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ENZYMES AND METHODS FOR PRODUCING OMEGA-3 FATTY ACIDS

FIELD OF THE INVENTION
The present invention relates to methods of synthesizing long-chain

polyunsaturated fatty acids, especially eicosapentaenoic acid, docosapentaenoic acid
and docosahexaenoic acid, in recombinant cells such as yeast or plant cells. Also
provided are recombinant cells or plants which produce long-chain polyunsaturated
fatty acids. Furthermore, the present invention relates to a group of new enzymes
which possess desaturase or clongase activity that can be used in methods of
synthesizing long-chain polyunsaturated fatty acids. In particular, the present invention
provides 3 destaurases, A5 elongases and A6 desaturases with novel activities. Also
provided are methods and DNA constructs for transiently and/or stably transforming

cells, particularly plant cells, with multiple genes.

BACKGROUND OF THE INVENTION
Omega-3 long-chain polyunsaturated fatty acids (LC-PUFA and VLC-PUFA)

are now widely recognized as important compounds for human and animal health.

These fatty acids may be obtained from dietary sources or by conversion of linoleic
(LA, 18:2w6) or a-linolenic (ALA, 18:3w3) 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 VLC-PUFA,
they carry out this conversion at a very low rate. Moreover, most modern societies
have imbalanced diets in which at least 90% of polyunsaturated fatty acids (PUFA) are
of the w6 fatty acids, instead of the 4:1 ratio or less for w6:w3 fatty acids that is
regarded as ideal (Trautwein, 2001). The immediate dietary source of VLC-PUFAs
such as eicosapentacnoic acid (EPA, 20:5w3) and docosahexaenoic acid (DHA,
22:6m3) for humans is mostly from fish or fish oil. Health professionals have therefore
recommended the regular inclusion of fish containing significant levels of VLC-PUFA
into the human diet. Increasingly, fish-derived VLC-PUFA oils are being incorporated
into food products and in infant formula, for example. However, due to a decline in
global and national fisheries, alternative sources of these beneficial health-enhancing
oils are needed.

Higher plants, in contrast to animals, lack the capacity to synthesise
polyunsaturated fatty acids with chain lengths longer than 18 carbons. In particular,
crop and horticultural plants along with other angiosperms do not have the enzymes

needed to synthesize the longer chain @3 fatty acids such as EPA, docosapentaenoic
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acid (DPA, 22:5w3) and DHA that are derived from ALA. An important goal in plant
biotechnology is therefore the engineering of crop plants which produce substantial
quantities of VLC-PUFA, thus providing an alternative source of these compounds.

VLC-PUFA Biosynthesis Pathways
Biosynthesis of VLC-PUFAs in organisms such as microalgae, mosses and

fungi usually occurs as a series of oxygen-dependent desaturation and elongation
reactions (Figure 1). The most common pathway that produces EPA in these
organisms includes a A6-desaturation, A6-clongation and AS5-desaturation (termed the
A6-desaturation pathway) whilst a less common pathway uses a A9-clongation, AS8-
desaturation and AS-desaturation (termed the A9-desaturation pathway). These
consecutive desaturation and elongation reactions can begin with either the w6 fatty
acid substrate LA, shown schematically as the upper left part of Figure 1 (w6) or the 3
substrate ALA, shown as the lower right part of Figure 1 (®3). If the initial A6-
desaturation is performed on the w6 substrate LA, the VLC-PUFA product of the series
of three enzymes will be the w6 fatty acid ARA. VLC-PUFA synthesising organisms
may convert 6 fatty acids to @3 fatty acids using an ®w3-desaturase, shown as the A17-
desaturase step in Figure 1 for conversion of arachidonic acid (ARA, 20:4m6) to EPA.
Some members of the w3-desaturase family can act on a variety of substrates ranging
from LA to ARA. Plant m3-desaturases often specifically catalyse the AlS-
desaturation of LA to ALA, while fungal and yeast ®3-desaturases may be specific for
the Al7-desaturation of ARA to EPA (Pereira et al., 2004a; Zank et al., 2005). Some
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., 2007). Other
m3-desaturases may have a preference for @3 substrates (Sayanova et al., 2003).

The conversion of EPA to DHA in these organisms is relatively simple, and
consists of a AS5-elongation of EPA to produce DPA, followed by a A4-desaturation to
produce DHA (Figure 1). In contrast, mammals use the so-called “Sprecher” pathway
which converts DPA to DHA by three separate reactions that are independent of a A4
desaturase (Sprecher et al., 1995).

The front-end desaturases generally found in plants, mosses, microalgae, and
lower animals such as Caenorhabditis elegans predominantly accept fatty acid
substrates esterified to the sn-2 position of a phosphatidylcholine (PC) substrate. These
desaturases are therefore known as acyl-PC, lipid-linked, front-end desaturases
(Domergue et al., 2003). In contrast, higher animal front-end desaturases generally
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accept acyl-CoA substrates where the fatty acid substrate is linked to CoA rather than
PC (Domergue et al., 2005).

