of DHA in the total

fatty acid content of the extracted lipid is between 20.1% and 30% or between 20.1%

and 353%, preferably between 309% and 35%.

In another aspect, the present invention provides extracted plant lipid,

10 comprising faty acids in an estexified form, the fatty acids comprising oleie actd,
paboitic acid, w6 fatty acids which comprise Hneleic acid (LAY, @3 fatty acids which
comprise o-linolenic acid {ALA)Y and docosihexaenoic acid (DHA), and optionally one
or more of steatidonic acid (SIXA), eicosapentacnvic acid (EPA), docosapentacnoic
acid {DPA) and vicosatetraenoie acid (ETA), wherein the level of palmitic acid in the

15 total fatty acid content of the extracted lipid is between abput 29% and 16%. and
wharein the level of myristic acid (C14:0) in the total fatty acid content of the extracted
lipid, if present, is less than 1%, and whetein the level of DHA i the total fatty acid
content of the extracted lipid is between 20.1% and 30% or between 201% and 35%,
preferably between 30% and 35%.

20 In another aspect, the invention provides extracted lipid, preferably extracted
plant lipid or extracted microbial lipid, comprising fatty acids in an esterified form, the
fatty acids comprising oleic acid, palmitic acid, @6 fatty acids which conmprizse linoleic
acid (LA), @3 fatty acids which comprise o-linolenic acid (ALA)Y and
docosapentacnoie acid (DPA), aud optionally one or more of stearidonic acid (SDA),

253 eicosapentaenoic acid (BPA). and eicosatetraencic acid (ETA), wherein the level of
DPA in the total faity acid content of the extracted lipid is berween about 7% and 35%.
In embodiments of this aspect, the level of DPA in the total fatty acid content of the
extracted lipid is about 7%, about 8%, abeut 9%, abeut 10%, abeut 12%, about 13%,
about 18%, about 20%. about 22%, about 24%. about 26%. about 28%. about 3%,

Mb between about 7% and about 28%, between about 79% and about 25%, betweew about

10% and 35%, between about 10% aud about 309%., hetween about 10% and sbout 25%,

between about 10% and about 229, berween about 14% and 35%, between gbout 16%

and 35%, between about 16% and abour 30%, between about 16% and about 25%, or

between ahout 169 and about 22%.
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In an embodiment of the above aspeet, DHA is present at a level of less than
(.53% of the total fatty acid content of the exiracted Hpid md move preferably is absent
from the total fatty acid content of the lipid.

In another aspect, the tnvention provides extracted lipid, preferably extracted

¥ {1

plant lipid or extracted microbial lipid, comprising fatty acids it an esterified torm, the
farty acids comprising docosapentacnoic acid (DPA} andfor decosahexaenoic acid
{(DHA)Y, wherein at least 33% of the DPA and/for DHA esterified in the form of
triacylglyveerol {TAG) is esterified at the s-2 position of the TAG. In an embodiment,
the extracted lipid is further chavacterised by one or more or all of {3) it comprises fatty
10 acids comprising olsic acid, palmitic acid, @6 faity acids which comprise linoleic acid
(LA}, ©3 fatty acids which comprise e-linolenic acid (ALA) and optiovally one or
more of stearidonic acid (S§DA), eicosapentacnoic acid {HPA) and elcosatetrasnoic
acid (ETA), (i) at least about 40%, at least about 43%, a#t least about 48%, between
35% and about 60%. or between 35% and about 50%, of the DPA and/or DHA
15 esterified in the form of wiacylglycersl {TAG) is estorified at the su-2 position of the
TAG, and (iii} the level of DPA and/DHA in the total fatty acid content of the extracted
lipid is between abiout 1% and 35%, or between about 7% and 35% or betwgen ahout
20.1% and 353%. In embodiments of this aspect, the level of DPA and/or DHA in the
total Tarty acid content of the extracted lipid is about 7%, about 8%, dbout 9%, about
20 10%, about 12%, about 13%, about 18%, about 20%, about 22%, about 24%, about
26%, about 28%, about 3%, betweean about 7% and about 28%, between about 7% and
about 25%, between about 109 and 35%, between about 109 and about 30%, between
about 10% and about 25%, between about 10% and abeout 22%;, between about 14%
ard 35%9%, betwesn shout 16% and 35%, between about 16% and about 308, between
25 about 16% and about 25%, or between about 16% and about 22%. In preferred
embodiments, the extracted lipid is chavacterised by (i) and (iiy, (1) and (i) or (i) and
(iii), more preferably all of (i), (if} and (Hi). Preferably, the axtracted lipid is further
characterised by a level of palmitic acid in the total fatty acid content of the extracted
lipid which is between ghout 2% and 16%, and. a level of myristic acid (C14:0) in the
30 total fatty acid content of the extracted lipid, if present, is less than 1%
Embodiments of each of the four above aspects are described in further detail
below. As the skilled person would understand, any embodiments described which are
broader than the comresponding feature in an above aspect do not apply to that aspect:

In an embodiment, the extracted lipid has one or more of the following features
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i} the level of palmitic acid in the tetal fatty acid content of the extracted
fipid is between abowt 2% and 18%, between abour 2% and 16%,
between about 2% and 15%, or between about 3% and about 109%,

i) the level of myristic acid (C14:0) iy the total fatty acid content of the

¥ {1

extracted lipid is less than 6%, less than 3%, less than 2%, less than 19,
or about 0.1%,
ity the level of oleic acid in the total fatty acid content of the extracted lipid
is between about 1% and about 30%. betwesn about 3% and about 30%,
between about 6% and about 30%, between 1% and about 20%., between
10 about 30% and about 60%, shout 45% to about 60%, gbout 30%, or
hetween about 15% and about 309,
v} the level of linoleic acid (LA) in the total fatty acid content of the
extracted lipid is between about 4% and about 353%, between about 4%
and. about 20%, betwren about 4% and about 17%, ot hetween about 5%
15 and about 105,
¥) the level of g-linolenic acid (ALA) in the total fatty acid confent of the
extracted liptd is between about 4% and about 40%, between gbout 7%
and about 40%, between about 109 and about 35%, between about 209%
and about 35%, between gbout 4% and 16%. or between about 2% and
20 16%,
Vi) the level of y-linolenic acid (GLAY in the total tatty acid content of the
extracted lipid Is less than 4%, less thap about 3%, less than about 2%,
less than about 1%, Tess than abowt (1.5%. between 0.03% and about 7%,
bepween 005% and about 4%, between 0.05% and about 3%, or between
23 (.053% and about 29,
viiy  the level of stearidonic acid {(SIDA) in the total fatty acid countent of the
extracted lpil Ix less than about 10%, less than about 8%, less than
about 7%, less than about 6%, less than about 4%, less than about 3%,
between about 0.03% and about 7%, between about 0.03% and about
3 6%, between about 0.05% and about 4%, botween about 0.035% and
about 3%, between about 0.03% and about 10%, or between 0.05% and
about 2%,
viil)  the level of cicosatetracnoic acid (ETA) in the total fatty acid content of
the extracted lipid i< less than about 6%, less than about 3%, less than

fad
L

about 4%, lass than about 19 less than about 0.5%, between 0.05% and
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about 6%, between (L05% and about 5%, between 0.05% and about 4%,
between 0.05% and about 3%, or between (L05% and about 2%,

%) the level of eicosatriesnoic acid (ETrA) in the total fatty acid coritent of
the extracted lipid is less than 4%, less than about 2%, less than about
1%, between 0.05% mid 4%, hetween 0.05% and 3%, or berween 0.05%
and about 2%, or between (L05% and about 1%,

¥ {1

x) the level of eicosapentaenpic acid (EPA) in the total fatty acid content of
the extractad lipid is between 4% and 15%, less than 4%, less than about
3%, less than about 2%, between 0.05% and 10%, between 0.05% and
10 5%, between 0.05% and about 3%, or between 0.05% and about 2%,
Xi) if the level of DHA in the total fatty acid coutent of the extracted lipid is
between 200.1% and 35%, the level of docosapentaencic acid (DPAY i
the total fatty acid content of the extracted lpid is less than 4% less than
about 3%, less than about 2%, hetween (0.05% and 8%, between 0.05%
15 and 5%, between (L05% and about 3%, between 5% and 15%. between
S% and 10%, or hetween €.05% and about 2%,
i) the level of DHA i the total fary acid content of the extracted lipid s
sbout 229, about 24%. about 26%, about I8%, about 319%, between
20,1% and 29%. berween 20.19% and 28%. between 20.1% and about
20 27%, between 20.1% and about 26%., between 20.1% and about 25%,
between 20.1% and about 24%, between 21% and 35%, between 21%
and 30%, between 21% and 28%. between 219% and abowt 26%, or
betwesn 21% and about 24%,

MTIOARLE 5 e e
ARLILEASY 1y it fatty

xiy  the lipid comprises ob-docosapentacnoie acid (22:3
25 acid content,
xiv)  the lipid comprises less than 0.1% of wé-docosapentaenoic acid

(22:53 0D G g fatty acid content,

xv)  the lipid comprises less than 0.1% of one or more or all of SDA, EPA
and ETA in its fatty acid content,

30 xvi)  the level of total saturated fatty acids in the total fatty acid coutent of the
extracted Hpid s between about 4% and abont 23%, between about 4%
and about 20%, between about 6% and about 20%%, or between about 6%
anet about 129,

xvii} the level of total monounsaturated fatty acids in the total fatty acid

fad
L

content of the extracted lpid is between about 4% and about 40%,
between about 4% and about 35%, between about 8% and about 25%,
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hetweoen &% and about 22%, between about 158% and about 40% or
between about 15% and about 35%,
xviit)  the level of total polyunsaturated fatty acids in the total fatty acid content
of the extracted lipid is between about 20% and about 75%, between
5 30% and 75%, Letween about 50% and about 75%, about 60%, about
65%, about 70%, about 75%, or between about 60% and about 75%,
xix)  the level of total wéd fatty acids in the total fatty acid content of the
extracted lipid is between about 35% and about 50%. botwesn about
20% and about 35%, between about 6% and 209, less than 20%. less
10 than about 16%, ess than about 10%, between about 19% and about 169%,
hetween about 2% and about 109, or bebween abowt 4% and about 10%,
XX} the level of new b fatty scids in the totad farty acid content of the
extracted lipil ix less than about 10%, less than about 8%, less than
about 6%, less than 4%, bstween about 1% and about 20%. bstwean
15 about 19 and about 10%, between 0.5% and about 8%, or between 0.5%
and 49,
%X the level of total @3 fatty acids in the total farty acid content of the
extracted lipid is betweew 36% and about 63%, between 36% and about
70%, between 40% and about 60%, between about 30% and about 609,
20 botween gbout 35% and about 60%, between 40% and about 63%,
between ahout 30% and about 65%,. botween about 35% and about 65%,
about 33%, about 40%, about 45%, abowt 509, about 35%, about 60%,
about 63% or about 70%,
xxi}  the level of new @3 farty acids i the total fatty acid content of the
25 extracted lipid is between 21% and about 45%:, between 21% and about
35%, between about 23% and about 35%, berween about 25% and about
353%, between about 27% and about 35%., about 23%, about 25%, about
27%, about 30%, about 35%, about 40% or about 45%,
ixiii} the watio of total @6 fatty acids: total @3 fatty acids in the fatty zeid
3 coumtent of the extracted lipid is between about 1O and about 2.0,
between abour 0.1 and about 1, between abouit 0.1 and about 0.3, less
thaan about .50, less than about (.40, less than about 0.30, less than
ahoat 0.20), less than about 0,15, about 1.0, about 0.1, about 0.10 to about
0.4, or about 0.2,

fad
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xxiv) the ratio of new @6 fatty acids: new 3 fatty acids in the fatty acid

content of the extracted lipid is between about 1O and about 3.0,
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hetweoen about 0,02 and about 0.1, between about 0.1 and about 1.
between about (001 and about (1.5, less than about 0.50, less than about
0.40, less than about 0,30, less than about .20, less than about 0.15,
about 0.02, about .05, about .1, about (.2 ov about 1.0,

3 xxv) the fatty acid compesition of the lipid is hased on an efficiency of
conversion of oleic acid te LA by Al2-desaturase of at least about 60%,
at least about 70%, at least about 80%, between about 60% and about
98%, between about 70% and abour 95%, or between about 75% and
about 50%,

10 xxvi) the fatty acid compoesition of the lipid is based on an efficicncy of
conversion of ALA to SDA by A6-desaturase of ai least gbout 30%, at
least about 40%, at least about 309%, at least sbout 60%, at least ahout
T0%, between about 30% and about 70%, between about 35% and about
60%. or between about 50% and about 70%,

15 xxvii) the farty acid composition of the lipid is based on an eificiency of
conversion of SDA to ETA acid by A6-clongase of at least about 60%, at
least about 70%, at least about 75%, between about 60% and about 93%,
hetween about 70% and about 88%, or between about 75% and about
85%,

20 xxviil) the fatty acid composition of the lipid is based on an effiziency of
conversion of ETA to EPA by AS-desaturase of at least about 60%, at
least about 7%, at least about 75%, between abopt 60% and about 99%,
between about 70% aud about 99%, or between about 75% and about
8%,

25 xxix) the fatty acid composition of the hipid is based on an efficiency of
conversion of EPA o DPA by AS-clongase of at feast about 80%, at least
about 83%, at least about 90%, between about 506 and about 99%,
between ahout 83% and about 9%, between about 30% and about 95%,
ot between about 85% and about 95%,

30 xxx)  if the level of DHA i the total fatty acid content of the extracted lipid is
hetween 20.1% and 30% or between 20019% and 35%. the fatty acid
composition of the lipid is based on an efficiency of conversion of DPA
to DHA by Ad-desaturase of at least about 80%, st least about 90%, at

least about 939, between about 50% and about 95%, hetween about
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805 and about 959, or between about 83% and about Y5%.
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xxxi) the fatty acid composition of the lipid is based on an cfficiency of
conversion of oleic acid to DHA and/or DPA of at least about 10%. at
least about 15%, at least abput 20%, at least about 25%. about 205,
about 25%, about 309, between ahout 10% and about 309, betwoen

3 about 10% and about 30%, between about 10% and about 23% or
between about 20% and about 30%,

xxxii) the fatty acid composition of the Hpid is based on an efficiency of
convarsion of LA to DHA and/or DPA of at least about 15%. ar least
about 20%, at least about 226, at least about 25%, at least about 30%, at

10 least about 40%, about 25%, about 30%, abont 33%, about 40%, about
45%, ahout 30%, between about 15% and about 30%, between about
20% and about 40%, or between about 20% snd about 30%,
xxxiil) the fatty acid composition of the lipid is based on an effiviency of
conversion of ALA to DHA andfor DPA of at least about 17%. at least
15 about 22%, at least about 249, at least sbout 30%, about 30%, about
35%, about 40%, about 45%, about 50¢%, abhout 55%, about 60%,
between ahout 22% and about 70%, hetween about 17% and about 53%,
hetween about 22% and about 409, or between about 24% and about
40%,
20 xxxiv} the total fatty acid in the extracted lipid has less than 1.5% C2001, less
than 1% C20:1 or about 16 C20:1,
xxxv) the triacylglycerel {TAG) content of the lipid is at least about 70%, at
least about 80%, at least about 90%, at least 95%. between abont 70%:
aild about 999%, or between about 90% and about 99%,
25 xxxvi) the lipid comprises diacylglycerol {(DAG), which DAG preferably
comprises DHA andfor DPA,
xxxviidthe lipid comprisss less than about 10%, loss than about 5%, less than
about 1%, or between about 0.001% and about 5%, free (non-esterified)
fatty acids and/or phospholipid, or ks essentially free thereof,
30 xxxvidtiat least 70%., at least 72% or at least 80%, of the DHA and/or DPA
esterified in the form of TAG is in the sn-1 or su-3 position of the TAG,
xxxix) the most sbundant DHA-containing TAG species in the lipid is
DHA/S:3/18:3 (TAG 58:125, the lipid comprises tri-DHA TAG (TAG
66:18), and
xh the level of DPA in the total fatty acid content of the extracted lipid is
about 7%, about 8%, about 9%, about 10%, about 12%, about 15%,
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about 18%, about 20%, about 22%, about 249, about 26%. about 28%,
about 31%, between about 7% and about 31%, between about 7% and
about 28%, between about 10% and 35%. between about 10% and about
3%, between about 109 and about 25%, bhetweey abour 10% and about
3 22%, between about 14% and 35%, between about 16% and 35%,
between about 16% and about 30%, between about 16% and about 25%,
or between about 16% and about 22%, optionally wherein the level of
DHA is less than 0.5% of the total fatty acid content of the extracted
lipid.
10 In another embodiment, the extracted lipid has one or more of the following
features
iy the level of palmitic acid in the total fatty acid content of the extracted plant
lipid is between 2% and 15%,
it} the level of myristic acid (C14:0) in the total faity acid content of the extracted
15 plant lipid is about 0. 1%,
iify  the level of oleic actd in the total fatty acid content of the extracted plant lipid
is hetween 19 and 30%.
) the level of linoleic acid (LA) in the total futty acid coutent of the extracted
plant lipid is between 4% und 20%,
20 v}  the level of w-linelenic acid (ALA) in the total fatty acid content of the
extracted plant lipid is between 4% and 4%,
vi) the level of plinplenic acid (GLA) in the total fatty acid content of the
extracted plant lipid is between 0.05% and 7%,
vii} the level of stearidonic actd (SDA) in the total fatty acid content of the
25 extracted plant lipid is between 0.05% and 10%,
viil) the level of eicosatetracnoic acid {(ETA) in the total fatty acid content of the
extracted plant lipid is less than 6%,
ix) the level of eicosatrienoic acid (ETrA) in the total fatty acid content of the
extracted plant lipid is less than 4%,
30 x}  the extracted plant lipid comprises less than 0.1% of wé-docosapentacnoic
acid (22:5"?“1‘7’10'13‘16) m s fatty acid content,
xi}  the level of new m6 fatty acids in the total fatty acid content of the extracted
plant lipid is less than 10%,
xii)  the ratio of total b fatty acids: tetal @3 fatty acids in the fatty acid content of
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the extracted plant lipid is between 1.0 and 3.0, or batween 0.1 and 1,
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xiii} the ratio of now 06 fatty acids: now 33 fatty acids in the fatty acid content of
the extracted plant lipid is between 1.0 and 3.0, between 002 and 01, or
between 0.1 and 1,
¥iv) the fatty acid coniposition of the extvacted plant lipid is. based on ao efficiency
5 of conversion of oleic acid to DHA of at least 10%,
xv) the fafty acid composition of the extracted plant lipid is based on an gfficiency
of conversion of LA to DHA of at least 15%,
xvi) the fatty acid composition of the extracted plant lipid is based on an efficiency
of conversion of ALA to DHA of at least 17%,
10 xvit} the total fatty acid in the extracted plant lipid has less than 1,55 C20:1, and
wiil) the triacylglyeerol (TAG) content of the extracted plant lipid is at least 70%,
and may be characterised by one or more of the following features
xix} the extracted plant lipid comprises diacylglyeerol (IDAG) which comprises
DHA,
15 xx) the extracted plant lipid comprises less than 10% free {(non-esterified) fatty
acids and/or phospholipid, or is essentially free thereof,
xxki) ar least 709% of the DHA esterified s the form of TAG s in the sn-1 orsn-3
position of the TAG,
xxii) the most abundant DHA-containing TAG species in the extracted plant Hpid is
20 DHAMB31E3(TAG 58:12), and
xxiii) the extracted plant lipid comprises wi-DHA TAG (TAG 66:18),
In an embodiment, the level of eicosapentacnoic acid (EPAY in the total fatty
acid content of the extracted plant lipid is between L05% and 10%.
In anotber embodiment, where DHA s prescut between 20.19% and 35%. the
25 level of docosapentaenoic acid {DPA) in the total fatty acid content of the extracted
plant lipid is less than about 4%.
In a further embadiment, the level of DHA in the total fatty acid content of the
extracted plant lipid is between 2(h 1% and 30%.
In another embodiment, the extracted lipid is in the form of an oil, wherein at
My least about 90%, least about 95%, at least about 98%., or between about 95% and about
98%, by waight of the oil is the lipid.
In a preferred embodiment of the first two aspects above, the lipid or oil,
preferably a seedoil, has the following features: in the total fatry acid content of the
lipid or oil, the level of DHA is batween aboui 20.1% and 309% or between 20115 and
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35%, the level of palmitic acid is between about 2% and about 16%, the level of
myristic acid is less than about 6%, the Ievel of oleie acid is between about 1% and
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about 30%, the level of LA is between about 4% and about 35%, ALA is present, the
level of totdl saturated fatty acids in the total fatty acid content of the extracted lipid is
between about 4% and about 25%, the ratio of total 6 faity acids: total w3 Taity acids
in the fatty acid content of the extracted Hpid is between (.03 and about 3.0, and the
5 triacylglyeerol {TAG) vontent of the lipid is at least about 70%, and optionally the lipid
is gssentially free of cholestern and/or the lpid comprises tri-DHA TAG (TAG 66:18),
More preferably, the lipid or oil, preferably a seedoil, additionally has one or more or
all of the following features: at least 70% of the DHA is esterified at the si-1 or sn-3
position of triacylglycerol (TAG), ALA is present at a level of between 4% and 40% of
10 the wotal fatty sicid content, GLA i3 present and/or the level of GLA s less thaw 4% of
the total fatty acid content, the level of SDA is between 0.03% and about 10%, the level
of ETA is less than about 4%, the level of EPA is between 0.05% and about 10%, the
level of DPA is between (.05% and about 8%, the level of total monounsaturated fatty
acids in the total faity acid content of the extracted lipid is between about 4% and ahout
15 33%, the level of total polyunsaturated fatty acids in the total fatty acid content of the
extracted lipid is between about 20% and about 75%, the ratio of new @6 fatty acids:
new @3 fatty acids in the fatty acid coutent of the extuacted lipid is between about 0,03
and about 3.0, preferably less thay abouot Q.30, the fatty acid compesition of the lipid is
based on: an efficiency of conversion of oleic acid to LA by Al2-desaturase of at least
20 about 60%, an ctficiency of conversion of SDA 1o ETA acid by A6-clongase of at least
ahout 60%, an efficiency of conversion of EPA to DPA by AS-clongase of betwean
about S0% and about 95%, an efficiency of conversion of DPA to DHA by Ad-
desaturase of between about 305 and about 95%, au ethciency of conversion of oleic
acid to DHA of at least about 109. Most preferably, at least 81% of the DHA is

25 estertfied at the sa-1 or sn-3 position of aiacylglycerol {TAG).
In a preferred embodiment of the third aspect above, the lipid.or oil, preferably
a scedail, has the following features: i the total fatty acid content of the Tipid or oil, the
level of DPA 1s between about 7% and 30% or between about 7% amd 33%, the level of
palmitie acid is between about 2% and about 169, the level of myristic acid is less than
My 19, the level of olelo acid is between about 1% and about 30%;, the level of LA is
between abouat 4% and about 35%, ALA 1s present, the level of toal saturated fauy
acids in the total fatty acid content of the extracted lipid is between sbout 49% and about
25%. the ratio of total @O fatty acids: total 03 faity acids in the fatty acid content of the
extracted lipid is between .05 and about 3.0, and the tiacylglycerol (TAG) content of
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the lipid is at least about 7%, and optionally the lipid is essentially free of cholesterol
and/or the lipid comprises tri-DPA TAG {TAG 66:15). More preferably, the lipid or otl,
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preferably a scedoil, additionally has ene or more or all of the Tollowing features: at

least 70% of the DPA iy esterificd at the ss-1 or s1-3 position of trincylglyeerol (TAG),

ALA is present at a level of between 4% and 40% of the rotal fatty acid content, GLA

is present aind/or the Jevel of GLA g less than 49 of the total Tatty acid content, the

5 level of SDA is between (.05% and about 10%, the level of ETA is less than about 4%,

the level of EPA is between (L03% and about 10%, the level of total monounsaturated

fatty acids in the total fatty acid content of the extracted lipid is between abour 4% and

about 35%, the level of total palyunsaturated farty acids in the total fatty acid content of

the extracted lipid is between about 2066 and about 75%, the ratio of new w6 fatty

10 acids: new o3 fatty acids in the fatty acid content of the extracted lpid is between

about .03 and abont 3.0, prefevably less thag abouot .30, the fatty acid composition of

the lipid is based om an efficiency of conversion of vleic acid to LA by Al2-desaturase

of atleast about 60%, an etficiency of conversion of SDA te ETA acid by A6-elongase

ot at least about 60%, an efficiency of conversion of EPA to DPA by AS-clongase of

15 between about 30% and about 95%., an efficiency of conversion of olgic acid to DPA of

at teast about 10%. Most preferably, af least 819% of the DPA is osterified at the sa-1 or
sa-3 position of riacylglyeerol (TAG).

b another preferred entbodiment of the fourth aspect above, the lipid or o,

preferably a seedeoil, comprising DHA and/or DPA has the following features: in the

20 total fatty acid content.of the lipid or oll, the level of palmitic acid is between about 2%

and about 16%. the level of myristic acid is less than 1%, the level of oleic acid is

between about 1% and about 30%, the level of LA s between about 4% and about

35%, ALA is present, the level of total saturated fatty acids in the total fatty acid

content of the extracted lipid is between about 4% and about 25%, the ratio of twotal ©6

25 fatty acids: total @3 fatty acids in the fatty acid content of the extracted lipid is between

.05 and about 3.0, the tacyliglycerol {TAG) content of the lipid is at least about 70%.

and optionally the lipid comprises wi-DHA TAG (TAG 66:18) and/or tri-DPA TAG

{TAG 66:15), wherein at lsast 35% of the DPA and/or DHA ssterified in the form of

triacvlglyeerol {TAG) is esteritied at the so-2 position of the TAG. More preferably, the

30 lipid ov oil, preferably a seedoil, additionally has one or more or all of the following

features: ALA is present at a level of between 4% and 40%5% of the tetal fagty acid

content, GLA 1s present and/or the level of GLA is less than 49 of the total fatty acid

centtent, the level of SDA is between 0.05% and about 10%, the level of ETA is less

than about 49, the level of BEPA is between 0.05% and about 10%, the level of total
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menounsaturated fatty acids in the total fatty acid countent of the extracted lipid is
between about 4% and about 33%, the level of total polyunsatucated faity acids in the
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total fatty acid content of the extracted lipid is between about 20% and about 75%, the
ratio of new 6 fatty acids: new 3 fatty acids in the fatty acid content of the extracted
lipid is between about 0.03 and about 3.0, preferably less than about 0.50, the fatty acid
composition of the lipid is based on: an efficiency of conversion of vleic acid to LA hy

¥ {1

All-desaturase of at least about 60%, an efficiency of conversion of SDA to ETA acid

by AG-elongase of at least about 60%, an efficiency of conversion of EPA to DPA by

AS-elongase of between about 30% and about 95%, an efficiency of conversion of DPA

to DHA by Ad-desaturase (if prosent) of between about 509 and about 95%, mn

efficiency of conversion of oleic acid to DPA of at least about 10%.

10 In the context of the extracted hipid or oil of the invention, the level of DHA
and/oe DPA i the extravted lipid or oil bas not been fucreased, ov is substantially the
same as, the level of DHA andfor DPA in the Hpid or oil of the plant part or microbe
prior to extraction. In other words, no procedure has been performed to increase the
level of DHA and/or DPA in the lipid or oil relative fo other faity acids post-extraction.

15 As would be apparent, the Hpid or oil may subseguently be treated by fractionation or
other procedures to alter the fatty acid composition.

Ta & further preferved embodiment, the lipid or ¢il, preferably a seedoil, has the
following features: in the total fatty acid content of the Hpid ov oil, the level of DHA is
between asbout 20.1% and 30% or between about 20.1% and 35%. the level of palmitic

20 acid is between about 2% and about 16%, the level of myristic acid is less than about
6% and preferably less than 1%, the level of oleic aeid is between about 1% and about
30%, the level of LA is between about 4% and abour 35%, ALA is present, GLA i
present, the level of SDA 1s between about 0.05% and about 10%, the level of ETA s
less than about 6%, the level of EPA is between about 0.05% and about 10%, the level

25  of DPA is between about (L05% and about 8%.

In another preferred embodiment, the lipid or oil, preferably a seedoil and more
preferably a Brassica scedoil such as mustard oil or cancla oil, bhas the following
features: in the total fatty acid content of the lipid or oil, the level of DPA is between
about 7% and 35%, the level of palmitic acid is between about 2% and about 16%, the

30 level of myristic acid 15 less thay abowt 6% and preferably less than 1%, the level of

oleie acid 1s between about 1% and about 309, the level of LA ig between about 4%

and about 35%, ALA is present, the level of SDA ix between about (L05% and. about

108, the level of ETA is less than about 6%, the level of EPA is between about 0.05%

and about 10%. DHA roay or may not be present in the lipid or oil. Preferably, DHA,
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if present, is present at a lavel of not more than 0.5% of the total fatty acid content of
the lipid or oil and more prefecably is absent from the total fatty acid content of the
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lipid or oil. Optipnally, the lipid iz cssendally free of cholestersl and/or the lipid
comprises i-DPA TAG (TAG 660153 More preferably, the hipid or oil, preferably a
seedoil, additionally has one or more or all of the following features: at least 709% of the

DPA is esterified at the sn-1 or s#-3 position of trlacyiglycerol (TAG), ALA is present

¥ {1

at a level of between 4% and 40% of the total fatty acid coutent, GLA is present and/or
the level of GLA is less than 4% of the total fatty acid content, the level of SDA is
between 0.05% and about 10%, the level of ETA is less than about 4%, the level of
EPA is botween .05% and about 109, the level of total monounsaturated fatty acids in
the total fatty acid content of the extracted lipid is between about 4% and about 35%,
10 the level of total polvunsanwated fatty acids in the total fanty acid content of the
extracted lipid is between about 204 and about 73%, the ratio of new @6 fatty acids:
new @3 fatty acids in the fatty acid content of the extracted lipid is between abour 0.03
and about 3.0, preferably less than about 0.50, the fatty acid composition of the lipid is
based ony an efficiency of conversion of pleic acid to LA by Al2-desaturase of at least
15 about 609, an efficiency of conversion of SDA te ETA acid by Ab-clongase of at least
about 60%, an efficiency of conversion of EPA to DPA by AS-clongase of between
about 50% and about 93%, an efficiency of conversion of oleic actd to DPA of at least
about 10%. In ay embodiment, at least §19 of the DPA s esterified at the s~ ot sn-3
position of triacylglycerol (TAG). Alternatively, at least 35% of the DPA esteritied in
20 the form of TAG is esterifted at the sn-2 position of TAG.
In a fusther embodiment, the extracted lipid of the invention further comprises
one or more sterols, preferably plant sterels.
In another embodiment, the extracted hpid s in the form of an wil, and
comprises less than about 10 myg of sterols/g of oil, less than about 7 mg of sterols/g of
25 oil, between about 1.5 mg and about 10 mg of sterols/g of oil, or between about 1.3 mg
and about 7 mg of sterols/g of il
Examples of sterols which can be in the extracted lipid include, but are not
nacessarily limited to, ong or more or all of campesterol/24-methyicholesterel, AS-
stigmasterol, eburicol, B-sitosterol/24-gthylcholesterol, AS-avenasterolfisofucosteral,
30 A7-stigmasterol/stigmast-7-en-3f-ol, and A7-avenasterol.

In an embodinent, the plant species is one Usted in Table 14, such a8 canola,
and the level of sterols are about the same as that listed in Table 14 for that particular
plant species. The plant species nay be mustard (B, juncea) or C. sariva and comprise
a level of sterols about that found in wild-type mustard or C. sativa extracted oil,
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respectively.
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In an cmbodiment, the extracted plant lipid comprises one or mote or all of
campesterol/24-methylcholesterol,  AS-stigmasterol,  cburicol,  PB-sitosterol/24-
ethylcholesterol,  AS-avenasternl/fisofucosterol,  A7-stigmasterol/stigmast-7-en-3-ol,

and AT-avenasterol, ov which has a stecol content essentially the same as wild-type

¥ {1

canola oil.

In an embodiment, the extracted lipid has a sterol contest exsentially the same as
wild-type canola oil, mustard oil or C. sative oil.

In an embodiment, the extracted lipid compriscs less than about (0.5 mg of
cholesterol/g of vil, less than about 0.25 mg of cholesterolfg of oil, between about 0 mg
10 and about 0.5 myg of cholesteral/g of gil, or between about O mg and about 0.23 mg of

cholesterol/g of oil, or which is essentially free of cholesterol.
In a further embodiment, the lipid is an oil, preferably oil from an oilseed.
Examples of such oils include, but are not limited to. Brassica sp. oil such as for
example cancla oil or mustard oil, Gassypium hirsutiom oil, Linwwn gsitatissimon oil,
18 Heligathus sp. oil, Cartharnas tincteriug oil, Glyeine max oil, Zea mavys oil, Arabidopsix
thaliara oil, Sorghum hicolor oil, Sorghum vulgare oil, Avena sativa oil, Trifolivm sp.
oil, Elaesis guineenis oil, Nicotiana benthamiana ok, Hordeum vulgare oil, Lupinus
angustifelius oil, Oryza sativa o, Oryza glabervima oil, Cameling sativa oil, Crambe
abvssinica oil, Miscanthus x giganteus oil, or Miscanthus sinensis oil. More preferably,
20 the oil is a Brassica sp. oil, a Cameling sariva oil or a Glyeine max (soybean) oil. Inan
embodiment the lipid comprises or 15 Brassica sp. oil such as Brassica napus ol or
Brassiva junceg oil, Gossypim hirsunsm o, Lingm asitagssimum oil, Helignthuy sp.
oil, Carthamus finctorius oil, Glycine max oll, Zea mays oll, Elaesis guineenis oil,
Nicotiana benthamiana oil, |, Liupings angustifolivs oil,, Cameling sativa oil, Crambe
25 abyssinica oil, Miscanthus x gigantens otl, ovr Miscanthus sinensiy oil.  In « further
embuodiment, the oil is canola oil, mostard (B, juncea) oil, sovbean (Glyeine max) oil,
Carneling sativa oil of Arabidopsiy thatiang oil. By an alternate embodiment, the oil is
a plant eil other than A. thaligna oil andfor other than €. sativa oil. In an embodiment,
the plant oil is an oil other than G max (soybean) oil. In an embodiment, the oil was
30 obtained frem a plant grown under standard conditious, for Example as described in
Example 1, or from a plant grown in the field or in a glasshouse under standard
conditions.
In another aspect, the present invenmtion provides a process for producing

extracted plant lipid, comprising the steps of
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i) obtaining a plant part comprising lipid, the lipid comprising fatty acids in an
esterified form, the fatty acids compeising oleic acid, palmitic acid, m6 fatty acids
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which comprise linoleic acid (LA) and y-linelenic acid (GLAY, o3 fatty acids which
comprise ¢-linolenic acid {(ALA), stearidonic acid (SDA), docosapentaenoic acid
(DPA) and docosahexaenoic acid (DHA), and optionally one or more of
gicosapentaenoic acid {EPA} and cicosatetracooic acid {ETA), wherein the level of

5 DHA o the total fatty acid content of extractable lipid in the plant part is between
2001% and 30% or between 20.1% and 35%, and
it) extracting lipid from the plant part,
whersin the level of DHA in the total fatty acid content of the extracted lipid is between
20.1% and 30% or between 20.1%% and 35%.
10 Tn @ further aspect, the present invention provides @ process for producing

extracted plant lipid, compristag the steps of
i) obtaining 4 plant part comprising lipid, the Hpid comprising fatty geids in an
gsterified form, the fatty acids comprising oleic acid, palmitic acid. @6 fatty acids
which comprise linolesic acid {LA) and v-Hnolgnic acid (GLA), o3 fatty acids which
15 comprise o-linclenic acid (ALA). stearidonic acid {SDA), docosapentacnoic acid
{(DPA) and docosahexaenoic acid (DHA) and optionally one or more of
eicosupentacnoic acid (EPA) and etcosatetraenoic acid (ETA), wherein the level of
palmitic acid in the total fatty acid content of the extracted lipid is between about 2%
and 16%, and wherein the level of myristic acid (C14:0) in the total fatty acid content
20 of the exiracted Hpid. if present. s less than 1%, and wherein the level of DHA in the
total faity acid content of extractable lipid in the plant part is between 20.1% and 30%
or between 20.1% and 35%, and
i) extracting lipid from the plant part,
whergin the level of DHA in the total fatty dcid content of the extracted lipid is between
25 20.1% and 30% or between 20.1% and 35%.
In & further aspect, the present invention provides a process for producing
extracted plant lipid, comprising the steps of
i) obtaining a plant part comprising lipid, the Hpid comprising fatty acids in an
esterified form, the fatty acids comprising oleic acid, palmitic acid, @6 fatty acids
30 which comprise linoleic actd (LA), @3 fatty acids which comprise c-linolenic acid
{ALA)Y, stearidonie actd (SDA), docosapentacnoic acid {DPA} and docosahexaeuoic
acid (DHA), and optionally one or more of eicosapentacneic acid (EPA)Y and
cicosatetracnoic acid (ETA), wherein the level of palmitic acid in the total fatty acid

content of the extracted lipid is between about 2% and 16%, and wherein the {evel of
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myristic acid (C14:0) in the total fatty acid content of the extracted lipid. if present, is
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less than 19, and wherein the level of DHA i the total fatty acid content of extractable
lipid in the plant part is between 20019 and 30% or between 20.1% and 35%, and
i) extracting lipid from the plant part,
wherein the level of DHA in the total fatty acid content of the extracted lipid 18 between
5 20.1% and 30% or between 20.1% and 35%.
In an embodiment of the thrze above aspect, the invention provides a process for
producing extracted plant lipid, comprising the steps of
i} obtaining a plant part comprising lipid. the lipid comprising fatty acids in an
esterified form, wherein the lipid has a fatty acid composition comprising oleic acid,
10 palmitic acid, @6 fatty acids which comprise Huoleic acid (LAY, @3 fatty acids which
comprise o-linolenic aeid (ALAY and docnsabexaenoic acid (DHA), and oue o more of
stearidonic acid (SDA), cicosapentacnoic acid (EPA), docosapentacnoic acid (DPA)
and eicosatetraenpic acid (ETA), wherein {i) the level of DHA in the total fatty acid
content of the extracted lipid is between 20.1% and 30% or between 20.1% and 339%,
15 preferably between 30% and 35%. {ii} the level of palmitic acid in the total fatty acid
content of the extracted lipid is botween 2% and 16%, (iii) the level of myristic acid
{C14:0} in the total fatty acid content of the extracted lipid is less than 1%, (v} the
level of olete acid iu the total fatty acid content of the extracted fipid is between 1% and
30%, (v} the level of linoleic acid (LA) in the total fatty acid content of the extracted
20 lipid is between 4% and 35%, (vi) the level of o-linolenic acid (ALA) in the total fatty
acid conteit of the extracted Hpid is between 4% and 40%, (viiy the level of
cicosatrienoie acid (ETrAY in the total fatty acid content of the extracted lipid is less
than 4%, {viii) the lovel of total saturated fatty acids in the total fatty acid content of the
extracted lipid is between 4% and 25%. (ix) the ratio of total w6 fatty acids: total o3
25 fatty acids in the fafty acid content of the extracted lipid is between 0.05 and 1, (x} the
trincylglycerol (TAGH) content of the lipid 15 at least 70%. and (xi) at least 70% of the
DHA esterified in the form of TAG is i the si-1 or s1-3 position of the TAG, and
if) extracting lipid from the plant part,
wherein the level of DHA in the total fatty acid content of the extracted lipid is between
3 about 20.1% and 30% or between 20. 1% and 35%, preferably between 30% amd 35%.
Preferably, at least 81% or «t least 90% of the DHA esterified in the form of TAG isin
the sr-1 or su-3 position of the TAG.
In a further aspect, the invention provides a process for producing extracted

plant Tipid or microbial lipid, comprising the steps of
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i) obtaining & plant part or microbial vells comprising liptd, the lipid comprising
farty acids iy gn gsterified form, the fatty acids comprising oleie acid, palmitic acid, w6
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fatty acids which comprise linoleic acid (LA}, w3 fatty acids which cpmprise o
linolenic acid (ALA) and docosapentacnoic acid (DPA), and optionally ong or more of
stedridonic acid (SDA), cicosapentacnoic acid (EPA), and eicosatetraenoic acid (ETA),
wherein the level of DPA in the total fatty acid comtent of the hipid of the plant part o

¥ {1

wicrobial cells between about 7% and 35%, and
it} extracting lipid from the plant part or microbial cells,
wherein the level of DPA in the total fatty acid content of the extracted lipid is between
about 7% and 35%. In an embodimeint, the level of DPA in the total fatty acid content
of the extracted lipid is between about 7% and 20%, or between 20.1% and 35%.
10 In an embodiment of the above aspect, the invention provides a process for
praducing extracted plant Hpid or microbial lipid, comprising the steps of
i) obtaining a plant part or microbial cells comprising Hpid, the lipid comprising
farty acids in an esterified form, whersin the lipid has a fatty acid composition
comprising oleic acid, palmitic acid, w6 fatty acids which comprise linoleic acid {LA),
15 @3 fatty acids which comprise c-linolenic acid (ALA) and docesshexacnoic acid
{DPA), and one or more of stearidonic acid {SDA}, eicosapentaenoic acid {(EPA), and
eicosutetrashoic acid (ETA), whetein (1) the level of DPA in the total fatty acid content
of the extracted lipid is berween 7% and 30% or between 7% and 35%. preferably
between 30% and 35%, () the level of palmitic acid in the total fatty acid countent of
20 the extracted lipid is between 2% and 16%. (iti) the level of myristic acid (C14:0) in the
total fatty acid content of the extracted lipid is less than 6%, preferably less than 1%,
{iv) the level of olsic acid in the total fatty acid content of the extracted lipid is between
19 and 30%, (v} the level of linpleic acid (LA) in the total fatty acid content of the
extracted lipid is berween 4% and 35%, (vi) the level of g-linelenic acid (ALAY in the
25 total fatty acid content of the extracted lipid is between 49 and 40%, (vii) the level of
cicosatricnvic scid (ETrA) in the total fatty acid content of the extracted lipid is less
than 4%, {viii) the level of total saturated fatty acids in the total fatty acid content of the
exiracted lipid is between 4% and 25%, (ix} the ratio of total w6 farty acids: total el
fatty acids in the fatty geid content of the extracted Hpid is between 0,05 and 1. (x) the
30 wiacylglyeerol (TAG) content of the lipid is at least 70%, and (xi} at least 70% of the
DPA esterified in the form of TAG is4n the sa-1 or si-3 position of the TAG and
i) extracting lipid from the plant part,
wherein the level of DPA in the total fatty acid content of the extracted lipid is betwesn
about 7% and 30% or between 7% and 35%, preferably between 30% and 35%.
Preferably, at least 81% or at least 90% of the DPA esterified in the form of TAG s in
the sn-1 or sn-3 position of the TAG.
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In anether aspect, the present invention provides a process for producing
extracted lipid, comprising the steps of

i} obtaining cells, preferably a plant part comprising the cells or microbial cells,
compeising lipid, the lipid comprising fatty acids in an esterified form, the fatty gcids

¥ {1

comprising docosapentaenoic acid (DPA) and/or decosabexaenoie acid {(DHA),
wherein at least 35% of the DPA andfor DHA esterified in the form of triaeylgbyeerol
{TAL) 1s esterfied at the sn-2 position of the TAG, and
i} extracting lipid from the calls,
wherein at least 35% of the DPA andfor DHA esterified in the form of triacylglycerol
10 (TAG) i the total farty acid content of the extracted lipid s esterified at the snel
position of the TAG. In an embodiment, the extracted lpid produced hy the process is
further characterised by one or more or all of {f) it comprises fatty acids comprising
oleic acid, palmitic acid, w6 fatty acids which comprise lnoleic acid (LA), ©3 fatty
acids which comprize o-linolenic acid {ALA) and optionally one er more of stearidenic
15 acid (8DA), sicosapentacnoic actd (EPAY, and eicosatetraenoic acid (ETA), (ii) at least
about 4004, at least about 45%, at least about 485, hetween 35% and about 60%, or
between 35% and about 509%, of the DPA andfor DHA esterified wn the form of
DPA and/DHA in the total fatty acid content of the extracted lipid is between about 1%
200 and 35%, or between about 7% and 35% or between about 20.1% and 35%. In
embodiments of this aspeet, the level of DPA and/er DHA in the total fatty acid content
of the extracted lipid is about 7%, about 8%, about 9%, about 10%, about 12%, about
159, about 18%, about 20%, about 229, about 24%, about 26%, about 28%., about
30%. between about 7% and about 289%, between about 7% and about 23%, berween
25 about 10% and 35%. between about 10% and about 30¢%, between about 10% and
about 25%, between about 10% and about 22%, between about 14% and 35%, between
about 16% and 35%. between about 16% and about 309%, between about 16% and
ahout 25%, or between about 16% and about 22%. In prefoerred embodiments, the
extracted lipid is characterised by (1) and (i), () and (4i) or (i) and {ili), morg
30 preferably all of (), (i) and (Hi). Preferably, the extracted lipid iz further characterised
by a level of palmitic acid in the total fatty acid content of the extracted lipid which is
between about 2% and 16%. and a level of myristic acid {C14:0) in the total fatty acid
content of the extracted lipid, if present, is less than 1%.