Each PUFA and VLC-PUFA clongation reaction consists of four steps catalysed
by a multi-component protein complex: first, a condensation reaction results in 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 a dehydration
to yield an enoyl intermediate. This intermediate is finally reduced a second time to
produce the elongated fatty acid. It is generally thought that the condensation step of
these four reactions is substrate specific whilst the other steps are not. In practice, this
means that native plant elongation machinery is capable of elongating VLC-PUFA
providing that the condensation enzyme (typically called an ‘elongase’) specific to the
VLC-PUFA is introduced, although the efficiency of the native plant elongation
machinery in elongating the non-native VLC-PUFA substrates may be low. In 2007
the identification and characterisation of the yeast elongation cycle dehydratase was
published (Denic and Weissman, 2007).

VLC-PUFA desaturation in plants, mosses and microalgae naturally occurs to
fatty acid substrates predominantly in the acyl-PC pool whilst elongation occurs to
substrates in the acyl-CoA pool. Transfer of fatty acids from acyl-PC molecules to a
CoA carrier is performed by phospholipases (PLAs) whilst the transfer of acyl-CoA
fatty acids to a PC carrier is performed by lysophosphatidyl-choline acyltransferases
(LPCATSs) (Figure 2) (Singh et al., 2005). The reduction in flux due to an acyl-
exchange having to occur before desaturation can follow elongation, or vice-versa, may
be overcome by using a desaturase that has specificity for acyl-CoA substrates
(Hoffmann et al., 2008).

Engineered production of VLC-PUFA
Most VLC-PUFA metabolic engineering has been performed using the aerobic

A6-desaturation/elongation pathway. The biosynthesis of +y-linolenic acid (GLA,
18:3w6) in tobacco was first reported in 1996 using a A6-desaturase from the
cyanobacterium Synechocystis (Reddy and Thomas, 1996). More recently, GLA has
been produced in crop plants such as safflower (73% GLA; Knauf et al., 2006) and
soybean (28% GLA; Sato et al., 2004). The production of VLC-PUFA such as EPA
and DHA involves more complicated engineering due to the increased number of
desaturation and elongation steps involved. EPA production in a land plant was first
reported by Qi et al. (2004) who introduced genes encoding a A9-elongase from

Isochrysis galbana, a A8-desaturase from Euglena gracilis and a A5-desaturase from
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Mortierella alpina into Arabidopsis yielding up to 3% EPA. This work was followed
by Abbadi et al. (2004) who reported the production of up to 0.8% EPA in flax seed
using genes encoding a A6-desaturase and A6-elongase from Physcomitrella patens and
a AS-desaturase from Phaeodactylum tricornutum.

The first report of DHA production, and to date the highest levels of VLC-
PUFA production reported, was in WO 04/017467 where the production of 3% DHA in
soybean embryos is described, but not seed, by introducing genes encoding the
Saprolegnia diclina A6-desaturase, Mortierella alpina A6-desaturase, Mortierella
alpina AS-desaturase, Saprolegnia diclina A4-desaturase, Saprolegnia diclina Al7-
desaturase, Mortierella alpina A6-elongase and Pavilova lutheri AS-elongase. The
maximal EPA level in embryos also producing DHA was 19.6%, indicating that the
efficiency of conversion of EPA to DHA was poor (WO 2004/071467). This finding
was similar to that published by Robert et al. (2005), where the flux from EPA to DHA
was low, with the production of 3% EPA and 0.5% DHA in Arabidopsis using the
Danio rerio A5/6-desaturase, the Caenorhabditis elegans A6-elongase, and the Paviova
salina AS-elongase and Ad4-desaturase. Also in 2005, Wu et al. published the
production of 25% ARA, 15% EPA, and 1.5% DHA in Brassica juncea using the
Pythium irregulare A6-desaturase, a Thraustochytrid A5-desaturase, the Physcomitrella
patens A6-elongase, the Calendula officianalis Al2-desaturase, a Thraustochytrid AS-
elongase, the Phytophthora infestans Al7-desaturase, the Oncorhyncus mykiss VLC-
PUFA elongase, a Thraustochytrid A4-desaturase and a Thraustochytrid LPCAT (Wu
et al., 2005).

There therefore remains a need for more efficient production of LC-PUFA in
recombinant cells, in particular in seeds of oil-seed plants.

SUMMARY OF THE INVENTION
The present inventors have identified for the first time a AS elongase which
efficiently converts EPA to DPA in a recombinant cell.

Accordingly, the present invention further provides a recombinant cell,
preferably a plant cell and more preferably a plant seed cell, comprising an exogenous
polynucleotide encoding a fatty acid elongase with AS elongase activity, wherein the
elongase has activity on EPA to produce DPA with an efficiency of at least 60%, at
least 65%, at least 70% or at least 75% when the elongase is expressed from the
exogenous polynucleotide in the cell, preferably in a plant cell.

The invention also provides a recombinant cell comprising an exogenous
polynucleotide encoding a fatty acid elongase which elongates EPA to produce DPA



2009317860 09 Dec 2013

4A

with an efficiency of at least 65% when the elongase is expressed from the exogenous
polynucleotide in the cell, and wherein the elongase comprises amino acids having a
sequence as provided in SEQ ID NO:6, a biologically active fragment thereof, or an
amino acid sequence which is at least 60% identical to SEQ ID NO:6.
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In one embodiment, the elongase comprises amino acids having a sequence as
provided in SEQ ID NO:6, a biologically active fragment thereof, or an amino acid
sequence which is at least 47% identical to SEQ ID NO:6.

In another embodiment, the cell further comprises exogenous polynucleotides
encoding;

1) a A8 desaturase and/or a A6 desaturase,

i1) a A9 elongase and/or a A6 clongase,

iii) a AS desaturase, and

iv) optionally a A4 desaturase and/or an ®3 desaturase,
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell.

The present inventors have also identified an ®3 desaturase with novel
properties. The ®3 desaturase is useful in recombinant pathways designed to yield
EPA, the downstream fatty acids DPA and DHA, and other ®3 VLC-PUFA.

Accordingly, the present invention provides a recombinant cell, preferably a
plant cell and more preferably a plant seed cell, comprising an exogenous
polynucleotide encoding a fatty acid desaturase with @3 desaturase activity, wherein
the desaturase is capable of desaturating at least one of ARA to EPA, DGLA to ETA,
GLA to SDA, both ARA to EPA and DGLA to ETA, both ARA to EPA and GLA to
SDA, or all three of these when the desaturase is expressed from the exogenous
polynucleotide in the cell.

The desaturase is preferably a front-end desaturase.

In another embodiment, the desaturase has A17 desaturase activity on a C20
fatty acid which has at least three carbon-carbon double bonds in its acyl chain,
preferably ARA.

In another embodiment, the desaturase has Al5 desaturase activity on a CI18
fatty acid which has three carbon-carbon double bonds in its acyl chain, preferably
GLA.

The desaturase preferably has greater activity on an acyl-CoA substrate than a
corresponding acyl-PC substrate.

In one embodiment, the acyl-CoA substrate is ARA-CoA and the acyl-PC
substrate comprises ARA at the sn-2 position of PC.

In yet another embodiment, the cell is a plant cell and the desaturase has activity
on ARA to produce EPA with an efficiency of at least 40% when expressed from the
exogenous polynucleotide in the cell.
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In one particular embodiment, the desaturase comprises amino acids having a
sequence as provided in SEQ ID NO:15, 17 or 20, a biologically active fragment
thereof, or an amino acid sequence which is at least 35% identical to SEQ ID NO:15, at
least 60% identical to SEQ ID NO:17 and/or at least 60% identical to SEQ ID NO:20.

In addition, the present inventors have identified a gene encoding a A6
desaturase which has greater conversion efficiency for @3 fatty acid substrates than for
the corresponding w6 fatty acid substrate in plants and/or in yeast. This A6 desaturase
also exhibits A8 desaturase activity. The use of this A6 desaturase or other desaturases
with high specificity for ®3 desaturated fatty acid substrates in recombinant LC-PUFA
pathways in plants increases levels of EPA, DPA and DHA relative to the use of
desaturases without preference for w3 desaturated fatty acid substrates.

Accordingly, the present invention further provides a recombinant cell,
preferably a plant cell and more preferably a plant seed cell, comprising an exogenous
polynucleotide encoding a fatty acid desaturase with A6 desaturase activity, wherein
the desaturase is further characterised by having at least two, preferably all three, of the
following;

1) greater A6 desaturase activity on ALA than LA as fatty acid substrate,
preferably in a plant cell,

11) greater A6 desaturase activity on ALA-CoA as fatty acid substrate than on
ALA joined to the sn-2 position of PC as fatty acid substrate, preferably in a plant cell,
and

1i1) A8 desaturase activity on ETrA, preferably in a plant cell.

The present invention further provides a recombinant cell, preferably a plant cell
and more preferably a plant seed cell, comprising an exogenous polynucleotide
encoding a fatty acid desaturase with A6 desaturase activity, wherein the desaturase has
greater activity on an @3 substrate than the corresponding w6 substrate, and wherein
the desaturase has activity on ALA to produce SDA with an efficiency of at least 5%, at
least 7.5%, or at least 10% when the desaturase is expressed from the exogenous
polynucleotide in the cell, or at least 35% when expressed in a yeast cell.

In one embodiment, the desaturase has greater A6 desaturase activity on ALA
than LA as fatty acid substrate, preferably in a plant cell.

The A6 desaturase preferably has at least about a 2-fold greater A6 desaturase
activity, at least 3-fold greater activity, at least 4-fold greater activity, or at least 5-fold

greater activity, on ALA as a substrate compared to LA, preferably in a plant cell.
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In another embodiment, the A6 desaturase has greater activity on ALA-CoA as
fatty acid substrate than on ALA joined to the sn-2 position of PC as fatty acid
substrate, preferably in a plant cell.

The A6 desaturase preferably has at least about a 5-fold greater A6 desaturase
activity or at least 10-fold greater activity, on ALA-CoA as fatty acid substrate than on
ALA joined to the sn-2 position of PC as fatty acid substrate, preferably in a plant cell.

The A6 desaturase preferably is a front-end desaturase.