In an embodiment of the above aspect, the invention provides a process for

fad
L

producing extracted lipid, comprising the steps of
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i} obtaining cells, preferably a plant part comprising the cells or micrebial cells,
comprising lipid, the lipid comprising fatty acids in an esterified form, the fatty acids
comprising docosapentacnoic acid (DPA) and/or decosahexacnoic acid (DHA), and
further comprising oleic acid, palmitic acid, o6 fatty acids which comprise lnwoleic acid

¥ {1

(LA), «3 fatty acids which comprise o-linolenic acid (ALA), and one or more of
stearidimic acid (SDA), sicosapentaenocic acid (BPA), and eivosatetraenoic acid (ETA),
wherein (1} the level of palmitic acid tn the total fatty acid content of the extracted lipid
is hetween 2% and 16%. (i} the level of myristic acid (C14:4) in the total fatty acid
content of the extracted lipid is less than 196, {iil) the level of oleic acid in the total Tatty
10 acid content of the extracted lipid is betwsen 1% and 30%, (1v) the level of linoleic acid
(LA} i the total fatty acid content of the extracted lipid is between 4% and 33%, (v)
the level of a-linolenic acid (ALAY in the total fatty acid content of the extracted lipid
is between 4% and 40%. (vi} the level of cicosatriencie acid (ETrA) in the total fatty
acid content of the extracted lipid is less than 4%, (vit} the lovel of total saturated fatty
15 acids in the total fatty acid content of the extracted lipid is botween 4% and 25%. (viii)
the ratio of total w6 faity acids: total w3 fatty acids in the fatty acid content of the
extracted lipid is between (L5 aud 1, Gx) the triseylglyceral (TAG) content of the lipid
s at least 70%, and (X)) at least 35% of the DPA and/or DHA esterified in the form of
trineylglycerol {TAGD 1s esterified at the se-2 position of the TAG, and
20 it} extracting lipid frony the plant part,
wherein at least 35% of the DPA and/or DHA esterified in the form of trincylglycerol
{TAG) in the total fatty acid content of the extracted lipid is esterified at the su-2
position of the TAG.
The step of obtaining the plant pact o nuercbial cells may comprise harvesting
25 plant parts, preferably seed, from plants that produce the plant parts, recovery of the
miicrobial cells from cultures of such cells, or obtaining the plant parts or microbial
cells by purchase from a producer or supplier, or by Importation. The process may
comprise a step of determining the fatty acid composition of the lipid in a sample of the
plant parts or microbial cells, or of the-extracted lipid.
30 In a preferred embodiment, the extracted lipid obtaived by a process of the
ivention has, where relevant, one or more of the features defined hereiw, for example
as defined above in relation to the first four aspects.
Embodiments of cach of the five above aspects are described in further detail
below. As the skilled person would understand, any embodiments described which are
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broader than the corresponding feature in an above aspect do not apply to that aspect.
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In an embodiment, the plant part is a secd, preforably an oilsepd. Examples of
such sceds include, but are not limited to, Brassive sp., Gossypium fursunim, Lingm
usitatissimum, Hellanthus  sp., Carthamus  tinctorius, Glyeine max, Zew mayvs,

Arabidopsis thaliana, Sorghum bicolor, Sorghwm vulgare, Avena sativa, Trifolivm sp.,

¥ {1

Elaesis guineenis, Nicetiana benthamiana, Hordeum vudgare, Lupinus angustifolius,

Oryza sativa, Oryza glaberrima, Cameling sufiva, or Crambe abyssinica, preferably a

Brassica sp. seed, a €0 safiva seed or a G, max {soybean) seed, more preferably a

Brassiva ngpus, B. juncea o C. sativg sced. In an embodiment, the plant part is a seed,

preferably an oilseed such as Brussica sp. such as Brassice napus ov Brassica junced,

10 Gossypium hivsutwm, Linuee usiigtissimum, Hellamthus sp., Cortliamus #Hinctorius,
Olycine  max, Zea mays, Elaesis guineenis, Nicotiona benthamiana, Lupinus
angustifolivs, Cameling sativa, or Crambe abyssinica, preferably a Brassica napus, B
Junvea or C. sativa seed. In an embodiment, the seed is canola seed, mustard seed,
sovbean seed, Cameling sativa seed or Arabidopsiy thaliong seed.  In an alternate

15 embodiment, the sead is a seed other than A, thaliana seed andfor other than €. sative
seed. In an embodiment, the seed is a seed other than soybean seed. In an enibodiment,
the plant pact 18 Brassior sp. seed. o an embodiment, the seed was obtaingd from a
plant grown under standard conditions, for Example as described in Exarnaple 1, or from
a plant grown in the ficld or in & glasshouse under standard conditions.

20 I another embodiment, the seed comprises at least about 18 mg, at least about
22 mg, at least about 26 mg, between about 18 mg and about 100 mg, berween about 22
mg and about 70 mg, about 80 mg, between about 30mg and about 80mg, or between
about 24 mg and about 50 mg, of DHA and/or DPA per gram of sead.

In a firther embeodiment, the plant part such as a seed comprises gxogenous

25 polymucleotides encoding one of the following sets of enzymes;

i) s @3-desaturase, a Ab-desaturase, a AS-desaturase, a Ad-desaturase, & AbH-
clongase and a AS-elongase,

ii) a AlS5-desaturase, a A6-desaturase, a AS-desaturase, a Ad-desaturase, a A6-
elongase and a AS-clongase,

3 iy a Al2-desatorase, a Ad-desaturase, a AS-desaturase, a Ad-desaturase, a Ad-

elongase and an AS-elongase,

) a Al2-desaturase, @ o3-desaturase andior a Al3-desaturase, a A6-desaturase,

a AS-desaturase, a Ad-desaturase, a At-clongase and an AS-clongase,

v} an @3-desaturase, a A%-desaturase, a A3-desanrase, a Ad-desaturase, a AG-
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elongase and an AS-elongase,
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vi} & AlS-desaturase, a A8-desaturase, a AS-desaturase, a Ad-desaturase, a A9-
clongase and a AS-elongase,
vil) 4 A12-desaturase, a4 AB-desaturase, a AS-desaturase, a Ad-desaturase, 4 A9-

clongase and ag AS-clongase,

¥ {1

vill) & Al2-desaturase, a wm3-desaturase andfor a AlS-desaturase, a AS-
desaturase, a AS-desaturase, a Ad-desaturase, a A9-glongase and an AS-clongase,
and wherein each polynucleotide is operably linked to one or more promoters that are
capable of dircoting expression of said polymuclcotides in a cell of the plant part.
I & further embodiment, the plant part such as a seed or recombinant cells such
10 as niicrobial cells comprise exogenous polynucleotides encodiig one of the following
sets of cnzymes;
) an o3-desaturase andfor a AlS-desaturase, a Ad-desaturase, a A3-desdturase,
a A6-clongase and a AS-clongase,
i) a Al2-desaturase, a A6-desaturase, a AS-desaturase, a A6-elongase and an
15 AS-clongase,
it} a Al2-desaturase, a @3-desaturase and/or a Al3-desaturase, a A6-desaturase,
a AS-desaturase, a Ab-clongase and an AS-clongase,
iv) an m3-desaturase andfor a AlS-desaturase, a A8-desaturase, a AS-desaturase,
a AG-clongase snd a AS-elongase,
20 v} a Al2-desaturase, a A8-desaturase, a AS-desaturase, a A9-clongase amd an
AS-clongase,
vit a Al2-desaturase, a co3-desaturase and/or a AlS-desaturase, a Af-desamrase,
# AS-desaturase, a AD-clongase and an AS-clongase,
and wherein edch polynoeleotide is operably linked to oue or more promoters that arg
25 capable of directing expression of said polynucleotides in a cell of the plant part or the
cells
In an embodiment, if the plant part or cecls comprise Hpid comprising fatty acids
in an esterified form, the fatty acids comprising docosapentaenoic acid (DPA) and/or
docosabexaenoic acid (DHA), wherein at least 35% of the DPA andfor DHA esterificd
30w the form of triacylglycerol {TAL) is esterified at the s1-2 position of the TAG, the
the plant part such as a seed o recombinant cells such ag microbial cells comprise an
exogenous polynucleotide encoding an  1-acyl-glycerol-3-phosphate  acylivansferase
(LPAAT), whercin the polynucleotide is operably linked to one or more promoters that

are capable of directing expression of the polynucleotide in a cell of the plant part or
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the cells. I a further embodiment, the cells comprises sxogenous polynucleotides
encoding ong of the following sets of enzyines;
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i} an 1-acyl-glyveerol-3-phosphate acyliranstorase {LPAAT), an o3-desaturase, a
Ab-desaturase, a AS-desaturase, a Aé-clongase, a AS-clongase and optionally a A4
desaturase,

ity an L-acyl-glycerol-3-phosphate acylivansferase (LPAAT), a AlS-desaturase, a

5 Ab6-desaturase, a AS-desamrase, a Ad-clongase, a AS-clongase and optionally a A4
desaturase;

iiiy an f-acyl-glycerol-3-phosphate acyltransferase (LPAAT), a Al2-desaturase,

a Af-desaturase, a AS-desamrase, a Ad-clongase, an AS-clongase and optionally a Ad-
desaturase,

10 v} an 1-acyl-glycerol-3-phosphate acylwansferase (LPAAT), a Al2-desatiwase,

a wi-desatuease and/or a AlS-desaturase. a Ab-desatuvase, a AS-desaturase, a AG-
elongase and an AS-clomgase and optionally a Ad-desaturase,

v} an I-acyl-glyeerol-3-phosphate acyltransferase (LPAAT), an w3-desaturase, a
A8-desaturase, a AS-desaturase, a A9-clongase, an AS-clongase and optionally a A4-

13 desaturase,

vi) an 1l-acyl-glycerol-3-phosphate acyltransferase (LPAAT), a AlS-desaturase,
a AB-desaturase, a AS-desaturase, o AY-elongase, a AS-clongase and optionally a Ad-
desaturase,

vii) an 1-acyl-glyeerol-3-phosphate acylivansferase (LPAAT), a Al2-desaturdse,

20 a A8-desaturase, a AS-desaturase, a AD-clongase, an AS-elongase and optionally a Ad-
desaturase,

viil) an l-acyl-glycerol-3-phosphate  acvlransforase (LPAATYL a  Al2-
desaturase, a @3-desaturase and/or a AlS<desaturase, a A8-desaturase, a AS«desaturase,
a A9-clongase, an Ad-clongase and optionally a Ad-desaturase,

25 wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell. Preferably, the
LPAAT can use a C22 pobyunsaturated fatty acvl-CoA substrate such as DHA-CoA
andfor DPA-CoA,

In an embodiment, the Al2-desatarase also has @3-desaturase and/or AlS-

3 desaturase  activity, iLe. the activities are conférred by a single polypeptide.
Alternatively, the Al2-desaturase does not have o3-desaturase activity and does not
have AlS-desaturase activity ie. the Al2-desaturase is a separate polypeptide to the
polypeptide having ¢3-desanirase activity and/or Al5-desaturase.

In yet a further embodiment, the plant part such as a seed or recombinant cells
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such as microbial cells bave one or more or all of the following features:
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1) the Al2-desaturase converts olgic acid to lineleic acid in one or more cells of
the plant part or in the recombinant cells with an efficiency of at least about 60%, at
least about 709, at least about $0%, between about 60% and about 95%, between about
0% and about 0%, or between about 759 and about 839,

¥ {1

it} the w3-desaturase converts w6 fatty acids to 613 fatty acids in one or move
cells of the plant part or in the recombinant cells with an efficiency of at least about
63%, at least about 75%, at least about 85%, between about 63% and about 953%,
between about 75% and abowt 91%, or between about 80% and about 91%,
iil) the A6-desaturase converts ALA to SDA in one or more cells of the plant
10 part or in the recombinant cells with an efficiency of at least about 209, ar least about
30%, at {east about 40%, at least about 509, at least about 60%, at least about 70%,
between about 30% and about 70%, between about 35% and about 60%, or between
about 30% and about 70%,
iv} the Ab-desaturase converts linoleic acid to v-linolenic acid in one er more
15 cells of the plant part or in the recombinant cells with an efficiency of less than about
5%, less than about 2.9%. less than ahout 1%, hetween about 0.1% and about 5%,
between about 0.5% and aboat 2.53%, or between about 0.5% and about 1%,
¥} the Ab-clougase converts SIDA to ETA f0 one or more cells of the plant part
or in the recombinant cells with an efficiency of at least about 60%, at least about 70%,
200 at least about 75%, between about 60% and about 93%, between about 70% and about
809, or hetween about 75% and about 804,
vi} the AS-desaturase converts ETA to EPA in ong or more cells of the plant part
or in the recombinant cells with an efficiency of at least about 609, at least about 70%,
at least about 75%, at least about 809, at least about 909, between about 605 mid
25 about 95%., between about 70% and about 95%, or between about 75% and shout 95%,
vii) the AS-clongase converts EPA to DPA in one or more cells of the plant part
or in the recombinant cells with an efficiency of at last about 80%, at least about 83%.
at Teast about 90%, between about 509% and about 90%, or between about 85% and
about 95%,
3 viii) the Ad-desaturase converts DPA to DHA in one or mane cells of the plant
part or in the tecombinant cells with an efficiency of at least about 80%, at least about
Q0¥%, at least about 93%., between about 509% and about 93%., between about $0% and
ahout B3%, or hetween about 85% and sbout 95%.
ix) the efficiency of conversion of oleic acid to DHA or DPA in one or more
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cells of the plant part or in the recombinant cells is at least about 10%, at least about
15%, at least about 20%., at least about 23%, about 20%, about 25%. about 30%,
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between about 10% and about 309, between about 109 and about 30%, between about
10% and about 25%:, or between about 20% and about 30%,

%) the efficiency of conversion of LA to DHA or DPA in one or more cells of
the plant parct or in the recombinant cells s at least about 153%, at least about 20%, at
least about 22%, at least about 25%, at least about 309%, about 25%. about 30%, about
35%, betwesn about 15% and about 309%, between about 20% and about 40%, or

¥ {1

between about 20% and about 30%,
xi} the efficiency of conversion of ALA 1o DHA or DPA in one or move cells of
the plant part or in the recomnbinant cells is at least about 17%, at least about 229, at
10 least about 24%, at least about 30%, about 30%, about 353%, about 40%, between about
7% and abowr 35%, between about 22% aud about 35%, or between about 249% and
abeout 35%,
xii) one or move cells of the plant part or the recombinant cells comprise at least
ahout 25%. at least about 30%, between about 25% and about 40%. or between about
15 27.5% and about 37.5%, more 03 fatty acids than comesponding cells lacking the
exogonous polymucleotides,
%iii) the Ab-desaturase preferentially desaturates oelinolenic geid (ALA) relative
to linoleic acid (LA),
xivY the A6-clongase also has A9-elongase activity,
20 xv) the Al2-desaturase also has AlS-desaturase activity,
xvi) the Ab-desaturase also has A8-desaturase activity,
xvii} the AB-desaturase alse has Ab-desaturase activity or doos not have As-
desaturase activity,
Vit the AlS~desanirase also has @3-desaturase activity on GLA,
25 xix) the w3-desaturase also has AlS-desatursse activity on LA,
xx) the m3-desaturase desattirates both LA andfmr GLA,
xxi) the g3-desaturase preferentially desaturates GLA relative to LA,
xxiiy one or more of all of the desaturases, preferably the A6-desaturase and/or
the AS-desaturase, have greater activity on an acyl-CoA substrate than a copesponding
30 acyl-PC substrate,
xxiil) the A6-desaturase has greater Aé-desaturase activity on ALA than LA as
fatty acid substrate,
xxivy the A6-desaturase has greater A6-desatirase activity on ALA-CoA as farty
acid substrate than en ALA joined to the sn-2 position of PC as fatty acid substrate,
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xxv) the Af-desaturase has at least about a 2-fold greater Ab-desaturase activity,
at least 3-fold greater activity, at feast 4-Told greater activity, or at least 3-fold greater
activity, on ALA as a subsirate compared 0 LA,

xxvi) the AG-desaturase has greater activity on ALA&-CoA as fatty acid substrate

5 thanon ALA joined to the sn-2 position of PC as faity acid substrate,

xxvii) the Ab-desaturase has at least about a 3-fold grester Ab-desaturase activity
or at least 10-fold greater activity, on ALA-CoA as fatty acid substrate than o ALA
joined 1o the sa-2 position of PC as fatty acid substrate,

xxviii} the desaturase is a fronf-end desaturase, and

10 x¥xix) the Ab-desaturase has no detectable AS-desaturase activity on ETA.

In yet a further embidintent, the plant part such as a seed or the reconibinant
cell sueh as microbial cells has one or move or all of the following features
i) the Al2-desaturase comprises aming acids having a seguence as provided in
SEQ ID NO:4, a hiologically active fragment thercof, or an amino acid sequence which
15 ig at least 50% identical to SEQ 1D NO:4,
it) the w3-desaturase comprises amine acids having a sequence as provided in
SEQ 1 NQO:a, a biolsgically active fragroent thereof, or an amino acid sequence which
is at least 30% identical to SEQ 1D NO:6,
iti} the Ab-desaturase comprises amino acids having a sequence as provided in
20 SEQ ID NO:9, a biologically active fragment thereof, or an amino acid sequence which
ts at least 30% identical to SEQ ID NO:9,
v} the Ab-clongase comprises amino acids havidg a sequence as provided in
SEQ 1D NO:16, a hislogically active fragment therpof such as SEQ 1D 'NO:17, or an
anuing acid sequence which is at least 30% dentical to SEQ D NO:16 andfor SEQ ID
25 NO:17,
v} the AS-desaturase comprisgs amine acids having a sequence as provided in
SEQ 1D NO:20, a biologically active fragment thereof, or an amino acid sequence
which is at least 509 identical to SEQ ID NO:20,
vi} the AS-elongase comprises amino acids havigg a sequence as provided in
30 SEQ ID NO:25, a biologically active fragment thereof, or an amino acid sequence
which is at least 5% identical to SEQ I NO:25, and
vii) the Ad-desanrase comprises amino acids having a sequence as provided in
SEQ ID NO:28. a biologically active fragment thereof, or an amine acid segquence
which is at least 0% identical to SEQ I NO:28.

In an embodiment, the plant part such as a seed or the recombinant cells such as
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microbial cells further comprise(s) an exogenous polynucleotide encoding a
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diacylglycerol acvltransforase {DGAT), monoacylglveeral acyliransferase (MGATY
glycerol-3-phosphalte acyltransferase {GPAT), 1-acyl-glycerol-3-phosphate
acyltransferase (LPAAT) preferably an LPAAT which can ase a C22 polynnsaturated
fatty  acyl-CoA  substrate  such  as  DHA-CoA  andior  DPA-CoA,  acyl-
CoAclysophosphatidylcholing  acyltransferase (LPCAT), phospholipase Az (PLA2),

¥ {1

phospholipase € (PLC), phospholipase D {PLID), CDP-cheline diacvlglyeerol choling
phosphotransferase (CPT), phoshatidylcholine diacylglycerol acvltransferase (PDAT),
phosphatidylcholine:diacylglyecerol  choling  phosphotransferase (PDCT), acyl-CoA
synthase (ACSE), or a combination of two or more thereof.

10 In another embodiment, the plant part such as a seed or the recombinant cells
such as yoiceobial cells further comyprise(s) an istroduced mutation O an exogenous
polynucleotide which down regulates the production andfor sctivity of an endogenous
enzyme in a cell of the plant part selected from FAEL DGAT, MGAT, GPAT,
LPAAT, LPCAT. PLA., PLC, PLD, CPT, PDAT, a thioesterase such as FATB, or a

15 Al2-desaturasg, or a combination of two or more thercof,

I a further embodiment, at least one, or all, of the promoters are seed specific
promoters. In an embodiment, at least one; or all, of the promoters have been obtained
from an oil biosynthesis or accunuilation gene such as a gene encoding oleosin, or from
a seed storage protein genes such as a gene encoding conlinin.

20 In another embadiment. the promater(s) dirceting expression of the exogenous
pobynucleotides encoding the Ad-desaturase and the AS-clongase inittate expression of
the polynucleotides in developing seed of the plant or the recombinant cells such as the
microbial cells befowe, or reach peak expression before, the promoter(s) directing
expression of the exogenous polynucleotides encoding the Al2-desaturase aud the @3-

253 desaturase.

In a further embodiment, the exogenous polynucleotides are covalently linked in
a DNA molecule, preferably a T-DNA molecule, igtegrated into the genome of cells of
the plant part or the recombinant cells such as the microbial cells and preferably where
the number of such DNA molecules integrated into the genome of the cells of the plant

3 part or the recombinant cells 1s not more than one, two or three, o ts twoeor three,

In yet another embodiment, the plant part comprises at least two different,
exogenous polynucleotides each encoding a AG-desaturase which have the same or
different amine scid sequences.

In a further embodinient, the total oil content of the plant part comprising the
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exogenous polymicleotides is at least about 40%, at least about 50%, at least about
60%, at least about 70%. between about S09% and about 80%. or between about 80%
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and about 100% of the tetal oil content of a correspouding plant part lacking the
cxogonous polynucleotides. In a funther embodiment, the seed comprising the
exogenous polynucleotides has a seed weight at least about 40%, at least about S0%, at
least about 60%, at least about 709, between about 50% and abeut 80%, or between

¥ {1

about 80% and about 100% of the weight of a comesponding seed lacking the
exogenous polynucleotides.

In another embodiment, the lpid is in the form of an oil, preferably a seedoil
from an oilsced, and wherein at least about 90%, or about least 95%. at least about
G8%, or between about 95% and abowt 98%, by weight of the lipid is triacylglycerols.
10 Tn & further embodiment, the process further comprises treating the lipid to

imncrease the level of DHA andfor DPA as a percentage of the total fatty acid content.
For example, the treatment comprises transesterification. For example, the lipid such as
cangda oil may be treated to convert the fatty acids in the eil to alkyl esters such as
methyl or ethyl esters, which may then be fractionated to enrich the lipid or oil for the
15 DHA and/ar DPA. In embgdiments, the fatty acid composition of the lipid after such
treatment comprises at least 40%, at least SO%, at least 60%, at least 70%, at lcast 80%
or at least 90% DHA and/or DPA. The ratio of DHA:DPA in the Hpid after treatment is
preferably greater than 201, or alternatively less thau 0501, Altervatively, the level of
DHA in the total fatty acid content of the lipid after treatment is less than 2.0% or less
20 than 0.5%. preferably is absent from the kpid.
Alse provided is lipid, or oil comprising the lipid, produced using a process of
the invention.
In anather aspect. the present invention provides a process for producing methyl
or cthyl esters of polyumsatarated fatty acids, the process comprising reacting
25 wmiacylglycerols in extracted plant lipid, or during the process of extraction, with
methanol or ethanol, respectively, wherein the extracted plant lipid comprises farty
acids esterified in the form of TAG, the fatty acids comprising oleic acid, pahmitic acid,
w6 fatty acids which comprise Huoleic acid (LA), ©3 faty acids which comprise -
linelenic acid {ALA). and docosahexaenvic acid (DHA), and optionally ong or more of
30 stearidonie acid (SDA), eicosapentaenoic acid {(EPA), docosapentacnoic acid (DPA)
and efegsatetrsienoie acid (HTA), wherein the level of DHA i the total fatty acid
content of the extracted lipid is between about 20.1% and 30%, or between 20.1% and
35%. preferably between 30% and 35%, thereby producing the methyl or ethyl esters of

polyunsatarated fatty acids.

fad
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In another aspect, the present invention provides a process for producing methyl

or ethyl esters of polyunsaturated faity acids, the process comprising reacting
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triacylglyeerols in extracted plant lipid, or during the process of extraction, with
methanol or ethanol, respectively, wherein the extracted plant lipid comprises fafty
acids esterified in the form of TAG, the fatty acids comprising oleic acid, palmitic acid,

w6 fatty acids which comprise Huoleic acid (LA}, w3 fatty acids which comprise o-

¥ {1

linolenie acid {ALAY, and docosapentaenoic acid {DPA), and optionally one or more of

stearidimic acid (SDA), sicosapentaenocic acid (BPA), and eivosatetraenoic acid (ETA),

wherein the level of DPA in the total fatty acid content of the extracted lipid is between

about 7% and 35%. preferably between 20.1% and 304 or hetween 20.1% and 35%.

therchy producing the methyl or ethyl esters of polyunsaturated fatty acids.

10 Tn anothier aspect, the present nvention provides a pracess for producing methyl
av ethyl esters of docosapentaenoie actd {IPA) and/or docosabexaenoic. acid (DHA),
the process comprising reacting triacylglyeerols (TAG) in extracted plant lipid, or
during the process of extraction, with methanol or ethanol, respectively, wherein the
extracted plant lipid comprises fatty acids in an esterified form, the fatty acids

15 comprising docosapentaenoic acid (DPA) andfor docosahexacnoic acid (DHAY,
wherein at least 35% of the DPA and/or DHA esterified in the form of TAG is
esterified at the sn-2 position of the TAG, thereby producing the methyl or ethyl esters
of polyonsaturated fatty acids.

In a preferred embodiment, the lipid which is used in the process of the above

20 three aspects has one or more of the features defined herein in the context of the
extracted lipid ot oil of the invention.

In another aspect, the present invention provides an eilseed plant ar part thereof
such as a seed comprising
aj lipid inits seed, the Hpid comprising fatty acids in an esterified form, and

25 by exogenous polynucleotides encoding one of the following sets of enzymes;

1} a Al2-desaturase, a mA-desaturase andfor AlS-desaturase, a A6-
desaturase, a AS-desaturase, a Md-desaturase, a AG-clongase and an AS-clongase, or

i} a All-desaturase, a w3-desaturase and/or AlS-desaturase, a A8-
desaturase, a AS-desaturase, a Ad-desaturase, a AS-clongase and an AS-clongase,

30 wherein cach polvaucleotide s operably linked to one oo more sead-specific

promoters that are capable of directing expression of sald polviucicotides in

developing seed of the plant, wherein the fatty acids comprise oleic acid, palmitic acid,
w6 fatty acids which comprise linoleic acid (LA} and yHnolenic acid (GLA}, o3 fatty
acids which comprise ¢-linolenic  acid {ALA), stemidonic acid  (SDA),

fad
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docosapentaennic acid (DPA) and docosabexaenvic acid (DHA), and optionally
gicosapentaenoic acid (EPA) andfor elcosatetraenoic acid (ETA), and wherein the level
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of DHA in the total fatty acid content of the lipid of the segd is between 20.1% and
30%, or between 2001% and 35%, preferably betwoen 30% and 35%.
In another aspect, the present invention provides an eilseed plant or part thereof

such as a seed comprising

¥ {1

a) lipid in its seed, the lipid comprising fatty acids in an esterified form, and
b} exogenous polynucieotides encoding one of the following sets of enzymes;
i) a Al2-desaturase, a w3-desaturase andior AlS-desaturase, a A6-
desaturase, a AS-desaturasg, a Ad-desaturase, a Ad-clongase and an AS-clongase, or
iy a Al2-desaturase, a o3-desaturase and/or AlS-desaturase, g AS-
10 desatorase, a AS-desaturase, o Ad-desatorase, o A%-elougase dand an As-clongase,
wherein sach polynucleotide s operably linked to oue or more seed-specific
promooters  that are capable of directing expression of said polynucleotides in
developing seed of the plant, wherein the fatty acids comprise oleic acid, palmitic acid,
w6 fatty acids which comprise linpleic acid {LA), @3 fatty acids which comprise -
15 linelenic acid (ALA). stearidonic acid (SDA), docosapentaenoic acid (DPA} and
docosghexaeneic acid {(DHA)J, and optionally eicosapentaenocic acid (EPAY and/or
eicosutettachoic acid (ETA), and wherein the level of DHA i the total fauty acid
content of the lipid of the seed is betwean 20.1% and 30%, or between 20.1% and 35%,
preferably between 30% and 35%.
20 I anether aspect. the present invention provides an oilsced plant or part thereof
such as a sead comprising
a) lipid in its seed, the lipid comprising fatty acids in an estegified form, and
by exogenous polynuclentides encoding one of the following sets of enzymes;
¥ a Al2-desaturase, a wi-desaturase andfor AlS-desaturase, a A
25 desaturase, a A5-desaturase, a Ad-desaturase, a A6-clongase and an AS-elongase, or
i) a Al2-desaturase, a o3-desaturase andfor AlS-desaturase, a A8-
desaturase, a AS-desaturase, a Ad-desaturase, a A9-clongase and an AS-clongase,
wherein each polynucleetide is operably linked to one ov more seed-specific
promaoters that are capable of directing expression of sald polynucleotides in
30 developing seed of the plant, wherein the fatty acids comprise oleie acid, palmitic acid,
@6 fatty acids which corprise linoleie acid (LAY and whnolenic acid (GLA), w3 fauy
acids.  which comprise  O-linolenic  acid  (ALA), stearidonic  acid  (SDA),
docosapentacnoic acid (DPA) and docosshexsenoic acid (DHA), and optionally

gicosapentaeneic acid (EPA) and/or elcosatetraenoie acid (ETA), and wherein the level
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of DHA in the total fatty acid content of the lpid of the seed is between 20.1% and
30%, or between 20.1% and 35%, and wherein the level of pabmitic acid in the total
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fatty acid content of the lipid is between about 2% and. 16%, and wherein the level of
myristic acid (C14:0) in the total fatty acid countent of the lpid, if present, is Tess than
19%.

In another aspect, the present nvention provides an oilseed plant ov part thereof

¥ {1

such as a seed comprising lipid in its seed, or a microbial cell, comprising
a) lipid comprising fatty acids in an esterified form, and
b} exogenous polynucleotides encoding one of the following sets of enzymes;
0 a Al2-desaturase, a w3-desaturase and/or AlS-desaturase, a A6-
desaturase, a AS-desaturase, a AG-clongase and an AS-elongase,
10 i) a Al2-desaturase, a w3-desaturase audlor AlS-desaturase, a AB-
desaturase, a AS-desaturase, a A9-elongase and an AS-elongase,
i) a 3-desaturase sndfor Ald-desaturase, a Ab-desaturase, a AS-
desaturase, a AG-clongase and an AS-glongase, or
ivy a 3-desaturase and/or AlS-desamrase, a A8-desaturase, a AS-
15 desaturase, a AY-clongase and an AS-elongase,
wherein each polynucleotide is operably linked to one or morg secd-specific
promoters that are capable of directing expression of said polyiucleotides in
developing seed of the plast, or one or roore promaoters that are capable of directing
expression of said polvnucleotides in the smicrobial cell, wherein the farty acids
200 comywise oleic acid, palmitic acid, w6 fatty acids which comprise linoleic acid (LA)
and optionally linolenic acid (GLAY, @3 fatty acids which comprise ¢-linolenic acid
ALA), stearidonic acid (SDA), and docosapentaenoic acid (DPA), and optionally
docosahexaenoic acid (DHA), zicosapentaenpic acid (EPA)Y andfor eicosatetracnoic
acid (ETA), and wherein the level of TIPA in the total fatty acid content of the lipid of
25 the sced or microbial cell is between 7% and 35%. In a preferred embodiment of this
aspeet, DHA is present at a level of less than (.5% of the total fatty acid content of the
lipid of the seed and of the extracted lipid and more preferably is absent from the total
fatty acid content of the lipids,
In anocther aspect, the present invention provides a cell, preferably a cell in or
30 from a plant such ay an oilseed plant or part thereof such as a seed, or an oilseed plant
or part thereof, or 4 microbial cell, comprising
a) fatty acids in an esterified form, the fatty acids comprising docosapentaenoic
acid (DPA) and/or decosahexaennic acid (DHA), wherein at least 35% of the DPA

and/or DHA esterified in the forra of triacylglycerol (TAGY is esterified at the sa-2
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position of the TAG, and
b exogenous polynucleotides encoding ene of the Tollowing sets of enzymes;
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iy an l-acvl-zlycerol-3-phosphate acylansferase (LPAAT), an @3-
desaturase, a A6-desaturase, a AS-desaturase, & Ab6-clongase, a AS-elongase and

optionally a Ad-desaturase,

it} an l-acyl-glycerol-3-phosphate  acyltrapsferase (LPAAT), a AlS-
5 desaturase, a Ab-desatwrase, a AS-desaturase, a Abwlongase, a AS-clongase and
optionally a Ad-desaturase,

i) an l-acyl-glycerol-3-phosphate  acyltransferase (LPAAT), a Al2-
desaturase, a Ab-desaturase, a AS-desaturase, a Af-clongase, an AS-clongase and
optionally a Ad-desaturase,

10 iv) am Lacvi-glycerol-3-phosphate  acvltransferase (LPAATY, a All-

desaturase, a g3-desaturase and/or a AlS-desaturase, a Ab-desaturase, a AS-desaturase,
a At-elongase wnd an AS-clongase and optionally a Ad-desaturase,

v} an l-acyl-glycerol-3-phosphate  aeyltransferase (LPAAT), an w3-
desaturase, a AS-desaturase, a AS-desaturase, a A9-clongase, an AS-clongase and

15  optienally a Ad-desaturase,

vi) an l-acyl-glycerol-3-phosphate acyliransferase (LPAAT), a AlS-
desaturase, 4 A8-desatutase, a Ad~desaturase, a AYS-elongase, a AS-elougase wnd
aptionally a Ad-desaturase,

vil) an 1-scyl-ghycerol-3-phosphate acyltransferase {(LPAAT). a Al2-

20 desaturasc, a4 A8-desaturase, a AS-desaturase, 4 AS-clongase, an AS-clongase and
optionally a Ad-desaturase,

viii) an l-acyl-glvcerol-3-phosphate acyltransferase (LPAAT), a Al2-
desaturase, a @3-desaturase and/or a AlS<desaturase, a A8-desaturase, a AS«desaturase,
a A9-clongase, an Ad-clongase and optionally a Ad-desaturase,

25 wherein each polynucleotide is operably linked to ope or more promoters that
are capable of directing expression of said polynucleotides in the cell. Preferably, the
LPAAT can use a C22 pobyunsaturated fatty acvl-CoA substrate such as DHA-CoA
and/or DPA-CoA and the leval of DPA andfor DHA 11 the total fatty acid content of
the extracted lipid is between about 1% and 35%, or batween about 7% and 35% or

30 between about 20.1% and 35%. In embodiments, at least about 40%, at least about
439%, 4t least about 48%, between 33% and about 60%, or between 353% and about
50%, of the DPA andfor DHA esterified i the form of triacyiglyeerol {(TAG) is
esterified at the sn-2 positien of the TAG,

In erabodiments of each of the above five aspects, the Al5-desaturase is a fungal
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Al5-desaturase and the w3-desaturase is a fungal w3-desatirase.
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In a preferred cmbediment, the pilsced plant, microbial cell or ecell of the
invention has, where relevant, one or more of the features defined herein, for exarple
as defined above in relation to extracted plant lpid, extracted microbial lipid or a

process for the production thereof.

¥ {1

Examples of oilsced plants inclide, it are not limited to, Brassice sp.,
Gossypium  fuvsutum, Limon wsitafisstimum, Hellanthus sp., Carthamzes  tinctorius,
Glycine max, Zea mays, Arabidopsis thaliona, Sovghwm bicolor, Sorghum vulgare,
Avena sativa, Trifolivm sp., Elaesis guineenis, Nigotigna benthamiona, Horvdeumn
vilgare, Lupinns angustifolius, Oryza sativiv, Oryza glabervima, Comeling sativa, or
10 Crambe abvssinica. Tn an embodiment, the plant is a Brassica sp. plant, a C sasivg
plant or a & max (soybean) plant, In an embodiment, the oflseed plant is a canola, B.
Juncea, Glycine max, Cameling sativa or Arabidopsis thaliane plant. TIn an alternate
embaodiment, the oilseed plant is other than A, thadiana and/or other than €. sanva. In
an embodiment. the oilsced plant is a plant ether than . mwx (soybean). In an

15  embodiment, the oilseed plant is in the field, or was grown in the field, or was grown in
a glasshouse under standard conditions, for example as described in Example 1.

In an embodiment, one or more of the desaturases used in a progcess of the
invention or preseut in a cell, or plant or part thereof of the tnvention, is capable of
using an acyl-CoA substrate. I a preferred embodiment, one or more of the A6-

20 desaturase, AS-desaturase. Ad-desaturase and A8-desaturase, if present, is capable of
using an acyl-CoA substrate, preforably each of the i) Af-desaturase, AS-desaturase and
Ad-desaturase or i) AS-desaturase. Ad-desaturase and AB-desaturase is capable of using
ay acyl-CoA substrate. In an embodiment, a Al2-desatvrase and/or an e3-desaturase is
capable of wsing an acvl-CoA substrate. The acyl-CoA substrate is preferably an ALA-~

25 CoA for Ab-desatorase, ETA-CoA for AS-desaturase, DPA-CoA for Ad-desaturase, and
ETrA-CoA for A8-desaturase, oleoyl-CoA for the Al2-desaturase, or one or more of
LA-CoA, GLA-CoA, and ARA-CoA for w3-desaturase.

In an embodiment, mature, harvested seed of the plant has a DHA and/or DPA
content of at least about 28mg per gram seed, preferably at least about 32mg per gram

30 seed, at least about 36my per gram seed, at Jeast about 40mg per gram seed, nuwe

preferably at least about 4dmg per gram seed or at least about 48mg per gram seed,
about 80 mg per gramseed, or between about 30my and about 80mg per gram seed.

In a further aspect, the present invention provides a Brassica napus, B. juncea or

Camelina sativa plant which is capable of producing seed comprising DHA and/or
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DPA, wherein mature, harvested seed of the plant has a DHA andfor DPA content of at
least about 28mg per pram seed, preferably at least about 32imyg per prany seed, at least
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about 36myg per gram sged, at least about 40mg per gram sced, mote preferably at least
about 44mg per gram seed or at least about 48mg per gram seed, about 80 mg per gram
seed, or between about 30mg and abeut 80mg per gram seed.

In another aspect, the present mvention provides a plant cell of a plant of the

¥ {1

invention comprising the exogenous polynucleotides defined herein,

Alse provided is a plant part, preferably a seed, or recombinant cells such as
microbial cells which has one or more of the following features

i} is from.a plant of thy invention,

it} comprises lipid as defined herein, or

10 iy e be used in a process of the invention.

In vet agother aspect, the presentinvention provides mature, harvested Brassica
noapus, B junces or Cameling sativa sced comprising DHA andfor DPA and 2 meisture
content of between about 4% and about 15% by weight, preferably between about 6%
and about 8% by weight or between about 4% and about &% by weight, mere

15 preferably between about 4% and about 6% by weight, wherein the DHA andfor DPA
content of the seed is at least about 28mg per gram seed, proferably at least about 32mg
per gram seed, at least about 3omyg per gram seed, at least abour 40mg per gram seed,
more prefecably at least about ddug per gram seed or at lesst about 48mg per gram
seed, about 80 mg per gram seed, or between about 30mg and about 80mg per gram

200 seed.

In an embediment, the coll of the rvention, the oilseed plant of the vention,
the Brassice napus, B, jupcea or Cameling sativa plant of the invention, the plant part
of the nyvention, or the seed of the invention, can be used to praduce extracted lipid
comprising one or miore of all of the features defined berein.

25 In yet a further aspect, the present invention provides & method of producing a
plant or cell which can be used to produce extracted lipid of the invention, the method
comprising

a) assaying the level of DHA and/or DPA in lipid preduced by ene or more plant
parts such as seads or recombinant eells sueh ay microbial cells from a plucality of

30 plants or recombinant cells such as microbial cells, each plant or recombinant cell such

as a microhial cell comprising one or mote exogenous polynucleotides encoding one of

the following sets of enzymes;
1) an ¢i-desaturase, a Ab-desaturase, a AS-desaturase, a Ad-desaturise, a

Ab-clongase and a AS-elengase,
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ii} a Al5-desaturase, a Ab-desaturase, a AS-desaturase, a Ad-desaturase, a
Ab-glongase and a AS-elengase,
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i) a4 Al2-desaturase, a Ab-desaturase, a AS-desaturase, a Ad-desaturase, a
Ad-elongase and an AS-elongase,
v} a Al2-desaturase, a w3-desaturase or a Ald-desaturase, a Ab-

desamurase, a Ad-desaturase, a Ad-desaturase, a AG-elongase and an AS-clongase,

¥ {1

¥} an e3~desaturase, a AS-desaturase, a AS-desaturase, a Ad-desatuorase, a
AO-clongase and an AS-elongase,
viya AlS-desaturase, a AB-desaturase, a AS-desaturase, a Ad-desaturase, a
AS-clongase and a AS-clongase,
vil) a Al2-desaturase, a AB-desaturase, a AS-desaturase, g Ad-desaturase, g
10 A%-clongase and an AS-clongase,
viid a Al2-desaturase, a @3-desanase or a AlS-desaturase, a AS-
desaturase, a AS-desaturase, a Ad-desaturase, a A9-clongase and an AS-elongase,
ix) an o3-desaturase, a Ab-disaturase, a AS-desaturase, a A6-clongase and
a AS-clongase,
15 X} a Al5-desaturase, a Ab6-desaturase, a AS-desaturase, a Ab-clongase and
a A3-clongase,
&1} 4 Al 2-desaturase, a AG-desaturase, a AS-desaturase, a Ab-elongase wnd
an Ad-elongase,
xiii) a Al2-desatirase, a o3-desaturase or a AlS-desaturase, a AO-
20 desaturase, a AS-desaturase, a AG-elongase and an AS-clongase, or
xiv) a Al2-desaturase, a o3-desaturase or a Ald-desaturase, a AK-
desaturase, a AS-desaturase, a AY-elongase and an AS-clongase,
wherein each pelynuclestide is operably linked to one or more prometers that ae
capable of ditecting expression of said polviueleotides in a cell of a plant part or
25 recombinant cell, and
b) identifying a plant or recombinant cell, from the plocality of plants or
recornbinant cells, which can be used to produce extracted plant lipid or cell lipid of the
invention in one or more of its parts, and
£} optionally. producing progeny plants or recombinant cells from the identified
30 plant or recombinant cell, or seed therefrom.
In an embodiment, the plaut or recombinant cell further comprises ay gxogenous
polynucleotide encoding an LPAAT as defined herein.
Preferably, the progeny plant is at ledst a second or third generation removed

from the identificd plant, and is preferably homozygous for the one or more
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polynucleatides. More preferably, the one or more polynucleotides are present in the
progeny plait at only a single insertion locos, That is. the mvention provides such a
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method which can be used as a screening method to identity a plant or seed thercfrom
from a plurality of transformed candidate plants or seeds, wherein the identified plant
or its progeny plant produces lpid of the invention, preferably in its seed. Such a plant

or progeny plant or its seed is selected i it produces Hpid of the invention, i particular

¥ {1

having the specified DHA level and/or DPA level, ar is not selected if it does not

produge lipid of the invention.

In an embodiment, the exogenous polynucleotide(s) present i a cell such as a
microbial cell, or plant or pant thereot as defined herein. become stably intesrated into
the genome of the cell, plant or the plant part such as sced. Preferably, the exogenous
10 polynocleotide(s) become stably integrated into the gevome of the cell, plant or plant

part such as seed ab a single locus iy the genome, and s preferably homozygous for the
insertion. More preferably. the plant, plant part or seed is further characterised in that it
is lacking exogeneouns polynucleotides other than one or more T-DNA molecules. That
8, N0 eXogenous vector sequences are integrated into the genome other than the T-

15 DNA sequences.

In an embodiment, before step a) the method. includes introducing the one or
more exogenous polyunclestides into-one or more cells of the plant.

Also provided s a plant produced usiug a method of the invention, and seeds of
such plants.

20 In an embodiment, the plant of the invention is both male and female fertile,
preferably has levels of both male and female fertility that are at least 70% relative to,
or preferably are about the same as, a corresponding wild-type plant. In an
embodiment, the pollen produced by the plant of the nvention oc the plant produced
from the seed of the invention is 90-100% viahle as determingd by staining with a

25 viability stain. For example, the pollen viasbility may be assessed as described in
Example 1.

In another aspect, the present mvention provides a method of producing seed,
the method comprising,
a) growing a plant of the invention, or a plant which produces a part of the

30 dnvention, preferably iu a figkd as part of a population of at Ieast 1000 or 2000 or 3000

such plants or in an avea of at least 1 hectare or 2 hectares or 3 heetares planted at a

standard planting density, alternatively in a glasshouse under standard conditions,

b} harvesting seed from the plant or plants, and

¢} optionally, extracting lipid frony the seed. preferably to produce oil with a
total DHA vield and/or DPA vyield of at least 6kg or 70kg or 30kg DHA and/or DPA

thectare.
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In an embodiment, the plant, plant cell, plant part or seed, or recombinant cell,
of the invention has one or more of the following features
1) its oil is as defingd herein, or

i) the plagt part o seed or recombinant cell is capable of betug used in a provess of

¥ {1

the invention.

For example, the seed can be used to produce a plant of the tnvention. The plant
may be grown in the field or in a glasshouse under standard conditions, for example as
described in Example 1.