In yet another embodiment, the cell according to the invention further comprises
exogenous polynucleotides encoding;

1) a A6 elongase,

ii) a AS desaturase,

ii1) a AS elongase, and

iv) optionally a A4 desaturase and/or an ®3 desaturase,
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell.

The A6 desaturase in the cell of the invention preferably has no detectable AS
desaturase activity on ETA.

The A6 desaturase preferably comprises amino acids having a sequence as
provided in SEQ ID NO:10, a biologically active fragment thereof, or an amino acid
sequence which is at least 77% identical to SEQ ID NO:10.

In another embodiment, the A6 desaturase comprises amino acids having a
sequence as provided in SEQ ID NO:8, a biologically active fragment thereof, or an
amino acid sequence which is at least 67% identical to SEQ ID NO:8 and has A8
desaturase activity.

The present inventors have also found that recombinant cells expressing A9
elongase, A8 desaturase and AS desaturase are able to more efficiently convert fatty
acid substrates to EPA, DPA and DHA.

Accordingly, the present invention further provides a recombinant cell,
preferably a plant cell and more preferably a plant seed cell, comprising exogenous
polynucleotides encoding;

1) a A9 elongase,

i) a A8 desaturase,

ii1) a AS desaturase,

1v) optionally a AS elongase, and

v) if the AS elongase is present, optionally a A4 desaturase,
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wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell, and wherein at least
15%, at least 20%, or at least 25%, of the total fatty acids in the cell comprise at least
20 carbons and at least 3 carbon-carbon double bonds in their acyl chains.

In one embodiment, the sum total of ARA, EPA, DPA and DHA in the fatty
acids in the cell of the invention comprises at least 15%, at least 20%, or at least 25%
of the total fatty acids in the cell.

In a further embodiment, the cell according to the invention has reduced ability
to convert oleic acid to eicosenoic acid (C20:1) when compared to a wild-type plant,
and/or less than 5% of the oleic acid is converted to eicosenoic acid in the cell.

In one particular embodiment, the total fatty acid in the cell has less than 1%
C20:1.

In a further embodiment, the cell according to the invention has reduced
endogenous Al5 desaturase activity when compared to a wild-type cell, and/or less than
10% of the LA is converted to ALA in the cell.

In one particular embodiment, the endogenous AlS5 desaturase has greater
activity on an acyl-PC substrate than on the corresponding acyl-CoA substrate,
preferably where the acyl group is LA.

In a further embodiment, the cell of the invention further comprises an increased
conversion of GLA to SDA and/or ARA to EPA relative to the corresponding cell
lacking the exogenous polynucleotides.

In one embodiment, the amount of DHA in the fatty acids in the cell of the
invention is at least 3%, at least 5%, or at least 10%, of the total fatty acids in the cell.

In another embodiment, the efficiency of conversion of LA to ARA and/or ALA
to EPA in the cell of the invention is at least 80% or at least 90%.

In one embodiment, the A9 elongase comprises amino acids having a sequence
as provided in SEQ ID NO:22, a biologically active fragment thereof, or an amino acid
sequence which is at least 80% identical to SEQ ID NO:22.

In a further embodiment, the A8 desaturase comprises amino acids having a
sequence as provided in SEQ ID NO:24, a biologically active fragment thereof, or an
amino acid sequence which is at least 80% identical to SEQ ID NO:24.

In yet another embodiment, the AS desaturase comprises amino acids having a
sequence as provided in SEQ ID NO:26 or SEQ ID NO:13, a biologically active
fragment thereof, or an amino acid sequence which is at least 80% identical to SEQ ID
NO:26 and/or SEQ ID NO:13.
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The present inventors have obtained results which indicate that a set of genes
expressing the A6-desaturase, A6 eclongase, AS desaturase, AS eclongase, and A4
desaturase, or a similar set of genes in particular where the desaturases are active on
acyl-CoA substrates, can be used to synthesise substantial levels of EPA, DPA and
DHA.

Accordingly, the present invention further provides a recombinant cell,
preferably a plant cell and more preferably a plant seed cell, comprising exogenous
polynucleotides encoding;

1) a A6 elongase and/or a A9 elongase,

11) a A6 desaturase and/or a A8 desaturase,

iii) a AS desaturase,

iv) a AS elongase,

v) a A4 desaturase, and

vi) optionally a diacylglycerol acyltransferase
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell, characterised by one
or more or all of the following properties:

a) the efficiency of conversion of ALA to EPA, DPA or DHA is at least 17.3%,
or at least 23%,

b) the efficiency of conversion of ALA to DPA or DHA is at least 15.4%, or at
least 21%,

¢) the efficiency of conversion of ALA to DHA is at least 9.5%, or at least
10.8%, and

d) the efficiency of conversion of EPA to DHA is at least 45%, or at least 50%,
and preferably further characterised in that at least 4% of the total fatty acid in the cell
is DHA.

Preferably, at least 6%, at least 11% or at least 15% of the total fatty acid
incorporated in triacylglycerol in the cell is DHA.

In an embodiment, DHA constitutes 20-65%, preferably, 40-65%, of the total of
SDA, ETA, EPA, DPA and DHA in the cell.

Preferably, of the w3 fatty acids in the cell 0.1-25% is SDA, 0.1-10% is ETA,
0.1-60% is EPA, 0.1-50% is DPA and 30-95% is DHA, more preferably of the w3 fatty
acids in the cell 0.1-25% is SDA, 0.1-10% is ETA, 0.1-50% is EPA, 0.1-50% is DPA
and 40-95% is DHA.
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The A4 desaturase preferably comprises amino acids having a sequence as
provided in SEQ ID NO:73, a biologically active fragment thereof, or an amino acid
sequence which is at least 80% identical to SEQ ID NO:73.

In another aspect, the present invention provides a recombinant cell, preferably a
plant cell and more preferably a plant seed cell, comprising exogenous polynucleotides
encoding;

1) a A6 elongase and/or a A9 elongase,

11) a A6 desaturase and/or a A8 desaturase,

iii) a AS desaturase,

iv) a AS elongase, and

v) optionally a diacylglycerol acyltransferase
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell, characterised by one
or more or all of the following properties:

a) the efficiency of conversion of ALA to EPA or DPA is at least 17.3%, or at
least 23%, and

b) the efficiency of conversion of ALA to DPA is at least 15.4%, or at least
21%,
and preferably further characterised in that at least 4% of the total fatty acid in the cell
is DPA.

Preferably, at least 6%, at least 11% or at least 15% of the total fatty acids
incorporated in triacylglycerol in the cell is DPA.

The DPA preferably constitutes 20-65%, more preferably 40-65%, of the total of
SDA, ETA, EPA and DPA in the cell.

Preferably, of the w3 fatty acids in the cell 0.1-35% is SDA, 0.1-15% is ETA,
0.1-60% is EPA and 30-75% is DPA, more preferably of the @3 fatty acids in the cell
0.1-35% is SDA, 0.1-15% is ETA, 0.1-50% is EPA and 40-75% is DPA.

In one embodiment, the A6 elongase comprises amino acids having a sequence
as provided in SEQ ID NO:4, a biologically active fragment thereof, or an amino acid
sequence which is at least 55% identical to SEQ ID NO:4.

In another embodiment, the A6 desaturase comprises amino acids having a
sequence as provided in SEQ ID NO:8, a biologically active fragment thereof, or an
amino acid sequence which is at least 67% identical to SEQ ID NO:8.

In one embodiment, the A5 desaturase comprises amino acids having a sequence
as provided in SEQ ID NO:26, a biologically active fragment thereof, or an amino acid
sequence which is at least 80% identical to SEQ ID NO:26.
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In yet another embodiment, the AS elongase comprises amino acids having a
sequence as provided in SEQ ID NO:6, a biologically active fragment thereof, or an
amino acid sequence which is at least 47% identical to SEQ ID NO:6.

In one embodiment, the diacylglycerol acyltransferase comprises amino acids
having a sequence as provided in SEQ ID NO:75 or SEQ ID NO:108, a biologically
active fragment thereof, or an amino acid sequence which is at least 80% identical to
SEQ ID NO:75 and/or SEQ ID NO:108.

Combinations of any two, three, four or all of the above enzymes are clearly
encompassed by the invention.

In yet another embodiment, the cell, preferably a plant cell and more preferably
a plant seed cell, of the invention further comprises exogenous polynucleotides
encoding;

1) a A17 desaturase,

i1) a AlS desaturase, and/or

1i1) a Al12 desaturase
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell,

In a further embodiment, one or more or all of the desaturases expressed from
exogenous polynucleotides in the cell of the invention have greater activity on an acyl-
CoA substrate than the corresponding acyl-PC substrate. In a particular embodiment,
the A6 desaturase and the A5 desaturase, the AS desaturase and the A4 desaturase, the
A6 desaturase and the A4 desaturase, or all three of the A6 desaturase, A5 desaturase
and A4 desaturases, or additionally to ecach of these combinations any of Al7
desaturase, A15 desaturase and/or A12 desaturases have greater activity on their acyl-
CoA substrates than the corresponding acyl-PC substrates. In this embodiment, the
other desaturases expressed from exogenous polynucleotides in the cell may or may not
have greater activity on an acyl-CoA substrate than the corresponding acyl-PC
substrate. As would be appreciated, the preferred acyl-CoA substrate for each enzyme
is different.

The present invention further provides a recombinant cell, preferably a plant cell
and more preferably a plant seed cell, comprising an exogenous polynucleotide
encoding a fatty acid elongase with A6 elongase and A9 elongase activity, wherein the
elongase has greater A6 elongase activity than A9 elongase activity.

In one embodiment, the clongase has an efficiency of conversion on SDA to
produce ETA which is at least 50% or at least 60%, and/or an efficiency of conversion
on ALA to produce ETrA which is at least 6% or at least 9%.
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Preferably, the eclongase has at least about 6.5 fold greater A6 elongase activity
than A9 elongase activity.

In yet another embodiment, the elongase has no detectable AS elongase activity.

The elongase preferably comprises amino acids having a sequence as provided
in SEQ ID NO:4, a biologically active fragment thereof, or an amino acid sequence
which is at least 55% identical to SEQ ID NO:4.