In a further aspect, the present invention provides Hpid, or otl, produced by, or
10 obtained fram, using the process of the invention, the eell of the invention, the oilsesd

plant of the invention, the Brassica sp., Brassica napus, B. funcea, G max or Camelina

sariva platt of the invedtion, the plant part of the invention, the seed of the invention,

of the plant, plant cell, plant part or seed of the invention. Preferably, the lipid or oil is

purified o remove contaminants such as nucleic acid (DNA and/or RNAJ, prolein

15 andfor carbeohydrate, or pigments such as chlovophyll, The lipid or il may also be

purified to enrich the proportion of TAG, for example by removal of free fatty acids
{FFAY orphosphaolipid.

In an emsbodiment, the lipid ov oil is obtained by extraction of oil from an

oilseed. Examples of oil from oilsceds include, but are not limited to, canola oil

20 (Brassica napus, Brassica rapa ssp.), mustard ofl (Brassica juncea), other Brassica o,

sunflower oil {(Helianthus anpuy), linseed oil (Limwm wusitatissimum), soybean oil

{Ghcine smax), safflower ol (Carthasmus tinctorius), com oil (Zea mays), tobacco il

(Nicotiona tabacuwm), peanut ofl {(Arachis hypogaea), palny woil, cottouseed oil

{Gossypium hirsutum), coconut oil {Coens nuciferve), avocado oil (Persea americana),

25 olive ol (Olea ewropaea), cashew oil {(Anacardium occidentale), macadamia oil

{Macadamin intergrifolicy, almond oil (Prunuy amyvedidus) or Avabidopsiy seed oil
(Avabidopsis thaliong).

In an embodiment, a cell {recontbinant cell) of, or used in, the invention is a

microbial ¢ell such as a cell suitable for fermentation, preferably an oleaginous

30 microbial cell which is capable of accemulating triacylglyeerols tor a level of at least

23% on a weight basis. Preferred fermentation processes dre dnacrobic fermentation

processes, as are well known in the art.  Suitable fermenting cells, typically

microorganisis are able to ferment, e, convert, sugars, such as glucose or maltose,

directly or indirectly into the desired fatty a cids. Examples of fermenting

a2

micreorganisms include fungal organisms, such as veast.  As wsed herein, “veast
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includes  Saccharomyces  spp., Saccharomyces  cerevisiae,  Soccharomyees
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cartbergensis, Caadida spp. Kluveramyees spp., Piohie spp. Homsenule spp.,
Trichoderma spp., Lipomyces starkey, and preferably Yarrewia lipolvtica.

In a further aspect, the present invention provides fatty acid produced by, or
obtained from, using the process of the mvention, the cell of the invention, the oilseed

¥ {1

plant of the invention, the Brassica sp., Brassica napuys, B, juncea, G max or Cameling

sutive plant of the invention, the plant part of the invention. the seed of the invention,

or the plant, plant cell, plant part or seed of the invention. Preferably the fatty acid is

DHA and/or IPA. The fatty acid may be in a mixture of fatty acids haying a fatty acid

composition as described herein, or may be enriched so that the fatty acid comprises at

10 least 40% or at least 90% of the fatty acid content of the mixture. Yo an embeodiment,
the fatty acid is nou-esterified. Alternatively, the fatty acid i esterified such as, for
example, to a methyl, ethyl, propyl or butyl group.

Alse provided is seedmeal obtained from seed of the invention or obtained from
a plant of the invention. Preferred seedmeal includes, bui not necessarily limited to,

15 Brassica sp., Brossica napus, B. juncea, Cameling sativa ov Glycine may scedmiesl, In
an cmbodiment, the scedmeal comprises an exogenous polynucleotide(s) and/or
genentic construets as definied hergin. In a preferred embodiment, the seedmenl retaing
some of the fipid or ol produced in the seed from which the seadmeal is obtained, but
at a low level (for example, less than 2% by weight) after extraction of most of the lipid

20 or oil. The seedmeal may be used as an animal feed or as an ingredient in food
production.

In another aspect, the present invention provides a composition comprising ong
or more of the lipid or il of the invention, the fatty acid of the iuvention, the cell
according of the invention, the oilseed plant of the tnvention, the Brassica sp., Brassica

25 napus, B juncea, Glveine max or Cameling sativa plant of the inventon, the plant part
of the invention, the seed of the mmvention, or the scedmeal of the invention. In
embadiments, the composition comprises a carrier suitable for pharmaceutical, food or
agricultural use, a seed treatment compound, a fertiliser, anether food or fead
ingredient, or added protein o vitamins.

30 Alse provided is feedstoffs, cosmetics or chemicals comprising one or more of

the lipid or oil of the fnvention, the fatty acid of the invention, the cell according of the

invention, the oilsced plant of the invention, the Brassica sp., Brassiva napus, B

Junceq, Giycine max o Cameling sativa plast of the tovention, the plant part of the

tnvention, the seed of the invention, the seedmeal of the invention, or the composition
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of the invention.
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In anether aspect, the present invention provides a methed of producing a
feedstuff, the method comprising mixing one or more of the lipid or oil of the
invention, the fatty acid of the invention, the cell according of the invention, the oilseed

plant of the invention, the Brassica sp., Brassica napus, 8. juncea, Glyeine max o

¥ {1

Cameling sativa plant of the invention, the plant part of the invention, the seed of the
invention, the scedmeal of the invention. ot the composition of the invention, with at
least one other food ingredient. The method may comprise steps of blending, cooking,
baking, extruding. emulsifying or otherwise formulating the feedstaff, or packaging the
feedstuft, or of analysing the amount of lipid or oil in the feedstuff.

10 In another aspect, the present fnvention provides a method of treating or
preventing a condition which would benefit from a PUFRA, preferably DHA and/or
DPA, the method comprising administering to a subject ong or more of the lipid or oil
of the invention, the fatty acid of the invention, the cell according of the invention, the
oilsead plant of the invention, the Brasyica sp., Brassica napus, B. junceg, Glvcine mox

15 or Cameling sativa plant of the invention, the plant part of the invention, the seed of the
invention, the seedmeal of the invention, the composition of the invention, or the
feadstaff of the invention. In a preferred embodiment, the PUFA s administered in the
form of a pharmaceutical composition coniprising an ethyl ester of the PUFA. The
subject may be a human or an animal other than a buman.

20 Examples of conditions which would benetfit from a PUFA include, but are not
limited to, elevated serum trighyeeride levels, elevated serum cholesterol levels such as
elevated LDL cholesterol levels, cardiac achythmia’s, angioplasty, mflammation,
asthma, psoriasis, osteoparosts, kidney stones, AIDS, multiple sclerosis, rheumatoid
arthritis, Crobu’s disease, sehizophrenia, cancer, foetal aleobol syndronme, attention

25 deficient hyperactivity disorder, cystic fibrosis, phenylketonuria, unipolar depression,

oressive  hostility, adrenoleukedystophy, coronary heart discase, hypertension,

a

R

diabetes, obgsity, Alzheinwer’s disease, clwonie obstructive pulmonary disease,
ulcerative colitis, restenosis after angioplasty, eczema, high blood pressure, platelet
aggrogation, gastrointestinal bleeding, endometriosis, premenstrual syndrome, myalgie

30 evcephalomyelitis, chronic fatigue after viral infectons or an ocular disease.
Also provided 5 the use of oue or more of the lipid or ol of the invention, the
fatty acid of the invention, the cell according of the invention, the cilseed plant of the
invention, the Brassica sp., Brassica nupus, B. juncen, Glycine moax ot Comneling sativa

plant of the invention, the plant part of the invention, the seed of the invention, the
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seadmeal of the invention, the composition of the invention, or the feedstuff of the
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invention for the manufacture of a medicament for treating or prevonting a condition
which would benefit from a PUFA preferably DHA andfor DPA.
The production of the medicament may comprise mixing the oil of the fnvention

with a phartnwaceutically acceptable carrier, for treatroent of a condition as described

¥ {1

heretn. The method may comprise firstly purifying the oil andfor transesterification,
andfor fractionation of the eil to increase the level of DHA andfor DPA. In g particular
embodiment, the method comprises treating the Hpid or oil such as canola cil to convert
the fatty acids in the oil to alkyl esters such as methyl or ethyl esters, Further treatment
such as fractionation or distillation may be applied to enrich the lipid or oil for the
10 DHA and/er DPA. Tn a preferred enbodiment, the medicament comprises ethyl esters
af DHA and/or DPA. Ty an even niove preferred embodiment, the level of ethyl esters
of DHA and/or DPA 1 the medicament is hetwesn 309% and 309, or gt least 80% or gt
least about 83% or at least 90% or at least about 93%. The medicament may further
comprise cthyl esters of EPA, such as between 30% and 50%., or at least 90%. of the
15 total fatty acid content in the medicament. Such medicaments are suitable for
administration o human or animal subjects for treatment of medical conditions as
described berein.
In another aspect, the present jovention provides a method of frading seed,
comprising obtaining seed of the invention, and trading the obtaingd sged for pecuitisry
200 gain.
In an embodiment, obtaining the seed womprises cultivating plants of the
invention and/or harvesting the seed from the plaits,
In another embodiment, obtaining the seed further comprises placing the seed in
a container and/or storing the seed.
25 In a forther embodiment, obtaining the seed further comprises transporting the
sced to a different location.
In yet another embodiment, the methed further comprises transporting the seed
to a different location after the sead is traded,
In a further embodiment, the wading is conducted using electronic means such
30 as a coanputer.
la yet a further aspect, the present invention provides 4 process of producing
bins of seed comprising:
aj swathing, windrowing and/or reaping above-ground parts of plants

comprising seed of the invention,
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b} threshing and/or winnowing the parts of the plants to separate the seed from
the remainder of the plant parts, and
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¢} sifting andfor sorting the seed separated in step b, and loading the sifted
and/for sorted seed into hins, thereby producing bins of seed.

In an embodiment, where relevant, the lipid or oil, preferably seedoil, of, or
useful for, the invention bas farty levels about those provided in a Table wn the
Examples section, such as seed CT136-27-18-2 or CT136-27-18-19 of Table 10, or the
seedoil of Tables 12, 20, 22, 23 or 24,

Any embodiment herein shall be taken to apply mutariy mutandis to any other

¥ {1

embodiment unless specifically stated otherwise.
The present inventfion is not o be limited in scope by the specific embodiments
10 described herein, which are intended for the purpose of exemplification ounly.
Functionully-equivalent. products, compositions and mwethods ave clearly within the
scope of the invention, as desceibed herein.
Throughout this specification, unless specifically stated otherwise or the context
requires otherwise, reference to a single step, composition of matter, group of steps or
15 group of compositions of matter shall be aken to encompass oge and a plurality {i.e.
one or more) of those steps, compositions of matter, groups of steps or group of
compositions of mater.
The invention is hereivafter described by way of the following non-limiting

Examples and with reference to the aceompanying figures.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
Figure 1. Acrobic DHA biosynthesis pathways,

Figure 2. Map of the T-DNA insertion region between the teft and right borders of
25 pIP3416-GA7. RB denotes right border; LB, left border; TER, tramscription
terntinator polysadenylation region; FRO, promoter; Coding regions are indicated
above the arrows, prometers and forminaters below the amows. Micpu-A6D,
Micromonas pusilla Ab-desaturase; Pyrco-AGE. Pyramimenas cordata A6-clongase;
Pavsa-ASD, Paviova saling AS-desaturase; Picpa-o3D, Pichia pastoris v3-desaturase;
3 Pavsa-AdDy, P osaling Ad-desatorase; Lackl-Al12D, Lachoncen kluyveri Al 2-desaturase;
Pyrco-ASE, Pyramimonas cordata AS-elongase.  NOS denotes the Agrobacterium
tumefucieny nopaling synthase transcription terminator/polyadenylation region; FP1,
Brassica napus truncated papin promoter; FAEL, Arabidopsis thaliona FAE]L promoter;

Lectin, Glyeine max lectin transcription terminator/polyadenylation region; Cnll and
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Cnl2 denotes the Linwm usiratissipmurn conlininl or conlinind promoter or terminator.
MAR denotes the Rb7 matrix attachment region from Nicotiane tabacan,
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Figure 3. Map of the T-DNA insertion region between the left and right borders of
pIP3404. Labels ave as in Figure 2.

5 Figure 4. Oil content (w/w) vs. DHA content, as a percentage of total fatty acid

content. of lipid from transgenic Arabidopsis thaliang seeds.

Figure 5. Positional distribution analysis by NMR on A) Tuna oil and, B} transgenic
DHA Argbidopsis seed oil. The poaks labelled “DHA-alpha’ represent the amount of

10 DHA present at the sl and sa-3 positions of TAG {with no positioual prefersuce this
would equal 669% of total DHAY whilst the peaks labelled "DHA-beta” vepresent the
amount of DHA present at the sn-2 position of TAG {with no preference this would
equal 33% of DHA).

153 Figure 6. LC-MS analysis of major DHA-containing triacylglycerel speciss in
transgenic A. thaliana developing (greyy and mature {black) sceds. The number
followitg the DHA denotes the total wumber of carbon atoms gnd total wumber of
double bonds in the other two farty acids. Therefore DHA/34:1 can also be desigoated
TAG 5367, ete.

Figure 7. (A) Basic phytosterol strueture with ring and side chain numbering. (B)

Chemical structures of some of the phytosterols.

Figure 8. Phylogenctic tree of known LPAATS,

Figure 9. The various acyl exchange enzymes which transfer fatty acids between PC,
CoA pools. and TAG peols. Adapted from Singh et al. (20035).

Figure M) DHA levels in the tetal fatty acid content of scedoil obtained from
30 individual T2 seeds from B napuey seeds trapsformed with the T-DNA from the GA7-
modB coustruct. Bach dot shows the DHA level in an individual seed, with each

column of dots representing. T2 seeds from an individual T1 plant.

KEY TO THE SEQUENCE LISTING
SEQ ID NO:1 — pIP3416-GA7 nucleotide sequence.
SEQ ID NO:2 ~ plGAT- mod_B nucleotide sequence.
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SEQ ID NO:3 - Coedon-optimized open reading frame for expression of Lachanced
kliyveri A12 desaturase in plants.

SEQ ID NO:d - Lachancea khinveri A12-desaturase.

SEQ ID NO:S - Codon-optimized open reading frame for expression of Pichia pastoris

¥ {1

©3 desaturase in plants.
SEQ ID NO:6 - Pichia pastoris @3 desaturase.
SEQ ID NO:7 - Open reading frame encoding Micromenas pusitle AG-desaturase.
SEQ 1D N8 - Codon-optimized open reading frame for expression of Micramonas
pusilla AG-desaturase in plants.
10 SEQ D NO:9 ~ Micromonas pusilla Ab-desaturase.
SEQ 10 NO:WO - Open reading frame encoding Ostreocovcus ucimarinus AG-
desaturase.
SEQ ID NO:11 - Codon-optimized open reading frame for expression of Ostrescoccus
leeimarinus Ab-desaturase in plants.
1% SEQID NO:12 - Ostreococeus hecimarinuy Ab-desaturase.
SEQ ID NO:13 - Ostreococens tanri A6-desaturase.
SEQ 1D NO:14 - Open reading frame encoding Pyramimonas cordata Ab-elongase.
SEQ ID NO:15 - Codom-optimized open reading frame for expression of Pyramimonas
cordata AG-clomgase in plants (fruncated at 3° end and encoding functional elongase).
20 SEQ ID NO:16 - Pvramimonas cordata Ab-elongase.
SEQ ID NG 17 - Troncated Pyramimonas cordatae Ab-clongase.
SEQ ID NO:18 - OQpen reading frame encoding Paviova salina AS-desaturase.
SEQ ID NO:19 - Codon-optimized open reading frame for expression of Pavlove
saling AS-desaturase in plants.
25 SEQ 1D NO:2Q - Paviove saling AS-desaturase.
SEQ 1D NO:21 - Open reading frame encoding Pyremifmonas cordata AS-desaturase.
SEQ ID NO:22 - Pyramimonas cordata AS-desaturase.
SEQ ID NO:23 - Open reading frame encoding Pyramimonas cordata AS-elongase.
SEQ ID NO:24 - Coden-optimized open reading frame for expression of Pyramimanas
3 vordata AS-elongase in plants.
SEQ 1D NO:2S - Pyvramimonas cordata AS-clongase.
SEQ ID NO:26 - Open reading frame encoding Pavlova saling Ad-desaturase.
SEQ 1D NO:27 - Codon-optimized open reading frame for expression of Paviova
salina Ad-desaturase in plants.
SEQ ID NO:28 - Paviova saling Ad-desaturase.,
SEQ ID NO:29 - fsochrysis galbang AS-elongase.
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SEQ ID NO3O - Codon-optimized open reading frame for expression of Emiliania
huxlevi A9-clongase in plants.
SEQ ID NO:31 - Emiliania sleyi CCMPES 16 A9-plongase.
SEQ 11D NO:32 - Open veading frame encoding Paviova pinguis A9-elongase.
5 SEQ ID NG:33 - Pavlova pinguis A9-elongase.
SEQ 1D NO:34 - Open reading frame encoding Paviova salina A9-slongase.
SEQ ID NO:35 - Paviova salina A9-elongase.
SEQ ID NO:36 - Open reading frame enceding Paviova saling AB-desaturase.
SEQ ID NO:37 - Pavieve saling A8-desaturase.
10 SEQ 1D NO:3R -~ V2 viral suppeessor,
SEQ 1D NGOG — Open reading frame eocoding V2 viral suppressor,
SEQ ID NO: 40 - Arabidopsis thaliona LPAAT2,
SEQ 1D NO: 41 - Limsanthes alba LPAAT,
SEQ 1D NO: 42 — Saccharomyees cerevisiae EPAAT,
15 SEQID NO: 43 — Micromanas pusilla LPAAT.
SEQ ID NG 44 —Mertierella alpina LPAAT.
SEQ ID NO: 45 - Braccisa napus LPAAT,
SEQ 1D NO: 46 ~ Brassiea napus LPAAT.
SEQ ID NO: 47 - Phytophthora infestans 03 desatorase.
20 SEQ ID NO: 48 - Tholussiosira psendonana 93 desaturase.
SEQ ID NO: 49 - Pythium irregulare ©3 desaturase.
SEQ ID NO's: 50 to 58 — Qligonueleatide primers/probes.

DETAILED DESCRIPTION OF THE INVENTION

25  General Technigues and Definitions

Unless specifically defined otherwise, all technical and scientific terms used
hergin shall be taken to have the same meaning as commonly understood by ong of
ordinary skill in the art {e.g., in cell culture, molecular genetics, fatty acid synthesis,
transgenic plants, recombinant cells, protein chemistry, and biochemisty ).

3 Unless otherwise indicated, the protetn, cell culture, and immunological
technigques utilized in the preseot invention are standard procedures. well known to
those skilled in the art. Such techniques are described and explained throughout the
literature in sources such as, J. Perbal, A Practical Guide to Molecular Cloning, John
Wiley and Sons (1984), L. Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbouwr Laboratory Press (1989), T.A. Brown (editor), Essential
Maolecular Biology: A Practical Approach, Volumes 1 and 2, IRL Press (1991, DML
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Glover and B.D. Hames {editors), DNA Cloning: A Practical Approach, Volumes 1-4,
IRL Press {1993 and 199¢), FM. Awsubel et al. (editors), Current Protocols in
Molecular Biology, Greene Pub. Associates and Wiley-Interscience (1988, including
all updates until present)., BEd Harlow and David Lane (editors), Antibodies: A

¥ {1

Laboratory Manual, Cold Spring Harbowr Laboratory, {1988), and LE. Coligan et al.
{editors}, Current Protocols in lmmunology, John Wiley & Sons {including all updates
until present).
The term “andfor”, e.g., “X and/or Y shall be understood to mean either “X and
Y or *X or Y and shall be taken to provide explicit support for both meanings or for
10 either reaning.
As used herein, the term “about” unless stated to the contracy, refers to +/~ 10%,
niore preferably +/- 5%, more preferably +/~ 1% of the designated value.
Throughout this specification the word "comprise”, or variations such as
"comprises” of “comprising”, will be undarstood to imply the inclusion of a stated
15 eclement, integer of step, or group of elements, integers or stops, but not the exclusion of

any other element, integer or step, or group of elements, infegers or stops.

Selected Dedinitions

As used herein, the terms "extracted plant lipid” and “isolated plant lipid” refer

20 to a lipid composition which has been extracted from, for example by crushing, a plant
or part thereof such as seed. The extracted lipid can be a relatively crude composition
obtained by, for example, crushing a plant seed, or a more purified compesition where
most, i not all, of one or more ov each of the water, nucleic acids, proteins and
cathohydrates derived from the plant muaterial have been removed.  Examples of

25 purification methods are described below. In an embodiment, the extracted or isolated
plant lipid comprises at least about 60%, at least about 70%, at least about 80%, at least
about 90%, or at least about 95% (w/w) lipid by weight of the composition. The lipid
may be solid or liguid at room temperature, when liquid it is considared to be an oil. In

an embodument, extracted lipid of the invention has not been blended with another lipid

30 such as DHA and/or DPA produced by another source (for example, DHA from fish
oil), In an embadiment, following extraction the ratio of oue or more or all of, oleic
acid to DHA and/or DDPA, palmitic acid to DHA and/or DPA, linoleic acid to TYHA
and/or DPA, and total @6 farty acids: total @3 fatty acids, has not been significantly

altered. (for example, ne greater than a 10% or 5% alteration} when compared to the

fad
L

ratio in the intact seed or eell. In an another embodiment, the extracted plant lipid has
not been exposed to a procedure, such as hydrogenation or fractionation, which may
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alter the ratio of one or more or all of, oleic acid to DHA and/or DPA, palmitic acid to
DHA and/or DPA, linoleic acid to DHA andior DPA, and total o6 fatty acids: total @3
fatty acids, when compared » the ratio in the intact sced or cell. When the extracted
plant lpid of the inveation (s comprised i ap oil, the oil yoay further comprise non-

¥ {1

fatty acid molecules such as sterols.

As used herein, the terms "extracted plant ol amd “isolated plant oil” refertea
substance or composition comprising extracted plant lipid or isolated plant lipid and
which is a liguid at room temperature. The oil is obtained from a plant or part thereof
such as seed. The extracted or isolated oil can be a relatively crude composition
10 obtained by, for example, crushing a plant seed, or a move purified composition whire

most, if not all, of one or more or each of the water, nucleic acids, proteins and
carbohydrates derived from the plant material have been removed. The compesition
may comprise other components which may be lipid or nou-lipid. In an embodiment,
the oil composition comprises at least about 60%, at least about 70%, at least about
15 B0%, at least about 9%, or at least abont 95% (wiw) extracted plant lipid. In an
embodiment, extracted oil of the invention has not heen blended with another oil such
as DHA and/or DPA produced by anothier source (for exaniple, DHA from fish oil). In
an embodiment, following extraction, the vatio of one or more or all of, oleic acid o
DHA and/or DPA, palmitic acid to DHA andfor DPA, linoleic acid to DHA andlor
20 DPA, and total o6 fatty acids: total @3 fatty acids, has not been significantly altered
{tor example, no greater than a 10% or 5% alteration} when compared to the ratio in the
intact sced or cell. In an anpther embodiment, the extracted plant oil has not been
gxposed to a progedure, such as hydrogenation or fractiouation, which may alter the
tatio of one or more ot all of, olele agid to DHA and/or DPA, palmitic agid to DHA
25 and/for DDPA, linoleic acid to DHA and/for IDPA, and total o6 fatty acids: total 03 fatty
acids, when compared to the ratio in the intact seed or eell. HExtracted plant oil of the
invention may comprise non-fatty acid molecules such as sterols.
As used herein, terms such as “extracted microbial lipid”™ or “extracted microbial
oil” have analogous meanings as the comvesponding terms “extracted plant lipid” and
30 extracted plant oal” respectively, with the main difference being the source of the lipid
or oil.

As used herein, an “oil” is a composition comprising predominantly lipid and

which is a lquid at room terperamwre. For instance, oil of the invention preferably

comprises at least 75%, at least 80%, at least §3% or at least 90% lipid by weight.
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Typically, a purified oil comprises at least 90% triacylglycerols {TAG) by weight of the
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lipid in the oil. Minor components of an oil such as diacylglyeerols (DAG), free fany
acids (FFA), phospholipid and sterols may be present as described herein.
As used herein, the term "fatty acid” refers to a carboxylic acid (or organic acid),

aften with a Jong aliphatic tail, either saturated or unsatueated, Typically fauty acids

¥ {1

have a carboun-carbon bonded chain of at least 8 carbon atoms o length, more
preferably at least 12 carbons in length. Preferred fatty acids of the invention have
carbon chains of 18-22 carbon atoms (C18, C20, €22 fatty acids), more preferably 20-
22 carbon atoms (C20, €22} and most preferably 22 carbon atoms (C22). Most
naturally cccurring fatly acids have an even number of carbon atoms because their
10 biosvathesis involves gcetate which has twe carbon atoms. The fatty acids mav be in a
free state (non-esterified) or in an estecitied fovm such as part of a tiiglveeride,
diacylglyceride, moneacylglyeeride, acyl-CoA (thio-ester) bound or other bound form.
The fatty acid may be esterified as a phosphelipid such as a phosphatidylcheline,
phosphatidylethanelamine, phosphatidylsering, phosphatidylglycearol,
15 phosphatidyvlinositol or diphesphatidylglycerel forms. In an embeodiment, the fatty acid
is esterified to a methyl or ethyl group, such as, for example, a methyl or ethyl ester of
a €20 or £22 PUFA. Preferred fatty acids ave the methyl or ethivl esters of EPA, DPA
or DHA, or the mixtures EPA and DHA., or EPA, DPA and DHA, or EPA and DPFA.
"Saturated fatty acids” do not contain any double bonds or other functional
20 groups along the chain. The term "saturated” refers to hydrogen, in that all carbons
{apart from the catboxylic acid [-COOH] group) contain as many hydrogens as
possible,  In other words, the omega () end contains 3 hydrogens (-CH3-) and cach
carbon within the chain contains 2 hydrogens (~CH2).
“Unsaturated fatty geids” ave of similar forn 1o saturated fatty acids, except that
25 one or more alkene functional groups exist glong the chain, with each alkene
substituting a singly-bonded "-CH2-CH2-" part of the chain with a doubly-bonded -
CH=CH-" portion (that is, a carbon double bonded to another carbon). The two next
catbon atoms in the chain that are bound to cither side of the double bond can eceur in
a ¢ls or trany configuration, preferably in the viy configuration. In an emboediment, the
30 lipid or oil or the invention bas a fatty acid composition which comprises less than 1%
fatty acids baving a carbon-carbon double bond in the wang coufiguration {trans faty
acids).
As used herein, the term "monounsaturated fatty acid" refers to a fatty acid

which comprises at least 12 carbon atoms in its carbon chainn and only one alkene group

fad
L

{carbon-carbon double bond} in the chain. As used herein, the terms "polyunsaturated
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fatty acid” or "PUFA" refor to a fatty acid which comprises at least 12 carbon atoms in

its curbon chain and ot least two alkenc groups {carbon-carbon double bonds).
As used herein, the terms "long-chain polyunsaturated fatty acid” and "LC-
PUFA" refer to a fatty acid which comprises at least 20 carbon atoms v its carbon
5 chain and at least two carbon~carbon double bonds, and hence nclude VLC-PUFAs.
As used herein, the terms "very long-chain polyunsaturated fatty acid” and “VLC-
PUFA” refer to a fatty acid which comprises at least 22 carbon atoms in its carbon
chain and at least three carhon-carbon double bonds. Ordinarily, the mumber of carbon
atoms in the carbon chain of the fatty acids refers to an unbranched carbon chain. 1 the
10 carbon chain is branched, the number of carbon atorms excludes these in sidegroaps. In
one embodiuvent, the long-chain polyunsaturated fatty acid s an @3 fatty acid, that is,
having a desaturation {carbon-carbon double bond) in the third carbon-carbon bond
from the methyl end of the fatty acid  In another embodiment, the long-chain
polyunsaturated fatty acid is an b fatty acid, thot is, baving a desaturation {carhon-
15 carbon double bond) in the sixth carbon-carbon bond from the methyl end of the faty
acid. In a further embodiment, the long-chain polyunsaturated fatty acid is sclected
from the group consisting of: arachidonic acid (ARA, 204A58.11.14; w6,
gicosatetraenoic acid (ETA, 20:4A8,11,14.17, w3), eicosapentacnoic acid (EPA,
20:5A5.8,11L14.17; o3). docosapentaenoic acid (DPA, 22:5A7.10.13,16,19, o3}, or
20 docosahexaenoic acid (DHA, 22:6A4,7,10,13.16,19, @3). The LC-PUFA may also be
dihemo-v-linoleic acid {DGLA) or cicosatrienoie acid (ETrA, 20:3A11,14,17, ©3). 1t
would readily be apparent that the LC-PUFA that is produced according to the
invention may be a mixture of any o all of the above and may include other LEC-PUFA
or derivatives of any of these LC-PUFA. Tn a preferred embodiment, the @3 fatty acids
25 are at least DHA and/or DPA, preferably, DPA and DHA, or EPA, DPA and DHA, or
EPA and DPA. As extracted from the plant, DHA is present in the Hpid or oil at a level
of 20.1-30¢%: or between 20.1% and 33%, preferably between 30% to 35% of the total
fatty acid composition. For example, DHA is present at a level of hetween 30.1% and
35% of the total fatty acid composition. Iir an embodiment, the level of DHA is greater
30 than the level of DPA, move preferably greater than the level of each of EPA and DPA,
most preferably greater than the combined level of EPA and DPA. In an alteroative
embodiment, DPA is present at a level of between about 7% and 30% or 35% and DHA
is cither abseat or, if present, is present at a level of less than 2.09%, preferably less than

1.0%, more preferably less than 0.5% of the total fatty acid composition and most

fad
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preferably absent or undetectabla. This may be accomplished by the absence of a A4-
desaturase activity i the cell. In an embediment, the level of DPA ix greater than the
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level of EPA, more preferably greater than the level of each of EPA and DHA, most
preforably greater than the combined level of EPA and DHA. In this embodiment,
DHA may be absent or, if present, is present at a level of less than 0.5% of the total

fatty acid composition.

¥ {1

Furthermiore, as used herein the ferms “long-chain pohyunsaturated fatty aeid”
(L.C-PUFA) and "very long-chain pelyunsaturated fatty acid” (VLC-PUFA) refer to the
fatty acid being in a free state (non-esterified) or in an esterified form such as part of a
triglyeeride (triacylglyeerol}, diacylglyceride, monoacylglveeride, asyl-CoA bound or
other bound form. In the triglyceride, the LC-PUFA or VLC-PUFA such as DHA or
10 DPA mayv be esterified at the sa-1/3 or sn-2 positions, or the trighyceride may comprise

two or three acyl wroups selected from LC-PUFA and VLC-PUFA acyl groups. For

example, the mriglveeride may comprise DHA or DPA at both of the sn-1 and sa-3

positions, The fatty acid may be esterificd as a phospholipid sueh as a

phosphatidylcholine {(PC), phosphatidylethanolamine, phosphatidylserine,

15 phosphatidyvlglyecrol, phasphatidylinositol or diphosphatidvlglycerol forms. Thus, the

LC-PUFA may be present as a mixture of forms in the lipid of a cell or a purified oil or

lipid extracted from cells, tissues or organisms.  In preferred embodinents, the

invention provides oil comprising at least 73% or at least 85% wriacyiglycerols, with the

remainder present as other forms of lipid such as those mentioned, with at least said

20 triacylgtveerols comprsing the LOC-PUFA, The oil may subsequently be further

purified or treated, for example by hydrolysis with a strong base to release the free fatty
acids, or by transesterification, distitlation or the like.

As used herein, “total w6 fatty acids™ or "total of fatty acid content™ or the like

tefers to the sum of all the @b fatty acids, esterified and nowesterified, in the extracted

25 lipid, oil, recombinant cell, plant part or seed, as the context determines, expressed as 4

percentage of the total fatty acid content. These 6 fatty acids include (if present) LA,

GLA, DGLA, ARA, EDA and @6-DPA, and exclude any @3 fatty acids and

monounsaturated fatty acids, The @6 fatty acids present in the plants, seeds, lipid or

eils of the invention are all included in the class of pelyunsaturated fatty acids {PUFA).

30 As used berein, “uew w6 faity acids”™ or “new @0 fatty acid coutent”™ or the like

refers 1o the sum of all the @b fatty acids excluding LA, esterified and non-esterified, in

the extracted lipid, oil, recombinant cell, plant part or seed, as the context determines,

expressed as a percentage of the total faity acid content. These new 6 faity acids are

the faity acids that are produced in the cells, plants, plant parts and seeds of the

fad
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invention hy the expression of the genetic constructs (exogenous polynueleotides)
introduced imto the cells, and include ¢if present) GLA. DGLA, ARA, EDA and wb-
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DPA, but exclude LA and any w3 fatty acids and monounsaturated fatty acids.
Exemplary total @6 Tatty acid contents and new @6 fatty acid contents are determined
by conversion of fatty dcids in a sample to FAME and analysis by GC, as described in
Example 1.

¥ {1

As used herein, “total w3 fatty acids™ or “total @3 fatty acid content™ or the like
refers o the sum of all the 633 fatty acids, esterified and non-esterified, in the sxtracted
lipid, oil, recombinant cell, plant part or seed, as the context determines, expressed as a
percentage of the total fatty acid content. These @3 fatty acids include {(if present)
ALA, SDA, ETrA, ETA, EPA, DPA and DHA, and exclude any b fatty acids and
10 monounsaturated fatty acids. The @3 fatty acids present in the plants, seeds, lipid or

ails of the invention are alt included in the class of polyunsaturated fatty acids (PUFAJ
As used herein, “new o3 fatty acids™ or “new 3 fatty acid content” or the like
refers to the sum of all the w3 fatty acids excluding ALA, esterified and nop-gsterified,
in the extracted lipid, eoil, recombinant cell, plant part or seed, as the comtext
15 determings, expressed as 2 porcentage of the total fauy acid content. These new 03
fatty acids are the 3 fatty acids that are produced in the cells, plants, plant parts and
seeds of the mvention by the expression of the gepetic constructs (exogenous
polynucleotidesy utroduced into the cells, and include {f presenty SDA, ETeA, ETA,
EPA, DPA and DHA, but exclude ALA and any 6 fatty acids and monounsaturated
20 fatty acids. Excmplary total 03 fatty acid contents and new @3 fatty acid contents arg
datermined by conversion of fatty acids in a sample to FAME and anatysis by GC, as
described in Example 1.
As the skilled person would appreciate, the term “obtaining a plant part” as a
step i the proeess of the invention can inchude obtaining one of mere plant parts for
25 use in the process. Obtaining the plant part includes harvesting the plant part from a
plant such as with a mechanical harvester, or purchasing the plantpart, of receiving the
plant part from a supplier. In another example, obtaining a plant part may be acquiring
the plant from someone else who bas barvested the plant part.
The desaturase, elongase and acyl wansferase proteins and gepes encoding them
30 that may be used in the invention are any of those known in the art or homwlogues or
derivatives thereof. Examples of such genes and encoded protein sizes ave listed in
Table 1. The desaturase enzymes that have been shown to participate in LC-PUFA
biosynthesis all belong to the group of so-called “front-end” desaturases. Preferred
proteins, or combinations of proteins, are those encoded by the genetic constructs
pravided herein as SEQ 1D NOs: { and 2.

fad
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As used herein, the term “front-end desaturase” refers to a member of a ¢lass of
enzymes that introduce a double bond between the carboxyl group and a pre-cxisting
unsaturated part of the acyl chain of lipids, which are characterized structurally by the
presence of an N-terminal oytochrome bS domain, along with a typical fatty acid

¥ {1

desatirase domain that ingludes three highly conserved histiding boxes (Napier et al.,
1997}

Activity of any of the slongases or desaturases for use in the invention may be
tested by exprossing a gene encoding the enzyme in a cell such as, for example, # plant
cell or preferably in somatic embryoes or fransgenic plants, and determining whether the
10 ¢ells ernbryo or plant has an increased capacity to produce LC-PUFA compared to a

comparable cell, embryo or plant iy which the enzynie s ot expressed,

In one embodiment one o more of the desaturases andfor elongases for use in
the invention can purified from a microalga, i.e. is identical in amine acid sequence tova
polypeptide which can be purified from a nuercalga.

15 Whilst certain enzymes are specifically described herein as "bifunctioinal”, the
absence of such a teom does not necessarily imply that a particular enzyme does not

possess an activity other than that specifically defined.

Desaturases

20 As used herein, the term "desaturase” refers to an enzyme which is capable of
introducing a garbon-carbon double bond into the acyl group of a fatty acid substrate
which is typically in an estetified form such ag, for example, aovl-CoA esters. The acyl
group may be esterified to a phospholipid such as phosphatidylcholine (FC), or to acyl
carrier protein (ACP)Y, or in a preferred embodiment © CoA.  Desaturases geverally

25 may be categorized into three groups accordingly. In one embodiment, the desaturase
is a front-end desaturase.

As used herein, a "Ad-desaturase” refers to a protein which performs a
desaturase reaction that intwoduces a carbon-carbon double bond at the 4™ carbon-
carbon bond from the carboxyl end of a fatty acid substrate, The "Ad-dasatirase” is at

30 least capable of converting DPA to DHA. Preferably, the "Ad-desaturase” is capable of
comverting DPA-CoA 1o DHA-CoA, ie it is an acvl-CoA desaturase. In an
embodiment, the "A4-desaturase™ is capable of converting DPA esterified at the si-2
positisn of PC to DHA-PC. Preferably the Ad-desaturase has greater activity on DPA-
CeA than on DPA-PC. The desaturation step to produce DHA from DPA is catalysed

fad
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by a Ad-desaturase in organisms other than mamumals, and a gene encoding this enzyme
has been isolated from the freshwater priist species Euglena graetlis and the maring
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species Thraustochverium sp. (Qin et al, 2001; Meyer ot al, 2003). In ong
cmbaodiment, the Ad-desaturase comprises antino acids baving a sequence as provided
in SEQ ID NO:28, or a Thraustechytrium sp. Ad-désaturase, a biologically active
fragment thereof, or an antino acid sequevnes which is at least 80% identical to SEQ 1D

¥ {1

NO:28. In an embodiment, a plant, plant part (such as seed) or cell of, or used in, the
invention which produces high levels of DPA, such ax 5% to 35% of the total
extractable fatty acid content 18 DPA, does not comprise a gene encoding & functional
Ad-desaturase.
As used herein, a "AS-desaturase” refers to a prowin which pedforms a
10 desaturase reaction that introduces a carhou-carbon double bond at the 3% carbon-
carbon bond from the caboxyl end of a fatty acid substrate. T an embodiment, the
fatty acid substrate is ETA and the enzyme produces EFA. Preferably, the "AS-
desaturase™ is capable of converting ETA-CoA to EPA-CoA, ie. it is an acyl-CoA
desaturase. [n an embodiment, the "AS5S-desaturase”™ is capable of converting ETA
15 esterified at the si-2 position of PC. Preforably the AS-desaturase has greater activity
on ETA-CoA than on ETA-PC. Examples of AS-desaturases are listed in Ruiz-Lopez et
al. (2012) and Pewde et al. (20104) and in Table 1 hevein. In ove embodiment, the AS-
desatucase comprises amine acids having 4 sequence as provided in SEQ 1D NO:2D, a
biclogically active fragment thereof, or an amino acid sequence which is at least 80%
20 identical to SEQ ID NO:20. In another embodiment, the AS—desaturase comprises
amine acids having a sequence as provided in SEQ ID NO:2Z, a biologicatly active
fragment thereof, or an amine acid sequence which is at least 53% identical to SEQ ID
NO:22. 1o avother embodiment, the AS—desaturase s from Thranstochyvirivm sp or
Emitiania fuadeyi,
25 As used herein, a "A6-desaturase” refers to a protein which performs a

® arbon-

desaturase reaction that introcduces a carbon-carbont double bond at the 6
carbon bond from the carboxyl end of a fatty acid substrate. In an embodiment, the
fatty acld substrate is ALA and the enzyme preduces SDA. Preferably, the "AG-
desaturase” is capable of converting ALA-CoA to SDA-CoA, Lo 1t ig an acyl-CoA
30 desaturase. In av embodiment, the "Ab-desaturase” is capable of converting ALA
esterified at the sn-2 position of PC. Preferably the A6-desatiurvase has greater activity
on ALA-CoA than on ALA-PC. The A6-desaturase may also have activity as a AS-
desaturase, being termed a AS/AO bifunctional desaturase, so long as it has greater Ab-
desaturase activity on ALA than AS-desaturase activity on ETA. Examples of AG-

fad
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desaturases are listed in Ruiz-Lopez et al. (20112} and Petrie ot al. {2010a) and in Table
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1 hegein. Preforred A6-desaturases are fromy Micramaonay pusille, Pythiwm irregulare or
Ostregeoecus 1aaril.

In an embodiment, the AbG—desaturase is further characterised by having at least
two, prefecabily all three and preferably in a plawt cell, of the following: ) greater A6-

5 desatvrase agtivity on o-linolenie acid (ALA, 18:3A9,12,15, 3} than linoleic actd (LA,
18:2A9,12, w6 as fatty acid substrate; if) greater AG-desaturase activity on ALA-CoA
as fatty acid substvate than on ALA joined to the sn-2 position of PC as fatty acid
substrate: and iii) A¥-desaturase activity ont ETrA. Examples of such A6-desaturases
are provided in Table 2,

10
Table 2.  Desaturases demonstrated fo have activity on an acyl-CoA substrate
Enzyme Type of Species Accession | Profein References
organism Nos, size
taw’s)
Ab~desaturise | Algag Mantonielly CAQRTY 440 Hoffwann etal., 2008
Squamata
{streacoccis AAWTGLSG 456 Domergue ef al., 2003
fouri
Micromenas EEH58637 Pawie et al., 2010a
pusilla (SEQIDNO: T
AS-desaturase | Algae Mamiomtella CAQ30478 482 Hoffmann et al., 2008
h‘gl{{iﬂl{it &4
Plant Anerong N/& Sayarova etal., 2007
feveillel
w3-desaturase | Fungd Pythium FW362186.1 359 Xne et al., 2012
apfianidermatam WOR2008/54563
Fungt Phytophthora FW362214.1 363 Kue et.al., 2012;
{pomyeels) | sojae WOB08/4034565
Fungi Phytophthora FW362213.1 361 Xpe et al., 2012;
(oomygete) PANIOTIL WO008/054565

In an embodiment the Ad—desahirase has greater activity on s 03 substrate than

the corresponding w6 substrate and hag activity on ALA ® produge actadecyteleasnic

15  acid (stearidonic acid, SDA, 18:4A6,9,12, 15, @3) with an efficiency of at least 30%,
more preferably at least 40%, or most preferably at least 50% when expressed from an
exogenous polynuclentide in a recombinant cell such as a plant cell, or at least 353%

when expressed in a yeast cell. In one embodiment, the Ab-desaturase has greater
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activity, for example, 4t least about a 2-fold greater Ab-desaturase activity, on ALA
than LA as fatty acid substrate. In another embodiment, the A6-desaturase has greater
activity, for example, at least about 5 fold greater A6-desanirase activity or at least 10-
fold greater activity, ont ALA-Co& as fatty actd substrate than on ALA johted to the sp-

¥ {1

2 position of PC as fatty acid substrate. In a further embodiment, the Ad-desaturase has
activity on both fatty acid substrates ALA-CoA and on ALA joined to the sn-2 position
of PC.
In one embodiment, the A6-desaturase has no detectable AS-desaturase actvity
on ETA. In another embodiment, the A6-desaturase comprises amino acids having a
10 sequence as provided in SEQ 1D NO:9, 8EQ ID NO:12 or SEQ 1D NO:I3, a
Biolagically active fragmeut thereof, or an anine ackd sequence which s at least 77%
iglentical to SEQ 1D NO:9, SEG [D NO:12 or SEQ 1D NO:13. In another embodiment,
the A6-desaturase comprises amino acids having 4 sequesce as provided in SEQ ID
NO:12 or SEQ ID NO:13, a biologically active fragment thercof, or an amino acid
15 sequence which is at least 67% identical te one or bath of SEQ ID NQ:12 or SEQ ID
MO:13. The A6-desaturase may also have A§-desaturase activity.

As used herein, a "AB-desaturase” refers to # protein which performs a
desancase reaction that intvoduces a carbor-carbon double bond at the 8% carbon-
carbon bond from the carboxyl end of a fatty acid substiate. The AB-desaturase is at

20 least capable of converting ETrA to ETA. Preferably, the AB-desaturase is capable of
converting ETrA-CoA to ETA-CoA, le it i an acyl-CoA desaturase. Im an
embodiment, the AS-desaturase is capable of converting ETrA esterificd at the su-2
position of PC. Prefecably the AS-desaturase has greater activity on ETrA-CoA than on
ETrA~-PC. The AS-desaturase may also have activity as a Ab-desaturase, being eomed 4

25  AG/AS bifunctional desaturase, so long as it bas greater A8-desaturase activity on ETrA
than Ab-desaturase activity on ALA. Examples of AB-desaturases ave listed in Table 1.
In pie embodiment, the AB-desaturase conmprises amino acids having a sequenee as
provided in SEQ ID NQO:37, a biologically active fragment thereof, or an amino acid
sequence which ix at least 30% identical to SEQ ID NCe37.