In yet another embodiment, the cell further comprises exogenous
polynucleotides encoding;

1) a A8 desaturase and/or a A6 desaturase,

i1) a AS desaturase,

iii) a AS elongase, and

iv) optionally a A4 desaturase and/or an ®3 desaturase,
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell.

The present invention further provides a recombinant cell, preferably a plant cell
and more preferably a plant seed cell, comprising an exogenous polynucleotide
encoding a fatty acid desaturase with AS desaturase activity, wherein the desaturase
comprises amino acids having a sequence as provided in SEQ ID NO:13, a biologically
active fragment thereof, or an amino acid sequence which is at least 53% identical to
SEQ ID NO:13.

The present invention further provides a recombinant cell, preferably a plant cell
and more preferably a plant seed cell, comprising an exogenous polynucleotide
encoding a fatty acid elongase with A9 clongase activity, wherein the elongase
comprises amino acids having a sequence as provided in any one of SEQ ID NOs:28,
94 and 96, a biologically active fragment thereof, an amino acid sequence which is at
least 81% identical to SEQ ID NO:28, or an amino acid sequence which is at least 50%
identical to SEQ ID NO:94 and/or SEQ ID NO:96.

In an embodiment, the A9 elongase comprises amino acids having a sequence as
provided in SEQ ID NO:94 or SEQ ID NO:96, a biologically active fragment thereof,
or an amino acid sequence which is at least 50% identical to SEQ ID NO:94 and/or
SEQ ID NO:96, and wherein the elongase has greater activity on an 6 substrate than
the corresponding ®3 substrate More preferably, the A9 elongase has at least a 2 fold,
more preferably at least a 4 fold greater activity on an @6 substrate (for example LA)
than the corresponding @3 substrate (for example ALA).

In another aspect, the present invention provides a recombinant cell comprising

an exogenous polynucleotide encoding a diacylglycerol acyltransferase, wherein the
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diacylglycerol acyltransferase comprises amino acids having a sequence as provided in
SEQ ID NO:108, a biologically active fragment thereof, or an amino acid sequence
which is at least 54% identical to SEQ ID NO:108.

In one embodiment of the cell according to the invention, the desaturase and/or
elongase, or multiple desaturases and/or elongases, can purified from microalga.
Preferred microalgae are Paviova spp, Pyramimonas spp and Micromonas spp.

In a preferred embodiment, the cell according to the invention is a eukaryotic
cell. For example the cell may be a plant cell, a mammalian cell, an insect cell, a fungal
cell or a yeast cell. The cell may be a cell in tissue culture, in vitro and/or isolated.

In one embodiment, the cell is in a plant and/or is a mature plant seed cell. The
plant may be in the field or harvested as a plant part, or the seed may be harvested seed.

In one particular embodiment, the plant or plant seed is an oilseed plant or an
oilseed respectively.

As the skilled addressee will appreciate, one of more of the defined elongases
and/or desaturases can be co-expressed in the same cell.

In a further embodiment, the cell of the invention is capable of synthesising long
chain polyunsaturated fatty acids (LC-PUFA), wherein the cell is derived from a cell
that is not capable of synthesising said LC-PUFA.

The present inventors have also found that co-expression of a silencing
suppressor can enhance the levels of fatty acid biosynthesis enzymes in plant cells,
particularly over repated generations from the initially transformed plant. Thus, in a
preferred embodiment, a cell of the invention, preferably a plant cell and more
preferably a plant storage organ cell or seed cell, comprises an exogenous
polynucleotide encoding a silencing suppressor.

Preferably, the exogenous polynucleotide encoding the silencing suppressor is
operably linked to a plant storage organ specific promoter. In an embodiment, the plant
storage organ specific promoter is a seed specific promoter, or a cotyledon-specific
promoter or an endosperm-specific promoter that is preferentially expressed in the
developing seed.

The present invention further provides a method of obtaining a cell, preferably a
plant cell and more preferably a plant seed cell, capable of synthesising one or more
long chain polyunsaturated fatty acids (LC-PUFAs), the method comprising

a) introducing into a cell, preferably a cell which is not capable of synthesising
said LC-PUFA, an exogenous polynucleotide encoding a fatty acid w3 desaturase
activity, wherein the polynucleotide is operably linked to a promoter that is capable of
directing expression of said polynucleotide in the cell,
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b) expressing the exogenous polynucleotides in the cell,

¢) analysing the fatty acid composition of the cell, and

d) selecting a cell capable of desaturating at least one of ARA to EPA, DGLA to
ETA, GLA to SDA, both ARA to EPA and DGLA to ETA, both ARA to EPA and
GLA to SDA, or all three of these.

In one embodiment, the selected cell is a cell according to the invention. In
particular, the cell may further comprise a combination of desaturases and elongases as
described herein.

The present invention further provides a method of obtaining a cell, preferably a
plant cell and more preferably a plant seed cell, capable of synthesising one or more
long chain polyunsaturated fatty acids (LC-PUFAs), the method comprising

a) introducing into a cell, preferably a cell which is not capable of synthesising
said LC-PUFA, an exogenous polynucleotide encoding a fatty acid AS eclongase
wherein the polynucleotide is operably linked to a promoter that is capable of directing
expression of said polynucleotide in the cell,

b) expressing the exogenous polynucleotide in the cell,

¢) analysing the fatty acid composition of the cell, and

d) selecting a cell wherein the AS elongase has activity on EPA to produce DPA
with an efficiency of at least 60%, at least 65%, at least 70% or at least 75%.