30 As used berein, an "03-desatorase” vefers to a protein which performs a

desaturase reaction that inedoces a carbon-carbon double bond at the 3vd carbou-
carbon bond from the methyl end of a fatty acid substrate. A @3-desaturase therefore
may convert LA to ALA and GLA to SDA (all CI8 fatty acids). or DGLA to ETA
and/or ARA to EPA (C20 farty acids). Some w3-desaturases (group [ have. activity

fad
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only on Cl& substrates, such as plant and cyanobacterial ©3-desaturases. Such o3-
desaturases are also AlS-desaturases. Other @3-desaturases have activity on €20

CSIRO Exhibit 1014



WO 2015/089587 PCT/AU2014/050433

61

substrates ‘with no activity {group I} or some activity (group {H) on C1§ substrates.
Such w3-desaturases are also Al7-desaturases. Preferred @3-desaturases are group I
type which convert LA to ALA, GLA to SDA, DGLA to ETA and ARA to EPA, such
as the Pichia pastoris m3-desaturase (SEQ 1D NO: 6). Examples of @d-~desaturases
5 include those described by Pereira et al. (2004a) (Saprelegnia diclinag @3~desaturase,
group kD). Horiguchi et al. (1998), Berberich et al. (1998} and Spychalla et al. {1997)
{C. elegans wi-desaturase, group 1. Ina preferred embodiment, the @3-desaturase is
a fungal @3-desaturase. As used berein, a “fungal w3-desaturase”™ refers to an w3-
desaturase which is from a tungal source, including an oomycete source, or a variant

10 thereof whose wmino acid sequence is at least 93% identical thereto, Genes encoding
mimerous m3-desaturases have bear isolated from fungal sources such as, for example,
from Phviophthora infestans (Accession No. CAJ30870, WO2005083053; SEQ ID
N 47, daprolegnia dicting (Accession No. AARZ(0444, Pereira ot al., 20044 & US
F211656), Pythium  irvegulare (WO2008022963, Group II; SEQ ID NO: 49),

15 Mortierella  alping  (Sakuradani et al, 2005; Accession No. BADY1495;
WO2006019182), Thalassiosira pserdonang (Armbrust et al., 2004; Accession No.
XP_002291057; WO2005612316, SEQ 1D NO: 48), Lachancea Kuyveri (also kiiown
as. Seecharemyees kluyvers; Oura et al., 2004; Accession No. ABLIB663). Xue et al.
{2012y deseribes ca3-desaturases from the oomycetes Pythitm aphanidermatum,

20 Phytophthora sojue, and Phytophthore ramorum which wete able to efficiently convert
w6 fatty acid substrates to the corresponding ©3 fatty acids, with a preference for €20
substrates, Le. they had stronger Al7-desaturase activity than AlS-desaturase activity.
These enzymes lacked Al2-desaturase activity, vt could use fatty acids in both acvi-
CoA and phospholipid fraction as substrates.

25 In a more preferred embodiment, the fungal w3-desaturase is the Pichia pastoris
{also known as Kemagataella pastoris) o3-desaturase/A15-desaturase (Zhang et al.,
2008: Accession No. EF116884; SEQ D NO: 6}, or a polypeptide which is at least
95% identical thereto.

In an embodiment, the w3-desaturase is at least capable of converting one of

30 ARA to EPA, DGLA to ETA, GLA to SDA, both ARA to EPA and DGLA to ETA,
bhoth ARA to EPA and GLA 1o SDA, or all three of these,

In one embodiment, the w3-desaturase has Al7-desaturase activity on a C20
tatry acid which has at least three carbon-carbon double bonds, preferably ARA. In

another embodiment, the ®3-desaturase has Al5-desaturase activity on a C18 fatty acid

fad
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which has three carbon-carbon double bonds, preferably GLA. Preferably, both
activities are present.
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As used herein, a "Al2-desaturase” vefers to a protein which petforms a
desaturase reaction that introduces a carbon-carbon double bond at the 12% carbon-
carbon bond from the carboxyl end of a fatty acid substrate. Al2-desaturases typically
convert  either  oleoylphosphatidyicholine ot oleoyl-Co& 10 linoleayl-

¥ {1

phosphatidylcholine  (18:1-PC) or linoleoyl-CoA {18:1-CoA), respectively. The

subelass using the PC linked substrate are referred to as phospholipid-dependent A12-

desaturases, the latter sublclass as acyl-CoA dependent Al2-desaturases. Plant and
fungal Al2-desaturases are generally of the former sub-class, whereas animal A12-
desaturases are of the latter subclass, for example the Al2-desaturases encoded by

10 genes cloned from insects by Zhou et al. (2008). Many other Al2-desaturase sequences
can be easily identified by searching sequence databases.

As used hetein, a "AlS-desaturase” refers to & protein which performs a
desaturase reaction that infroduces a carbon-carbon double bond at the 15% carbon-
carbon bond from the earboxyl end of a fatty acid substrate. Numerous genes encoding

15 AlS-desaturases have been cloned from plant and fungal species. For example,
US5952544 describes nucleic acids encoding plant AlS-desaturases {(FAD3). These
enzyies compnse anudo acid rootifs that were characteristic of plant Al1S-desanrases.
WO00114538 describes a geve encoding soybean FAD3. Many other AlS-desaturase
sequences can be casily identified by searching sequence databases.

20 As used herein, a "Al7-desaturase” refers to a protein which performs a
desaturase reaction that introduces a carbon-carbon double bond at the 17" carbon-
carbon bond from the carboxyl end of a fatty acid substrate. A Al7-desatrase is also
regarded as an @3-desaturase if it acts on a C20 substrate to ntroduce a desatuvation at
the 03 bond.

25 In & preferred embodiment, the Al2-desaturase and/or AlS5-desaturase is a fungal
Al2-desaturase or fungal AlS-desaturase. As used heren, a “fungal Al2-desaturase™ or
*“a fungal A15-desaturase” refers to a Al2-desaturase or AlS-desaturase which is from a
fungal source, including an comyeete seurce, or a varant thercof whose amine acid
sequence I8 at least 953% identical thereto, Genes encoding numerous desaturases have

30 been isolated from fuvgal sources. US 7211656 describes a Al2 desaturase from

Saprolegnia dicling. W02009016202 describes fungal desaturases from Helobdefla

robusta, Loccaria bivelor, Lottia gigantea, Microcolens chihonoplastes, Monosiga

brevicoflis, Mycosphaerella fijiensis, Mycospaevelta graminicola, Naegleria gruben,

Nectria  haematococca,  Nematostella  vectensis,  Phycomyces  blakesleeanus,

fad
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Trichoderma resii, Phvscomitrella patens, Postia placenta, Selaginetla moellendorffii
and  Microdochivm  nivale, WO2005/012316  desceibes 4 Al2-desaturase  from
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Thalassiosira psevdonana and other fangl, WO2003/099216 deseribes genes encoding
fungal Al2-desaturases and AlS-desaturases isolated from Newrospora crassa,
Aspergillus niduluns, Botrvtly cinerea and Mortierello alping.  WO2007133425
describes fungal AlS desaturases isolated from: Saccharomyces kluyveri, Mortierelia

¥ {1

alpina, Aspergilius nidulans, Newrospora crassa, Fusarium graminearum, Fusarivm

momdiforme  and Magnaporthe grizea. A preferred Al12  desaturase is from

Phytophithora sojee (Ruiz-Lopez et al., 2012).

A distinet subclass of fungal Al2-desaturases, and of fungal AlS-desaturases,
are the bifunctional fungal A12/A15-desaturases. Genes encoding these have been
10 cloned fromy Fusariuni monoliforme {Accession No. DORT2516, Damuode et al., 2006),

Acanthamoeha castellanil (Accession No. EFQ17656, Savanova et al, 2006}, Perkinsus
marinues  (WO2007042510), Clavieeps  purpurea  (Accession  No.  EFS36898,
Meesapyodsuk et al., 2007} and Coprins cinereus (Accession No. AF260266, Zhang
et al., 2007).

15 In another cmbodiment, the 3-desamrase has at least seme activity om.
preforably greater activity on, an acyl-CoA substrate than a corresponding acyl-PC
substrate.  As used herein, a “corresponding acyl-PC substrats™ refers to the fatty acid
exterified at the sn-2 position of phosphatidyleholine (PCY where the fatty acid is the
same facty acid as in the acyl-CoA substrate. For example, the acyl-CoA substrate may

200 be ARA-CoA and the cormesponding acyl-PC substrate is sn-2 ARA-PC. In an
embodiment, the activity is at least two-fold greater. Preferably, the gi3-desaturase has
at least some activity on both an acyl-CoA substrate and its corresponding acyl-PC
substrate and has activity on both C1E and C20 substrates. Examples of such o3-
desatorases dre kKuowiamongst the cloned fingal desanirases listed above,

25 In a further embodiment, the 3-desaturase comprises amino acids having a
sequence as provided in SEQ D NO:6, a biclogically active fragment thereof, or an
amino acid sequence which is at least 60% identical to SEQ ID NO:6, preferably at
least Q0% or at least 95% identical to SEQ ID NO:6.

In vet a further embodiment, a desatugase for use in the present invention has

30 greater activity on an acyl-CoA substrate than a corvesponding acyl-PC substrate. In

ancther erpbodiment, a desaturase for use in the present invention has greater activity

on an acyl-PC substrate than a corresponding acyl-CoA substrate, but has some activity
on both substrates. As eutlined above, a “corresponding acyl-PC substrate” sefers to the

fatty acid esterified at the sn-2 position of phosphatidylcholine (PCY where the fatty
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acid is the same fatty acid as in the acyl-CoA substrate. In an embodiment, the greater
activity is at least two-fold greater. In an embodiment, the desatorase is a AS or A6-
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desaturase, or an W3-desaturase, cxamples of which are provided, but net limited to,
those listed in Table 2. To test which substrate a desaturase acts on, namely an acyl-
CoA or an acyl-PC substrate, assays can be carried out in yeast cells as described in
Poroergue et al. (2003 and 2003). Acyl-CoA substrate capahility for a desatarase can

¥ {1

also be inferred when an elongase, when expressed together with the destarase, has an
enzymatic conversion efficiency in plant cells of at least about 90% where the elongase
catalyses the elongation of the product of the desaturase. On this basis, the AS-
desaturase and Ad-desaturases expressed from the AT construct (Examples 2 and 3)
and variants thereof (Example 4) are capable of desaturating their respective acyl-CoA
10 substrates, ETA-CoA aud DPA-CaA.

Elongases
Biochemical evidence suggests that the fatty acid elongation consists of 4 steps:
condensation, reduction, dehydration and a second reduction. In the context of this

15  invention, an "clongase” refers to the polypeptide that catalyses the condensing step in
the presence of the other members of the clongation complex. uvnder suvitable
physiological conditions. It has been shown that beterologous or homologous
expression ina cell of only the condensing component ("elongase™) of the elongation
protein complex is required for the elongation of the respective acyl chain. Thus, the

20 introduced clongase is able to successtully recruit the reduction and dehydration
activities from. the transgenic bost to carry out suceessful acyl clongations. The
spectficity of the clongation reaction with respect to chain length and the degree of
desaturation of fatty acid substrates is thought to reside in the condensing component.
This component is also thought to 'be vate Hmiting in the elongation reactio.

25 As used herein, a "AS-elongase” is at least capable of converting EPA to DPA.
Examples of AS-clongases include those disclosed in WO2005/103253.  In one
embadiment, the AS-clengase has activity on EPA to produce DPA with an efficieney
of at least 60%, more preferably at least 65%, more preferably at least 70% or most
preferably at least §80% or 90%. In a turther embediment, the AS-clongase comprises

30 ay amine acid sequence as provided i SEQ 1D NO:25, a biologically active fragment
thereof, or an amino aeid sequence which s at feast 47% identical to SEQ 11D NO:25. In
a further embodiment, the Ab-clongase is from Ostreococcns il ov (Qstreococcys
Tucimarinuy (US2010/088776).

As used herein, a "AG-clongase” is at least capable of converting SDA to ETA.

fad
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Examples of A6-elongases include those listed in Table 1. In one embodiment, the
elongase comprises amino acids having a sequence as provided in SEQ HY NO:16, a
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biolegically active fragment thereof (such as the fragiment provided as SEQ 1D NO:17),
or an amine acid sequence which is at least 55% identical to one or both of SEQ D
NO:16 or SEQ 1D NO:17. In an embodiment, the AG-clongase is from Physcamitrella
pateas (Zaok et al,, 20027 Accession No. AF428243) ov Thalassiosiva pseudonana
{Ruiz-Lopez et al., 2012).

As used herein, a "AY-clongase” is at least capable of converting ALA to ETrA,

¥ {1

Examples of A9-elongases include those listed in Table 1. In one embodiment, the A9-
clongase comprises amino acids having a sequence as provided in SEQ 1D NO:29, a
biologically active fragment thercof, or an amino acid sequence which is at least 0%

10 ddenteal to SEQ 1D NO:29. Tn another embodiment, the A9-clongase comprises aming
acids having a sequence as provided tix SEQ 1D NO:31, a biologically active fragment
thereof, or an amito acid sequence which is at least 81% identical to SHQ 1D NO:31.
I anether embodiment, the A9-elongase comprises amino acids baving a seguence as
provided in SEQ ID N(:33, a biologically active fragment thereof, or an amine acid

15 sequence which is at least 50% identical to SE} 1D NOG:33. In another embediment,
the AS-clongase comprises amine acids having a scquonce as provided in SEQ ID
NO:35, a biologically active fragment thereof, gr an amive ackd sequence which i at
least 304% identical to SEQ X NO:35. 1o a further ennbodiment, the A9-elongase has
greater activity on an @6 substrate than the corresponding @3 substrate, or the

20 converse.

As used herein, the terny “has greater activity on an 6 substrate than the
corresponding @3 substrate” refers to the velative activity of the enzyme on substrates
that differ by the action of an @3 desaturase. Preferably, the ©6 substrate s LA and the
@3 substeate is ALA.

25 An clongase with AS-elongase and A9-clongase activity is at least capable of (1)
comverting SDA to ETA and (i) converting ALA to ETrA and has greater Ab-clongase
activity than A9-elongase activity. In one embodiment, the elongase has an efficieney
of conversion on SDA to produce ETA which is at keast 50%, more preferably at least
60%, andfor an efficiency of conversion on ALA to produce ETrA which is at least 6%

30 or more preferably at least 9%. T apother embodiment, the elongase has at least about
6.5 fold greater AG-clongase activity than A9-clongase activity, In a fucther

embodiment, the elongase has no detectable AS-elongase activity.

Other enzymes

fad
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The transgenes intreduced into the recombinant cell such as a microbial cell, or
teansgenic plant or part thereol may alse encode an LPAAT. As used herein, the term

CSIRO Exhibit 1014



WO 2015/089587 PCT/AU2014/050433

66

"1-acyl-glyveerol-3-phosphate acyltransferase” (LPAATY, also termed lysephosphatidie
acid-acyltransferase or acylCoA-lysophosphatidate-scyltransferase, refers to a protein
which acylates su-1-acyl-glycerol-3-phosphate {(sn-1 (3-3-P) at the sp-2 position to form
phiosphatidic acid (PA). Thus, the term "lacyl-glycerod-3-phasphate acylteansferase

¥ {1

activity” refers to the acylation of (rr-1 G-3-Py at the sa-2 position to prodace PA (EC
2.3.1.51). Preferred LPAATS sre those that can use a polyunsaturated C22 acyl-CoA as
substrate to transfer the polyunsaturated C22 acyl group to the sn-2 position of LPA,
forming PA. In an smbodiment, the polyunsasmated €22 acyl-CoA is DHA-CoA
andfor DPA-CoA. Such LPAATs are exemplified in Example 7 and can be tested as
10 described therein. Int an erabodiment, an LPAAT useful for the nvention comprises
anuing acids having a sequence as provided in any ene of SEQ 1D NOs: 40 to 46, a
biclogically active fragment thereof, or an amino acid sequence which is at least 40%
identical to any oue or more of SEQ ID MOs: 40 to 46. In another embodiment, the
LPAAT does not have amine aeids having a sequence as provided in any enc of SEQ
15 1D NO: 44, In a preferred embodiment, an LPAAT useful for the invention which can
use a C22 polyunsaturated fatty acyl-CoA substrate, preferably DHA-CoA andfor
DPA-CoA, comprises aming acids having a sequence as provided i any one of SEQ
D NOs: 41, 42 aud 440 a biologically active fragroent thereof, or an aming acid
sequence which is dt least 40% identical to any one of mere of SEQ D NOs: 41, 42
20 and 44. In a preforred embodiment, an LPAAT wvseful for the invention which can usg
a C22 polyunsaturated. fatty acyl-CoA substrate, preferably DHA-CoA and/or DPA-
CoA, comprises anmino acids having a sequence as provided in any one of SEQ ID
NQOs: 41 or 42, a biologically active fragmeut thereof, or an amino acid sequence which
is at least 40% identical to any one or hoth of SEQ ID NOs: 41 and 42, In an
25 embodiment in which the genetic construct expresses a Ad-desaturase in the transgenic
cell andfor the transgenic cell prodoces DHA, the LPAAT is proferably an LPAAT
other the Mortierella alpina LPAAT whose amino aeid sequence is set forth as SEQ 1D
NO: 44, Alternatively, if the genetic construct doas not express a Ad-desaturase in the
transgenic cell and/or the transgenic call produces DPA but rot DHA, the LPAAT is
30 preferably the Mortierella alpina LPAAT whose aming acid sequence is set forth as
SEQ 1D NCx 44 or another LPAAT which is capable of using DPA-CoA as a substrate
to twansfer the DPA to LPA, forming DAG having DPA at the sa-2 position.
The transgenes introduced into the recombinant cell; transgenic plant or part

thereof may also encode a DGAT. As used berein, the term “diacylglycerol
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acyltransferase™ (EC 2.3.1.20; DGAT) refers to a protein which transfers a fatty acyl
group from acyl-CoA to a diacylglycerol spbstrate to produce a triacylglycerol. Thus,
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the term “diacylglycerod acyltransferase activity™ refers to the transfer of acyl-CoA to
diaeylglycerol o produce triacylglycerol.  There are theee known types of DGAT
referred to as DGATIL, DGAT2 and DGAT3 respectively. DGAT1 polypeptides
typically have 10 transmeotbrane domains, DGATZ typically bave 2 trausmembrane

¥ {1

domains, whilst DGAT3 is typically sofuble. Examples of DGATI polypeptides
include polypeptides enceded by DGATI genes from Aspergiflus fumigatus (Accession
No. XP_755172), Arabidopsis thaliona (CAB44774), Ricinuy communis (AAR11479),
Versivia fordii (ABCY4472), Vernonia  galamensis (ABV21945, ABV21946),
Ewonymus  alatns {(AAV3I083), Coenorhabditiy  elegany  (AAF82410), Rottus
10 norvegious (NP_445889), Homo sapiens (NP_036211), as well as varants andfor
mutants thereof. Examples of DGATS polypeptides include polypeptides encoded hy
DGAT2 genes from Arabidopsis thalione {Accession No. NP_566932), Ricinus
comrmunis  {AAY16324), Vernicia fordii (ABC94474), Mortierella  ramanpiona
{AAKSE4179), Homo sapiens (QUGPD7, QSBHTS), Bos tawras (QTOVDS), Mus
15 musscndus {AAKS417Y), Micromonas CCMP1545, as well as variants andfor mutants
thereof. Examples of DGAT3 polypeptides include polypeptides encoded by DGATS
geves front peailit (Arachis livpogaea, Saha, et al, 2006}, as well ag variants and/or

mutants thereof,

20 Polypeptides/Peptides
The terms "polypeptide” and "protein” are generally used interchangeably.
A polypeptide or class of polypeptides may be defined by the extent of dentity
(% identity) of ifs amino acid sequence to a reference amine acid sequence, or by
having a greater % 1dentity to one reference antine acid sequence than to another. The
25 % identity of a polypeptide to a reference amino acid sequence is typically determined
by GAP analysis (Needleman and Wunsch, 1970; GCG program) with parameters of a
gap creation penalty=3, and a gap extension penalty={L.3. The guery seguence is at
least 15 amine acids in length, and the GAP analysis aligns the twe sequences over a
region of at least 15 amine acids. More preferably, the guery sequence is at least 30
30 amuo acids in length, avd the GAP apalysis aligns the two sequences over a region of
at least 50 amino acids. More preferably, the query sequence is at least 100 amine
acids in length and the GAP analysis aligns the two sequences over a region of at least
100 amine acids. Bven more preferably, the query sequence is at least 250 amino acids

in length and the GAP analysis aligns the two sequences over a region of at least 250
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amine acids. Even more preferably, the GAP analysis aligns two seguences over their
entire length, The polypeptide or ¢lass of polypeptides may have the same enzymatic
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activity as, or a different activity than, or lack the activity of. the reference polypeptide.
Proferably, the polypeptide has an enzymatic activity of at least 10%, at least 50%, at
least 75% or at least 90%, of the activity of the reference polypeptide.

As used berein a "biologically active” fragment s a portion of a polypeptide

¥ {1

defined herein which roaintains a defined activity of a full-length reference

polypeptide, for example possessing desaturase andfor elongase activity or other

enzyme activity. Biologically active fragments as used herein exclude the full-length

polypeptide. Biologically active fragments can be any size portion as long as they

maintain the defined activity. Preferably, the biologically active fragment maintains at

10 least 10%, at least 50%, at least 7T3% or at least 90%, of the activity of the full length
protein.

With regard to a defined polypeptide or enzyme, it will be appreciated that %
identity figures higher than those provided herein will encompass preferred
embodiments. Thus, where applicable, in light of the minimum % identity figures, it is

15 preforred that the pelypeptide/cnzyme comprises an amino acid sequence which is at
least 60%, more preferably at least 63%, more preferably at least 70%, more preferably
at least 75%, mwore preferably at least 70%., more preferably at least 0%, more
preferably at least 839, move preferably at least 90%, more preferably at least 91%,
more preferably at least 92%, more preferably at least 93%. more preferably at least

20 94%, more preferably at least 95%, more preferably at least 96%. more preferably at
least97%, more preferably at least 98%, move preferably at least 99%, more prefecably
at least 99.1%%, more preferably at least 99.2%., more preferably at least 99.53%, more
preferably at least 99.4%, more preferably at least 99.5%, more preferably at least
99.6%, more preferably at least 99.7%, more preferably at least 99.8%, and even more

25 preferably at least 99.9% identical to the relevant nominated SEQ 1D NO.

Amino acid sequence variants/mutants of the polypeptides of the defined herein
can be prepared by intreducing apprepriate nuclestide changes into a nucleic acid
defined herein, or by in witre synthesis of the desived polypeptide.  Such
variants/mutants include, for example. deletions, insertions or substitutions of residues

3 wathin the amine acid sequence. A combivation of deletion, mnsertion and substitution
can be made to arcive at the final coustract, provided that the final peptide product
possesses the desived enzyme activity.

Mutant (altered) peptides can be prepared using sny techuique known in the art.

For example, a polynucleotide defined herein can be subjected to in vifro mutagenesis
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or DNA shuffling technigues as broadly deseribed by Harayama (1998).  Products
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derived from mmtated/altcred DNA can readily be scregned using techniques described
herein fo determing it they possess, for example, desaturase or elongase activity.
In designing amine acid sequence mutants, the location of the nintation site and

the nature of the moutation will depend on characteistie(s) to be modified. The sites for

¥ {1

mutation can be modified individually or in sevies, e.g., by (1) sabstituting first with
conservative amine acid choices and then with more radical sglections depending upon
the results achieved, (2) deleting the target residue, or (3) inserting other residues
adjacent to the located site.
Amino acid sequence deletions generally range from about 1 to 15 residues,
10 move prefetably about 1 o 10 residues and typically about 1 to 3 contiguous residues.
Suhstitution mutasts bave at least one amino acid vesidue in the polypeptide
molecule removed and a different residue dnserted in its place. The sites of greatest
interest for substitutional mutagenesis nclude sites which are not conserved amongst
naturally occurring desaturases or clongases. These sites are preferably substituted in a
15 relatively conservative manner in order to maintain enzyme activity. Such conservative
substitutions are shown in Table 3 under the heading of "excmplary substitutions”.
Tn a preferved embodiment & mutant/variant polyvpeptide has ouly, or not more
than, cue or two or three or four conservative aming acid changes when compared to g
naturally occurring polypeptide.  Detatls of conservative amino acid changes are
20 provided in Table 3, As the skilled persenn would be aware, such minor changes can
reasonably be predicted not to alier the activity of the polypeptide when expressed in a

recombinant cell.

Polymucleotides

25 The invention also provides for the use of polynucleotides which may be, for
example; a gene, an iselated polynucleotide, a chimeric genetic construet such as a T-
DNA molecule, or a chimeric DNA. It may be DNA or RNA of genomic or synthetic
origin, double-stranded or single-stranded, and combined with carbohydrate, lpids,
protein or other materials to perform a particular activity defined herein. The tepm

30 "polynucleotide” 18 used interchaungeably herein with the term "pueleie acid molecule”,

In an erobodiment, the polynucleotide is von-naturally oceurring. Examples of
new-natorally occurring polymucleotides include, but are not limited to, those that have
been mutated (such as by using methods described herein), and polynucleotides where

an open reading frame encoding a protein is operably linked to a promoter to which it is
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not naturally associated {such as in the constructs deseribed herain).

CSIRO Exhibit 1014



WO 2015/089587

10

Table 3.

PCT/AU2014/050433

Eil

Exemplary substifutions.
Original Exemplary
Residue Substitutions
Ala {(A) val; lew; ile; gly
Arg (R} tys
Azt (N gl his
Asp (1) ghu
Cys () Ser
Gln () asn; his
Glu (E) asp
Gly ((G) pro, ata
His {H) asn; gln
fle () lew; val; ala
Leu (L) ile; val; met; ala; phe
Lys {K) arg
Met (M) leu; phe
Phe () len; val; ala
Pro (P) gly
Ser (S) thr
The (T} ser
Trp (W) tyr
Tyr {X) trp; phie
Val (V) ile; lew; muet; phe, ala

As used hercin, the term "gene” is to be taken in its broadest context and

includes the deoxyrihonucieotide sequences comprising the transcribed region and, if
transiated, the protein coding region, of a structural gene and including sequences
located adjacent 1o the coding region on both the 57 and 37 ends for a distanee of at
least about 2 kb on vither end and which are involved in expression of the gene. In this
regard, the gene includes control signals such as promoters, enhancers, termination
and/or polyadenylation signals that are naturally associated with g given gene, or
heterologous control signals in which case the gene is referred to as a "chimeric gene'.

The sequences which are located 57 of the protein coding region and which are present
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on the mRNA are referred te as 57 non-translated sequences, The sequences which arg
located 37 or downstream of the protein ceding region and which are present on the
mRNA are referred to as 3" non-translated sequences. The term “gene” encompasses

both ¢cDNA and genomic forms of & geve. A gevomic form or clone of a gene containg

¥ {1

the coding region which may be interrupted with non-coding sequences termed
Tintrons” or intervening regions” oy "intervening sequences.” Introus are segments of
a gene which are transcribed into nuclear RNA (hnRNA). Introns may contain
regulatory glements such as enhancers. Introns are remaeved or “spliced out” fram the
nuclear or primary transcript; introns therefore are absent in the messenger RNA
10 (mRNA)Y wanseript. The mRNA functions during translation to specify the seéquence or
order of amine acids bn g nascent polypeptide. The term "gene" includes a synthetic or
fusion molecule encoding all or part of the proteins described herein and a
complementary nucleotide sequence tevany one of the above.
As used herein, a "chimeric DNA" or “chimeric genetic construet™ or similar
15 refers to any DNA molecule that is not a native DNA molecule in its native location,
also referred to herein as a "DNA construct”. Typically, a chimeric DNA or chimernic
geve comprises regulatory and transcribed or protein coding sequences that are not
found eperably linked together fu nature Le. that are heterologous with respect to each
other. Accordingly, a chimeric DNA or chimerie gene may comprise regulatory
20 sequences and coding sequences that are derived from difforent sources, or regulatory
sequences and coding sequences derived from the same source, but amranged i a
matmner different than that found in nature.
An "endogencus gene” refers to a native gene in its natural location in the
genomie of an organisni.  As used herein, "recombinant nocleic acid molecule”,
25 "recombinant polynucleotide" or variations thereof refer to a nucleic acid molecule
which has been constructed or modified by recombinant DNA techmology. The terms
foreign  polvnucleotide”™  or  "exogenous  pelynuclootide”  or  "heterologeus
polynucleotide”™ and the like refer to any nucleic acid which is introduced into the
genome of a cell by experimental manipulations. Poreign or exogenous gengs may be
30 genes that are mserted luto a neo-native organism, native genes ntroduced nte a new
location within the native host, or chimeric genes. A “transgene” i3 a gene that has
been introduced into the genome by a tansformation procedure.  The terms
"genctically meodified”, "transgenic” and variations. thereof include introducing genes

inte cells by transformation or transduction, mutating genes in cells and altering or
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modulating the regulation of a gene in a cell or organisms to which these acts have
been done or their progeny, A “enomic region”™ as used herein refers to a position
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within the genome where a transgeng, or group of transgones {also referred to hotein as
a cluster), have beeon inserted into a cell, or an ancestor thereofl  Such regions only
comprise nucleotides that have been incorporated by the intervention of man such as by

methods described hecein.

¥ {1

The term “exogenous” in the context of a polynucieotide refers to the
polynucleotide when present in a cell in an altered amount compared o its native state,
In one embodiment, the cell is a cell that does nmot naturally comprise the
polynucleotide. However,. the cell may be a cell which comprises a non-endogenous
polynucleotide resulting in an altered amount of production of the encoded polypeptide.
10 An exogenous palvaucleotide ineludes polynucleotides which have not been separated

from other components of the transgenic (recombinanty cell, or cell-free expression
system, it which it is present, and polynucteotides produced in such cells or cell-free
systems which are subsequently purified away from at least some other compogents,
The exogenous polynueleotide (nucleic acid) can be a contiguous stratch of nucleotides

15 existing in nature, or comprise two or more contiguous stretches of nucleotides from
different sources {(naturally oceurring andfor synthetic) joined to form a single
polvnucleotide.  Typically such chimeric polynucleotides comprise at lgast an open
reading frame encoding a polypeptide operably linked to a promoter suitable of driving
transciiption of the open reading frame in & cell of interest.

20 With regard to the defined polynucleotides, it will be appreciated that % identity
figures higher than those provided above will encompass preferred embeodiments.
Thus, where applicable, in lght of the minimum % identity figuras, it is preferred that
the pelynucleotide comprises a polynuclentide sequence which is at least 60%, moe
preferably at least 65%, more preferably at least 70%, more preferably at least 75%,

25 more preferably at least 80%., more preferably at least 85%, more preferably at least
90%. more preferably at least 91%, more preferably at least 92%, more preferably at
least 93%, more preferably at least 94%. more preferably at least 93%, more preferably
at least 96%, more preferably at least 97%, more preferably at least 98%, more
preferably at least 99%, more preferably at least 99.1%, more preferably at least 99.2%,

30 more preferably at least 99.53%, more preferably at Jeast 99.4%, more preferably at least

99.5%, more preferably at 1east 99.6%, move preferably at least 99.7%, morg preferably

at least 99.8%, and even more preferably at least 99.9% identical to the relevant

nominated SEQ [D NO.

Polynucleotides may possess, when compared to naturally eccurring molecules,
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one o more mutations which are deletions, insartions, or substitetions of nucleotide
rexidues. Polynuclectides which have pmutations relative to o reference sequence can be
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cither naturally eccurring (that is to say, isolated from 4 natural source) or synthetic (for
cxample, by performing site-divected mutagenesis or DNA shuffling on the nucleic acid
as described shove). It is thus apparent that polvaucleotides can be cither from a
watarally ovcurring source or vecombinant. Preferred polyaucleotides are those which

¥ {1

have coding regions that are codon-optimised for translation i -plant cells, as is known
in the mt.

Recombinant Vectors

Recombinant expression can be gsed to produce recomhinant cells, or plauts or

10 plant parts of the invention. Recombinant vectors contain heterologous polynucleotide
sequences, that is, polynuclectide sequences that are not naturally found adjacent to
polynucleotide molecules defined herein that preferably are derived from a species
other than the species from which the polynucleotide melecule(s) are derived. The
vector van be either RNA or DNA and typically is a plasmid. Plasmid vectors typically

15 inclode additional nucleic acid sequences that provide for easy selection, amplification,
and trapsformation of the expression cassette i prokacyotic cells, eg., pUC-derived
vectors, pSK-derived vectors, pGEM-derived vectors, pSP-derived vectors, pBS-
derived vectors, or preferably binury vectors centaining one of more T-DNA regions.
Additional nucleic acid sequences include origins of replication to provide for

20 autonomous replication of the vector, selectable marker genes, preferably enceding
auntibiotic ov herbicide resistanee, uniue multiple cloniug sites providing for multiple
sites to insert nocleic acid sequences or genes encoded in the muclele acid coustroct,

and sequences that enhance transformation of prokarvotic and cukaryotic (especially
plant) cells. The fecombinant vector may comptise more than one polynucleotide

25 defined berein, for example three, four, five or six polynucieotides defined herein in
combination, preferably a chimeric genetic construet  described  herein,  each
potyiucleotide being operably lnked to expression conteol sequeuces that are operable

in the cell of interest. Preferably the expression control sequences inelnde, or are all,
heterologous promoters i.e. ave heterologous with respect to the coding regions they

30 control. More than one polynucleotide defined herein, for example 3, 4, 5 or 6
polynucleotides, preferably 7 or 8 polynucleotides each encoding a different
polypeptide, are preferably covalently joined together in a single recombinant vector,
preferably within a single T-DNA molecule, which may then be introduced as a single

molecule inte a cell to form a recombinant cell according to the invention, and
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preferably integrated into the genome of the weombinant cell, for example in a

transgenic plant. The integration inte the genome may be into the nuclear genome mwr
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into a plastid genome in the wransgenic plant. Thereby, the polynucleatides which are so
joined will be inherited fogether as a single genetic locus in progeny of the recombinant
cell or plant. The recombinant vector or plant may comprise two or more such

recennbinant vectors, each confaining multiple polynucleotides, for example wherein

¥ {1

each recombinant vector coniprises 3, 4, 5 or 6 polynucieotides.

“"Operably linked” as used herein refers te a functional relationship between two
or more nucleie acid (e.g., DNAY segments.  Typically, it refers to the functional
relationship of transeriptional regulatory element {promoter) to a transcribed sequence.
For example, a promoter is operably linked to a coding sequence, such as a
10 polynocleotide defined heretn, if it stinuntbates or modalates the trapseription of the

coding sequence v an appropriate cell. Generally, promoter transcriptional regulatory
elements that aré operably linked to a transcribed sequence are physically contiguous to
the transcribed sequence, Le. they are cis-acting. However. some transcriptional
regulatory elements, such as enhancers, nead not be physically contiguous or located in

15 close proximity to the coding sequences whose transcription they enhance.

‘When there are multiple promoters present, cach promoter may independently
be the samie or different. Preferably, at least 3 and up to a maxinwm of 6 different
promeoter sequences are used in the recornbinant vector to control exprassion of the
exogenous polyanucleotides.

20 Recombinant molecules such as the chimeric DNAs or genetic construets may
also contain (a) one or more seeretory signals which encode signal peptide sequences,
to enable an expressed polypeptide defined hersin W be secreted from the cell that
produces the polvpeptide or which provide for localisation of the expressed
polypeptide, Tor example for retesttion of the polypeptide i the endoplasimic reticulum

25 {ER) in the cell or wansfer into a plastid, and/or (b} contain fusion sequences which
lead to the expression of nucleic acid molecules as fusion proteics. Examples of
suitable signal segments include any signal segment capable of directing the secretion
or localisation of a polypeptide defined herein. Recvombinant molecules may also
include intervening andfor untranslated sequences sumoumnding and/or within the

30 meleic acid sequences of nucleic acid molecules defined berein.

To factlitate identification of transformants, the necleic actd construet desirahbly
comprises a sclectable or screenable marker gene as, or in addition to, the foreign or
exogenous polynucleotide. By “marker gene” is meant a gene that imparts a distinct

phenotype to cells expressing the marker gene and thus allows such transformed cells
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to be distinguished from cells that de not have the marker. A selectable marker gene
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herbicide, antibiotic, radiation, heat, or other treatment damaging to untransformed
cellsy. A screenable marker gene (or reporter gene} confers a tratt that one can identify
through observation or testing, i.e., by "screening” (e.g.. f-glucuronidase, luciferase,

GEP or other enzyme activity not present in enteansformed cells). The madker gene and

¥ {1

the nugleotide sequence of interest do not have to be linked. The actual choice of a
marker is not erucial as long as it is functional (L.e., selective) in combination with the
cells of choice such as a plant cell.

Examples of selectable markers are markers that confer antibiotic resistance
such as ampicillin, erythromycin, chloramphenicol or tetracyelinge resistance, preferably
10 kanamiyein  resistance. Exemplary  selectable markers for sclection of plant

teansformants include, but are not limited to, 4 svg gene which encodes hygromycin B
resistance; a neomycin phosphotransferase (aptdl) gene conforring resistance to
kanamycin, paromomycin, G418: a glutathione-S-transferase gene from vat liver
conferring resistance to ghutathione detrived herbicides ax, for example, described in EP
15 236223 a glutamine synthetase gene conferring, upon overexpression, resistance to
glutamine synthetase inhibiftors such as phosphinothricin as, for example, described. in
WO R7/03327, an acetylvansferase gene from Streptomyces viridochromagenes
conferring resistance to the: selective agent phosphinothricin as, for example, described
i EP 275957, a genc encoding a S-enolshikimate-3-phosphate synthase (EPSPS)
20 conferring tolerance to N-phosphonomethylglyeine as, for example, described by
Hinchee st al. (1988), or preferably a bar gene conferring resistance against bialaphos

as, for example, described in WO91/02071.
Preferably, the nucleic acid gonstruct s stably ivcorporated into the genome of
the cell, such as the plant cell. Accordingly, the nucleis acid may comprise appropriate
25 elements which allow the molecule to be incorporated into the genome, preferably the
right and left border sequences of a T-DNA molecule, or the construct is placed in an

appropriate vector which can be incorporated into a chromosome of the cell.

Expression

30 As used hereln, an expression vector is a DNA vector that is capable of
transforming a host cell and of effecting expression of one or miove specified
polvmucleotide molecule(s). Expression vectors of the present invention can direct
gene expression in plant cells or in recombinant cells such as microbial cells.

Expression vectors useful for the invention contain regulatory sequences such as
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transcription control sequences, twanstation control sequences, wrigins of replication,
and other regulatory sequences that are compatible with the recombinant cell and that
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control the cxpression of pelynucleotide molscules of the present invention. In
particular, polynucleofides or vectors useful for the present invention include
transcription control sequences. Transeription control sequences are sequetices which

control the initiation, elongation, and termination of taoscription.  Paticulady

¥ {1

imporfant transcription control sequences are those which contrel transeription
initiation, such as prometor and enhancer scquences. Suitable franscription control
sequences include any transcription control sequence that can function 1t at least one of
the recombinant cells of the present invention. The choice of the regulatory sequences
used depends on the target organism such as a plant and/or target organ or tissue of
10 iterest. Such vegolatory sequences may be obtained from any evkaryvotic organism
such as plants or plant viruses, or may be chemically synthesized. A variety of such
transcription control sequences are knows fo those skilled in the art. Particulwdy
preferred transcription control sequences are prometers active in directing transcription
in plants, cither constitutively or stage andfor tissue specific, depending on the use of
15 the plant or parts thereof.

A number of vectors suitable for stable transfection of plant eells or for the
establishment of transgenic plants have been described in, e.g., Pouwels et al., Cloning
Vectors: A Laboratory Manual, 1983, supp. 1987; Weissbach and Weisshach, Methods
tor Plant Molecular Biology, Academic Press, 1989; and Gelvin et al., Plant Molecular

20 Biology Manual, Kluwer Academic Publishers, 1990. Typically, plant expression
vectors include, for example, one or more eloned plant zenes under the trapseriptional
contral of 57 and 37 regulatory sequences and a deminant selectable marker. Such plant
expression vectors also can contain a promoter regulatory region {e.g., a regulatory
tegion controfling indocible or coustitytive, envivonmentally- or developmentally-

25 regulated, or cell- or tissue-specific expression), a transcription inttiation start site, a
ribosome binding site. an RNA processing signal, a transcription termination site,
andfor a polyadenylation signal.

A number of constitutive promoters that are active in plant cells have bean
described. Suitable prometers for constitutive expression in plants inelude, but are not

30 limited to, the cauliflower mosaic virus (CaMV) 358 promoter, the Figwort mosaic
virus (FMV) 358, and the light-inducible promoter from the small subunit of the
ribulose-1,3-his-phosphate carhoxylase.

For the purpose of expression in source fissues of the plant; such as the leaf,

seed, root or stemy, it is preferred that the promoters utilized in the present bivention
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have relatively high expression in these specific tissugs, Many examples are well
known in the art. A variety of plant gene promoters that are cregulated in response to
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cnvironmental, hormonal, chemical, and/or developmental signals, also can be used for
cxpression of genes in plant cells, or it may also be advantageous to employ organ-
speetfic promoters.

As used herein, the ferm “seed specific promoter” or vaviations thereof refer to a

¥ {1

promoter that preferentially, when compared to other plant tissues, directs gene
transcription in a developing seed of a plant, preferably a Brassica sp., Cameling sative
or G. max plant. In an embodiment, the seed specific promoter is expressed at least 5-
fold more strongly in the developing seed of the plant relative to the loaves and/or
stems of the plant, and is preferably expressed more strongly i the embryo of the
10 developing sced compared to other plant tissues. Preferably, the promoter only divects
expression of o gene of iterest in the developing seed, and/or expression of the gene of
tnterest in other parts of the plant such as leaves (3 not detectable by Northern blot
analysis andfor RT-PCR. Typically, the promoter drives expression of genes during
growth and development of the seed, in particular during the phase of synthesis and
15 acevmulation of storage compounds in the seed. Such promoters may drive geng
exprossion in the entire plant storage organ or only part thereof such as the seedcoat, or
cotyledon(s), preferably in the embryos, in seeds of dicotvledonous plants or the
endospermn or aleurone layer of a seeds of monocotyledonous plants.
Preferved. promoters for seed-specific expression include 1) promoters from
20 genes encoding enzyvmes involved in fatty acid biosynthesis and accumulation in sgeds,
such as fatty acid desaturases and elongases, i) promoters from genes encoding seed
storage proteins, and Qi) promuters from genes encoding epzymes invelved in
carbobydrate brosynthesis and accumnlation iv seeds. Seed specific prownoters which
are suitable are the oilsesd rape napiy gene promoter (US3,608,152), the Vicia faba
25 USP promoter {(Baumlein et al, 1991), the Arabidopsiy coleosin  promoter
(WU8/45461), the Phaseolus vulgaris phascolin promoter {US5,.504.200), the
Brussica Bred promoter (WO 139807 or the legumin LeB4 promoter from Vicia fabe
{Baumlein et al., 1992), and promoters which lead to the seed-specific expression in
monoeots such as maize, barley, wheat, rye, rice and the like, Notble promoters which
30 ave suitable are the bardey Ipt2 or Iptl gene promoter (WO95/15389 aud WO95/23230)
or the promoters described fn WO99/16890 (prorvoters from the barley hovdein geve,
the rice glutelin gene, the rice oryzin gene, the rice prolamin gene, the wheat gliadin
gene, the wheat glutelin gene, the maize zein gene, the eat glutelin gene, the sorghum
kasirin gene, the rye secalin gene). Other promoters include those deseribed by Broun
et al. (1998), Potenza et al. (20043, US2007(1192902 and US200301539173. In an
embodiment, the seed speeific promoter is preferentially expressed in defined pacts of
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the seed such as the embryo, cotyledon{s} or the endosperm. Examples of such specific
promoters inchade, but are not limited to, the FP1 promoter (Ellerstrom et al., 1996), the
pea legumin promoter (Perrin et al., 2000), the bean phytohemagglutnin promoter
{Perrcin et al., 20003, the conlinin 1 and conlinin 2 promoters for the genes encoding the

¥ {1

flax 28 storage proteins (Cheng et al., 2010y, the promoter of the FAEL gene from
Arabidopsis thaliana, the BaGLP promoter of the glebulin-like protein geng of
Brassicw napus, the LPXR promoter of the peroxiredoxin geme from Linum
ustfatisstonm,
The 5' non-translated leader sequence can be derived from the promoter selected
10 to express the heterologous gene sequence of the polvnucleotide of the present
tavention, or peeferably & heterologous with vespect to the coding wegion of the enzyroe
to be produced, and can be specifically modified if desired so as to increase translation
of mRNA. For a review of optimizing expressiog of tansgenes, see Koziel et al.
{1990). The &' non-translated regions can also be obtained from plant viral RNAs
15 (Tobacco mosaic virus, Tobacco etch virus, Maize dwart mosaic virus, Alfalfa mosaic
virus, among others) from suitable eukaryotic genes, plant genes (wheat and maize
chlotophivll a/b binding protein gene leader), or from a synthetic geve sequence. The
present invention is not limited to constructs wherein the nen-translated cegion is
derived from the 5 non-translated sequence that accompanies the promoter sequence.
20 The Ieader sequence could alse be derived from an wmrelated promoter or voding
sequence. Leader sequences useful in context of the present invention comprise the
maize Hsp70 leader (US5,362,865 and LIS5.859,347), and the TMV omega element.
The teroination of trapscription is accomplisbed by a 37 non-transiated DNA
sequence operably linked in the chimeric vector to the podynucleotide of mterest. The 3
25 non-translated region of a recombinant DNA melecule containg a polvadenylation
signal that functions in plants to cause the addition of adenylate nucleotides to the 3
end of the RNA, The 3 non-translated region can be obtained from various genes that
are expressed in plant eclls. The nopaline synthase 3 untranslated region, the 3
untranslated region from pea small subunit Rubisco gene, the 3" untranslated vegion
30 from soybean 78 sead storage protein gene or a flax conlinin gewe are commenly used
i this capacity. The 3" transcribed, now-trauslated regions containing the polyadenylate
signal of Agrobacterism mmor-inducing (T1) plasmid genes are also suitable.
Recombinant DNA techuologies can be used to improve expiession of a

transformed polynucleotide molecule by manipulating, for example, the number of
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copigs of the polymicleotide molecule within a host cell, the efficiency with which
those polynucieotide moleeules ace trapseribed, the efficiency with which the resultang
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transeripts are translated, and the efficiency of post-transtational modifications.
Recombinant techniques useful for increasing the expression of polynucleotide
molecules defined bherein include, but are not Hmited to, integration of the

polyrucleotide molecule into one or mere host cell chromosores, addition of stability

5 sequenves to mRNAs, substitutions or medifications of transcription control signals
{e.g., prometers, operators, enhancers), substifutions or modifications of translational
control signals {e.g., ribosome binding sites, Shine-Dalgarmo sequences), modification
of polynucleotide molecules to correspond to the codon usage of the hoest cell, and the
deletion of sequences that destabilize transeripts.