In one embodiment of the method of the invention, the selected cell is a cell
according to the invention. In particular, the cell may further comprise a combination
of desaturases and elongases as described herein.

The present invention further provides a method of obtaining a cell, preferably a
plant cell and more preferably a plant seed cell, capable of synthesising one or more
long chain polyunsaturated fatty acids (LC-PUFAs), the method comprising

a) introducing into a cell, preferably a cell which is not capable of synthesising
said LC-PUFA, an exogenous polynucleotide encoding a fatty acid A6 desaturase,
wherein the polynucleotide is operably linked to a promoter that is capable of directing
expression of said polynucleotide in the cell,

b) expressing the exogenous polynucleotide in the cell,

¢) analysing the fatty acid composition of the cell, and

d) selecting a cell having at least two, preferably all three, of the following

1) greater A6 desaturase activity on ALA than LA as fatty acid substrate,
preferably in a plant cell,
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11) greater A6 desaturase activity on ALA-CoA as fatty acid substrate than
on ALA joined to the sn-2 position of PC as fatty acid substrate, preferably in a plant
cell, and

111) A6 desaturase activity on ALA and A8 desaturase on ETrA, preferably
in a plant cell.

The present invention further provides a method of obtaining a cell, preferably a
plant cell and more preferably a plant seed cell, capable of synthesising one or more
long chain polyunsaturated fatty acids (LC-PUFAs), the method comprising

a) introducing into a cell, preferably a cell which is not capable of synthesising
said LC-PUFA, an exogenous polynucleotide encoding a fatty acid A6 desaturase,
wherein the polynucleotide is operably linked to a promoter that is capable of directing
expression of said polynucleotide in the cell,

b) expressing the exogenous polynucleotide in the cell,

¢) analysing the fatty acid composition of the cell, and

d) selecting a cell with A6 desaturase activity which has greater activity on an
®3 substrate than the corresponding 6 substrate, and with activity on ALA to produce
SDA with an efficiency of at least 5%, at least 7.5%, or at least 10%, or at least 35%
when expressed in a yeast cell.

In one embodiment, the selected cell is a cell according to the invention. In
particular, the cell may further comprise a combination of desaturases and elongases as
described herein.

The present invention further provides a method of obtaining a cell, preferably a
plant cell and more preferably a plant seed cell, capable of synthesising one or more
long chain polyunsaturated fatty acids (LC-PUFAs), the method comprising

a) introducing into the cell, preferably a cell which is not capable of synthesising
said LC-PUFA, exogenous polynucleotides encoding;

1) a A9 elongase,

i) a A8 desaturase,

iii) a AS desaturase,

iv) optionally a AS elongase, and

v) if the AS elongase is present, optionally a A4 desaturase,
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell,

b) expressing the exogenous polynucleotides in the cell;

¢) analysing the fatty acid composition of the cell, and
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d) selecting a cell where at least 15%, at least 20% or at least 25% of the total
fatty acids comprise at least 20 carbons and at least 3 carbon-carbon double bonds in
their acyl chains.

In one embodiment, the selected cell is a cell according to the invention.

The present invention further provides a method of obtaining a cell, preferably a
plant cell and more preferably a plant seed cell, capable of synthesising one or more
long chain polyunsaturated fatty acids (LC-PUFAs), the method comprising

a) introducing into the cell, preferably a cell which is not capable of synthesising
said LC-PUFA, exogenous polynucleotides encoding;

1) a A6 clongase and/or a A9 elongase,

i) a A6 desaturase and/or a A8 desaturase,

iii) a AS desaturase,

iv) a AS elongase,

v) a A4 desaturase, and

vi) optionally a diacylglycerol acyltransferase,
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell,

b) expressing the exogenous polynucleotides in the cell;

¢) analysing the fatty acid composition of the cell, and

d) selecting a cell characterised by one or more or all of the following
properties:

1) the efficiency of conversion of ALA to EPA, DPA or DHA is at least
17.3%, or at least 23%;

2) the efficiency of conversion of ALA to DPA or DHA is at least 15.4%,
or at least 21%;

3) the efficiency of conversion of ALA to DHA is at least 9.5%, or at least
10.8%; and

4) the efficiency of conversion of EPA to DHA is at least 45%, or at least
50%,;
and preferably further characterised in that at least 4% of the total fatty acid in the cell
is DHA.

In a further aspect, the present invention provides a method of obtaining a cell,
preferably a plant cell and more preferably a plant seed cell, capable of synthesising
one or more long chain polyunsaturated fatty acids (LC-PUFAs), the method

comprising
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a) introducing into the cell, preferably a cell which is not capable of synthesising said
LC-PUFA, exogenous polynucleotides encoding;
-1) a A6 elongase and/or a A9 elongase,

i1) a A6 desaturase and/or a A8 desaturase,

iii) a AS desaturase,

iv) a AS elongase, and

v) optionally a diacylglycerol acyltransferase
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell,

b) expressing the exogenous polynucleotides in the cell;

c) analysing the fatty acid composition of the cell, and

d) selecting a cell characterised by one or more or all of the following
properties:

a) the efficiency of conversion of ALA to EPA or DPA is at least 17.3%, or at
least 23%, and

b) the efficiency of conversion of ALA to DPA is at least 15.4%, or at least
21%,
and preferably further characterised in that at least 4% of the total fatty acid in the cell
is DPA.