10

Transgenic Plants

The term "plant” s used herein as a noun refers to whole plants, but as used as
an adjective refers to any substance which i present in, obtained from, derived from, or
related to a plant, such as for example, plant organs (e.g. leaves, stems, roots, tlowers),

15 single cells {e.g. pollen), sceds, plant cells and the like, The term "plant part” refers to
all plant parts that comprise the plant DNA, including vegetative structures such as, for
example, leaves or sters, roots, floral organs or structures, pollen, seed. seed parts such
as an erubryey, endasperm, scutelluom or seed coat, plant tissue such as, for example,
vascular tissue, cells and progeny of the same, as long as the plant part syathesizes lipid

20 according to the invention.

A "ransgenic plat”, "genetically modified plant” or variations thereof refers to
a plant that contains a gene construet (“transgene”™) not found in a wild-type plant of the
same species, variety or cultivae. Transgenic plants as defined in the context of the
present invention inclode plaonts aud thetr progeny which have beenl gevetically

25  medified using recombinant techpigues to cause production of the lipid or af least one
polypeptide defined berein in the desired plant or plant organ.  Transgenic plant cells
and transgenic plant parts have comrespending meanings. A “tansgene™ as referred to
harein has the normal meaning in the art of bistechnology and includes a genetic
sequence which has been produced or altered by recombinant DNA or RNA technology

30 and which has been tntroduced into a plant cell.  The trausgene may incluade genetic
sequences devdved from a plant cell which may be of the same species, viriety or
cultivar as the plant cell into which the transgene is introduced or of a different species,
vatiety or cultivar, or from a cell other than a plant cell. Typically. the transgene has
been introduced into the cell, such as a plant, by human manipulation such as, for
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example, by transformation but any method can be used as one of skill in the art

recagnizes.
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The terms “seed" and “grain™ are used interchangeably herein, “Grain’ refers to
mature grain such as harvested grain or grain which is still on a plant but ready for
harvesting, but can also refer (o geain after imbibition or germination, according to the

context. Mahure grain or seed commonly has a moistune constent of less than about 18-
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20%, prefecably less than 109%. Brassica seed such as canola seed typically has a

moisture content of about 4-8% or 6-8% when mature, preferably between about 4% to

about 6% “Developing seed”™ as used herein refers to a seed prior to maturity, tvpically
found in the reproductive structures of the plant after fertilisation or anthesis, but can
also refer to such seeds prior fo maturity which are iselated from a plant.

10 As used herein, the term “ebtaining a plant part” or “obtaining a seed” refers to
any means of obtaining a plant part or seed, vespectively, neluding harvesting of the
plant parts or seed from plants in the field or in contatnment such as a glasshouse or
growth chamber, or by purchase or receipt from a supplier of the plant parts or seed
Standard growth conditions in a glasshouse include 22-24°C daytime temperature and

15 16-18°C night-time temperature, with natural sunlight. The seed may be suitable for
planting i.e. able to germinate and produce progeny plants, or alternatively has been
processed in sueh a way that it is ne longer able to germinate, e.g cracked, polished or
milled seed which is useful for food or feed applications, ov for extraction of lipid of
the invention,

20 As used herein, the term “plant storage organ” vefers to a part of a plant
specialized to storage energy in the form of, for example, proteins, carbohydrates, fatty
acids andfor oils. Examples of plant storage organs are seed, fruit, tuberous roots, and
tubers. A preferved plant storage ovgan is seed.

The plants ot plant parts of the tnvention or used in the fuvention are preferably

25 phenotypically normal. As used herein, the term “phenotypically normal” refers to a
genetically modified plant or plant organ, particularly a storage organ such as a seed,
tuber or fruit not having a significantly reduced ability to grow and reproduce when
compared to an unmodifiad plant or plant organ. In an embediment, the genetically
modified plant or plant crgan which is phenotypically normal has an ability wo grow or

30 reproduce which is pssentially the same as an isogenic plant or organ not comprising

the exogevous polynucleotide(s).  Preferably, the biomass, growth rate, germination

rate, storage organ size, pollen viability, male and female fertility, seed size and/or the
number of viable seeds produced is not less than 90% of that of a plant lacking said

exogenous polynucleotide when grown under identical conditions. Preferably the
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pollen viability of the plant of the invention, or plants produced from seed of the
inveaition, is about 100% relative to the pollen viability of a corresponding wild-type
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‘plant. This term does not encompass features of the plant which may be ditferent to the
wild-type plant but which do not affect the usefulness of the plant for commercial
purposes such as, for example, a ballerina phenotype of seedling leaves,

Plants provided by or coutemplated for use in the practice of the present

¥ {1

invention include both monocotyledons and dicotyledons. In preferred embodiments,
the plants of the present invention are crop plants (for example, cereals and pulses,
maize, wheat, potatoes, tapioca, rice, sorghum, millet, cassava, barley, or pea). or other
legumes. The plants may be grown for praduction of edible voots, tubers, leaves,
stems, flowers or fruit. The plants may be vegetables or ornamental plants. The plants
10 of, or useful for, the joveution way be: covn (Fea mays), canola (Brassica napus,
Brassica rapa ssp.), mustaed (Brassica juncea), flax (Linwm asiratissirmun), alfalfa
{Medivaga sativa), rtice {(Orvza sativa), rye {(Secale cerale), sorghum (Sorghm
bicolowr, Sorghum vilpare), sunflower (Helianthus annns), wheat (Tritium aestivun),
sovbean (Glveine max), tobacco (Nicotiana tabacum), potato (Selanwm tuberosum),
15 peanuts (Arackis hyvpogaea), cotton {(Gassvpinm hirsutupr), sweet potato {(Lopmioea
batatuy), cassava (Manifiof escedenta), coffoe {Caofea spp.). cocomut (Covos muciferd),
pineapple (Ananra comosus), citvs tree {(Citrus spp.), eocoa (Theobroma cacao), tea
(Camellia senensis), banana (Musa spp.), avocado {(Perses americana), fig (Ficus
cusica), guava {(Psidium gunjova), mungo (Mangifer indica), olive (Olea enropuea).
20 papaya (Cartca papaya). cashew {Anaeardiwm vecidentale), macadantia (Macadamia
intergrifelia), almond (Prunus amygdalus), sugar heots {(Beta valgaris), oats, or barley.
Inn a preferred embodiment, the plant is an angissperm.

I an embodiment, the plant is an oilseed plant, preferably an mlseed crop-plant.
As used herein, an "olseed plant” is a plant species used for the commercial production
25 of oils from the seeds of the plant. The oilseed plant may be oil-seed rape (such as
canola), maize, sunflower, soybean, sorghum, flax (linseed) or sugar beet. Furthermore,

the oilseed plant may be other Brassiews. cotton, peanut. poppy, mustard, castor bean,
sesame, sunflower, satflower, Cameling, Crambe or nut producing plants. The plant
may produee high levels of oil in its fruit, such as olive, ol palm or ceconut

3 Horticultural plants to which the present invention may be applied are lettuce, endive,
or vegetable brassicas including cabbage, broceoli, or cauliflower.  The present

imvention may be applied i tobacco, cucurbits, carrot, strawberry, fomato, or peppet.

In a further preferred embodiment, the non-transgenic plant used to produce a
teansgenic plant of the invention produces oil, especially in the seed, which has 1) less
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than 20%. less than 10% or less than 5% 18:2 fatty acids and/or i) less than 0% or
less than 5% 18:3 faity avids.
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In a preferred cmbodiment, the transgenic plant or part therepd is homogygous
for cach and cvery gene (oxogemous polynucleotide} that has been introduced
{ransgene) so that its progeny do sot segregate for the desired phenotype.  The

teansgenic plant may also be beterozygous Tor the ntroduced transgene(s), preferably

¥ {1

unifornily heterozygous for the transgene, such as for example in F1 progeny which
have been grown from hybrid seed. Such plants may provide advantages such as
hybrid vigour, well known in the art, or may be used i1y plant breeding or backerossing.
Where relevant, the wansgenic plant or part thercaf may also comprise
additional transgenes encoding enzymes involved in the production of LC-PUFAs such
10 as, but net limited to, a A6-desaturase, a A9-clongase, a A8-dasaturase, a AG-clongase, a
AS-desaturage, an od-desatorase, a Ad-desaturase, a Ad-clongase, diacylglycerol
acylivansferase, LPAAT, a Al7-desaturase, a Al3-desatirase and/or a Al2 desaturase.
Examples of such enzymes with one of moire of these activities are known in the art and
include those described herein. In specific examples, the transgenic plant at least
15 comprises a set of exegenous polynucleatides encoding;
4) a Ad-desaturase, a AS-desaturase, a AG-desaturase, a AS-clongase and a AG-
elongase,
b} a Ad-desaturase, a AS-desaturase, a AS-desaturase, a AS-clongase and a A9-
clongase,
20 o) a Ad-desaturase, @ AS-desaturase, a Ab-desaturase, a AS-clongase, a A6-
clongase, and a AlS-desaturase,
d} a Ad-desaturase, a AS-desaturase, a AB-desaturase, a AS-clongase, a AY-
elongase, and a AlS5-desaturase,
e} a Ad-desaturase, a AS-desaturase, a Ad-desaturase, a AS-clongase, a Ab-
25 clongase, and a Al7-desaturase,
f) a Ad-desaturase, a AS-desaturase, a AS-desaturase, a AS-clongase, a A9-
elongase, and a Al7-desaturase,
g} an w3-desaturase or a AlS5-desaturase, a Ab6-desaturase, a A5-desaturase, a
Ab-clongase and a AS-clongase,
3 hy an wm3-desaturase or a AlS-desaturase, a AS-desaturase, a AS-desaturase, a
AY-clongase and a AS-elongase,
1) a Al2-desaturase, a w3-desaturase or a Al5-desaturase, g Ab-desaturase, a AS-
desaturase, a A6-clongase and an AS-clongase,

7y a AlZ-desaturase, a w3-desaturase or a AlS-desaturase, a A8-desaturase, a AS-
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desaturase, a A9-elongase and an AS-elongase,

CSIRO Exhibit 1014



WO 2015/089587 PCT/AU2014/050433

o0
Lok

k) an f-acyl-glycerol-3-phosphate acyltransferase (LPAAT), an w3-desaturase, a
Ab-desaturase, a AS-desaturase, a Aé-clongase, a AS-clongase and optionally a A4
desaturase,

By an T-acyl-glycerol-3-phosphate acyltransterase (LPAAT), & AlS-desaturase, a

¥ {1

Ab-desaturase, a AS-desaturase, a Ab-clongase, a AS-clongase and optionally a A4

desaturase,

m) an 1-acyl-glycerol-3-phosphate acyltransferase (LPAAT), a Al2-desaturase,

a Af-desaturase, a AS-desamrase, a Ad-clongase, an AS-clongase and optionally a Ad-

desaturase,

10 u) an f-acvl-glycerol-3~phosphate acyltransferase (LPAAT), a Al 2-desatirase, a
g3-desaturase andior a Al3-desaturase, a Ab-desatuorase, a AdS-desatursse, a AG-
elongase and an AS-clomgase and optionally a Ad-desaturase,

o} an 1-acyl-glyeerol-3-phosphate acyltransferase (LPAAT), an w3-desaturase, a
A8-desaturase, a AS-desaturase, a A9-clongase, an AS-clongase and optionally a A4-

15  desaturase,

p) an l-acyl-glycerol-3-phosphate acyltransferase (LPAAT), a AlS-desaturase, a
Al-desatmase, a AS-desatwrase, a A%-elongase, a AS-clongase and optionally a A4
desaturase,

q) an 1-acyl-glycerol-3-phosphate acyltransferase (LPAAT), a Al2-desaturase, a

200 AS8-desaturase, a AS-desaturase, a AY-clongase, an AS-clongase and optionally a Ad-
desaturase, or

1) an l-acyl-glycerel-3-phosphate acyltransterase (LPAAT), a Al2-desaturase, a
wi-desatorase andfor a Ald-desaturase, a AS-desaturase, a AS~desaturase, a A9
elongase, an AS-elobgase and optionally a Ad-desaturase.

25 In an embodiment, the exogenous polynucleotides encode set of polypeptides
which are a Pvihium irregulore Ab-desaturase, a Thraustochyirid AS-desaturase or an
Emiliona  huexleyi  Ad-desaturase. a  Physcomitrelle  patens  Ab-clongase, a
Thraustechytrid AS-clongase or an Ostreocccus kil AS-clongase, a Phyvtophthora
infestans wi-desaturase or a Pythiwm irregulare o03-desaturase, and a Thraustochytrid

30 Ad-desaturase.

Ta an embediment, plants of, or used for, the invention are grown in the field,
preferably as a population of at least 1,000, 1.000.000 or 2,000,000 plants that are
essentially the same, or i1 an area of at least 1 hectare or 2 hectares. Planting densities

differ according to the plant species, plant variety, climate, soil conditions, fertiliser
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rates and other factors as known in the art. For example, canola is typically grown at a
planting density of 1.2-1.5 million plants per hectage. Plants are harvestad as is known
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in the art, ‘which may comprise swathing, windrowing and/or naping of plants,
followed by threshing and/or winmowing of the plant material to separate the seed from
the remainder of the plant parts often in the form of chaff. Alternatively, seed may be
harvested from plants in the ficld in a single process, namely combining.

¥ {1

Transformetion of plants

Transgenic plants can be produced using techniques known in the art, such as
those gencrally described in A, Slater ot al, Plant Biotechiwslogy - The Genetie
Manipulation of Plants, Oxford University Press (2003), and P. Christou and H. Kleg,

10 Handbook of Plant Biotechnology, John Wiley and Sowns (2004).

As wused hecein, the ferms “stably wansforming”, “stably transforraed” and
varigtions thereof refer to the integration of the exogepous nucleic acid molecules into
the genome of the cell such that they are transferred to progeny cells during cell

division without the need for positively selecting for their presence.  Stable

Ju—
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transformants, or progeny thercof, can be selected by any means known in the art such
as Southern blots on chromosomal DNA or in situ hybridization of genomic DNA.
Prefecably, plant transformation is performed as described in the BExamplas hevein.
Agrobacterinm-mediated transfer is a widely applicable system for introdocing
genes into plant cells beeause DNA can be introduced into cells in whole plant tissues
20 or plant organs or explants in tissue culture, for either transient expression or for stable
integration of the DNA in the plant cell genome, The use of Agrobacierium-mediated
plant integrating vectors to intreduce DNA into plant cells is well known in the art {see,
for example, US 5177010, US 3104310, US 3004863 or US 5159133) including floral
dipping methods asing Agrobacterimm or other bacteria that can transfer DNA into
25 plant cells. The region of DNA to be transferred is defined by the border sequences,
and the intervening DNA (T-DNA) is usually inserted into the plant genome. Further,
the integration of the T-DNA is a relatively precise process resulting in few
rearrangements. In these plant varieties where Agrobacterium-mediated transformation
is efficient, it is the method of choice because of the facile and defined nature of the
30 gene wansfer. Preferved Agrobacterin transformation vectors are capable of
replication in £, ¢oli as well as Agrobacterium, allowing for couvenient manipulations
as described (Klee et al, In: Plant DNA Infectious Agents, Hobr and Schell, eds,,
Springer-Verlag, New York, pp. 179-203 (1985).

Acceleration methods that may be used include, for example, microprojectile
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bombardment and the like. One example of a method for delivering transfoerming
nticlede acid molecules to plant cells i wicroprojeviile bombardment. This method has
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been reviewed by Yang et al., Particle Bombardmesnt Techwiology for Gene Transier,
Oxford Press, Oxford, England (1994). Non-biological particles {microprojectiles) that
niay be coated with nucleic acids and delivered into cells by a propelling force.

Exemplary particles include those comprised of tungsten, gold, plativuny, and the hike.

¥ {1

A particular advantage of microprojectile bombardment, n addition to it being an
effective means of reproducibly transforming monocots, is that neither the isolation of
protoplasts, nor the susceptibility of Agrobacterium infection are required.

In another altermative smboediment, plastids can be stably transformed. Methods
disclosed for plastid transformation in higher plants include particle gun delivery of
10 DNA containing a selectable marker and tavgeting of the DNA to the plastid genome

through homologous recombination (USS, 431,513, USS5S545818, USH877.402,
185,932479, and WO99/05265).

Cihier micthods of cell transformation can also be used and include but are not
limited te introduetion of DNA into plants by direct DNA transfer inte pollen, by direct

15  injection of DNA into reproductive organs of a plant, or by direct tiyjection of DNA
into the cells of immaturs smbrvos followed by the rehiydration of desiceated embryos.

The reégenervation, development, and cultivation of plants from single plant
protoplast trausformants or from various transformed explants is well kuowa in the art
{Weissbach et al, In: Methods for Plant Molecular Biology, Academic Press, San

20 Diego, Calif., (1988). This regeneration and growth process typically includes the steps
ot selection of transformed cglls, culturing those ndividualized cells through the usual
stages of embryonic development through the wooted plantlet stage.  Transgenic
embryos and seeds are similarly regenerated.  The vesulting transgenic vooted shoots
are thereafter planted in an appropitate plant growth medinm such as soil.

25 The development or regeneration of plants containing the foreign, exogenous
gene is well known in the art. Preferably. the regenerated plants sve self-pollinated to
provide homwozygous wansgenic plants.  Otherwise, pollen obtained from the
regenarated plants is crossed to seed-grown plants of agronomically important lines.
Conversely, pollen from plants of these imaportant lines is vsed to pollinate regenerated

30 plants. A trausgemic plast of the present mvention containing a desired exogenous

nocleic acid is cultivated using methods well known to one skilled in the art.

To confirm the presence of the transgenes in transgenic cells and plants, a
polymerase chain reaction (PCR) amplification or Southern blot analysis can be
pertormed using methoeds knowsn to these skilled in the art. Expression produocts of the
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transgenes can be detected in any of a variety of ways, depending upon the nature of
the prodoet, and include Western blot and enzyme assay. Once transgestic plants have
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been obtained, they may be grown to praduce plant tissues or parts haying the desired
phenotype. The plant tissue or plant parts, may be harvested, and/or the secd collected.
The seed nilay serve as a source for growing additional plants with tissues or parts

having the desiced characteristics.

¥ {1

A transgenic plant formed using Agrobacterivm or other transformation methods
typically contains a single genetic locus on one chromesome. Such transgenic plants
can be referred to as being hemizygous for the added gene(s). More preferred is a
transgenic plant that is homezygous for the added geneds); i.e., a wransgenic plant that
contains two added genes, one gene at the same locus on each chromosome of a
10 chromosome paiv. A homezygous transgenie plant cas be obtained by self-fertilising a

hemizygous transgenic plant, germinating some of the seed produced and mnalyzing the
resulting plants for the gene of interest.
It is alse to be understood that two differcnt transgenic plants that contain two
independently segregating exogenous genes or lowi can also be crossed (mated}) to
15 produce offspring that contain both sety of genes or loci. Selfing of appropriate Fl
progeny can produce plants that are homozygous for both exogenous genes ov loci.
Back-crossing to a paental plant and out-crossing with a ven~transgewic plant are also
contenplated, as is vegetative propagation. Descriptions of other breeding methods
that are conmmonly used for different traits and crops can be found in Fehr, In: Breeding
20 Methods for Cultivar Development, Wilcox J. ed., American Society of Agronomy,
Madison Wis. (19873

Enhancing Exogenous BNA Levels and Stabilized Expression

Silencing Suppressors
25 In an embodiment, & plant cell, plant or plant part comprises an exogenous
polynucleotide encoding a silencing suppressor protein.

Post-transeriptional gene silencing (PTGS) is a nucleotide sequence-specific
defense mechanism that can target hoth cellular and viral mRNAs for degradation
PTGS occurs in plants or fungl stably or tansiontly wanstormed with foreign

30 (heterologous) or endogenous DNA and resolts i the redoced avammulation of RNA
molecales with sequence similarity to the infrodeced nucleie acid.

Ithas widely been considered that co-expression of a silencing suppressor with 4
transgene of interest will increase the levels of RNA present in the cell transeribed from

the transgene. Whilst this has proven true for cells in vitro, signmificant side-effects
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have heen observed in many whale plant co-expression studies. More specifically, as
described in Mallory et al, (2002), Chapman et al. (2004}, Chen et al. (2004), Dunover
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et al, (20043, Zhang et al. (2006}, Lewsey ot al. 2007} and Meng et al. (2008) plants
cxpressing silencing suppressors, generally under constitvtive promwoters, are often
phenotypically abnormal to the extent that they are not useful for c¢ommercial

produgtion.

¥ {1

Recently, 1t has begn found that RNA molecule levels can be increasad, and/or

RNA moleculs levels stabilized over numerous generations, by limiting the expression

of the silencing suppressor to a seed of a plant or part thereof (WO2010/057246). As

used herein, a “silencing suppressor protein”™ or SSP is any pelypeptide that can be

cxpressed in a plant cell that evhances the level of expression product from a different

10 transgene iv the plant cell, pacticularly’ over repeated generations from the initially

transformed plant. In an embodiment, the SSF is a viral silencibg suppressor or mutagt

thereof. A large number of viral silencing suppressors ave known i the art and include,

but are not limited to P19, V2, P38, Pe-Po and RPV-P0. In an embodiment, the viral

silencing suppressor comprises amine acids baving a sequence as provided in SEQ ID

15 NO:38, a bivlogically active fragment theteof, or an amino acid sequence which is at
least S0% idenfical to SEQTD NO:38 and which has activity as a silencing suppressor.

As used hereiw, the terms “stabilising expresston”, “stably  expressed”,

“stabilised expression” and variations thereof refer 1o level of the RNA moleculs being

essentially the same or higher in progeny plants over repeated genertions, for example

200 at least three, at least five or at least 10 generations, when compared to isogenic plants

lacking the exogenous polynucleotide encoding the silencing suppressor.  However,

this term(s) does not exclude the possibility that over vepeated generations there is

some loss of levels of the RNA molecule when compared to 8 previous geoeration, for

example not less than d 10% loss per generation.

25 The suppressor can be selected from any souwrce e.g. plant, viral, mammal etc.

See WO2010/057246 for a list of viruses from which the suppressor can be obtained

and the protein (eg B2, P14 ete) or coding region designation for the suppressor from

cach particular virns. Mubtiple vopiss of a suppressor may be used. Different

suppressors may be used together (e, g, in tapdem),

30
RNA Molecules
Essentially any RNA molecule which is desirable to be expressed in a plant seed
cat be co-expressed with the silencing suppressor.  The encoded polypeptides may be
involved in metabolism of oil, starch, carbohydrates, nutrients, etc., or may be
35 responsible for the synthesis of proteins, peptides, fatty acids, lipids, waxes, oils,

starches, sugars, carbohydeates, flavors, odors, toxins, carotenoids.  hotmones,
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polymers, flavonoids, stovage proteins, phenolic acids. alkaloids, lignins, tannins,
celluloses, glycoproteins, glycolipids, cte, proferably the biosynthesis or assembly of
TAG.

In a pacticular example, the plants prodced increased levels of enzymes for oil

¥ {1

production in plants such as Brassicas, for example canola or sunflower, satflower,
flax, cotton, sova bean, Cameling or maize.

Levels of LC-PUFA Produced
The levels of the LC-PUFA or combination of LC-PUFAs that are produced in
10 the recombinait cell or plant part such as seed are of tmportance. The levels may be

expressed as 4 conposition {in percent) of the total fatty acid thar i a particular LC-
PUFA or group of related LC-PUFA, for exarmople the @3 LC-PUFA or the ob LC-
PUFA, or the VLC-FUFA, or other which may be determined by methods known in the
art, The level may also be expressed as a LC-PUFA content, sueh as for exampls the
15 percentage of LOC-PUFA in the dry weight of material comprising the recombinant
cells, for example the pereontage of the weight of sced that is LC-PUFA. Tt will be
appreciated that the LC-PUFA that is produced in an oilseed may be cousiderably
higher in terms of LO-PUFA content than in & vegetable or a grain that is wot grown for
oil production, vet both may have similar LC-PUFA compositions, and both may be
20 used as sources of LC-PUFA for human or animal consumption.

The levels of LC-PUFA nway be determined by any of the methods knewn in the
art. In a preferred method, total lipid is extracted from the cells, tissnes or organisms
aud the fatty acid converted to methyl esters before analysis by gas chromatography
(GC). Such techniques are described in Exanmple 1. The peak position i the

25 chromatogram may be used to identify each particular fatty acid, and the ares under
cach peak integrated to determine the amount: As used heréin, unless stated to the
contrary, the percentage of particular fatty acid in a sample is determined as the area
ursder the peak for that fatty acid as g percentage of the total area for fatty acids in the
chromatogram. This corresponds essentially to a welght percentage {(w/w). The identity

30 of fatty acids may be confirmed by GC-MS. Total lipid may be separated by technigues

known in the art to purify fractions such as the TAG fraction. For example, thin-layer
chromatography {TLC) may be petformed at an analytical scale to separate TAG from
other lipid fractions such as DAG, acvl-CoAs or phospholipid in order to determine the
fatty acid composition specifically of TAG.

In one embodiment, the sum total of ARA, EPA, DPA and DHA in the fatty
acids in the extracted lipid is between about 21% and about 40% of the total fatty acids
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in the cell. I a further embodiment, the total fatty acid in the ecll has less than 1%
C2k1. In preferred embodiments, the extractable TAG in the cell comprises the fatty
acids at the levels referred to heréin. Each possible combination of the features
defining the lipid as described herein is also encompassed.

3 The level of production of LC-PUFA in the recombinant cell, ptant or plant part
such as seed may also be expressed 4s a convversion percentage of a specifie substrate
fatty acid to one or more product fatty acids, which is also referred to herein as a
“conversion efficioncy” ar “enzymatic cfficiency™. This paramcter is based on the fatty
acid composition in the lipid extracted from the cell, plant, plant part or seed, i.e., the

10 ameunt of the LC-PUFA formed (including other LC-PUFA derived therefrom) as a

percentage of one or more substrate Faity acids {ncluding all other fatty acids derived
therefrom). The general formula for a conversion percentage is: 100 x (the sum of
percentages of the product LC-PUFA and all products derived therefrom)/(the sum of
the percentages of the substrate fatty acid and all products dertved therefrony). With
15 regacd to DHA. for example, this may be expressed as the ratio of the level of DHA {as
a percentage in the total fatty acid content in the Hpid) to the level of a substrate fatty
acid {e.g. OA, LA, ALA, SDA, ETA or EPA)Y and all products including DHA devived
from the substrate. The conversion percentage v efficiency of couvecsion can be
expressed for a single enzymatic step in & pathway, or for pat or the whole of a
20 pathway.
Speeitic conversion sfficiencies are caleulated herein according to the formulae:
1. OA to DHA = 100 x (BDHAY(sum % for OA, LA, GLA, DGLA, ARA, EDA,
ALA, SDA, ETrA, ETA, EPA, DPA and DHA).
2. LA to DHA = 100 X (%eDHAY(summ 9% for LA, GLA, DGLA, ARA, EDA, ALA,

25 SDA, ETrA, ETA, EPA, TYPA and DHA).

ALA to DHA = 100 x (%DHAY(sum % for ALA, SDA, ETrA, ETA, EPA.

DPA and DHA).

4, EPA to DHA = 100 x (DHAY (sum % for EPA, DPA and DHAJ
5. DPA to DHA (Ad-desaturase efficiency) = 1 x (%eDHAY(sum % for DPA and

30 PHA).

6. Al 2-desaturase efficiency = 100 x (sum % for LA, GLA, DGLA, ARA, EDA,
ALA, SDA, ETrA, ETA, EPA, DPA and DHA)Y (sum % for OA, LA, GLA,
DGLA, ARA, EDA, ALA, SDA, ETrA, ETA, EPA, DPA and DHA).

7. w3-desaturase cfficiency = 100 x (sum % for ALA, SDA, ETrA, ETA, EPA,
DPA and DHAY(sum % for LA, GLA, DGLA, ARA, EDA, ALA, SDA, ETrA,
ETA, EPA, DPA and DHA).

Tad
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8. A to ALA = 100 x (sum % for ALA. SDA, ETrA, ETA, EPA, DPA and

DHAYsum % for OA, LA, GLA, DGLA, ARA, EDA, ALA, SDA, ETrA, ETA,

EPA, DPA and DHA).

Q. Ab-desaturase efficiency (on 03 sabstrate ALA) = 100 ¥ {(sum % for SDA, ETA,
3 EPA, DPA and DHAY (%eALA, SDA, ETrA, ETA, EPA, DPA and DHA).
10, Ab-clongase efficiency (on @3 substrate SDA) = 1 x (sum % for ETA, EPA,

DPA and DHAY (sum % for SDA, ETA, EPA, DPA and DHA).

11, AS-desaturase sfficiency (on ©3 suhstrate ETA)Y = 100 x (sum % for EPA, DPA
and DHAY {sum % for ETA, EPA, DPA and DHA).

10 12, AS-elongase efficiency {on @3 substrate EPA) = 100 x (sum % for DPA and

DPHAY (sum % for BPA, DPA and DHA).

The futry acid composition of the lipid, preferably seedotil, of the invention, is
also characterised by the ratio of @6 fatty acids:3 fatty acids in the total fatty acid
content, for cither total @6 fatty acids:total ®3 fatty acids or for new @6 fatty acids:new

15 3 fatty acids. The terms total w6 fatty acids, total w3 fatty acids, new wh fatty acids
and new @3 fatty acids have the meanings as defined herein. The ratios are calenlated
from the fatty acid corposition in the lpid extracted from the cell, plant, plant part or
seed, in the manner as exemplified herein. It is desivable to have a greater level of w3
than @b fatty acids in the lipid, and therefore an @O:@3 ratio of less than 1.0 is

20 preferred. A ratio of 0.0 indicates a complete absence of the defined @6 fatty acids; a
ratio of (.03 was achieved. Such low ratios can be achieved tlwough the combined use
of a Ab-desaturase which has an 03 substrate preference together with an @3-
desaturase, particularly a fungal ©3-desaturase such as the Pichia pastoriy 03-
desaturase as exemplified herein.

25 The vield of LC-PUFA per weight of seed may also be calculated based on the
total oil centent in the sced and the %DHA andéor DPA in the oil. For example, if the
ail content of canola seed is about 40% (w/w) and about 12% of the tofal fatty acid
content of the oil is DHA, the DHA content of the seed is about 4.8% or about 48mg
per gram of seed. As described in Example 2, the DHA content of Arabidopsis seed

3 having about 9% DHA. which has a lower oil content than canola, was aboot 25mg/g
seed. At a DHA content of about 219%, canola seed or Cameling sativa seed hias a DHA
content of about 84mg per gram of seed. The present invention thercfore provides
Brassica noapns, B. junces and Comeling sativa plants, and seed obtained therefrom,

comprising at least about 80myg or at least about ¥dmg DHA per gram seed. The seed
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has a moisture content as is standard for harvested mature seed after drving down (4-

15% moisture). The invention also provides a process for obtaining oil, comprising
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obtaining the seed and extracting the oil from the sced, and uses of the oil and methods
of obtaining the seed comprising harvesting the seeds: from the plants according to the
invention.

The arsount of DHA andfor DPA produced per hectare can also be caleulated

¥ {1

the sead yield per bectare is known or can be estimated. For example, canola in

Australia typically vields about 2.5 tonnes seed per hectare, which at 40% oil content

yields about 1000kg of oil. At 20.1% DHA and/or DPA in the total oil, this provides

about 200kg of DHA and/or DPA per hectare. If the oil content is reduced by 50%, this
still provides about 100kg DHA and/or DPA/ha.

10 Evidenice to date suggests that some desaturases expressed heterologousty in
veast or plants bave relatively low activity in combination with some elongases. This
may be alleviated by providing a dessturase with the capacity of to use an gcyl-CoA
form of the fatty acid as a substrate in LC-PUFA synthesis, and this is thought to be
advantageous in recombinant cells particularly in plant cells. A particularly

15 advantageous combination for efficient DHA and/or DPA synthesis is a fungal w3-
desaturase, for example such as the Pichia pustoris ©03-desaturase (SEQ ID NO: 6),
with a A6-desatarase which has a preference for o3 acyl substrates such as, for
example, the Micromonas pusilla Ab-desatorase (SEQ 1D NO: 93, or variants thereof
which have at least 93% amino acid sequence identity.

20 As used herein, the term “essentially free” means that the composition (for
exampde lipid or oil) comprises little (for example, less than about 0.5%, less than about
0.25%, less than about 0.1%, or less than about 0.019%) or none of the defined
component. {0 an embodiment, “essentially free™ means that the component iz
undetectable using a routine analytical technigue, for example a specific fatty acid

25 (such as w6-docosapentacnoic acid) cannot be detected using gas chromatography as

outlined in HExample 1.

Production of Oils

Techniques that are routinaly practiced in the art can be used to extract, process,

30 and avalyze the oils produced by cells, plants, seeds, etc of the iustant invention.
Typically, platt seeds are cooked, pressed, and extracted to produce crude oil, which is
then degumimed, refined, bleached, and deodorized. Generally, rechnigues for crushing
seed are known in the art.  For examiple, oilseeds can be tempered by spraying them

with water to raise the moisture content to, e.g., 8.5%, and flaked using a smooth roller
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with a gap setting of (.23 to 0.27 mn1. Depending on the type of seed, water may not
be added prior to crushing, Application of beat deagtivates enzymes, facilitates further
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cell rupturing, coalesces the oil droplets, and agglemcrates protein pagticles, all of
which facilitate the extraction process.
In an embediment, the majority of the seed oil is released by passage through a

screw press. Cakes expelled from the screw press ave then solvent exivacted, e.g., with

¥ {1

hexane, using @ heat traced column. Alternatively, crude oil produced by the pressing
operation can be passed through a settling rank with a slotted wire deainage top to
remove the solids that are expressed with the oil during the pressing operation. The
clarified oil can be passed through a plate and frame filter to remove any remaining fine
solid particles. If desired, the oil recovered from the extraction process can be
10 combived with the clarified ol to produce a blended crude oil.

Once the sobvent s steipped from the eoude oil, the pressed and extracted
pottions are conibined and subjected to normal oil processing procedures.  As used
herein, the term “purified” when used in connection with lipid or oil of the invention
typically means that that the extracted lpid or oil has been subjecied to one or more

15 processing steps of increase the purity of the lipid/eil component. For example, a
purification step may comprise ong or more or all of the group consisting of:
degumyning., deodorising, decolourising, deving and/or fractionating the extracted oil.
Huowever, as used herein, the term "purified” dees not inclide a transesterification
process or other process which alters the fatty acid composition of the lipid or oil of the

20 invention se as to inerease the DHA content as a percentage of the total fatty acid

content. Expressed in other words, the fatty acid comyposition of the purified lipid or il

is essentially the same as that of the unpurified lipid or oil.

Degumining

25 Degumiming is an early step in the refining of oils and its primary purpose is the
removal of most of the phospholipids from the oil, which may be present as
approximately 1-2% of the fotal extracted lipid. Addition of ~2% of water, typically
containing phosphoric acid, at 7TO-80°C to the crude eil results in the separation of mest
of the phospholipids accompanied by trace metals and pigments, The insoluble material

30 that is removed 1s mainly a mixture of phospholipids and triacylglycersls and is also
known as lecithin, Degomming can be performed by addition of concentrated
phosphoric acid to the crude seedoil o convert nop-hydratable phosphatides to a
hiydratable form. and to chelate minor metals that are present. Gum is separated from

the secdoil by centrifugation.
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Alkali vefining
Alkali refining is one of the refining processes for treating crude oil, sometimes
also referred to as neutralization. B ousvally fellows degunuming and precedes

bleaching. Following degunmming, the seednil can treated by the addition. of a sufficient

¥ {1

amount of an alkali solation to titrate all of the fatty acids and phosphoric acids, and
remeving the soaps thus formed. Suitable atkaline materials include sodium hydroxide,
potassium hydroxide, sodium carbonate, lithium hydroxide, calcium hydroxide,
calcium carbonate and ammonium hydroxide. This process is tvpically carried owt at
room temperature and removes the free fatty acid fraction. Soap is removed by
10 ceurifugation ov by extraction into a solvent for the soap, and the neutralised oil is
washed with water, H reguired, sy excess atkali in the oil roay be nentvalized with a
suitable acid such as hydrochlovie acid or sulphurie acid.

Bleaching

15 Bleaching is a refining process in which oils age heated at $0-120°C for 10-30
minutes in the presence of a bleaching earth {1.2-2.0%) and in the absence of oxygen
by operating with nitrogen ov steam. o in a vacuwum. This step in oil processivg is
desigied o remove unwanted pigments (carotenolds, chlorophyll, gossypol eic), and
the process also removes oxidation products, trace metals, sulphur compounds aind

20 traces of soap,

Depdorization
Deadorization is a treatment of oils and fats at & high temperatore (200-260°C]
and low preéssure (0.1-1 mm Hg). This is typically achieved by introducing steap it
25  the seedoil at a rate of about 0.1 mb/minute/ 100 ml of seedoil. After about 30 minutes
of sparging, the seedoil is allowed to cool under vacuum.  The scedoil is typically
transferred to a glass container and flushed with argon before being stored under
refrigeration. This treatment improves the colour of the seedeil and removes a majority
of the volatile substances or odoveus compounds including any remaining free fawy
30 acids, monpacylglycerols and oxidation products.

Winterisation
Winterization is 4 process sometimes used it conmerctal production of oils for

the separation of oils and fats into solid {stearin} and liguid (olein) fractions by
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erystallization at sub-ambient temperatures. It was applied originally to cottonseed oil
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to produce a selid-free product. It 1s typically used to deercase the saturated fatty acid

content of oils.

Transesterification

¥ {1

As nsed herein, “‘transesterification” means a provess that exchanges the fatty
acids within and between TAGs or transfers the fatty acids to another alcobol te form
air ester. This may initially involve releasing fatty acids from the TAGs as free fatty
acids or it may ditectly produce fatty acid esters, preferably fatty acid methyl esters or
cthyl esfers. In a transesterification reaction of the TAG with an alcehol such as
10 methanol or ethanol, the alkyl group of the dleohel forms an ester Hnkage with the dcyl

groups (including the DHA) of the TAG. When combined with a fractionation process,
transesterification ean be used o medify the fafty acid compesition of lipids
{Marangoni et al., 1995). Transesterification can use either chemical {e.g. strong acid or
base catalvsed) or enzymatic means, the latter using lipases which may be pesition-
15 specific (sn-1/3 or si-2 specific) for the fatty acid on the TAG, or having a preference
for some fatty acids over others {Sporvanza ot al, 2012). The fatty acid fractionation to
increase the concentration of LC-PUFA in an oif can be achieved by any of the
methods known in the art, such as, for example, freezing crystallization, complex
formation using urea, molecular distillation, supercritical fluid extraction, counter
20 current chromatography and silver ion complexing. Complex formation with urea is a
preferred method for its stmplicity and efficiency in reducing the level of saturated and
moneunsaturated fatty acids in the oil (Gamez et al., 2003), Initally, the TAGs of the
oil are split inte their constitoent fatty acids, often in the form of fatty acid esters, by
hyidrolysis under either acid or base catalysed resction conditions, whereby one mol of
25 TAG is reacted with at least 3 mol of dlcohol {e.g. ethanol for ethyl esters or methanol
for methyl esters) with excess alcohol used to enable separvation of the formed atkyl
estors and the ghyveerol that is also formed, or by lipases, These frep fatty acids or fatty
acid esters, which are usually unalterad in fatty acid compesition by the treatment,may
then be mixed with an ethanolic solution of urea for complex formation, The saturated
3 and mowvovnsaturated fatty acids easily complex with wrea and orystallize out on
cooling and may subsequently be rernoved by filivaton. The non-urea complexed
fraction is thereby enriched with LC-PUFA.

Fredstufts
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The present invention includes compositions which can be used as feedstuffs.
Far purposes of the present hnvention, "feedstuffs” include any food or preparation for
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human or animal consumption which when taken into the body (a} surve to nourish or
build up fissues or supply energy; and/or (b) maintain, restore or support adequate
natritional status or metabolic function. Feedstuffs of the invention include nutritional
compositions for babies and/or yoing children such as, for example, infant formula,

¥ {1

and seedmesl of the invention.

Feedstuffs of the invention comprise, for example, & cell of the invention, a
plant of the invention, the plant part of the invention, the seed of the mvention, an
extract of the invention, the product of the methed of the invention, the product of the
fermentation process of the invention, or a corrposition along with a suitable carrier(s).
10 The term "carvier” is used in #ts broadest sense to gncompass any component which

may or may got have matritioval value,  As the skilled addressee will appreciate, the
carvier must be suitable for use {or used in a sufficiently low concenfration) in a
feedstuff such that it does not have deleterious effect on an organism which consumes
the feedstuft.

15 The feedstuff of the present invention comprises an oil, fatty acid ester, or fatty
acid produced directly or indirectly hy use of the methods, cells or plants disclosed
herei.  The composition ray either be in a solid or Bguid form. Additionally, the
comyposition may inchide edible macronutrients, protein, carbolyydrate, vitamins, and/or
minerals in amounts desired for a particular use. The amounts of these ingredients will

20 vary depending on whether the composition is intended for use with normal individuals
or for use with individuals having specialized neads, such as individuals sutfering from
metabolic disordess and the like.

Examples of suitable carriers with nutritional value include, but are not limited
to, macronutrients such as edible fats, carbohydeates and proteins.  Examples of such

25 edible fats include. but are not limited to, cocomit ofl, borage oil, fungal oil, black
curtent oil, soy oil, and mogo- and dighveerides. Examples of such carbohvdrates
include (but are not limited to): glucose, odible lactose, and hydrplyzed starch.
Additionally, examples of proteins which may be utitized in the nufritional composition
of the mvention include {but are not limited ) soy protetns, clectrodialysed whey,

3 electrodialysed skim milk, milk whey, or the byvdrolysates of these proteios.

With respect to witamins and minerals, the following may be added w the
feedstuft compositions of the present invention: calcium, phosphorus, potassium,
sodium, chloride, magnesium, mangancse, ivon, copper, zine, selemum, iodine, and
Vitamins A, E, D, C, and the 8 complex. Qther such vitaming and minerals may also

be added.
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The components utilized in the fecdstuft compositions of the present invention
can be of semi-purified or purified origin. By semi-purified or purified is meant a
niaterial which has been prepared by purification of a natural material or by de nove
synthesis.

¥ {1

A feedstuff composition of the present invention may also be added to food even
when supplementation of the diet is not requived. For example, the composition may
be added to food of any type, including (but not limtted to): margatine, modified butter,
cheeses, milk, yogurt, chocolats, candy, snacks, salad oils, cooking oils, cooking fats,
meats, fish and beverages.

10 Additionally, fatty actds produced in accovdance with the present invention or
host cells transformed to contain and express the subject genes ntay also be used as
animal food supplements to alter an animal's tissue, egg or milk fatty acid composition
to ong more desirable for human or animal consumption, Examples of such animals
include shoeep, cattle, horses, poultry sugh as chickens and the ke,

15 Furthermore, feedstuffs of the invention can be used in aquaculture to increase
the levels of fatty acids in fish or crustaceans such as, for example, prawns for human
of antmal consuroption. Preferved fish are salmon.

Preferred feedstuffs of the fnvention ave the plants, seed and other plant parts
such as leaves and stems which may be used divectly as food or feed for humans or

20 other animals. For example, animals may graze directly on such plants grown in the

ficld ar be fed more measured amounts in controlled feeding. The invention includes

the use of such plants and plant parts as feed for increasing the LC-PUFA levels in
hunans and other agimals,

25 Compositions
The opresent invention also  cncompasses  compositions,  particularly

pharmaceutical compositions, comprising one or more of the fatty acids andfor
resulting oils produced using the methods of the invention, preferably in the form of
ethyl esters of the fatty acids.

30 A pharmaceuntical composition yoay comprise one or more of the fatty acids
and/or oils, 10 combiuation with 4 standard, well-known, non-toxie phamtaceutically-
acceptable carrier, adjuvant or vehicle such as phospbate-buffered saline, water,
ethanol, polyols, vegetable oils, & weiting agent or an emulsion sugh as g waterfoil

emulsion. The composition may be in either a liquid or solid form. For example, the

fad
L

compesition may be in the form of a tablet, capsule, ingestible liquid or powder,
injectible, or topical olmtment or cream. Proper fluidity can be muaintained, for
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example, by the maintenance of the required particle size in the case of dispersions and
by the use of surfactants. It may also be desirable to include isofomic agents, for
example, sugars, sodiunt chlovide, and the like. Besides such inert diluents, the
composition can alse include adjuvants, such as wetting agents, emulsifying and

¥ {1

suspending agents, sweetening agents, flavoring agents and perfuming agents.

Suspensions, in addition te the active compounds, may comprise suspending
agents such as ethoxylated isostearyl aleohols, polvoxyethylene sorbitol and sorbitan
esters, microerystalline cellulose, aluminum metahydroxide, bentonite, agar-agar, and
tragacanth or mixtures of these substances.

10 Salid dosage fornmis such as tablets and capsules can be prepared osiug
techuiques well knowy in the art.  For exanople, fatty acids produced i accordance
with the present invention can be tableted with conventional tablet bases such as
lactose, sucrose, and comstarch in combination with binders such as acacia, corastarch
or gelatin, disintegrating agents such as potato starch or alginie acid, and a labricant

15 such as stearic acid or magnesium stoarate, Capsules can be prepared by incorporating
these oxcipients into a gelatin capsule aleng with antioxidants and the relevant fatty
acid(s).

For intravenous administration, the fatty acids produced i accordance with the
piesent inventionn or derivatives thereof may be incorporated into commercial

20 fermulations.

A typical dosage of a particular fatty acid is from €.1 mg to 20 g, taken from one
to five times per day (up to 100 g daily) and. is preferably in the range of from about 10
mg to about 1, 2, 5, or 10 g daily (faken in one or multiple doses). As known in the art,
a mininaum of about 300 mgfday of fatty acid, especially LC-PUFA, is desirable.

25 However, it will be appreciated that any amount of faity acid will be beneficial to the
subject.

Possible routes of adminisiration of the pharmaceutical compositions of the
prasent invention include, for example, enteval {e.g., oral and reetal) and parenteral.
For example, a ligquid preparation may be administered orally orrectally. Additionally,

30 a homogenous mixture can be completely dispersed in water, admixed under sterile

conditions  with physiologically  acceptable  diluents, preservatives, buffers o

propellants to form a spray or inhalant.

The desage of the composition to be administered to the patient may be

determined by one of ordinary skill in the art and depends wpon various factors such as
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weight of the patient, age of the patient, overall health of the patient, past history of the
‘patient, linmune status of the patient, ete,
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Additionally, the compositions of the present invention may be utilized for
cosmetic purposes. It may be added to pre-cxisting cosmetic compositions such that a
niixture is formed or a fatty acid produced according to the subject invention may be

used as the sole "active” ingredient in & cosraetic conposition.

EXAMPLES
Example 1. Materials and Methods

Expression of genes in plant cells in g ansient expression svsteim

Exogenous gensfic constructs were expressed in plant cells in a transient
10 expression system essentially as described by Voinnet et al. (2003) and Wood et al.
{2009).

Gas chromatography (GC) analysis of fatty acids

FAME were analvsed by gas chromatography using an Agilent Technelogies

15 7890A GC (Palo Alto, California, USA} equipped with a 30 m SGE-BPX70 column

{70 % cyanopropyl polysilphenylene-siloxane, 0.25 mumn inner diameter, 0.25 mm film

thickness), av FID, a splitfsplitless injector and an Agilent Technologics 7693 Series

awte sampler and igector. Hellum was used as the carvier gas. Samples were injected

in split mode (50:1 ratio} at an oven temperature of 150 °C. Afwer injection, the oven

20 temperature was held at 150 °C for 1 min then raised to 210 °C at 3 °C. min”, again

raised to 240 °C at 50 °C. min~ and finally holding for 1.4 min at 240 °C, Peaks were

quantified with Agilent Techneologies ChemStation software (Rev B.i4.03 (16), Palo

Alte, Cabifornia, USA) based on the response of the known amount of the external
standard GLC-411 (Nucheck) and C17:0-ME internal standard.

Liquid Chrematography-Mass Spectromefiy

Total lipids were extracted from freeze-dried developing sceds, twelve days
after flowering {daf}, and mature segds after adding a known amennt of tr-C17:0-TAG
as an internal guantitation standard. The extracted lipids weve dissolved inte 1 ml, of

30 10 mM butylated hydroxytoluene i butanol:methanol (1:1 v/v) per § mg dry material
and analysed using an Agilent 1200 series LC and 6410b electrospray ionisation triple
gquadrupole LC-MS. Lipids were chromatograpbically separated using an Ascentis
Express RP-Amide column (50 mm x 2.1 mm, 2.7 um, Supelco} operating a binmy
gradient with a flow rate of 0.2 mL/min. The mobile phases were: A. 10 mM
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ammoniwm formate in Hamethanol: tetrahvdrofuran (58:20:30 v/iv/vy; B, 10 mM
ammoniugn formate in HyO:methanol: tetrahydvofuran (520075, vivly).,  Muolple
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reaction monitoring {MRM) lists were based on the following major fatty acids: 16:0,
18:0, 1871, 18:2, 183, 184, 2601, 20:2, 2003, 204, 2005, 22:4, 2205, 22:6 using a
collision energy of 30 V and fragimentor of 60 V. Individual MRM TAG was identified
based on anunoniated precursor i and product ton from newntral loss of 22:6. TAG

5 was quantified using a 10 pM tristeacin external standard.

Lipid prefiling with LC-MS
The extracted total lipids wore analysed using apg Agilent 1200 series LC
coupled (o an Agilent 6410B clectrospray lonmisation QQQ-MS {Agilent, Palo Alto,
10 California, USAY A 5 pl injection of each total hipid extract was chromatographically
separated with an Ascentis Express RP-Asuvide 50 mom x 2.1 s, 2.7 pm HPLC column
{Sigma-Aldrich, Castle Hill, Australiay using a binary gradient with a flow rate of 0.2
mb./min. The mobile phases were: A, 10 mM ammonium formate in
HaO:methanol:tetrahydrofuran (5(020:30, viv/v); B. 10 mM anunonium formate in
15 HoCkmethanolitemahydrofuran (5:20:75, v/v/v)), Selected neutral lipids (TAG and
DAGY and phospholipids (PL, including PC, PE, Pi, PS, PA, PQ) were analysed by
nultple reaction moniting (MRM) ositng a collision energy of 30 V and
fragroentation energy of 00 V. Neuted lipids were targeted ou the following major
fatty acids: 16:0 {palmitic acid), 18:0 (stearic acid), 18:109 {oleic acid, OA), 18:2m6
20 (linoleic acid, LA), 18:303 (o-linelenic acid, ALA), 18:4w3 {stearidonic acid, SDAJ,
2001, 2002, 2003, 20403, 200503, 22:4w3, 22:503, 22:6603, whils phosphelipids were
scarmed containing Cys, Cige Cop and Caz species with double bonds of 0-3, 0-4, (-3, 4-6
respectively.
Tadividual MRM TAG was identified based on ammeniated precurser ion «and
25 product ion from neutral foss of 2(:1, SDA, EPA and IDHA. TAG and DAG were
quattified using the 50 pM tristearin and distearin as extomnal standards. PL were
quantified with 10 uM of di-18:0-PC, di-17:0-PA, di-17:0-PE, 17:0-17:1-PG, di-18:1-
Pl and di-17:0-PS external standards (Avanti Polar Lipids, Alabaster, Alabama, USA).
Selected TAG, DAG and PL species were further confirmed by Agilent 6320 Q-TOF
3 MS/MS.

Determination of seed fatty acid profile and il content
Where seed oil content was to be determined, seeds were dried in a desiceator

for 24 h and approximately 4 mg of seed was transferred to a 2 ml glass vial containing
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Teflon-lined screw cap. 0.05 mg triheptadecanocin disselved in 0.1 ml toluene was
added to the vial as Internal standard,
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Seed FAME were prspared by adding 0.7 mi of 1N methanolic HCL (Supelco) to
the vial containing seed material, vortexed briefly and incubated at 80 *C for 2h. After
cooling to room temperature, 0.3 ml of 0.9% NaCl (w/v) and 0.1 mi hexane was added
to the vial and wixed well for 10 niie in Hewdolpbh Vibramax 110, The FAME was

5 collected tnto 0.3 ml glass insert and analysed by GC with a flame tonization detector
{FID} as mentioned carlier.

The peak area of individual FAME were first corrected on the basis of the peak
area responses of known amount of the same FAMEs present in a conumnercial standard
GLC-411 (NU-CHEK PREP, INC., USA). GLC-411 contains cqual amounts of 31

10 fatty acids (% by wi), ranging from C8:0 to C22:6. 1n case of fatty acids, which were
not present in the standacd, the tnventors took the peak area responses of the most
simiilar FAME. For example, pesk arca response of FAMEs of 16:1d9 was used for
16:1d7 and FAME response of C22:6 was used for C22:5. The corrected areas were
used to caleulate the mass of cach FAME in the sample by comparison to the intarnal

15 standard mass. Oil is stored mainly in the form of TAG and its weight was calculated
based on FAME weight. Total moles of glycerol was determined by calculating moles
of each FAMES and dividing total moles of FAMEs by three. TAG was calculated as
the suny of glycerol and fatty acyl moleties using a relatdon: % oil by weight= 100x
{{(41x total mol FAME/3)+(total g FAME- (15x total mol FAME /g secd, where 41

20 and 13 are molecular weights of glycerol moiety and methyl group, respectively.

Analvsis of the sterol content of oil samples

samples of approximately 10mg of il together with an added aliquot of C24:0

monel as an nuternal standard were saponified using 4l 3% KOH in 809% MeOH mwd

25 heating for 2h at 80°C in a Teflon-tined screw-capped glass tube.  After the reaction

mixture was cooled, 2ml of Milli-( water wore added and the sterols were extracted

inte 2 mL of hexane: dichloromethane (4:1 v/v) by shaking and vortexing. The mixture

was centrifuged and the sterol extract was removed and washed with 2mbL of Milli-Q

water, The sterol extract was then rempved after shaking and centrifugation. The

30 extract was evaporated using a streans of nitrogen gas and the sterols silylated using
200mL of BSTFA and beating for 2h at 80°C.

For GC/GC-MS analysis of the stevols, sterol-OTMSi derivatives were dried

under a stream of nifroges gas on a heat block at 40°C and then re-dissolved in

chloroform or hexane immediately prior to (/GC-MS analysis.  The sterol-OTMS
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derivatives were analysed by gas chromatography (GC) using an Agilent Technologies
H890A GC (Pao Alte, California, USAJ fitted with an Supelco Equity™.1 fused silica
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capillary column (15 m x 0.1 mm id., O.1pm film thickoess), an FID, a split/splitless
injector and an Agilent Technologies 76838 Series auto sampler and injector. Helium
was the carrier gas. Samples were injected in splitless mode at an oven temperature of
120°C. After iwjection, the oven temperature was raised to 270°C at 10°C min™ and
finally to 300°C at 5°C min™. Peaks were quantified with Agilent Technologies

¥ {1

ChemStation software (Palo Alto, California. TJSA). GC results are subject to an eror

of £5% of individual component areas.
GC-mass spectrometric {GC-MS) analvses were performed on a Finnigan
Thermoquest GO GC-MS and a Finnigan Thermeo Electron Corporation GC-MS; both
10 systerns waere firted with an on<column injector and Thermogquest Xealibur software
{Austin, Texas, USA). Bach GC was fitted with a capiflacy colomn of similar polarity
to that deseribed above. Individeal components were identified using mass spectral
data and by comparing retention time Jdata with those obtained for authentic and
laboratory standards. A full procedurat blank analysis was pecformed concurrent to the

15 sample baich.

RT-PCR conditions
Reverse teanseription-PCR (RT-PCR) amplification was typically carried out

using the Superscript L One-Step RT-PCR system (Invitrogen) in g volume of 25 pl
20 using 10 pmol of the forward primer and 30 pmol of the reverse primer, Mg3(k to a
final concentration of 2.5 mM, 400 ng of total RNA with buffer and nucleatide
components according to the manutacturer’s instructions. Typical temperature regimes
were: 1 eyele of 45°C for 30 winutes for the reverse transcription to occur; then 1 evele
of 94°C for 2 muinutes fellowed by 40 eycles of 947C for 30 seconds, 32°C for 30
25 seconds, 70°C for 1 minute; then 1 cycle of 72°C for 2 minutes before cooling the

reaction mixtures to 53°C.

Determination of copy-number of transgenes by digital PCR

To determine the copy-number of transgenes in a transgenic plant, a digital PCR

30 method was wsed as follows, This method could also be used to determive whether a
plant was tansgenic for the genetic constructs deseribed hetein. About a centimetre
square of leaf tissue was harvested from each individual plant and placed in & collection
microtube (Qiagen). The samples were then freere dried for 24 to 48be. For hreaking

up the samples for DNA extraction, stainless steel ball bearings were added to each

fad
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dried sample and the tubes shaken on a Qiagen Tissue lyser. 375uL. of extraction butfer
{0.1M Tris-HCl pHE, 0.05M EDTA pHS and 1.25% SDS) was added w each tube, the

CSIRO Exhibit 1014



WO 2015/089587 PCT/AU2014/050433

102

mixtures incubated at 65°C for thr, and then ceoled before 187ul. of 6M ammonium
acofate (4°C) was added to each tbe with thorough mixing. The samples were then
centrifuged for 30 min at 3000 rpm. The supernatant from cach tube was removed into
new miceotubes gach containing 220pk. of isopropanol for precipitation of the DNA at

5 woom temperatmre for Smin. DNA was collected by centrifuging the tubes at 3000rpim

for 30min, the DNA pellets washed with 320uL of 70% ethanol and dried before
resuspension of the DNA in 225ul of water. Non-dissolved material was pelleted by
centrifugation at 3000 rpm for 20min, and 150uL of sach superpatant transfoged to 96-
well plates for long term storage.

10 For efficient and quantitative digital PCR (ddPCR) the DNA was digested with
restriction evzymes prior to amphification veactions, to ensare that multiple copies of
the transgenes or multipls insertions were physically separated. Aliguots of the [INA
preparations were therefore digested with EeeRI and BamHl, together, in 20ul.
volumes vsing 10x EcoRI huffer, Spl of DNA and about 4 units of each enzyme per

15 sample, incubated overnight at 37°C.

The primers used in these PCR reactions were designed using Primer3 software
to-comfirns that primers for the reference and target genes were not predicted to interact,
av such interaction would net be a problem uuder the conditious used, The veference
gene used in the assay was the canola Hmg (high mobility group) gene, present at one

20 gene per canola genome (Weng et al., 2004). Since canola is an allotetraploid. it was
taken that there were 4 copics of the Hmyg gene, Le. 2 alleles of each of the two gengs,
in Brassica napus. The refercnee gene reactions used the pair of pramers and a dual-
labelled probe, as follows: Seuse primer, Canll GCGAAGCACATCGAGTCA (SEQ
D NO:A0): Antisense primer, Canl2 GGTTGAGGTGGTAGCTGAGG (SEQ 1D

25 NO:51n Probe, Hmg-P3 -
Hex/TCTCTACIzen/CCGTCTCACATGACGCHIABKFQ/-3 (SEQ ID NO:52). The
amplification product size was 73bp.

In one target gene amplification reaction which detested a region of the PPT
selectable marker gene to sereen all of the transgenic plants, the sense primer was

3 Canl7, ATACAAGCACGHTGGATGE (SEQ 1D NOX53)Y; the antisense primer, Canl§
TGGTCTAACAGGTCTAGGAGGA (SEQ 1D NO:S54): the probe. PPT-P3 5.
FAM/TGGCAAAGA/2et/ GATTTCGAGCTTCCTGC/3IABKFQ/-3 (SEQ iD
NO:55) The size of this target gene amplification product was 82 bp. On some

occasions, a second target gene assay was performed in paratlel to detect partial

fad
L

insertions of the T-DNA. This second assay detected a region of the A6-desaturase gene
using a sense primer, Can23 CAAGCACCGTAGTAAGAGAGCA (SEQ 1D NO:56).

CSIRO Exhibit 1014



WO 2015/089587 PCT/AU2014/050433

103

the antisense primer, Can2d CAGACAGCCTGAGHGTTAGCA (SEQ 1D NO:37): the

probe, Dédes-P3 5-
FAMITCCCCACT T 2e/CTTAGCGAAAGGAACGA/SIABKFQ/-3 (SEQ 1D
NO:58). The size of this target gene amplification product was 89bp.  Reactions

5 routinely used 2ul. of the digested DNA preparvations. Reaction composition per
sample: reference sense primer (10pM), Tul.: reference antiseise primer (10pM), 1uls
reference gene probe (10pM), 0501 target gene sense primer (10pM), 1uL; target
gene antisgnse primer {10pM), TUL; target gene probe (10pM1, 0.5uL: ddPCR reagent
mix, 12.50L; water 5.5uL in a total volume of 2581,

10 The mixtures were then placed into a QX100 droplet gencrator, which
partitioned each sample into 20000 nanolitec-sized droplets. This was done in 8-well
cartridges until all of the sanples were processed and transferred to a 96-well PCR
plate. This plate was then heat sealed with a pierceable foil using a plate sealer
machine. The samples ware then treated under the following reaction conditions: 95°C,

15 10 min, ramping at 2.5°C/s; then 39 cycles of 94°C, 30s ramping at 2.5°C/s; 61°C,
lmin, ramping at 2.5°C/s; B8°C, 10 min, followed by cooling to 12°C. Following the
amplification reactions of the DNA i1 the droplets, the plate was placed in « QX100
deoplet reader which analysed sach droplet individually using a two-color detection
system {set to detect FAM or Hex). The droplet digital PCR diita were viewed as either

200 a I-I} plot with each droplet from a sample plotted on the graph of fluorescence
infensity, or a 2-D plot i which fluorescence (FAMY was plotied against fluorescenee
{Hex) for each droplet. The sottware measured the number of positive and negatives
droplets for each fluorophore {FAM or Hex) in each samople. The software then fitted
the fraction of positive droplets to a Paisson algorithng to deteriming the concentration

25 of the target DNA molecule in units of copies/uL. input. The copy number variation

was calculated using the formula: CNV=(A/B)* Nb, where A= concentration of target

gene, B= concentration of reference gene, and Nb = 4, the number of copies of the

reference gene in the genome,

3 Assessment of pollen viability

Fluorescein diacetate (FDA) was dissolved in geetone at 2 mg/ml 1o provide a
stock solution. FDA dilutions were prepared just before use by adding drops of the
FDA stock solution te 2 ml of g sucrose solution (L3 M) uniil saturation was reached

as indicated by the appearance of persistent cloudiness.

fad
L

Propidium jodide (P} was dissolved in sterile distilled water at | mgfml to
provide a stock solution. Just before use, 1001 of the stock solution was added to- 10ml

CSIRO Exhibit 1014



WO 2015/089587 PCT/AU2014/050433

104

of sterile distilled water to make a working solution. To check the ratio of viable and
now-viahle polien, PI and FDA stock solutions were mixed in 2:3 ratio.

Transgenic and wild-type canola and mustard plants were grown under standard
conditions in a glasshouse at 224+2°C with a 16k photoperiod per day. Manwe flower

¥ {1

buds which were ready to open in the next day were labelled and collected on the
following morning at 9-10 am. Pollen from opened flowers were stained with the
FDA/PI mixture and visualized using a Leica MZFLHI fluorescence microscope. GFP-
2, 2 510 nm long pass emission filter (transmitting ved and green light) with a 4807440
nm excitation filter was used to detect viable and non-viable pollen. Non-viable pollen
10 which took up the PI stain appearved red under the fluorescence microscope whereas
viable pollen appeared bright green when stained with P and FDA.

Example 2.  Stable Expression of Transgemic DHA Pathways in_ Arabidepsis

thaliang Seeds

15 Binary vector consfruction

The binary vectors pfP3416-GA7 {also referred to herein as “"GA7” described in

WO 2HF/185184) and plP3404 each contained seven heterologous fatty acid

biosynthesis genes, encoding 3 desaturases and 2 elongases, and & plant selectable

marker between the left and right border repeats of the T-DNA present in each vector

20 (Figures 2 and 33 SEQ ID NO:1 provides the nucleotide sequence of the T-DNA

region of pIP3416-GAT from the right to left border sequences.  Both genstic

constructs contained plant codon-optimised genes encoding a Lachances kluvveri A12-

desaturase (comprising nucleotides 14143-16648 of SEQ ID NO:1), a Pickia pastoris

w3-desativase {conmprising nucteotides 7634-10136 of SEQ 1D NO:1), a Micramonas

25 pusifla Ab6-desaturase {comprising nucleotides 226-2309 of SEQ ID NO:1), Pavlova

saling AS- and Ad-desaturases (comprising nucleotides 4324-6485% and 10157-14142 of

SEQ TD NO:l, respectively) and Pyramimonas cordare A6- and AS-elongases
{comprising nucleotides 2310-4523 and 17825-19967 of SEQ 1D NO:1, respectively).,

The seven coding regions in the constructs were each under the control of a seed

3 specific promoter- theee different prometers were used, namely the troncated Brassica

napus vapin promoter (pBakP), the Arabidopsis thaliang FAE] promater (pAFAED

and the Linum wsitetissivuon conlinin I promoter (pLaCnli). The seven farty acid

biosynthesis genes together coded for an entite DHA synthesis pathway that was

designed to convert 18:1* (oleie acid) through to 22:6M TG (A, Both biary

fad
L

vectors contained a BAR plant selectable marker coding region operably linked to a
Caunliflower Mosaic Viros (CaMV) 358 promoter with duplicated enhancer tegion and
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A mmpfactens pos3’ polyadenylation region- tansception terminator. The plant
selectable marker was situated adjacent to the left border of the T-DNA region,
therefore distally located on the T-DNA with respect 1o the orientation of T-DNA
teansfer o the: plant cells. This increased the likelihood that partial travsfer of the T-

¥ {1

DNA, which would be hikely to not include the selectable niarker gene, would not be
selected. pIP3416-GAT and pdP3404 gach contained an RiA4 ovigin of teplication from
Agrobacteritm rhizogenes {Hamilton, 1997).

The GA7 construct also tncluded two Nicotiane tabacuin RbT7 matrix attachment
region (MAR) seguences, as described by Hall et al. (19911 MAR sequences,
10 sometimes termed huclear attachment regions, are kiown 1o bind specifically to the

wiclear mateix in vitre and oay mediate binding of cheomatin to the nuclear mateix in
vivo. MAR«s are thought to function to reduce transgene sitencing. In pJP3416-GA7 the
MARs were also inserfed and positioned within the T-IMNA region in order 1o act as
DNA spacers to insulate transgenic expression cassettes. The plP3416 vector prior to
15  insertion of the GA7 region contained only the plant selectable marker cassette between

the horders.

A, thaligna trinsformation and analysis of fatty acid composition

The chimeric vectors were introduced into A. tumefuciens strain AGL1 and cells
20 from cultures of the transformed Agrobacterinm used fo treat A thaliana (ecotypes
Columbia and a fod? mutant} plants using the floral dip method for transformation
{Clough and Bent, 1998). After maturation, the T, seeds from the treated plants were
harvested and plated onte M5 plates containing PPT for selection of plants containing
the BAR selectable munker gene. Surviving, healthy Ty seedlings were transferced to
25 s0il. After growth of the plants to maturity and allowing for self-fertlisation, Ty seeds
from these plants were harvested and the fntty acid composition of their sced lipid
analysed by GC analysis as described in Example 1.
The pIP3416-GAT construct resulted in the production of slightly higher levels
of DHA, as a percentage of total fatty acid content, on average than the pIP3404
30 construct. The conversion efficiencies for each enzymatic step m the production of
DHA from oleic acid were calculated as (%eproducts x 100 %rernaining substrate +
%products), thereby expressed as a percentage.
The highest observed level of DHA produced in the plP3d16-GAT T;
transformed lines was 6.2%, addittonally with 0.3% EPA and 0.2% DPA (line #14).

These Ts seeds were still segregating for the transgens 1.2, were not yet uniformly

fad
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homozygous. The level of 63 faity acids produced as a resule of the transgenes in these
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seeds (total new w3 fatty acids, excluding the level of ALA which was produced
endogenously in the Columbia background) was 10.7% while the level of 6 fafty
acids (total new o6 fatty acids but excluding 18:2%% was 1.5%. This reprosents an
extremely favourable ration of new 3 fatty acids:vew @6 faity acids, namely 7.3:1.

¥ {1

T: sceds of sclected lings transformed with piP3416-GAT, namely for lines
designated 7. 10, 14, 22 and 34 in the Columbia backeround and for lines designated
18, 21 and 2§ in the fad? mutant background, were plated onto MS media containing
PPT for selection of transgenic scedlings in vitro. Twenty PPT-resistant seedlings for
cach line were transferred to seil and grown to maturity after sclf-fertilisation. These
10 plants ‘were highly likely to be homozygous for the selectable marker gene, and

therefore: for at least ong T-DNA insertion in the genome of the plaots. Tx seed from

these plants were harvested and analysed for fatty acid composition in their seedoil by

GC. This analysis revealed that the pIP3416-GA7 construct generated higher levels of

the @3 LC-PUFA DHA in T; seeds of the bomozygous plants than in the segregating

15 T, seed. Up to about 13.9% DHA was observed in the Ty pJP3416-GA7 transformed

line designated 22.2 in the Columbia background, increased from about 5.5% in the

hemizvgous Tr seed, with 4 sum level of about 24.3% of new @3 fatty acids as a

percentage of the total fatty acids in the seed lipid content. New o6 futty acids were ata

level of 1.1% of total fatty acids, representing a very favourable ratio of new @3 fanty

20 acids:new @6 fatty acids, namely about 22:1. Similarly, transformants in the fid2

mutant background vielded 20.6% as a sum of new 3 fatty acids, including 11.5%
DHA, as a percentage of the total fatty acids in the sced lipid content.

Enzymatic conversion efficiencies for gach enzyme step in the pathway for

production of DHA from olete acid are shown in Table 4 for the Ty seeds with the

25 higher DHA levels. The Al2-desaturase conversion efficiency in seeds of line 22.2

was 81.6% and the @3-desatirase efficiency was 89.1%, both of them remarkably high

and indicating that these fungal (veast) enzyincs were able to function well in

daveloping seeds. The activities of the other exogencus enzymes in the DHA pathway

were similarly high for 03 substrates with the Ab-desaturase acting at 42.2% efficiency,

3 Ab-elongase at 76.8%, Ad-desaturase af 95.0%, Ad-elongase at 88.7% and A4-

desatorase at 93.3% efficiency. The Ab-desaturase activity ou the 06 substrate LA was

much lower, with the AG-desaturase acting at only 0.7% conversion efficiency on LA,

GLA was present at a level of only 0.4% and was the only new ©6 product aside from

20206 detected in the Ty seeds with the highest DHA content. Compiled data from the

fad
L

total seed lipid profiles from independent transgenic seed are shown in Table 5.
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Tz seeds from the pIP3416-0A7 Hine 22.2 in the Columbia background, which
were progeny from Ts line 22, were sown directly to soil and the fatty acid composition
of manwee seed from the resultant T; plants analysed by GC. The average DHA level of

5 these seeds was 13.3% £ 1.6 (n=10) as a pereentage of total fatty acids in the seed lipid.
The line with the highest level of DHA contained 15.1% DHA in the total fatty acids of
the seed lipid. The enzymatic conversion efficiencies are shown in Table 4 for each
step in the production of DHA from oleic acid.

Southern blot hybridisation analysis was performed. The results showed that the

10 high-accamulating DHA lines were either single~ ov double-copy for the T-DNA from
the pdP3416-GAT constract with the exception of transgenic line Columbia#22, which
had three T-DNA insertions in the genome of the Arabidopsis plant. The TS generation
seed was also analysed and found to have up to 13.6% DHA in the total seed lipids,
The (GA7 construet was found to be stable agross nultiple gencrations in terms of DHA

15 production capability.

Determination oof ol content in transgenic A thalivng DHA lines

The oil content of fransgenic A, #haliana seeds with various levels of DHA was
determined by GC as described in Example 1. The data are shown in Figure 4,

20 graphing the oil content (% oil by weight of sced) against the DHA content (as a
percsntage of total fatty acidsy. Up to 26.5 mg of DHA per gram of seed was observed
{Table 6). The eoil content of the transpenic Arabidopsiv seeds was found to be
negatively correlated with DHA content. The amount of DHA per weight of seed was
greater in the transformed sceds with a DHA level of about 9% relative to the seeds

25 with about 14% DHA. Subsequent data from species other than Arabidopsis has
shown that this negative correlation is more pronounced in Arabidopsis than in C

sattva or Brassica species (Example § below).

Table 6. Proportion and ameunt of DHA in GA7-transformed Arabidopeis seeds.

DHA content Oil content DHA content per weight
(% of TEA) {% oil per g seeds) {mg/g seed)
GAT/eol 22.2-] 4.2 14.89 20.2
GATcol 22.2-2 14.3 15,02 20.5
GATfeol 22.2-3 14.0 15.92 21.2
(GAT/col 10.15-1 8.7 30.23 25.06
GATZ/eol 100152 8.6 31.25 25.777
GATfeol 10.15-3 8.8 31.70 26.49
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Example 3. Stable Expression of a Transgenic DHA Pathwav fn Camelina sativa

Seeds
The binary vector pIP3416-GA7 as described above was mtroduced into 4.
5 mmefaciens strain AGL1 and eells from a calture of the transformed Agrobacterivm
used to treat C. sative flowering plants using a floral dip method for transformation {Lu
and Kang, 2008). After growth and maturation of the plants, the T, seeds from the
treated plants were harvested, sown onto soil and the resultant plants teated by
spraying with the herbicide BASTA to select for plants which were transgenic for, and
10 expressing, the bar selectable marker gene present on the T-DNA of pIP3416-GAT.
Suarviving Ty plauts which weee tolerant to the herbicude were grown to niatueity after
allowing them to self-fertilise, and the resultant Ty sced harvested.  Five transgenic
plants were obtained, only three of which contained the entite T-DNA.

Lipid was extracted from a peol of approximately twenty seeds from cach of the

15 three plants that contained the entive T-DNA. Two of the pooled samples contained
very low, baroly detectable levels of DHA, but the third pool contained about 4.7%
DHA. Therefore, lipid wits extracted feom 10 individual Ty seeds from this plant and
the fatty acid composition analysed by GC. The fatty acikd composition data of the
individial seeds for this transformed line is also shown in Table 7. Compiled data from

20 the total seed lipid profiles (Table 7) arg shown in Table &

DHA was present in six of the 10 individual seeds. The four other seeds did not
have DHA and were presumed to be null segregants which did not have the T-DNA,
based on hemizygosity of the T-DNA insertion in the parental plant. Exwacted lipid
frony the single seed with the highest level of DHA had 9.0% DHA while the sum of

25 the percentages for EPA, DPA and DHA was 11.4%.
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Homozygous seed from this line was ebtained in the T4 goneration. Up to
10.3% DHA was produced in event FD5-46-18-110 with an average of 7.3% DHA
observed across the entire T4 generation. A subseguent generation (T5) was established
to further test the stability of PUFA production over mnltiple generations, panticulady
the DHA. The maximum DHA levels observed was found to be stable in the fifth

¥ {1

generation, even though the pooled seed DHA content had not stabilised until the Ty
generation due to the presence of multiple transgenie loci. Ts seed batches were also
germinared on MS media 1 vitre alongside parental ¢ sative seed with no obvious
difference in germination cfficiency or speed observed.  Further gencrations of the

10 wansgenic ling (T, T7 geverations ete) did not show any reduction in the seed DHA
level. The ransgenic plants were fully male and female fertile, and the polled showed
abeatt 100% viability as for the wild-type plants,  Analysis of the oil content of the
seedls having different levels of DHA did not identify a correlation batween DHA level
and odl content, contrary to the cerrelation seen in Arabidopsis thaliana.

15 In several further transgenie lines, the DHA content of single seeds from
independent events exceeded 12%. The transgenicnull ratio of these lines was found to
be berween approximately 3:1 and 15:1. Analysis of representative fatty acid profiles
from the top DHA samples from each construct tound only 1.2-1.4% GLA with no
other view 06 PUFA detected. In contrast, new w3 PUVA (8DA) &3 LC-PUFA (ETA,

20 EPA, DPA, DHA) were found to accumulate to 18.59% with a DHA level of 9.6% of the
total fatty acid confent. AG-desaturation was 32% and EPA was 0.8% of the total fatty
acid content. The AS-clongation efficiency was 93% and Aé-clopngation efficiency was
609%. DHA was detected 11 the polar seed Hpid fraction of GA7T lines.

It was noted that the segregation ratics ebserved (~3:1 to ~15:1) indicated that

25 one or, at most, two transgenic loci were required to produce fish oil-like levels of
DHA in C. sative. This had important implications for the ease with which the
transgenic trait can be bred as well as for transgene stability.

Homezygous seed was planted out across several glasshouses to generate a total
of over 600 individual plants. Oil was extracted from the seed using a variety of

30 methods including sexhlet, acetone and hexane extractions.

Be NMR regiospecificity analysis was performed on the travsgenic C. sativa
seed oil to determine the positional distribution of the ©3 LC-PUFA on TAG. An event
with approximately equal EPA and DHA was selected 1o maximise response for these
fatty acids and the ratio of s#-13 to sn-2 was found to be 0.73:0.15 for EPA and
0.86:0).14 for DHA where an unhiased distribution would be 0.66:0.33. That is, 75% of
the EPA and 86% of the DHA were located at the si-1.3 positien of TAG, This

fad
L
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indicated that bath fatty acids were preforentially located on the sa-1,3 positions in €
sativa TAQ although the preference for EPA was weaker than for DHA. The finding
that DHA was predominantly found on sn-1,3 was similar to results previously reported
0 & thaliana seed (Petrie et al., 2012,

3 Since ouly a small number of independent transgenic Hues were obtained in the
transformation experiment described above, further €. sorivae transtormations were
performed using the GA7-modB construet (Example 4). More transformants were
obtained and homozygous lings producing in excess of 20.1% DHA are identificd.

10 Example 4. Modifications to T-DNAs Encoding DHA Pathways in Plant Seeds

In order to improve the DHA production level v B, sapus beyond the levels
deseribed in WO2013/185184, the binary vectors plP3416-GA7-modA, pJP3416-GAT-
modB, pIP3416-GAT-medC, pIP3416-GAT-modD, pIP3416-GA7-modE and pJP3416-
GAT7-modF were constructad as deseribed in WO2013/185184 and tested in transgenic

15 plants. These binary vectors were variants of the pIP3416-GA7 construct deseribed in
Example 2 and were designed to further increase the synthesis of DHA in plant seeds,
purticulatly by improving Ab-desaturase and Ab-clongase funetions. SDA had been
observed to accunuilate fn some seed transformed with the GAT consteuct due o a
relatively low A6 elongation efficiency compared to the AS-clongase, so amongst other

20 modifications, the two cloggase gene positions were switched in the T-DNA.

The two clongase coding sequences in pIP3416-GA7 were switched in their
positions on the T-DNA to yield pIP3416-GA7-modA by first cloning a new P
cordata Ab-elongase cassette between the SH sites of pIP3416-GA7 to replace the P
cordata AS-elongase cassette.  This construct was further miodified by exchanging the

25 FPl1 promoter driving the M. pusilla A6-desaturase with a conlinin Cnl2 promoter
{pLaCnl2) to yield pJP3416-GA7-modB. This modification was made in an attempt to
increase the A6-desaturase expression and thereby enzyme efficiency. It was thought
that the Cnl2 promoter might vield higher expression of the transgene in B. napuy than
the truncated napin promoter.

30 Eight transgenic piP3416-GA7-modB A. thaliana ovents and 13 transgenic
pIP3416-GAT-100dG A, thaliana events were generated. Between 3.4% and 7.29% DHA
in pooled pIP3416-GA7-modB seed was ohserved and between (0.6 and 4.1% DHA in
pooled T2 pIP3416-GA7-modG seed was observed. Several of the highest pJP3416-

GA7-modB events were sown out on selectable media and surviving seedlings taken to

fad
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the next generation. Seed is being analysed for DHA content. Since the peooled T1
seeds reprosented populations that were segeegating for the transgenes and weloded any
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null segrogants, it is expected that the homozygous seeds from progeny plants. would

have increased levels of DHA, up to 30% of the total fatty acid content in the seed oil.

The other modified constructs were used to transfornl A thadione. Although only a

suall nurober of transformed lines were obtained, none yielded higher levels of DHA
5 than the modB counstruet.

The pJP3416-GA7-modB construct was also used to generste transformed B
napus plants of cultivar Oscar and of a series of breeding lines designated NXO{2,
NXO03, NXO0S5, NXOS0, NX052 and NXO54. A total of 1558 transformed plants werg
obtained incloding 77 independent transforrned  plants (TO} for the Oscar

10 trapsformation, and 1480 independent plants for the breeding lives including 189 for
NXO05 which is a line having a high olelc acid coutent in its seedoll by virtue of
mutations in FADZ2 genes. The other breeding lines had higher levels of LA and ALA.
Transgenic plants which exhibited mors than 4 copies of the T-DNA as determined by
a digital PCR method (Example 1} were discarded; about 25% of the TO plants were

15 discarded by this criterion. About 33% of the TO transgenic plants had 1 or 2 copies of
the T-DNA as determined by the digital PCR method, 12% had about 3 copies and 24%
4 or move copies. Seed (T1 seed) was harvested from about 450 of the transgenic tnes
after selfi-fertilisation, acbieved by bagging the plants during flowering to avoid out-
crossing. T1 seed are harvested from the remainder of the transgenic plants when

20 mature. About 1-2% of the plant lines were either male or female sterile and produced
no viable sceds, these TO planis were disearded.

Pools of seed (20 T1 seeds in cach pool) were tested for levels of DHA in the
pouled seed oil, and lines which showed the highest levels were selected. In particular,
lines having a DHA content of at least 2% of the total fatty content in the pooled T1

25 seeds were selected. About 15% of the ransgenic lines were selected in this way; the
other §5% were discarded. Some of these were designated lings CT132-5 (in cultivar
Oscar), CTI133-15, -24, -63, 77, -103, -129 and -130 {(in NX005). Selected lines in
NX030 included CTI1306-4, -8, -12, -17, -19, -25, 27, 49 and -51. Twenty sgeds from
selected tines including CT132.5 and 11 seeds from CT133.15 were imbibed and, after

30 two days, oil was extracted from a half cotyledon from each of the individoal seeds.
The other half cotyledoons with embryoute axes were kept and coltured on media to
maintain the specific progeny lines. The fatty acid composition in the oil was
determined; the data is shown in Table 9 for CT132.5. The DHA level in ten of the 20

seeds analysed was in the range of 7-209% of the total fatty acid content as determined

fad
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by the GC analysis. Other seeds had less than 7% DHA and may have contained a
partial {incomplete) copy of the T-DNA from pIP3416-GA7-modB. The transgenic line
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appeared to contain multiple transgene insertions that were genetically unlinked, The
seeds of transgenic line CT133.15 exhibited DHA levels in the range 0-3%. Seeds with
1o DHA were likely to be noll segregants. These data confirmed that the modB
construct performed well for DHA production in canola seed.

3 Twenty or 4} wndividual seeds (T2 seeds) obtained fromy each of multiple T1
plants, after self-fertilisation, frem the selected fransformed lines were fested
individually for fatty acid composition. Seeds comprising DHA at levels greater than
20% were identified (Table 10). Twe representative samples, CT136-27-18-2 and
CT136-27-18-19 had 21.29% and 22.7% DHA, respectively. The total @3 fatty acid

10 content n these seeds was about 60% as a pevcentage of the totat fatty acid content, and
the @6 coutent was less than 10%. Fucther sets of 20 or 40 T2 seeds from cach of the
T1 plants were tested for fatty scid composition. Representative data for DHA levels in
the total fatty acid content of seedeil from individual T2 seeds is shown in Figure 10,
Sceods comprising up to 34.3% DHA were identified, for example i sved CT136-27-

15 47-25 (Table 123, The fatty actd composition for seedwil obtained from CT136-27-47-
25 is shown in Tahle 12. The faity acid composition bycluded 34.3% DHA together
with about 1.3% DPA, 0.6% EPA and 0.5% ETA. The SDA level was about 7.5%,
ALA about 21.9% and LA about 6.9%. The new w6 PUFA exhibited 11% GLA bul no
detectable  w6-C20 or -C22 LC-PUFA. Total saturated fatty acids:  9.6%;

20 monounsaturated fatty acids, 12.3%; total PUFA, 75.2%; total @6-PUFA (including
LA), 7.2%; total 03-PUFA, 66.9%; the ratio of total wH:e3 fatty acids, 9.3:1; new
wbmew @3 fatty acids, 37:1, The efficioncies of cach of the enzymatic steps from oleie
acid to DHA were as follows: Al2-desatuvase, 909 AlS/on3-desaturase, 89%; A6-
desaturase, 679%; Ab-clongase, 8§3%:; AS-desaturase, 99%:; Ad-clongase, 98%:; Ad-

25 desaturase, 96%. The overdl efficiency of conversion of oleic acid o IDDHA was about
30%. It was therefore clear that seeds producing DHA in the range of 20.1-35% of the
total fatty acid content of the seedpil could be identified and selected, including seads
having between 20.1% and 30% DHA or between 30% and 35% DHA in the total fatty
acid content.

30 The oil content i some seeds was decreased frorg about 449% in wild-type seeds
to about 31-39% in some of the DHA producing seeds, but was wis similar to wild-
type levels in other DHA producing seeds.

Various transformed plant Hies which were producing DHA at levels of at least
109 in T2 secd are crossed and the Rl progeny selfed in order to produce F2 progeny

fad
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which are homozygous for multiple T-DNA insertions. Seedoil from homozygous sead
is analysed and np to 30% or 35% of the total fatty acid content in the seed oil is DHA,
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The TAG in the oil obtained from CT136-27-18-2 and CT136-27-18-19 wag
analysed by C NMR regiospecificity assay for positional distribution of the DHA on
the glyceral backbone of the TAG miolecules: The DHA was preferentially linked at the
sr-1,3 position. More than 70%. indeed more than 90% of the DHA was o the sn-1.3

¥ {1

position.

In several further transgenic lines, the DHA content of single seeds from
mndependent events exceeded 12%. The transgenic:null ratio of these lines was found to
be approximately 31, comespeonding to a single wamsgenic locus, eor 15:1,
corresponding to two transgentc focl. Analysis of representative fatty acid profiles from
10 the samples foom each construct with the highest levels of DHA found only 1.2-1.4%

GLA with ner other new wd PUFA detected. by contrast, vew ¢33 PUFA (SDA)Y and w3

LC-PUFA {ETA, EPA, DPA, DHA) accumulated to a sum of 25.8% for the modF

construct and 21.9% for the modG construct compared to 18.5% for the GA7-

transformed seed. The DHA levels in the oil from these seads were 9.6%., 12.4% and

15 11.5%, rospectively. Ab-desaturation was found o be lower in the GA7-transformed

seeds than the modF- and modG-transformed seeds €32% vs 47% and 43%) and this

resulted in a reduction of ALA in the modF and moedG seeds velative o GA7. Another

noteworthy ditfference was the accumulation of EPA in the modF seed (3.3% vs 0.8%

in the other two transgenic sceds) and this was reflected in the reduveed AS-clongation

20 observed in modF (80%) sced relative to GAT and modG seeds (93% and 94%). There

was a slight increase in Ab-elongation in these seads (66% vs 60% and 61%) although

the amount of SDA actually increased due to the slightly more active Aé-desaturation.
DHA was detected in the polar seed lipid fraction of GAT lives.

The fatty acid composttion was analysed of the lipid in the T seed of 70

25  independent transgenic plants of the B. napies breeding line NX54 wansformed with the

T-DNA of the modB constinct. It was observed that one of these transgenic plants

produced seed having DPA but ne DHA in the seedoil. The T1 seed of this line ¢CT-

137-2) produced about 4% DPA without any detectalde DHA in the T1 pooled sced.

The inventors concluded that thig was caused by inactivation of the Ad-desaturase geng

30w that particular inserted T-DINA, pechaps through a spontansous wutation. Around 50

T1 seeds from dus tradsgenic ling were germinated and ong emerged cotyledon from

each analysed for fatty acid composition in the remaining oil. Selected seedlings

exhibiting more than 5% [DPA were then grown to maturity and T2 seed harvested.

Pooled seed fatty acid compositions are shown in Table 1, more than 7% DPA was

obhserved in these Hnes.

fad
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Whilst the focus of this experiment was the demonstration of DHA production
in an oilsced crop species, the differences noted above were also inferesting from a
construct design perspective. First, switching the A6- and AS-clongase coding region
locations i the ruodF construct vesalted in the jotended profile change with more HPA

¥ {1

accmnulated due to lower AS-elongation. A concomitant increase i A6-elongation was
observad but this did not result in lower SDA lgvels. This was due to an increase iin Ab-
desaturation 10 the modF transformed seed, caused by adding an extra M. pusilla A6-
desaturase exprossion cassette as well as by replacing the truncated napin prometer
(FP1} with a more highly active flax conlinin2 promoter. The somewhat lower increase
10 in Ab-desaturation observed with the modG constroct was cavsed by capitalising on the
highly expressed AS-elongase cassetie 1o GA7. Switching the positions of the A6-
desaturase and AS-clongase coding regions resulted in greater A6-desaturation. AS-
elongase activity was not reduced in this instance due to the replacement of the FP1
promoter with the Cnl2 promoter.
15 These data confirmed that the modB, modF and modG construets performed
well for DHA production in Cameling sced, as for Arabidopsis and canola.

The inventors considered that, in general, the efficiency of vate-luuiting enzvime
activities in the DHA pathway can be greater in multicopy T-DNA transforniants
compared to single-copy T-DNA transformsnts, or can be increased by inserting into

20 the T-DNA multiple genes encoding the enzyme which might be limiting in the
pathway. Evidence for the possible importance of nwlti-copy transformants was seon
in the Arabidopyis seeds transformed with the GAT eonstruct (Example 2), where the
highest yielding DHA event had three T-DNAs insevted into the host genome. The
multiple genes can he identical, or preferably are different vaciants that encade the

25 same polypeptide, or are under the conwol of different promoters which have
overlapping expression patterns. For example, increased expression could be achieved
by expression of multiple AS-desaturase coding regions, oven where the same protein is
produced. In pIP3416-GA7-modF and pIP34 16-3A7-modC, for instance, two versions
of the M. pusilic A6-desatirase were present and expressed by different promoters.

3 The coding sequences had different codon usage and thexefore different nucleotide

sequences, 1o reduce potential silercing o co-suppression effects but resultinig in the

production of the same protein.
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Example 5. Analysis of TAG from Transgenic A. thaliana Seeds Producing DHA

The positional distribution of DHA on the TAG from the transformed A
thaliona seed wag determived by NMR. Total lipid was exteacted from approgimately
5 200 mg of seed by first crushing them under hexane before transferring the crushed
seedd toa glass tube containing 10 mL hexane, The ube was warmed at approximately
55%C i1 a water bath and then vortexed and centrifuged. The hexane selution was
remeved and the procedure repeated with a further 4 x 10 mL.  The extracts were
combined, concentrated by rotary evaporation and the TAG in the extracted lipid
10 parified away from polar lipids by passage through a shovt silica colummn using 20 ml,
of 7% diethyl ether in bexave. Acyl group positional distributions on the purified TAG
were determined quantitatively as previously deseribed {Patrie et al., 2010a and b).
The analysis showed that the majority of the DHA in the total seed vil was
located at the sn-1/3 positions of TAG with hittle found at the se-2 position (Figure 5).
15 This was in contrast to TAG from ARA producing segds which demonstrated that 50%
of the ARA (20:4"" ) wag focated at the sn-2 position of fransgenic canola oil
whereas only 33% would be expected i a random distribution (Petrie et al., 2012).
The total lipid frony transgenic A. thaliona seeds way also anatysed by twiple
quadrupole LC-MS to determine the major DHA-containing triacylglycerol {TAG)
20 species (Figure 63 The most abundant DHA-containing TAG specics was found o bg
DHA-18:3-18:3 (TAG 58:12; nomenglature not descriptive of positional distabution)
with the second-most abundant being DHA-18:3-18:2 (TAG 5&11). Tri-DHA TAG
{TAG 66:18) was observed in total seed oil, albeit at low but detectable levels. Other
major DHA-coptaining TAG species included DHAS34:3 (TAG 56:9), DHA-36:3
25 (TAG 58:9), DHA-36:4 (TAG 38:103, DHA-36:7 (TAG 58:13) and DHA-38:4 (TAG
6(:10). The identitics of the two major DHA-containing TAG were further counfirmed
by Q-TOF MS/MS.

Example 6. Assaving Stervol Content and Composition jn Oils
30 The phytosterols from 12 vegetable pil samples purchased from commercial

sources 1 Australia were chatacterised by GC and GC-MS analysis a3 O-trimethyisilyl
ether {OTMSi-ether) derivatives as described in Example 1. Sterols were identified by
retention data, inferpretation of mass spectra and comparison with literature and

laboratory standard mass spectral data. The sterols were quantitied by use of a SP(H)-

fad
L

Chedan-24-ol internal standard. The basic phytosterol structure and the chemical
structures of some of the identified sterols are shown in Figure 7 and Table 13,

CSIRO Exhibit 1014



WO 2015/089587 PCT/AU2014/050433

126

The vegctable oils analysed were from: sesame (Sesarmen indicwn), olive (Ofea
europaed), sunflower (Helionthus annies), castor {Ricinus communiy), canola (Brassica
napus), satflower (Carthamus tinctorius), peanut (Arachis hypogeew), flax (Linum

asitatissipmn) and soybean (Clyveine max). To decreasing velative abundaice, aceoss all

¥ {1

of the ol samples, the major phytosterols were: Besitosterol (range 28-535% of rotal
sterol content), AS-avenasterol (sefucosterol) {3-249%), campesterel (2-33%), AS-
stigmasterol (0.7-18%). A7-stigmasterol {1-18%) and A7-avenasterol (0.1-5%). Several
other minor  sterols  were  identified, these were:  cholesterol, brassicasterol,
chalinasterol, campestanol and eburicol. Four €29:2 and two C30:2 sterols were also
10 detected, but further resemch s required to complete dentification of these minor
components. o addition, several other unidentified sterols were present in some of the
oils but due to their very low ahundance, the mass spectra were not intense enough to
enable identification of their structures.

15 Table 13, IUPAC/systematic names of identified sterpls.

Sterol
Na. Common pame(s) IUPAC / Systematic name
1 cholesterol cholest-5-en-3p-ol
2 brassicasterol 24-methylcholesta-5,22E-dien-38-ol
chalinasterol / 2d-methylene | 2d-methylcholesta-5,24(28)E-dica-
3 cholesternl B0l
4 campesterol / 24-methyicholesterol 24-methyleholest-5-¢n-3f-0l
5 campestapol / 24-rethylcholestansl Z4-methylchodestan-3p-ol
7 AS-stigmasterol Z4-ethylrholesta-5, 22E-dien-3f3-0 1
9 ergost-T-en-3p-ol 24-methylcholest-7-en-3p~ol
4.4, 14-trimthylergosta-8,24¢28)-dien-
11 eburicol 3p-ol
12 f-sitosterol / 24-ethylcholesterol 24-ethylcholest-5-en-3f-ol
24-ethylcholesta-5 24(28)YZ-dien-3B-
13 D5-avenasterol / isofucosterol ol
19 D7-stigmasterol / stigmast-7-en-3b-ol | 24-cthylcholest-7-en-3f-al
2} D7-avenasterol 24-cthylcholesta 7,24(28 -dien~-3p-0l

The sterol contents expressed as mg/g of oil in decreasing amownt were: canola
oil (6.8 mg/g), sesame oil (5.8 mg/g), flax oil {4.8-5.2 mg/g), sunflower oil {3.7-4.1
nig/g), peanut eil (3.2 mg/gy, safflower oib (3.0 mg/g), soybean oil (3.0 mg/g), olive oil
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{2.4 mg/g), castor oil (1.9 mgle). The % sterol compositions and total sterol content are
presented in Table 14.

Among all the seed oil samples, the raajor phytosterol was generally B-sitosterol
{range 30-57% of total sterol content). There was g wide range arvongst the oils in the

¥ {1

proportions of the other major sterols: campesterol (2-17%;), AS-stigmasterol (0.7
18%), AS-avenasterod (4-23%), AT-stigmasterol (1-18%:). Oils from different species
had a different sterol profile with some having quite distinctive profiles. In the case of
canola oil, it had the highest proportion of campesterol (33.6%), while the pther species

samples generally had lower levels, e.g. up to 17% in peanut oil. Safflower oil had a

10 relatively high propoction of AT-stigmasterol (18%), while this sterol was usually low
in the other species oils, up to 9% in sunflower oil. Because they were distinctive for
cach species, sterol profiles can therefore be wsed to belp in the identification of
specific vegetable or plant oils and to check thelr genuineness or adulteration with other
oils.

15 Two samples cach of sunflower and safflower were compared, in each case ong
was produced hy cold pressing of seeds and unrefined, while the other was net celd-
pressed amd refined. Although some differences were observed, the two sources of oils
had similar sterol compositions aud total sterol contents, suggesting that processing and
refining had little effect on these two parameters. The sterol content among the samples

20 varied three-fold and ranged from 1.9 mg/s to 6.8 mg/s. Canola oil had the highest and

castor oil the lowest sterol content.

Example 7. Increasing Accumulation of DHA at the sp-2 TAG Position

The present inventors considered that IHA and/or DPA accomudation at the si-

25 2 position in TAG could be increased by co-expressing an 1-acyl-glycerol-3-phosphate

acylansterase (LPAAT) together with the DHA or DPA biosvathesis pathway such as

conferred by the GAT construct or its variants. Preferced LPAATSs arg those which can

act on polyunsaturated C22 fatty acyl-CoA ax substrate, preferably DHA-CoA and/or

DPA-CoeA, resulting in increased insertion of the polyunsaturated €22 chain at the su-2

30 position of LPA to form PA, relative to the endogenous LPAAT. Cytoplasmic LPAAT

enzymes often display varied substrate preferences, particularly where the species

synthesises and accumulates unusual fatty acids in TAG. A LPAAT2 from Limnanthes

douglasii was showi to use erucoyl-CoA (C22:1-CoA) as a substrate for PA synthesis,

tn contrast to an LPAAT] from the same species that could not utilise the €22 substrate
{Brown et al., 2002},

fad
L
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Known LPAATs were considered and a number were selected for testing,
including some which were not expected to increase DHA incorporation at the su-2
position, as controls. The known LPAATs ticluded: Arabidopsis thalicoe 1LPAATZ:

5 (SEQ 1D NO: €0, Accession No. ABG48392, Kim et al., 2005), Limnanthes alba
LPAAT (SEQ ID NO: 41, Accession No. AAC4O183, Lassner et al, 1993),
Saccharemyces cerevisine Slelp (SEQ ED NO: 42, Aceession No. NP_010231, Zou et
al., 1997y, Martierella alpinag LPAATT (SEQ 1D NO: 44, Accession No. AED33305;
US 7879391y and Brassica napus LPAATs (SEQ 1D NO: 45 and SEG 1D NO:46,

10 Accesston Nos ADCOTT9 and ADCYT4TE respectively).

The Arabidopsis LPAATY (also designated LPAT2) 18 an endoplastic
reticuluro-localised enzyvme shows to have activity on Cl16 and CIR substrates.
however activity on €20 or €22 substrates waz net tested (Kim et al, 2009),
Limnanthes alba LPAAT? was demonstrated to insert a C22:1 aeyl chaip into the sn-2

15 position of PA, although the ability to use DHA or DPA as a subsirate was not tested
{Lassner et al., 1993). The selected . cerevivine LPAAT Slclp was shown to have
activity using 22:1-CoA in addition to 18:1-CoA as substeates, indicating a broad
stbstrate specificity with respect fo chain length (Zou et al., 1897). Again, DHA-CoA,
DPA-CoA and other LC-PUFAs were not tested as substrates.  The Mortierella

200 LPAAT had previously been shown to have activity on EPA and DHA fatty acid
substrates in transgenic Yarrowia Hpelvtica (US 7879591 but its activity in plant cells
was uitknown,

Additional LPAATs were identified by the inventows. Micromonas pusilla is a
microalga that produces and accunmtates DHA in its oil, although the positional

25 distibution of the DHA on TAG in this species has not been confirmed. The
Micromonas pusilie LPAAT (SEQ ID NO: 43, Accession No. XP_002301997) was
identified by scarching the Micromenas pusille genomic sequence using the
Arabidopsis LPAAT2 as a BLAST query sequence.  Several candidate sequences
emerged and the sequence XP_(02501997 was synthesised for testing on C22 LC-

30 PURA. The Ricinus compmumis LPAAT was annotated as a putative LPAAT wm the
castor genoroe sequence (Chav et al., 2010). Four candidate LPAATS from the castor
genome were synthesised and tested n crude leaf lysates of infiltrated N. benthamiana
leaf tissue. The candidate sequence described here showed LPAAT activity.

A number of candidate LPAATs were aligned with known LPAATs on a

fad
L

phylogenctic tree (Figre 8), It was noted that the putative Micromonas LPAAT did
not cluster with the putative C22 LPAATY but was 3 divergent sequence.
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As an inpitial test of various LPAATs for their ability to use DHA-CoA as
substrate, chimeric genetic constructs were made for constitutive expression of
exogenous LPAATS in N henthamiana leaves, cach under the control of the 338
promeoter, as follows: 358:Arath-LPAAT2 (Arabidopsis ER LPAAT), 355:Lioal-
LPAAT (Limnanthes albe LPAATY, 35S:Sacce-Skelp {8 cerevisine LPAATY
355:Micpu-LPAAT (Micromuonas pusifla LPAAT); 358:Moral-LPAATI (Morderella
alping LPAAT), 3535:Brana-LPAATI. 13 (Brassica ngpus LPAATIL 13, 355:Brana-
LPAATLS {Brassica napus LPAATLS). A 355:p19 construet lacking an exogenous

¥ {1

LPAAT was used as a control in the experiment. Each of these constructs was
10 introduced via Agrobacteriom bito N. benthamiona leaves a3 deseribed in Example 1,
and 3 days after infilteation, the treated leaf zones were excised and ground to make
leaf tysates. Each lysate included the exogenous LPAAT as well as the endogenous
enzymes for synthesizing LPA, fr vitro reactions were sgtup hy separately adding He-
labelled-OA and -DHA to the lysates, Reactions were incubated at 25°C and the level
15 of incorporation of the "*C labelled fatty acids into PA determined by TLC. The ability
of each LPAAT to use DHA relative to ARA and the C18 farty acids wore assessed.
The meadowtoam (Limnanthes atba), Morterella and Saccharomyces LPAATS were
found to have activity ou DHA substrate, with radiolabelled PA appearing for these but
not the other LPAATs. Al LPAATs were contirmed active by the oleic acid control

20 feed.
Te tost LPAAT activity in sceds, several of the protein coding sequences or
LPAATs were inserted into a binary vector under the contrel of a conlinin {pLuCnll)}
prosmoter. The resultant genetic constructs containing the chimeric genes, Cnll: Arath-
LPAAT {(vegative control), Call:Limal-LPAAT, Cal:Sacee-Stelp, and Cull:Moral-
25 LPAAT, respectively, are then used to transform A. thaliana plants producing DHA in
their seed to generate stable trunsformants expressing the LPAATs and the transgenic
DHA pathway in a seed-specific manper to test whether there would be an inereased
incorporation of DHA at the s#-2 position of TAG, The construgiz are also used to
transform B, napus and C sativa plants that already contain the GA7 construct and
30 vartants thereof (Examples 2 to 4) to generate progeny carrying both the parental and
LPAAT gevenic construets. Tocreased incorporation of DHA at the sn-2 position. of
TAG is tested relative to the mcorporation in plants lacking the LPAAT encoding
transgenes. (il content is alse improved 11 the sceds, particularly for sceds producing

higher levels of DHA, counteracting the trend seen in Arabidopsis seed as described in

fad
L

Example 2.
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The 355:Moral-LPAATI constinet was used to transform an already transgenic
Aralidapsis thaliona line which was homozygous for the T-DNA from the GA7
construct aind whose seed contained approximately 15% DHA in seed lipids (Petrie et
al., 2012). For this, use was 1made of the kanamyetn selectable marker gene in the

¥ {1

353S:Moral-LPAATIL construet which was different to the dar selectable marker gene
already present in the transgenic line. Transgenic seedlings were selected which were
resistant to kanamyein and grown t maturity in a glasshouse. T2 seeds were harvested
and the fatty acid composition of their total seed lipids analysed by GC (Table 15).
Three phenotypes were observed amongst the 33 independently transformed lines. In a
10 first group (6/33 Hnes), DPA increased stgnificantly 1o a level suhstantially greater than
the level of DHA, up ty about 10.6% of total seed lipids. This came at the expense of
DHA which was strongly decreased in this group of lines. In two of the lines in this
first group, the sum of DPA + DHA was reduced, but not in the other 4 lines. In &
second group {5/33), the levels of DPA and DHA were about equal, with the sum of
15 DPA + DHA about the same as for the parental seed. In the third group, the levels of
DPA and DHA were similar to those in the parental sceds. One possible explanation for
the increased level of DPA in the first and second groups 48 that the LPAAT out-
comypretes the Ad-desaturase for DPA-CoA substrate and preferentially incorporates the
DPA into PA and thence into TAG, relative to the Ad-desanmation. A second possible
20 explanation is that the Ad-desaturation is partally inhibited.

Sead from the Arabidopsis plants transformed with the T-DNA of the GA7
construct which had been further wansformed with the Cull::Meral-LPAAT vector
were harvested and oil extracted from the seed. The TAG fraction was then isolated
from the extracted oil by TLC methods and recovered from the TLC plate, These TAG

25 samples and samples of the seedoil prior to the fractionation were analysed by digestion
with Rhizopus lipase to determine the positional distribution of the DHA. The lipase is
specific for acyl groups esterified at the sp-1 ov sn-3 position of TAG. This was
performed by smulsifying sach Hpid sample in 5% gum arabic using an ultrasontcator,
adding the Rhizopus lipase solution it 0. 1M Tris-HCI pH 7.7 containing 5 mM CaCly

3 and jncubating the muixtures at 30°C with contimuous shaking, Each reaction was

stopped by adding chlovoforny: roethanol (2/1, v/v) and one voluroe of 0.1IM KCL to
each mixture. The lipid was extracted into the chlovoform fraction and the relative
amounts determined of the sn-2 MAG, sn-1/3 FFA, DAG and TAG components of the

resulting lipid by separation en 23% boric acid impregnated TLC wusing

fad
L

hexane/diethylether/acetic acid (53071, v/v). Lipid bands were visualized by sprayving
0.01% primuline in acetone/water (80/20, v/v) onto the TLC plate and visualisation
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under UV light. Individual lipid bands were identificd on the basis of lipid standard
spots, resolved on the same TLC plate. TLC lipid bands were collected into glass vials
and their faity acid methyl esters were prepared vsing 1N methanolic-HCH (Supeleo)
and incubating at 80°C for Ih. Fatty acid composition of individual lipids werwe

5 analysed by GC.

This assay demonstrated that the DHA in the parental seeds transformed with
the GAT (lines 22-2-1-1 and 22-2-38-7) was preferentially esterified at the s»-1 or sn-3
position of the TAG. In contrast, the DHA in the NY11 and NY15 sced transformed
with both the GA7 constructs and the transgene encoding LPAAT was enriched at the

10 su-2 position, with 35% of the DHA in one of the lines and 48% of the DHA in the
other fine being esterified at the sn-2 position of TAG e after lipase digestion the
DHA was present as sq#-2-MAG (Table 16). Analogous results are obtained for B.
napus and B, juncen seeds trandformed with both the T-DNA from the GAT-modB
construet and the LPAAT-encoding gene and producing DHA.

15 In order to determine whather the Moertierelle LPAAT or another LPAAT had
preforence for either DPA-CoA or DHA-CoA, in vifre reactions are set up by
separately adding "Crlabelled-DPA-CoA or ~-DHA-CoA to lysates of N. benthamiana
leaves teansiently expressing the candidate LPAAT under control of a coustitutive
promoter as described above. Reactions are incubated at 25°C and the level of

20 incerporation of the M labelled fatty acids tinto PA determined by TLC analysis of the
lipids. The ability of cach LPAAT to use DHA-CoA relative to DPA-CoA is assessed.
Genes cncoding LPAATs which are confirmed to have geod DHA incorporating
EPAAT activity are used to produced transformed DHA-producing canola plants and
seed,

25 Genes encoding LPAATSs which have sorong activity using DPA-CoA are used
to transform DPA-producing plants and seed. to increase the amouit of DPA esterified
at the sn-2 position of TAG.
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Example 8. Further Analysis of Trapsgenic Cameling sativa Seeds

Total ipid content

(. sativa seed which was homezygous for the T-DNA from the GA7 construct
and contaiiing DHA o its total fatty acid centest was analysed for s total lipid

¥ {1

content and composition as follows, Two cousecutive solvent extraction steps were
performed on the seeds, fivstly using hexane and secondly using ehloroforny methanel.
No antioxidants were added during the extractions or analysis. The Soxhlet extraction
method which is commonly used to extract seed lipids by prolonged heating and
refluxing of the lipid/solvent mixture was not used here because of the potential for
10 degradation or oxidation of the w3 PUFA such as DHA.

Hexane was used as the solvent in the first extraction since it is the industry
standard. for oilseeds. Also, it preferentially extracts TAG-containing oil due to ifs
solvating properties and ity relatively poor solubilization of polar Tipids, particularly at
oom temperature. Transformed and control Cameling seeds (130g and 30g,

15 respectively) were wetted with hexane and crushed using an electric agate mortar aigd
pestle (Retsch Muhle, Germany). The mixtures weore transforred to separatory funnels
and extracted four times using a total of 800 ml hexave, including an overnight static
extraction for the third extraction. For each extraction, extracts were filteved to remove
fines through g GEC glass fiber filter under vacoum, and thes rotary evaporited at 40°C

20 under vacuum. The extracts were pooled and constituted the TAG-rich hexane extracts.

Following extraction with hexane, the remaining seed meals were further
extracted wsing chloroform-methanol (CM, 1:1 v/v) using the procedure as for the
hexane extraction. The meal was then removed by filtration and the combined extracts
rotary evaporated. The pooled CM total crude lipid extracts were they dissolved usiug a

25 one-phase methanol-chloroform-water mix {2:1:0.8 v/w/v). The phases were separated
by the addition of chlorotorm-water (final solvent ratio, 1:1:0.9 vy methanol-
chloroform-water). The purified lipid in each extract was partitioned in the lower
chloroform phase, concentrated using rotary cvaporation and constituted the polar lipid-
rich CM extracts. The lipid content in each of these oxtracts way detweemined

30 gravimetrically.

For fatty dcid compaositional analysis, aliguots of the hexave aud CM exteacts
were frans-methylated according to the method of Christie et al. (1982) to produce
fatty acid methyl esters (FAME) using methanob-chloreform-cone. hydrochloric acid
GmL, 1101, 80°C, 2h). FAME were extracted into hexane—chloroform {411, 3 x
1.&mL}). Samples of the remaming seed meal (1-2g) after the hexane and CM

fad
L

extractions were also frans-methylated to measure any residual lipid as FAME by
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gravimetry. The total lipid content of the secds was calculated by adding the lipid
contents of the hexane and CM extracts and the FAME content of the fransmethylated
nical after solvent extraction.

The transgenic seeds contained shightly less total lipid at 36.2% of sced weight

¥ {1

compared to the wild-type Cameling sativa sgeds at 40.9% of seed waight. For sgeds
including eilseeds, the total lipid was determined ax the sum of solvent extractable lipid
obtained by consecutive extractions with hexane, then ghloroform-methanol, plus the
residual lipid released by transmethylation of the oxtracted meal after the solvent
exiractions, as excmplified herein, This total lipid consisted mainly of fatty acid
10 containing lipids such as triacylglyeerals and polay lipids and small ansounts of non-
fatty acid Hpids e.g. plvtosterals and fatty aleohols which may be present in the fiee
unesterified form o esterificd with fatty acids. In addition, any sterol esters or wax
esters and hydrocarbons such as carsteneids, for example [B-carotene, were also
included in the solvent extractable lipid if present. These were included in the overall
15 gravimewic determinarion and were indicated in the TLC-FID analysis {Table 17),

Of the total lipid, 31%-38% of lipid per seed weight was extracted by hexane
for the wansgenic and control seads, respectiviely, which accounted for 86% and 92% of
the total lipid in the seeds. The CM extraction recovered a further 4.8% and 2.4% (of
seed weight) mostly polar lipid-rich extract from the transgenic and control seeds,

20 respectively. The residual lipid released by fransmethytation of the remaining solvent
extracted oilsced meal was 0.3% and 0.4% of seed weight, respectively. That is, the
first and second solvent extractions together extracted 99% of the total lipid content of
the seeds (Le. of the 36.2% or 40.9% of the seed weight, which was mostly fatty acid
containing lipid such as triglycerides and polar lipids consisting of glyeco- aund

25 phospholipids (see next section- Lipid class analysis)).

Lipid class analysis

Lipid classes in the hexane and CM extracts were analyzed by thin-layer
chromatography with flame-ionization detection (TLC-FID; Tatroscan Mark V, latron

30 Laboratories, Tokyo, Japan} using hexane/diethyl ether/glacial acetic acud (70:10:0.1,
Vv as the developiig sobvent system in combination with Chromarod S-11 silica on
quartz rods. Suitable calibration curves were prepared using representative standards
obtatired from Nu-Chek Prep., Inc. (Elystan, MN, USA). Data were processed using
SIC-48011 software (SISC Vewsion: 7.0-E). Phospholipid species were separated by

fad
L

applying the purified phospholipid fraction obtained from silica column
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chromatography and doveloping the rods in chloroform/methanol/glacial acetic
acidfwater {85:17:5:2, w/viv) prior to FID detection.
To separate TAG, glycolipid and phospholipid fractions from the CM extracts,
silica gel 60 (100-200 mesh} (0.3-1 g) in a short glass column or Pasteur pipette
5 plugged with glass wool was used to purify 10 mg of the purified CM lipid exivact.
The residual TAG fraction in the CM exiract was eluted wsing 20 mL of 10% diethyl
cther in hexane, the glycolipids ehited with 20 ml of acetone and the phospholipids
cluted in two steps, first 10 mL of methanel then 10 mL of methanol-chloroform-
water (3:3:2). This second clution increased the recovery of phospholipids. The yield
10 of sach fraction was determived gravimetrically and the pority checked by TLC-FID.
All extracts and fractions weve stored in dichforomethane at —20°C until further
analysis by GC and GC-MS,
The TAG-rich hexane extracts from each of the transgenic and control seeds
contained about 96% TAG. The CM extracts contained residual TAG ameunting to
15 44% and 139% by weight of the CM extracts, respectively, for the transgenic and wild-
type secds. In contrast fo the hexane extracts, the CM exiracts were rich in polar
lipids, namely phospholipids gad glyeolipids, ameunting to 30% and 76% by weight
of the CM extracts, respectively, for the transgenic and control seeds (Table 17). The
main phosphalipid was phosphatidyl choline (PC) and aceounted for 70%-79% of the
20 total phospholipids followed by phosphatidyl ethanclamine (PE, 7%-13%) with
relatively low levels of phosphatidic acid (PA, 2%-5%) and phosphatidvl serine (P35,
<2%).

Fatty acid coruposition

25 Generally for seeds producing DHA and/or DPA, the inventors observed that
the farty acid composition of the total lipids in the seeds as determined by direct
transmethylation of all of the lipid in the seed was similar to that of the TAG fraction.
This was because mote than Y0% of the total lipids present in the seed occurred in the
form of TAG.

30 The fatty acid composition of the different lipid ¢lasses i the bexane and €M
extracts wis deternmined by gas chromatography (GC) and GC-MS analysis using an
Agilent Technologies 6890A GC instrument (Palo Alto, CA, USA) fitted with a
Supeleo Equity™-1 fused silica capillary column (15 m x 0.1 mm i.d. 0.1 pm film
thickness, Bellefont, PA, USA), an FID, a split/splitless injector and an Agilent

fad
L

Technologies 70838 Series auto sampler and injector. Helium was the carrier gas.
Samples were injected in splitdess mode at an oven temperature of 120°C. After

CSIRO Exhibit 1014



WO 2015/089587 PCT/AU2014/050433

139

injection, the oven temperatuge was raised to 270°C at 10°C min and finally to 300°C
at 53°%C min'. Eluted compounds were quantified with Agilent Technologies
ChemStation software {Palo Alto, CA, USA). GC results were subject to an error of

not roore than £3% of individual component areas.

Table 17, Lipid class composition (% of total lipid obiained for each extraction step)
of hexane and CM extracts from transgenic and control Cameling sativa seeds. SE,
WE and HC were not separated from each othee,

Lipid class Transgenic seeds Control seeds
Hexane CM Hexane CM
SE/WE/MHC* 1.0 14 1.0 1.4
TAG 095.6 44.2 96.0 13.1
FFA 0.9 1.3 0.8 1.4
LIN# (1.9 1.1 0.8 1.2
ST (.5 0.7 0.4 0.4
MAG 0.7 1.1 0.8 6.2
PL 0.3 50.3 0.3 76.3
Total 100.0 190.0 100.0 100.0

Abbreviations: sterol esters (SE). wax esters (WE) hydrocatbans (HC), irizeylglycerols (TAG). free
)Y fatty acids (FFA) unknown (UNY, sterols (§T), moneacylglyeerols (MA®H, polar Lipids (PL)
consisting of glyecolipids and phospholipids; * SE WE and HC so-clute with this systenr; ~ May

contain fatty gleehols and diacylglvesrols (DAG).

GC-mass spectrometic: {(GO-MS) analyses were performed on & Fionigan
Trace ultra Quadnipole GC-MS (model: ThérmoQuest Trace DSQ, Thermo Electron

—
A

Corporation), Pata were provessetl with ThermoQuest Xcalibur software (Austin, TX,

USA)Y The GC was fitted with an on-column injector and a capillary HP-5 Ultra

Agilient J & W eolumn (30m x 0.32mm {d., 0.17pm film thickness, Agilent

Technologies, Santa Clara, CA, USA) of similar polarity fo that described above.

20 Individual components were identified using mass spectral data and by compating

retention time data with those obtained for authentic and laboratory standards. A full
procedural blank analysis was performed conctrrent to the sample batch.

The data for the fatty acid cempesition in the different lipid classes in the

exiracts are shown in Table 18. In the DHA-producing Cameling seed, the DHA was

25 diswibuted in the major lipid fractions {TAG, phospholipids and glycolipids) at a

proportion ranging between 1.6% and 6.8% with av inverse relationship between the
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proportions of DHA and ALA. The TAG-nch hexane extract from the transgenic seed
contained 6.8% DHA and 41% ALA (Table 18). The polar lipid-rich CM exuract
contained 4.2% DHA and 50% ALA i.c. relatively less DHA and more ALA. Residual
TAG from the polar lipid-vich €M extract contained 6% DHA and 40% ALA. The

5 glyeolipid fraction isolated from the CM extract contained 3% DHA and 39% ALA
and the phospholipid fraction contained the fowest level of DHA {1.6%) and the
highest levels of ALA (549%). The transgenic Cameling seed contained higher levels

of ALA and lower levels of LA {linoleic acid, 18:2w6) compared with the control
seeds in the major lipid classes {TAG, glycolipids and phospholipids). The proportions

10 of ALA and LA were: ALA 399%-34% and LA 4%5%-9% for transgenic seeds and ALA
13%-32% and LA 20%-29% for control seeds, The velative level of erucic acid
{22:1w9) was lower in all fractions in the ransgenic seeds than in the control seeds,

for example, in the hexane extracts 1.3% versus 2.7% (Table 18).

15 Sterol composition in the seeds

To determine the storol countent and composition in the extracted lipids,
samples of approximately 10 my total lipid froms the TAG-rich hexane extract and the
polar lipid-rich CM extract were saponified using 4 ml. 5% KOH ju 80% MeQOH and
heated for 2h at 80°C in a Teflon-lined screw-capped glass test tube. After the reaction

20 mixtures were cooled, 2mL of Millh-Q water wag added mnd the sterols and alcohols
were extracted three times into 2mbL of bexana:dichloromethane (4:1, v/v) by shaking
and vortexing, The mixtures were centrifuged and cach extract in the organic phase
wits washed with 2ZmL of Milli-Q) water by shaking and cenwrifugation. After taking
off the top sterol-containing organic layer, the solvent was evaporated using 4 stream

25 of nitrogen gas and the sterpls and alcohols silylated wsing 200 pl. of
Bis(irimethylsilyD-trifluoroacetamide (BSTFA, Sigma-Aldrich) by heating for 2h at
80°C in a sealed GC vial. By this methed, free hydroxyl groups were converted to
their wimethylsilyl ethers. The sterol- and alcohel-OTMSI derivatives were dried
under a stream of nitrogen gas on a heating block (40°C) and re-dissolved in

30 dichlosomethane (DCM) immediately prior to GC/GC-MS analysis as described
above,
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The major sterols in both the tansgenic and control sceds were 24-
cthylcholesterol  (sitosterol, 43%-34% of the total sterols), 24-methylcholesterol
{campesterol, 20%-26%) with lower levels of cholesterol (5%-8%), brassicasterol
(29%~T%), isofucosterol (Ad-avenasterol, 4%-6%), stigmasteral (0.5%-3%), cholest-

5 Teen-3f-0l, ((0L.2%-0.5%), Zd-methylcholestanol (campestaned, .4%-19%) and 24-
dehydrecholesterol ((L3%-2%) (Table 19). These nine sterols accounterd for Bo%—
95% of the total sterols, with the remaining components being sterols only partially
identified for the numbers of carbons and double bonds. The overall steral profiles
were similar between the transgenic and control seeds for both the hexane and CM

10 extracts.

Fatty alcohol analysis

Fatty alcohols in the extracts were derivatised and analysed as for the stevols. A
series of fatty alcobols from Cis—Css, with accompanying iso-branched fatty
15  aleohols, were identified in both the hexans and CM extracts. Similar profiles
were observed for the transgenic and control secds, with some variation in the
proporticns of ndividoal components observed. Phvitol, derived front chlorophyll, wag
the major alipbatic alcobol and accounted for 47% and 37% of the total fatty alcohols in
the hexane fractions in the transgenic and confrol seeds, respectively, The odd-chain
20 alcohols were present at higher levels in the CM extract (37%--38% of the rotal fatty
alcohol content) than in the hexane oxtract (16%9%—23%). Ilso-17:0 (16%-38%)
predominated over 17:0 (0.3%-5.7%). Apother odd-chain alcohol present was 19:0
{4.53%06.5%). Other alcobols detected mcluded is0-16:0, 16:0, is0-18:0, 18:1, 180,

with minar levels of iso-20:0, 2001, 2000, 18¢+22:0, 22:1 and 22:0 also present.

%]
LA

Discussion
The results indicated that crushing vsing 2 motorized mertar and pestle with
multiple extractions with hexane at room temperature was effective in recovering most
of the TAG-containing oil from the transgenic seeds. In addition to the oil from the
30 transgenic seeds contaiing moderate levels of DHA, the wansgevic seeds also had
markedly higher levels of ALA in the major lipid classes (iriscylglyeerols. glyealipids
and phospholipids) compared with the control seeds. This showed that the AlS-
desaturase activity was considerably enhanced in the transgenic seceds during seed

development. Interestingly, there were some slight differences in the fatty acid

o
(941

compesition and proportion of DHA in the various extracts and fractions with the DHA
levels beiug higher in the TAG-rich hexane gxtract and TAG from CM extraction (6%
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6.8%) and lower in the polar lipid fractons (3% in glycolipids and 1.6% in

phospholipidsy. The level of 16:0 was higher in the polar lipid fractions of glycolipids

and phospholipids in the CM extracts (19%—21%) compared with the TAG-rich hexane

extract and TAG from CM extraction (69%-7%).

Table 19, Sterol composition (% of total sterols) of transgenic and control Cameling

seeds.
Transgenic seeds Conirol seeds
Sierols Hexane CM Hexane CM
-dehydrocholesterol 0.8 1.8 .5 1.4
cholesterol 8.7 7.6 4.7 7.2
brassicasterol 4.4 6.3 1.9 42
cholest-7-¢o-38-0l 0.2 4.5 &3 (.4
canipesterol 24.5 20.8 5.7 217
camipestanol 0.4 11 04 0.9
stigrmasterol 1.0 2.6 0.3 L6
sitosterol 534.3 43.7 538 429
AS-avenasterol {isofucosterol) 4.2 52 4.7 5.5
Sum 95.5 59.6 92.6 55.9
Others
UNLC28 1db 0.6 12 0.7 1.2
UN2 C29 1db 1.2 2.0 1.2 4
UN3IC29 2dh 0.9 1.8 1.3 24
UNA C28 1dl 0.3 0.9 A 1.1
DNS €30 2db 1.2 L8 1.4 1.8
UNG6 €29 1db + C30 2db 0.3 23 22 52
S of others 4.3 1604 7.4 14.1
Total 100 100 100 160

Abbreviations: UN deaotes tukitown sterol, the suniber alter € ndicates the nxmber of cadson. atoms

andd db denotes number of double bonds
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The sterol composition of the transgenic sceds and control seeds were similar
to that found in refined Camelina oil (Shukla et al., 2002) with the same major
stevols present, indicating that the added genes did not affect stérol synthesis in the
seedds. The level of cholesterol in Camelina oil was higher than oceurred i most

5 vegetable oils. Brassicasterol was present, which is 2 characteristic sterol found in the

Brassicaceae family which includes Cameling sathoa.

Example 9. Production of LC-PUFA in Brassica junicea Seeds

Transgenic Brassica juncea plants were produced using the GA7-modB

10 construct (Example 4) for the prodoction of DHA, as follows. B. juncea seeds of 4
tong-daylength sensitive variety were sterilized wsing chlorive gas as desecibed by
Kereszt et al. (2007). Sterilized sceds were germinated on 1/2 strength MS media
{Murashige and Skoog, 1962) solidified with (.8% agar, adjusted to pH 3.8 and giown

at 24°C under fluorsscent lighting (50 uE/m’s) with a 1&/8 hour (light/dark)

15 photoperiod for 6-7 days. Cetyledonary petioles with 2-4 mum stalk were isolated
aseptically from these seedlings and used as explants. Agrobacterium tumefaciens
stein AGLI wias transformed with the binary construct GA7T. Agrebacrerium culture

was initiated and processed for infection as described by Belide et al. 2013). For «ll
transformations, about 50 freshly-isolated cotyledonary petioles were infected with

20 10ml of A nenefaciens culture for © minutes. The infeeted petivles were blotted on
sterile filter paper to remove excess A, mmefaciens and transferraed to co-cultivation
media (MS containing Limg/L BA, 0.01mg/L NAA and 100uM acetosyringone, also
supplemented with. L-oysteine (30mg/l), ascorbic acid {(13mgfl) and MES (230mg/L).

All plates were sealed with miicropore tape and incubated in the dark at 24°C for 48

%]
LA

heurs of co-cultivation. The explants were then transferved to pre-selection medium
(MS-agar centaining 1.5mg/l. BA, 0.0Img/l. NAA, 3mg/L AgNQO;, 230mg/l
cefotaxime and 30mgdl. timentin} and cultured for 4-5 days at 24°C with a 16/8 hour
photoperiod before the explants were transferred to selection medivm (MS-agar
containing 1.5mg/l. BA, 00Img/l. NAA, dmg/l. AgNOs, 250me/l. cefotaxime,
30 50mg/L tmentn and Smg/l: PPT) and cultured for 4 weeks at 24°C with 16/8 bouy
photoperiod. Explants with green callus werg transferved to shoot regeneration mediom
{MS-agar containing 2.0 mg/L BA. 3mg/l. AgNO;. 250mg/L cefotaxime, SOmg/L
timentin and Smyg/L PPTY and cultured for another 2 weeks. Small regenerating shoot
buds were transferred te hormone free MS medivm (MS-agar containing 3mg/L
AgNO; 2530mg/L. ceforaxime, S0mg/L timentin and 3mg/L PPT) and cultured for
another 2-3 wegks.

o
(941
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Potential transgenic shoots of at least 1.5cm in size were isolated and
transferred to root induction medivm (M3-agar containing 0.53mg/L. NAA, 3mg/L
AgNOs, 250mg/L cefotaxime and 50mg/L timentin) and cultwed for 2-3 weeks.
Transgenic shoots conficmed by PCR and having pralific roots were transferred to soil

5 ina greenhouse and geown wider a photoperiod of 16/8 h (ight/dark) at 22°C. Theee
confirmed transgenic plants were obtained. The transformed plants were grown in the
greenhouse, allowed to self-fertilise, and T1 seed harvested. The fatty acid
composition was analysed of the lipid from pools of T1 seeds from ecach TO
transformed plants, which showed the presence of 2.8% DPA and 7.2% DHA in one

10 ling designated JT1-4, whereas another line designated TT1-6 exhibited 2.6% DPA.

Seedoil from individual Tl seeds way avalysed for fatty acid composition;
some of the data is shown in Table 20. Several T1 seeds produced DHA at a level of
10% to about 21% of the total fatty acid content, including JT1-4-A-13, JIT1-4-A -5,
and JT1-4-B-13. Surprisingly and unexpectedly, some of the T1 seeds comtained DPA

15 at levels of 109 to about 18% of the total fatty acid content and no detectable DHA
{<0.1%:). One possible explanation for these seads is that the Ad-desaturase gene in the
T-DNA inserted in these plants was mactivated, perbaps through a spontaneous
mutation. T1 seeds weee germtinated and oue emerged cotyledon from sach analysed
for fatty acid composition i1t the remaining oil. The remainder of cach seedling was

20 maintained and grown to matity to provide T2 seed.

Transgenic plants which were homozygous for single T-DNA insertions werg
identified and selected. Plants of one selected line designated JT1-4-17 had a single
T-DNA insertion and produced DHA with ooty low levels of DPA, whereas those of a
secoud selected live designated JT1-4-34 also had o single T-DNA nsertion but

%]
LA

produced DPA without producing DHA. The inventors concluded that the original
transformant contained two scparate T-DNAs, one which conferred. production of
DHA and the other which conferred production of DIPA without DHA. The B. juncen
plants producing DHA in their seeds were crossed with the plants producing DPA in
their seeds. The F1 pregeny included plants which were heterozvgous for both of the
30 T-DNA nsertions, Seed from these progeny plants were ohserved to produce about
20% DHA and about 6% DPA, for a total DHA + DPA content of 26%. The F1 plants
are sclf-fertifised and progeny which are homozygous for both of the T-DNA
nsertions are expected to produce up to 35% DHA and DPA.
Ahout 18% DPA was observed in the lipid of pooled seed of the T3 progeny
35 designated JT1-4-34-11. Similarly about 17.5% DHA was observed in the lipid from
pooled seed in the progeny of T3 JT1-4-17-20. Fatty acid compositions of 1T1-4T1

CSIRO Exhibit 1014



WO 2015/089587 PCT/AU2014/050433

147

pooled seed, T1 single sced, T2 pobled seed, T2 single seed, and T3 pooled seed, T3
single seed are in Tables 21 to 24, IT1-4 T3 segregant JT-1-4-34-11, had a pooled T3
sced DPA content of 18% and the single seed from this particular segregant had a
DPA content of about 26%, each as a percentage of the total fatty acid content.

3 The following pacameters were calenlated for oil from a seed having 17.9%
DPA: total satarated fatty acids, 6.8%: total monouwnsaturated fatty acids, 36.7%:; total
polyunsaturated fatty acids, 56.6%;, total o6 fatty acids, 7.1%; new o0 fatty acids,
(.4% of which all was GLA; total w3 fatty acids, 46.5%; new o3 fatty acids, 24.0%;
ratio of total b total 3 fatty acids, 6.5; ratio of new 6: new 3 fatty acids, 60; the

10 efficiency of conversion of oleic acid to LA by Al 2-desanwrase, 619%; the efficiency of
conversion of ALA to SDA by AG-desaturase, 51%; the efficiency of comversion of
SDA to ETA acid by Ab-clongase, 90%:; the cfficiency of conversion of ETA to HPA
by AS-desaturase, 87%: the efficiency of conversion of EPA to DPA by AS-clongase,
G8%.

15 In crder to produge more transgenic plants i B funceq with the modB
construct, the fransformation was repeated five times and 35 presumed transgenic
shoots/seedlings were regencrated. T seed analysis is carried ouwt to deterniineg DPA
and DHA content.

In order to produce further sced containing DPA and no DHA, the Ad-

20 desaturase gene was deleted from the modB construet and the resultant construct used

to transform B. junceg and B. napus. Progeny sced with up to 35% DPA in the total

fatty acid content of the seed lipid are produced.

When the otl extracted from. the seeds of a plant producing DHA was examined
by NMR, at lesst 95% of the DHA was observed to be present at the sa-1,3 position of
the TAG molecules.

%]
LA
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Example 10, Farther Analvsis of Transformed Plants and Field Trials

Southern blot hybridisation anslysis was camvied out on sclected T2 B napus
plants transformed with the T-DNA from the GA7-modB construct. DNA extracted

from samples of plant tissue were digested with several restriction enzynies for the

¥ {1

Southern blot hybridisation analysis. A radioactive probe corresponding to part of the
T-DINA was hybridised to the blets, which were washed under stringent conditions, and
the blots exposed to film to detect hybridising bands. Some of the samples exhibited
single hybridising bauds for each of the restriction digests, corresponding to single T-
DNA insertions in the plants, while others showed two bands and others again showed

10 multiple T-DNA bands, corvesponding to 4 to & insettions. The number of hybridising
bands observed hy Seuthern Blet analysis correlated well with the T-DNA copy
number in the ransgenic plants as determined by the digital PCR method, up to & copy
number of about 3 or 4. At higher copy numbers than about 3, the digital PCR method
was less reliable.

15 Some of the selected lines were used as pollen doviors i crosses with a series of
about 30 different B. napus variettics of different genetic backgrounds. Further back-
crosses are cavied onr o devdonstrate whether the multiple T-DNA& insertions arg
genetic linked or not, and allowing segregation of gevetically-unlinked transgenic foci.
Thereby, lines containing single transgenic loci ave selected.

20 Single-primer PCR reactions are carried out on the transgenic lines, using
primers adjacent to the left- and right-borders of the T-DNA, and any lines that show
the presence of inverted repeats of the T-DNAs are discarded.

Several of the transgenic lines showed delayed flowering, while others had
teduced seed-set and thevefore redoced seed yield per plant after growth i the

25 glasshouse, consistent with a reduced male or female fertility. Flower morpholegy was
examined in these plants and it was observed that in some cases, dehiscence and release
of pollen from the anthers was delayed so that styles had elongated before dehiscence
ocewred, thereby distancing the anthers from the stigmas. Full fertility could be
restored by artificial pollination. Furthermore, pollen viability at dehiscence was

30 determined by staining with the vital stains FDA and Pl (Example 1) and was shown to

be reduced in some of the lines, whergas in wostof the ransgevic lings, pollen viahility

was about 100% as in the wild-type controls. As & further test for a possible cause of
the reduced seed vield in some plants, the fatty acid content and compesition of flower

buds including the anthers and stigmas/styles of some T3 and T4 plants was tested. No

fad
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DHA was detected in the extracted lipids, indicating that the genes in the genetic
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construct were not expressed in the flower buds during plant development, and ruling
this out as a cause of the reduced seed yield.

The oil content was measured by NMR and the DHA level in the total fatty acid
content was determined for T2 seeds. Trangenic fines baviog less than 6% DHA were

¥ {1

discarded. T-DNA copy number in leaf samples from plants of the Ti, T2 and T3
generations were determined by the digital PCR miethod (Example 1),

Selected T3 and T4 seed lots were sown in the field at two sites in Victoria,
Australia, cachin 10m rows at a sowing density of about 10 sceds/m. The selected seed
lots included a BOO3-3-14 derived line which showed pooled seed DHA levels of about
10 §-11% and individoal T2 seed DHA levels of up to shout 199%, with a TO plant T-DNA

copy rumber of 3. The selected seed lots also mcluded BOOGS()-27 derived lines which
had shown T2 seed DHA levels in excess of 20%, and a T2 plant T-DNA copy number
of 1 or2, Seeds sown in the ficld germinated and plantiets emerged at the same rafte as
the wild-tvpe seeds. Plants grown from most, but not all, of the sown sced lots were
15 phenotypically nermal, for example had mesphology, growth rate, plant height, male
and female fordlity, pollen viability (100%), secd set, silique size and morphology that
was essentially the same as the wild-type control plants grown under the same
conditionts. Seed yield per plant was sinuilar to that of wild-type controls grown under
the same conditions. Other sced samples were sown in larger arcas to bulk-up the
20 selected transgenic lines, The total DHA content in harvested seeds was at least 30mg/g

seed.

It will be appreciated by persons skilled in the art that mumerous vatiatons
25 and/or modifications may be made fo the inventton as shown in the specific
embodiments without depating from the spitit or scope of the invention as broadly
described. The present embodimments are, therefore, to be considered in all respects as
illustrative and not restrictive.
The present application claims priogity from AU 2013903033 filed 18 December
My 203, and AU 2014902471 filed 27 June 2014, the entive contents of both of which are
incorporated herein by reference. All publications discussed and/or referenced herein
are incorporated herein in their entivety.
Any discussion of documents, acts, materials, deviees, articles or the like which

has been included in the present specification is solely for the purpose of providing a

fad
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context for the present invention. It is not to be taken as an admission that any or all of
these matters form pact of the prior art base or were comunon general knowledge in the
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field relevant to the present tnvention as it existed before the priority date of cach claim

of this application.
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CLATMS
L Extracted plant lipid, comprising fatty acids in an esterified form, the fatty acids

compeising oleic acid, palmitic acid, w6 fatry acids which conprise linoleic acid (LA),

¥ {1

®3 fatty acids which vomprise o-livolenie apid {ALA) and docosabexaenoic acid
{DHA), and optionally one or more of stearidonic acid (SDA), eicosapentacnoic acid
(EPA), docosapentaenoic acid {DDPA) and eicosatetraenoic acid (ETA), wherein the
level of palmitic acid in the total fatty acid content of the extracted lipid is between
about 2% and 16%, and wherein the level of myristic acid (C14:0) in the total fatty acid
10 content of the extracted lipid, if present, is tess thaw 1%, and wherein the level of DHA
in the total fatty acid content of the exteacted lipid is between 2001% and 30% or

herween 20.1% and 35%.

2 Exteacted plant lipid or microbial lipid, comprising fatty acids in an esterified

15 form, the fatty acids comprising eleic acid, palmitic acid, w6 farty acids which
comprise linoleic acid {LA), @3 faity acids which comprise o-linolenic acid (ALA]J and
docosapentacnoic acid (DPA), aud optionally one or more of stearidonic acid (SDA),
eicosapentaenoic acid (BPAJ, and eicosatetracnoic acid (ETA), wherein the level of
DPA in the total fatty acid content of the extracted lipid is between 7% and 35%.

$ad

The lipid of claim 1 or claim 2 which bas one or more of the following features
i} the level of palmitic acid in the total fatty acid content of the extracted lipid
is batween about 25 and 15%., or hetween about 3% and about 109,
) the fevel of myristic acid (C14:A40) 1w the twtal fatty acid content of the
25 extracted lipid is about (L1%,
it} the level of oleic acid in the total fatty acid content of the extracted lipid s
between about 1% and about 30%, between about 3% and about 30%,
hetween about 6% and about 30%, between 1% and about 20%, between
about 30% and about 60%, about 45% to about 60%, about 30%, or between
3 about 13% and about 30%,
¥} the level of linoleie acid (LAY in the total fatty acid content of the extracted
lipid is between about 4% and about 33%, between about 4% and about
20%. between about 4% and about 17%, o between about 5% and about
10%,
the level of ¢-linelenic acid (ALA) in the total fatty arid content of the
extracted lipid i3 between about 4% and about 40%, between about 7% and

fad
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about 40%, between about 10% and about 35%. between about 20% and
about 35%, between about 4% and 16%, or between abowt 2% and 16%,

vi} the level of linolenic acid (GLA} in the total fatty acid content of the
extracted lipid is ess than 44, less than about 3%, less than about 2%, less

¥ {1

than about 1%, less than about 0.5%, betweerr 0.05% and 7%, between
0.05% and 4%. between 0,05% and about 3%, or berween §.05% mnd about
2%,
viiythe level of stearidonic acid (SDA)Y in the total fatty acid content of the
extracted lipid is less than about 10%, less than about 8%, less than about
10 7%, less than about 6%, less thay about 49, less than ahout 3%, betwegy
about 0.05% and about 7%, between about 0.05% and about 6%, between
about 0.05% and about 4%, bhetween about 0.05% and about 3%, between
about :05% and about 10%, or between 0,05% and about 29,
vii)  the level of cicosatetracnoic acid (ETA} in the total fatty acid content of
15 the extracted lipid is less than about 6%, less than about 5%. loss than about
4%, less than about 195, less than about 0.5%, hetween §.05% and about 6%,
batween 0.03% and about 5%, between 0.05% and about 4%, between
0.058% and about 3%, or between 0.05% and about 29,
ix} the level of cicosatrienoic acid (ETrA) in the total fatty acid coutent of the
20 extracted lipid is less than 4%, less than about 2%, less than about 1%,
hetween 0.05% and 4%, between 0.05% and 3%, or batween (.05% and
about 2%, or between 0,05% and abeut 1%,
x) the level of cicosapentacnoic acid (EPA) in the total fatty acid content of the
extracted lipid is between 4% aud 15%, less than 4%, less than about 3%,
25 less than about 2%, between 0.05% and 10%, between 0.05% and 5%,
between 0.05% and aboirt 3%, or between 0.05% and about 2%,
xiy it the level of DHA in the total fatty acid content of the extracted Tipid is
hetween 20.1% and 30% or between 20.1% and 353%, the level of
docosapentacnoic acid (DPA) in the total tatty acid content of the extracted
3 tipd is Tess than 4%, less than about 3%, less than about 2%, between 0.05%
atid 8%, between 0.05% and 5%, between 0.05% and about 3%, between 3%
ang 15%, between 5% and 1%, or between 0.05% and about 2%,
xiiythe level of DHA in the total fatty acid content of the extracted lipid is about
22%%, about 24%, about 26%. about 28%, about 31%, between 20.1% and
29%, between 20.1% and 28%. between 20.1% and about 27%. batween
20.1% and about 26%, between 20.1% and about 23%, between 20.1% and

fad
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about 249%, botween 21% and 35%, between 219 and 30%, between 21%
and 28%, between 219% and about 26%, or between 21% and about 24%.,
xiii}  the lipid comprises w6-docosapentaenoic acid (22:5% "%y in jig farty

acid content,

¥ {1

xiv)  the lipid comprises less than (L1% of o6-docosapentaenecic acid

(22:5%T0IG y fis fatty acid content,

xv) the lipid comprises less than 0.1% of one or more or all of SDA, EPA and
ETA in its fatty acid content,

xvij  the level of total saturated fatty acids in the total fatty acid content of the

10 gxtracted lipid is between ahout 4% and about 25%, between about 4% and
about 209, between about 6% and abowt 209, or between about 6% and
about 12%,

xvii)  the level of total monounsaturated fatty acids in the total fatty acid

content of the extracted lipid is between about 4% and about 40%, batween

15 about 4% and about 35%. between about 8% and aboeut 23%, between 8%
and abont 22%, between about 15% and about 40% or between about 15%
and abount 35%,

Lviii}  the level of totel polyunsaturated fatty acids in the total fatty acid
content of the extracted lipid is between about 20% and about 75%, between

20 309 and 75%, between about 30% and about 75%., about 60%, about 65%,
about 709, about 75%., or between about 60% and about 753%,

xix)  the level of tetal wé fatty acids in the twotal fatty acid content of the
extracted lipid is between about 35% and about 50%, betweeu about 20%
and about 35%, between about 6% and 20%, less than 20%. less than about

25 169%, less than about 10%, between about 19% and abowt 16%, between about
29 and about 16%, or between about $% and about 109,

xx) the level of new 6 fatty agids in the total fatty acisd content of the extracteid
lipid is less than about 1%, less than about 8%, less than about 6%, less
than 4%, between about 19 and about 20%, between about 1% and about

30 10%, between £1.5% and abeut 8%, or between (1.5% and 4%,

) the level of total ©3 fatty acids iv the total fatty acid content of the
extracted lipid is between 30% and about 65%, between 36% and about
70%, between 400% and about 60%, between about 30% and about 60%,

between about 35% and about 60%, between 409 and about 65%., between

fad
L

about 30% and about 63%, between about 35% and about 63%, about 33%,
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about 409, about 45%, about 50%. about 55%, about 60%, about 65% or
about 70%,
xxii}  the level of new @3 fatty acids in the total fauy acid content of the
extracted lipid is between 21% and about 45%, between 219% and about
3 35%, between abobut 23% and ahout 353%, between about 25% and ahout
35%, between about 27% and about 35%, about 23%, about 25%, about
27%, about 30%, about 35%, about 48% or about 45%,
xxiiiy the ratio of total 06 fatty acids: total ©3 faty acids in the fatty acid
content of the extracted lipid is between about 1.0 and about 3.0, between
10 about 0.1 and about 1, between about 0.1 and abeut .5, less than about 0.50,
less than about (.40, less than abeart (.30, less than about 0.20, less than
about .12, about 1.0, about 0.1, aboutr 0.10 to about 0.4, or about 0.2,
xxiv) the ratio of new @6 fatty acids: new @3 fatty acids in the fatty acid
content of the extracted lipid is between abowt 1.0 and about 3.0, batween
15 about 0.02 and about 0.1, between about (.1 and about 1, between about 0,1
and about 0.5, less than about 0.50, less than about 0.40, less than about
0.30, less than about 0.20, less than about .15, about .02, about 0.03, about
0.1, about 0.2 or about 1.0,
xxv)  the faity acid composition of the lipid is based on an efficiency of
20 conversion of oleie acid to LA by Al2-desaturase of at least about 60%, at
least about 70%. at least aboui 80%, between about 60% and about 98%.,
between about 70% and about 93%, or between about 75% and about 90%,
xxvi)  the fatty acid composition of the lipid is based on an efficiency of
conversion of ALA to SDA by At-desaturase of at least about 30%, at least
25 about 40%, at least about 50%, at least abour 60%., at least about 70%,
between about 30% and about 70%, between about 35% and about 60%, or
between about 30% and abeut 70%,
xxvii) the faity acid composition of the lipid is based on an efficiency of
conversion of SDA to ETA acid by Ab-elongase of af least about 60%, at
3 least about 70%. at least about 75%, between about 60% and about 954,
hetween about 70% and about 88%, ar between about 73% and about 85%,
xxviil) the fatty acid composition of the lipid is based on an efficiency of
conversion of ETA to EPA by Ad-desatirase of at least about 60%, at least
about 70%, at least about 75%. between about 60% and about 98%, between
about 70% and about 99%. or between about 75% and about 98%,
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xxix) the fatty acid composition of the lipid is based on an cfficiency of
conversion of EPA to DPA by AS-elongase of at least about 80%, at loast
about 85%. at least about 90%, between about 50% and about 999%, betwiéen

about 85% and about 99%, between about 50% and about 93%, or between

¥ {1

abont 85% and about 959,

xxx}  if the level of DHA in the total fatty acid content of the extracted lipid is
between 20.1% and 30% or between 20.19% and 35%, the fatty acid
composition of the lipid is based on an efficiency of convearsion of DPA to
DHA by Ad-desaturase of at least about 80%, at least about 90%, at least

10 about 93%, between about 509% and about 93%, between about 80% wnd

about 93%, or between abonst 859 and about 95%,
Xxxi) the faity acid composition of the lipid is based on an efficiency of
conversion of oleic acid to DPA andfor DHA of at least about 10%, at least
about 15%, at least about 2(3%, at least ahout 25%, about 20%, about 25%,
15 about 30%, between about 1% and about 50%. between abomt 10% and
about 30%, between about 109 and about 25% or between about 20% and
about 309%,
Lxx) the fatty acid coroposition of the lipid is based ov an efficiency of
conversion of LA to DPA and/or DHA of at least about 13%, at least about
20 2009, at least about 22%, at least gbout 25%., at least about 30%, at least
about 40%, about 25%, about 30%, about 35%, about 40%, abour 45%.
about 50%, between abour 158% and about 50%. botween sbomt 20% and
about 415, or between about 20% and about 30%,
xxxit} the fatty acid composition of the lipid s based on an efficiency of
25 conversion of ALA to DPA and/or DHA of at least gbout 17%, at least about
22%. at least about 24%, at least about 30%, about 30%, about 35%, about
408, about 453%, about 50%, about 35%, about 60%, between about 22%
and about 70%. between about 17% and about 35%. between about 22% and
about 40%, or between abiout 24% and about 40%,

30 xxxivh the total fatty acid 1 the extracted lipid bas less than 1.5% C20:1, less
than 1% C2001 ov about 19 C2%:1,

xxxv) the triacylglyeerol (TAG) content of the lipid is at least about 70%, at
least about 80%, at least about 900%, at least 95%. between about 70% and

about 99%, or between about 90% and about 994,
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xxxvi} the lipid comprises diacylglycerol (DAG), which DAG preferably
connprises DHA angd/or DPA,
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xxxvii} the lipid comprises less than about 10%, less than about 5%, less than
about 1%, or between about .001% and about 5%, free (non-csterified) fatty
acids and/or phospholipid, or is essentially free thereof,

xxxvilar least T0%, at least 72% or at least B0%, of the DHA and/or DPA
esterified in the form of TAG isin the sin-1 or sn-3 position of the TAG,

¥ {1

sxxix) the most abundant DHA-containing TAG species in the lipid is
DHA/&:3/18:3 {TAG 58:123,
xly the most abundant DPA-containing TAG species in the lipid s
DPASIE:3/18:3 (TAG 56:12),
10 xlithe lipid comprises ti-DHA TAG (TAG 66:18), and
xli)  the level of IIPA i the total fatty acid content of the extracted lipid is
about 7%. about 8%, about 9%, about 10%. about 129%, about 13%., ahout
189, about 20%, about 22%. about 24%. about 26%, about 28%. about
31%, between about 79% and about 31%. hetween about 7% and about 28%,
15 between about 10% and 35%, between about 10% and about 30%, between
about 10% and about 25%, between about 10% and about 22%, between
abouot 14% and 35%, between about 16% and 35%, between about 16% and
about 30%, between about 16% and about 23%. or between about 16% and
about 229%, optionally wherein the level of DHA s less than 0.5% of the
20 total fatty acid content of the extracted Hpid.

4. The lipid according to any one of claims 1 to 3, wherein the lipid is an oil,
preferably oil from an cilseed, more preferably wherein the Hpid comprisgs or iz
Brassiva sp. ol such as Brassica napus oil or Brassica juncea oil, Gossypium hirsutum
23 oil, Linwm usitatissinmm oil, Helianthus sp. oil, Carthamus tinctorins oil, Glyveine max
oil, Zea mays oll, FElaesis guineenis oll, Nicotiona bewthandana oll, Lupinus
angustifolius oll, Cameling sativa o0ll, Crambe abysaimica oll. Miscanthuy x giganteus

oil, or Mizcanthus sinensis oil.

30 5 A process for producing extracted plant lipid, comprising the steps of
i) obtaining a plant part conoprising lipid, the lipid comprising fatty acids in an
esterified form, the fatty acids comprising oleic acid, palmitic acid, @6 fatty acids
which comprise linoleic acid (LA) snd y-hinolenic acid {GLA)}, 3 fatty acids which
comprise o-linolenic acid {ALA). stearidonic acid (SDAY), docosapentacnoic acid
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(DPA) and decosahexaenoic actd (DHA), and optionally one or more of
gicosapentacnoic acid {EPA)} and eicosatetracnoic acid {(ETA), wherein the level of
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‘palmitic acid in the total fatty acid content of the extracted lipid is between about 2%
and 16%, and wherein the level of myristic acid {C14:0) in the total fatty acid content
of the extracted lipid, if present, is less than 1%, and wherein the level of DHA in the
total fatty acid content of extractable lipid in the plant part s between 20019% and 30%%

5 or between 2. 1% and 35%, and
it} extracting lipid frony the plant part,
wherein the level of DHA 1in the total fatty acid content of the extracted lipid is between
200 1% and 30% or between 20.1% and 35%.
10 6. A process for praducing extracted plant lipid or microbial bipid, comprising the

steps of
i) obtaining a plant part or @ microbial cell comprising Hpid, the lpid comprising
farty acids in an esterified form, the fatty acids comgrising oleic acid, palmitic acid, (6
fatty acids which comprise linpleie acid (LA), @3 fatty acids which comprise -
15 linolenic acid {(ALA). stearidonic acid {SDA), docosapentacnpic acid (DPA), and
optionally one or more of cicosapentaenoic acid (EPA)} and eicosatetracnoic acid
{ETA}Y, wherein the level of DPA in the total futty acid content of extractable lipid in
the plant pact is between 7% und 35%, and
it} extracting lipid from the plant part.or microbial el
20 wherein the level of DPA in the total fatty acid content of the extracted lipid is between
7% and 35%.

7. The process of claim § or ¢laim 6, wherein the extracted lipid has ong or more of
the features defined in clatre 3 or¢laim 4.

8. The process of any one of claims § o 7. wherein the plant part is a seed.
preferably an oilserd such as Brassiea sp. such as Brassica napus of Brassica junced,
Gossypium  hivsutwm, Linum wsitotissinmnn, Helionthus sp., Corthamus tinctorius,
Glveine max, Zea mavs. Elaesis  guineenis, Nicotiang  benthamiang,  Lupinus
3 agngustifolivs, Cameling sativa, or Crambe abyssinica, preferably a Brassive napus, B.

Juneea or C. sativg seed,

9. The process according to any one of claims 5 to 8, wherein the plant part or

microbial cell comprises exogenous polynucleotides encoding one of the following sets

fad
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of enzymes;
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i) an @3-desaturase, a Ab-desaturase. a AS-desaturase, a Ad-desaturase, a AH-
clongase and a AS-elongase,

i) a AlS-desatorase, a A6-desaturase, 2 AS-desatorase, a Ad-desatutase, a AO-
clongase and a AS-clongase,

¥ {1

iy a Al2-desaturase, a Ab-desaturase, a AJ-desaturase, a M~desaturase, a A6-
elongase and an AS-elongase,
iv) a Al2-desaturase, & m3-desaturase andfor a AlS-desaturase, a Ab-desaturase,
a AS-desaturase, a Ad-desaturase, a Ab-clongase and an AS-elongase,
v} an @3-desaturase, a AB-desaturase, a AS-desaturase, a Ad-desaturase, a A9-
10 elongase and an AS-elongass,
viy a Al3-desaturase, a A8-desaturase, a AS-desaturase, a Ad-desaturase, a A9-
elongase and a AS-elongase,
vii) a Al2-desaturase, a AS-desaturase, a AS-desaturase, a Ad-desaturase, a A9-
clongase and an AS-clongase,
15 vill) a Al2-desatuwrase, a wld-desaturase andfor a AlS-desamrase, a AB-
desaturase, a AS-desaturase, a Ad-desaturase, a A9-clongase and an AS-clongase,
X3 an @3-desattrase or 4 Al3-desaturase, a Ab-desaturase, a AS-desaturase, 4
Ab-elongase and a AS-elongase,
%) an o3-desaturase or @ AlS-desatirase, a A¥-desatorase, a AS-desaturage, a
20 A9-clongase and a AS-elongase,
X1 a Al2-desaturase, a wi-desaturase or a AlS-desaturase, a Af-desaturase, a
Ab-desaturase, a A6-clongase and an AS-elopgase, or
X a AlZ2-desaturvase. a w3~desatorase or a AlS-desatuvase, a Al-desaturase, a
AS-desatirase, a A%-clongase and a0 AS-elongase,
25  and wherein each polynucleotide is operably linked to one or muore promoters that are
capable of directing expression of said polynucleotides in a cell of the plant pat o

microbial cell.

10, The process of claim 9, wherein the plant part or yaicrohial eell has one or more

30 or all of the following features
i) the Al2-desaturase converts olele acid to inoleie acid in one or more ¢ells of
the plant part or the microbial cell with an efficiency of at Ieast about 60%., at least
about 70%, at least about 80%, bérween about 60% and about 95%. botween about 70%

and about 90%, or between about 75% and ahout 85%.,
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ii) the w3-desaturase converts w6 fatty acids to @3 fatty acids in one or more
cells of the plant part or the microbial cell with an efficiency of at least about 65%. at
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least about 75%, at least about 83%. between about 65% and about 5%, between about
T5% and about ¥1%:, or between about 80% and about 91%,

it} the A6-desaturase converts ALA to SDA in one or more cells of the plant
patt or the microhial cell with an efficiency of at least about 20%, at least about 20%, at

¥ {1

least about 40%, at least about 50%, at least about 80, at least about 70%, between

about 20% and about 70%, between about 35% and about 60%, ar between about 50%

and about 70%,

v} the AG-desaturase convests linoleic acid to y-linolenic acid in one or more
cells of the plant part or the microbial cell with an efficiency of less than about 5%, less
10 than aboot 2.53%, less thay about 1%, betweenl abont 0.1% and about 5%, betwesy

about 0.5% and about 2.3%, or hetween about 0.5% and about 1%,

v} the A6-elongasé converts SDA to ETA in one or more cells of the plant part
or the microbial cell with an etficicncy of at least about 60%, at least about 70%, at
least about 75%, between about 60% and abont 95%., between about 70% and about

15 §0%. or between about 75% and about 80%,

vi) the: AS-desaturase converts ETA to EPA in one or more cells of the plant part
or the microbial cell with an efficiency of 4t least about 608, at least about T0%, at
least about 739, at least abowut 80%, at least about 90%, between about 60% and about
95%, between about 70% and about 95%, or between about 75% and about 95%,

20 vii) the AS-clongase converts EPA to DPA in one or more cells of the plant part
or the nuerobial gell with an efficiency of at loast about 80%, at least about 85%, at
least about 9%, between about 30% and about 90%, or between abowut 85% and about
95%:,

vili) the Ad-desaturase converts DPA 1o DHA 1n one or more cells of the plant

25  part with an efficiency of at least sbout 8%, at least about 90%, at least about 93%,
between ahout 50% and about 95%, between about 80% and about Y3%, or betweésn
about 85% and about 95%,

ix) the efficiency of cenversian of eleic acid to DHA or DPA in one or more
cells of the plant part or the microbial cell is at least about 109, at least about 15%, at

My least about 20%, at least about 253%, about 2096, about 253%, about 30%. between about

10% snd about 309%, berween about 109% and about 309%. between abour 10% and

about 25%, or between about 20% and about 309,

%) the efficiency of conversion of LA to DHA or DPA in one or mere cells of
the plant part or the microbial cell is at least about 159, at least about 20%, at least
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about 229, at least about 253%, at least abowt 30%, about 25%. about 309, about 35%,
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between about 15% and about 50%, between about 20% and about 40%, or between
about 20% and about 30%,

xi} the efficiency of conversion of ALA to DHA or DPA in one or more cells of
the plant part or the microbial cell is at least about 17%, at least about 22%; at least

¥ {1

about 24%, at least about 30%, about 309, about 353%, abeat 40%, hetween about 17%
and about 359, between about 22% and about 35%., or between about 24% and about
35%,

xii) one or mave cells of the plant part or the micrebial el comprise at least
about 25%, at least about 30%, between about 25% and about 40%, or between about
10 27.5% and about 37.3%, wmore ©3 faity acids than comvesponding cells lacking the
exogenous polynucleotides,

xiii} the Ab-desaturase preferentially desaturates o-linolenic acid (ALA) melative
to linoleic acid (LA),

xiv) the A6-clongase also has A9-clongase activity,

Ju—
LA

xv) the Al2-desaturase also has AlS-desaturase activity,
xvi) the A6-desaturase also has A8-desaturase activity,
xvii) the AB-desaturase alse has Ab-desaturase activity or does not have A6~
desaturase getivity,
xviiiy the Al3-desaturase also has va3-desaturase activity on GLA,
20 xix) the m3-desaturase alsp has AlS-desaturase activity on LA,
xx) the e3-desaturase desaturates both LA and/or GLA,
xxi) the p3-desaturase preferentially desaturates GLA relative to LA,
xxity ove or more or all of the desaturases have greater activity on an acyl-CoA
substrate than a corresponding acyl-PC substrate,
25 xxiil) the AG-desaturase has greater Ab-desaturase activity on ALA than LA as
tatty acid substrate,
xxiv) the Ad-desaturase has greater A6-desaturase activity on ALA-CoA as fatty
acid substrate than on ALA joined te the sr-2 position of PC as fatty acid substrate,
xxv) the Af-desaturase has at least ahout a 2-fold greater A6-dexaturase activity,
3 at least 3-fold greater activity, at feast 4-Told greater activity, or at Jeast 3-fold greater
activity, on ALA ds a substrate compared o LA,
xxvi} the Ab-desaturase has greater activity on ALA-CoA as faity acid substrate
than ot ALA jobied to the sn-2 position of PC as fatty acid substrate,
xxvii} the AG-desaturase has at least about a 5-fold greater Ab-desaturase activity
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or at least 10-fold greater activity, on ALA-CoA as fatty acid substrate than on ALA
joined to the w2 position of PC as fatty acid substrate,
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xXxviii) the desaturase is a front-end desatucase, and

xxix) the A6-desaturase has no detectable AS-desaturase activity on ETAL

11, The process of claim 9 or claim 14}, wherein the plant part ov the roicrohial cell

¥ {1

further comprises  an  exogenous  polynicleotide encoding a  diacylglveerol
acyltransferase (DGAT), monoacylglycerol acyltransferase (MGAT)., glveerol-3-
phosphate  acyltransferase  (GPAT), 1-acyl-glveerol-3-phosphate  acyltransferase
{LPAAT) preferably an LPAAT which can use a C22 peolyunsaturated fatty acyl-CoA
substrate such as DHA-CoA and/or DPA-CoA, acvl-CoA:lysophosphatidylcholine
10 acylwansterase (LPCAT). phospholipase  Ax (PLA2), phosphelipase € (PLC),
phospholipase: 10 (PLID), CDP-chiolive diacylglycerol choline pbospbotransferase
{CPT) phoshatidylcholine diacylglyeerol acyltransferase (PDAT),
phosphatidylcheline:diacylglycerol.  eholing phosphotransferase (PDCT), acyl-CoA

synthase (ACS), or a combigation of two or more thercof,

12. The process according to any one of claims 9 to 11, wherein the exogenous
polynucleotides axe covalently linked in a DNA melecule, preferably a T-DNA
molecule, integrated into the genome of cells of the plant part or the microbial cell and
preferably where the number of such DNA molecules integrated into the genome of the
20 cells of the plant part or the mictebial cell is not more than one, not more than two or

three, or Is two or three.

13, The process according to any one of claims 5 to 12, wherem the total oil content
of the plant part or the microbial cell comprising the exogesons polynucleotides iy at
25 Tleast about 40%, ar Ieast about 5%, at least about 60%, at least about 70%, between
about 50% and about §0%. or between about 80% and about 100% of the total oil
content of a corresponding plant part or microbial cell lacking the exogenous

polynucleotides.

30 14, The process according to any one of claims 5 to 13 which further comprises
treating the lipid to increase the level of DHA andfor DPA as a percentage of the total
fatty acid content. wherein the treatment comprises one or more of fractionation,
distillation or transesierification such as the production of methyl- or ethyl-esters of
DHA and/or DPA.
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15, Anoilsesd plant or part thereof comprising
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a} lipid in its secd, the lpid comprising fatty acids 10 an esterified form, and
b} exogenous polynucleotides encoding one of the following sets of enzymes;
1) a Al2-desaturase, a w3-desaturase andfor AlS5-desaturase, a Ab-
desamurase, a AS-desanurase, a Ad-desaturase, a A6-clongase and au AS-clongase, or

¥ {1

i) a AlZ-desaturase, a o3-desaturase and/or AlS-desaturase, a AS-

desaturase, a AS-desaturase, a Ad-desaturase, a A9-glongase and an AS-clongase,
wherein each polynucleotide is pperably linked to one or more seed-specific
prometers that are capable of directing expression of said pelynucleotides in
developing seed of the plant, wherein the fatty acids comprise oleic acid, palmitic acid,
10 @6 fatty acids which comprise lnoleie acid LAY and optienally wlinolenic acid
{GrLA), @3 fatty acids which comoprise or-linolenic acid (ALA), steavidowic acid (SDA),
docosapentacnoic acid (DPA) and docosshexsencic acid (DHA), and optionally
elcosapentacnsic acid (EPA) and/or eicosatetraenoic acid (ETA). and wherein the level
ot DHA in the total fatty acid content of the Hpid of the seed is between 20.1% and
15 30%, or between 2001% and 35%. and wherein the level of palmitic acid in the twtal
fatty acid content of the lipid is between about 2% and 16%, and wherein the level of
myristic acid (C14:0) v the total fatty acid content of the Hipid, if present, is less than

1%.

200 16.  An oilseed plant comprising lipid in its seed, or part thereof, or a microbial cell,
comprising
a) lipid comprising fatty acids in an esterified form, and
by exogenous polynuclentides encoding one of the following sets of enzymes;
¥ a Al2-desaturase, a wi-desaturase andfor AlS-desaturase, a A
25 desaturase, a A3-desaturase, a A6-clongase and an AS-clongase,
i) a Al2-desaturase, a o3-desaturase andfor AlS-desaturase, a A8-
desaturase, a AS-desaturase, a A9-elongase and an AS-clongase,
1) a w3-desaturase andfor AlS-desaturase, a Ao-desaturase, a AS-
desaturase, a Ab-glongase and an AS-elongase, or
3 v} a od-desatorase andfor Al3-desaturase, a AS-desaturase, a4 AS-
desaturase, a4 A9-elongase and an AS-elongase,
wherein gach polymicleotide is operably linked to one or more seed-specific
promoters that are capable of difecring expression of said polynucleotides in

developing seed of the plant, er one or more promoters that are capable of directing
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expression of said polynucleotides in the microbial cell, wherein the fatty acids
conywise oleic acid, palimitic acid, w6 faity aeids which comprise linoleic acid (LA),
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w3 fatty acids which comprise or-linolenic acid (ALA), stearidonic acid (SDA), and
docosapentacnoic  acid (DPA), and optionally docosahexacnoic  acid  (DHA),
eicosapentaenoic acid (EPA) and/or eicosatetracnoic acid (ETA). and wherein the level
of DPA in the total faity acid content of the Hpid of the sced or microbial cell is

¥ {1

between 7% and 33%.

17. A Brassica napus, B. juncea or Camelina sativa plant which is capable of
producing seed comprising DHA and/or DPA, wherein mature. harvested seed of the
plant has a DHA and/or DPA content of at least about 28mg per gram secd, preferably
10 at least about 32myg per gram seed, at least about 36mg per grang seed, at least about
40mg per gram seed, more preferably at least about 44myg per gram seed or at least
about 48myg per gram seed, about 80 mg per gram seed, or between about 30mg and

about 80mg per gram seed.

15 18, A plant cell of claim 15 orclaim 16 comprising the exogenous polynucleotides.

19, A plant part, preferably a seed, ov a miicrobial cell which has one or more of the
following features
i) is from a plant according to any one of claims 15 to 17,
20 it) comprises lipid as defined in any one of claims 1 to 4, or

i} can be used in a process aceording to any ene of claims 5 to 14.

2 Mature, barvested Brassica napus. B junces ov Comeling sotive seed

comprising DHA snd/or DPA and a moisture content of between about 4% and about
25 15% by weight, preferably between about 6% and about 8% by weight or between

about 4% and about 8% by weight, wherein the DHA and/or DPA content of the seed at

least about 28mg per gram seed, preforably at least about 32mg per gram seed, at Ieast

about 36mg per gram seed, at least about 40mg per gram seed, more preferably at least

about 4dmyg per gram seed or at least about 48mg per gram seed, about 80 myg per gram
30 seed, or between about 30mg and about Bng per gram seed.

21. A method of producing a plant or & microbial cell which can be used o produce
exiracted plant lipid or extracted microbial lipid according any one of claims 1 to 4, the

method comprising
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a) assaying the level of DHA and/or DPA in lipid preduced by ene or more plant
parts or microbial cells from a plurality of plants ov miceobial cells, cach plant or
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microbial cell comprising one or more exogenous polynucleotides encoding ong of the
following sets of enzymes;

i} an w3-desaturase, a AG-desaturase, a Ad-desawrase, a Ad-desaturass, a AO-
clongase and a AS-clongase,

¥ {1

i} a AlS-desaturase, a AG~desaturase, a AS-desaturase, a Ad-desaturase, a AG-
elongase and a AS-elongase,
ity a Al2-desaturase, a Ab-desaturase, a AS-desaturase, a Ad-desaturase, a A6-
clongase and an AS-clongase,
v} a Al2-desaturase, a o3-desatorase or a AlS5-desaturase, a Ad-desaturase, a
10 AS-desaturase. a Ad-desaturase, 8 A6-elongase and an AS-elongase,
v} an w3-desanrase, 2 A8-desaturase, a Ad-desaturase, a Ad-desaturase, a A9-
elongase and an AS-clongase,
vi) a AlS-desaturase, a Al-desaturase, a AS-desaturase, a Ad-desaturase, u
AY-elngase and a AS-clongase,
15 vil) a Al2-desatrase, a A8-desaturase, 4 AS-desarurase, a Ad-desaturase, a A9-
clongase and an AS-elongase,
vill) a Al2-desaturase, a @3-desaturase of ¢ AlS-desaturase, ¢ AB-desaturase, 4
AS-desaturase, a Ad-desaturase, a AY-clongase and an AS-clongase,
ix) an wi-desaturase or a AlS-desaturase, a Ab-desatorase, a AS-desatwrase, a
20 Ab6-clongase and a AS-elongase,
X} an ©3-desaturase or a AlS-desatirase, a A-desatirase, a AS-dosaturase, a
AS-glongase and a AS-clopgase,
XD a Al2-desaturase, a w3-desaturase or a AlS-desaturase, a Ab-desaturase, a
AS-desaturase, a Ab-clongase and a0 AS-elongase, or
25 xii) a Al2-desaturase, a @m3-desaturase or a AlS-desaturase, s A8-desaturase, a
AS-desaturase, a A9-clongase and an AS-glongase,
wherein cach polynucleotide is operably linked to one or more prometers that are
capable of directing expression of satd polynucleotides in a cell of a plant part or
microbial cell, and
30 by identifving a plant or micrebial cell, from the plarality of plantz or sicrobial
cells, which can be used to produce extracted plant lipid or microbial lipid according to
any one of claims 1 to 4 in one or more of its parts, and
¢ optionally, producing progeny plants or microbial cells from the identified

plant or microbial cell, or seed therefrom.
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22, A methed of producing seed, the method comprising,
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a) growing a plant according to any one of claims 15 to 17, or a plant which
produces a plant part of claim 19, or which produces a seed of claim 20, preferably ina
fickd as part of a population of at least 1000 or 2000 or 3000 such plants or in an arca of

at least 1 bectare or 2 hectares or 3 bectares planted at a standard planting density,

¥ {1

b} harvesting seed from the plant or plants, and

o) optionally, extracting lipid from the seed, preferably to produce oil with a
total DHA and/or DPA yield of at least 60kg or 70kg or 80kg DHA and/or
DPA/hectare.

10 23, The plant, plant cell, plant part ov seed, or microhial cetl, of any one of claims
15 to 20, which has one ormore of the following features
) comprises oil is as defined in claim 3 or claim 4, and
it} the plant part or seed or microbial cell is capable of being used in a process

according to any one of claims S to 14

24, Lipid, or oil, produced by, or obtained from, using the process according to any
one of claims 5 to 14, the cell according to claim 18, the oilseed plant of claim 13 or
claim 16, the nuicrobial cell of claim 16, the Brassica wapus, B, juncea ov Camelina
sariva plant of claim 17, the plant part of claim 19, or the seed of claim 20.

[

5. Seedmeal obtained from seed of wlaim 20, or obtained from the plant of any one

of claims 15to 17,

26. A compoesition coniprising one or morve of the lipid or oil of claim 24, the cell
25 according to claim 18, the plant cell or microbial cell of claim 23, the seed of claim 20,

or the seedmeal of claim 25.

27, Feedstufts, cosmetics or chemicals comprising ene or more of the lipid or oil of
claim 24, the cell according te claim 1§, the oilseed plant of claim 15 or claim 16, the
30 plant cell or microbial cell of claim 23, the Brassica napus, B. juncea ov Cameline
sariver plant of claim 17, the plant part of clain 23, the seed of clain 20, the seedmeal

of claim 235, or the composition of claim 26.

28 A method of producing a feedstuff, the method comprising mixing one or more
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of the lpid or oil according to any one of claims 1 to 4, the cell according to claim 18,
the oilseed plant of claimi 15 or claim 16, the plant cell o microbial cell of claim 23,
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the Brassica napus. B. juncea or Camefing sariva plant of claim 17, the plant pact of
claim 23, the seed of claim 20, the seedmes] of claim 25, or the composition of claim

26, with at least one other food ingredient.

3 29, Use of one or more of the lipid or oil according to any one of ¢laims 1 to 4, the
cell according to claim 18, the plant cell or microbial cell of claim 23, the plant part of
claim 23, the seed of claim 20, the seedmeal of claim 25, or the composition of claim
26, for the manufacture of a medicament for treating or preventing a condition which
would benefit from a PUFAL
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A. CLASSIFICATION OF SUBJECT MATTER

AO1H 5/00(2006.01) C11B 1/10(2006.01)  C12N 15/52 (2006.01)  CO7H 21/04 (2006.01)  C12N 15/82 (2006.01)
C12N 15/79 (2006.01)

According to International Patent Classification (IPC) or to both national classification and TPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MEDLINE, HCAPLUS, BIOSIS, AGRICOLA, EMBASE, WPIAP, EPODOC, TXTE: plant, seed, seed oil, oil-seed, Arabidopsis, crop, brassica,
camelina, canola, rapeseed, lipid, fatty acid, PUFA, HUFA, oil, DHA, docosahexaeno, cervon, doconexent, 22-6-N-3, omega-3, Increase,
improve, raise, alter, modify, optimize, enhance, high, engineer, transgenic, enzyme, pathway, metabolism, recombinant, exogenous, insert,
express, encode, DPA, docosapentaenoic acid, docosa 4,7,10,13,16 pentaenoic acid), (4,7,10,13,16 docosapentaenoic acid, 22-5n-3, osbond acid,
clupanodonic acid, osbond acid, microalgae, alga, microbial, microorganism, and like terms and synonyms. Applicant/inventor name search.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art which isnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E" earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which 1s cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"O"  document referring to an oral disclosure, use, exhibition . .
or other means & document member of the same patent family
"p" document published prior to the international filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
20 March 2015 20 March 2015
Name and mailing address of the ISA/AU Authorised officer
AUSTRALIAN PATENT OFFICE Susan MacKenzie
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pet@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Telephone No. 0262832690

Form PCT/ISA/210 (fifth sheet) (July 2009)
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Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2010/147900 Al (E.I. DUPONT DE NEMOURS AND COMPANY) 23 December
2010

X Table 19, Table 20, page 109, Example 2, page 54 2-4,6,7,9-14, 16, 21, 23,
24, 26-29

US 7550286 B2 (DAMUDE, H.G.. et al.) 23 June 2009
A Table 10 1-29

US 2013/0309772 A1 (SAKAGUCHI, K. et al.) 21 November 2013
A Fig. 30 1-29

WO 2005/103253 A1 (COMMONWEALTH SCIENTIFIC AND INDUSTRIAL
RESEARCH ORGANISATION ) 03 November 2005
A Table 4 1-29

PETRIE, J.R. et al., ‘Metabolic engineering plant seeds with fish oil-like levels of
DHA’, PLoS One, 2012. Vol. 7, e49165, published online 7 November 2012
A Whole document 1-29

RUIZ-LOPEZ, N. et al., ‘Metabolic engineering of the omega-3 long chain
polyunsaturated fatty acid biosynthetic pathway into transgenic plants’, Journal of
Experimental Botany, 2012, Vol. 63, pages 2397-2410

A Whole document 1-29

PETRIE, J.R. et al. ‘Metabolic engineering Camelina sativa with fish oil-like levels of
DHA’, PLoS One, January 2014. Vol. 9, page e85061
P.A Whole document 1-29

WO 2013/185184 A2 (COMMONWEALTH SCIENTIFIC AND INDUSTRIAL
RESEARCH ORGANISATION et al.) 19 December 2013
T Examples 1-29
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Box No. I  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons:

1. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
carried out, including

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See Supplemental Box for Details

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

—_

9. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

protest fee was not paid within the time limit specified in the invitation.

The additional search fees were accompanied by the applicant's protest but the applicable

No protest accompanied the payment of additional search fees.
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Supplemental Box

Continuation of: Box III

This International Application does not comply with the requirements of unity of invention because it does not relate to one
invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct
groups:

(1) Claims 1, 5, 15 (all fully), 3, 4, 7-14, 17-29 (all partially). The feature of extracted plant lipid wherein the level of DHA in the
total fatty acid content of the extracted lipid is between 20.1% and 30% or between 20.1% and 35% and claims related thereto, is
specific to this group of claims.

(2) Claims 2, 6, 16 (all fully), 3, 4, 7-14, 17-29 (all partially). The feature of extracted plant lipid or microbial lipid wherein the level
of DPA in the total fatty acid content of the extracted lipid is between 7% and 35% and claims related thereto is specific to this
group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,
defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. The only feature common to
all of the claimed inventions and which provides a technical relationship among them is the concept of the production modified
plant oils with modified omega-3 LC PUFAS. However this feature does not make a contribution over the prior art because it is
disclosed in many documents in the prior art of which the documents below are cited as one of many which disclose the concept of
genetically altering plants to produce extracted lipids comprising fatty acids similar to fish oil derived lipids. Furthermore, the
concept of increasing production of C22 polyunsaturated fatty acids such as DHA or DPA is disclosed in the 2nd cited document
Petrie et al, 2012.

RUIZ-LOPEZ, N. et al., ‘Metabolic engineering of the omega-3 long chain polyunsaturated fatty acid biosynthetic pathway into
transgenic plants’, Journal of Experimental Botany, 2012, Vol. 63, pages 2397-2410

PETRIE, J.R. et al., ‘Metabolic engineering plant seeds with fish oil-like levels of DHA’, PLoS One, 2012. Vol. 7, No. 11, e49165,
published online 7 November 2012

Therefore in the light of this document this common feature cannot be a special technical feature. Therefore there is no special

technical feature common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a
posteriori.
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