In one embodiment of the method according to the invention, the exogenous
polynucleotides become stably integrated into the genome of the cell.

In another embodiment, the method further comprises the step of regenerating a
transformed plant from the cell of step a).

In a further embodiment, the exogenous polynucleotide(s) are expressed
transiently in the cell.

In one embodiment, the cell is a leaf cell in a plant.

The present invention also provides a method of producing a cell which
elongates EPA to produce DPA with an efficiency of at least 65%, the method
comprising introducing a nucleic acid molecule into a cell, wherein the nucleic acid
molecule has been selected according to the present invention.

The present invention further provides a process for selecting a nucleic acid
molecule involved in fatty acid desaturation comprising:

1) obtaining a nucleic acid molecule operably linked to a promoter, the nucleic
acid molecule encoding a polypeptide which may be a fatty acid desaturase;

i1) introducing the nucleic acid molecule into a cell in which the promoter is
active;
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iii) expressing the nucleic acid molecule in the cell;

iv) analysing the fatty acid composition of the cell; and

v) selecting the nucleic acid molecule involved in fatty acid desaturation on the basis that the
polypeptide has ©3 desaturase activity and is capable of desaturating at least one of ARA to EPA,
DGLA to ETA, GLA to SDA, both ARA to EPA and DGLA to ETA, both ARA to EPA and GLA
to SDA, or all three of these.

In one embodiment of the process, the amino acid sequence of the polypeptide is at least
35% identical to SEQ ID NO:15, at least 60% identical to SEQ ID NO:17 and/or at least 60%
identical to SEQ ID NO:20.

The present invention further provides a process for selecting a nucleic acid molecule
involved in fatty acid elongation comprising;:

i) obtaining a nucleic acid molecule operably linked to a promoter, the nucleic acid molecule
encoding a polypeptide which may be a fatty acid elongase,

i1) introducing the nucleic acid molecule into a cell in which the promoter is active,

iii) expressing the nucleic acid molecule in the cell;

iv) analysing the fatty acid composition of the cell; and

v) selecting the nucleic acid molecule involved in fatty acid elongation on the basis that the
polypeptide has AS elongase activity and an efficiency of conversion on EPA to produce DPA
which is at least 60%, at least 65%, at least 70% or at least 75%.

The present invention also provides a process for selecting a nucleic acid molecule involved
in fatty acid elongation comprising:

i) obtaining a nucleic acid molecule operably linked to a promoter, the nucleic acid molecule
encoding a polypeptide which may be a fatty acid elongase,

ii) introducing the nucleic acid molecule into a cell in which the promoter is active,

iii) expressing the nucleic acid molecule in the cell;

iv) analysing the fatty acid composition of the cell; and

v) selecting the nucleic acid molecule involved in fatty acid elongation on the basis that the
polypeptide elongates eicosapentaenoic acid (EPA) to produce docosapentaenoic acid (DPA) with
an elongation efficiency of at least 65%.

The present invention also provides a process for selecting a nucleic acid molecule involved
in fatty acid elongation comprising:

i) obtaining a nucleic acid molecule operably linked to a promoter, the nucleic acid molecule
encoding a polypeptide which may be a fatty acid elongase,

i1) introducing the nucleic acid molecule into a cell in which the promoter is active,

iii) expressing the nucleic acid molecule in the cell together with exogenous polynucleotides
encoding;

a) a A8 desaturase and/or a A6 desaturase,
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b) a A9 elongase and/or a A6 elongase,
¢) a AS desaturase, and
d) optionally a A4 desaturase and/or an ©3 desaturase,
wherein each polynucleotide is operably linked to one or more promoters that are capable of
directing expression of said polynucleotides in the cell;
iv) analysing the fatty acid composition of the cell; and
v) selecting the nucleic acid molecule involved in fatty acid elongation on the basis that the
polypeptide elongates eicosapentaenoic acid (EPA) to produce docosapentaenoic acid (DPA) with
an elongation efficiency of at least 65%.
In one embodiment, the amino acid sequence of the polypeptide is at least 47% identical, or
at least 60% identical, to SEQ ID NO:6.
In one embodiment, the amino acid sequence of the polypeptide is at least 47% identical to
SEQ ID NO:6.
In one embodiment, the cell further comprising exogenous polynucleotides encoding;
i) a A8 desaturase and/or a A6 desaturase,

ii) a A9 elongase and/or a A6 elongase,
iii) a AS desaturase, and

iv) optionally a A4 desaturase and/or an ®3 desaturase,
wherein each polynucleotide is operably linked to one or more promoters that are capable of
directing expression of said polynucleotides in the cell.

The present invention further provides a process for selecting a nucleic acid molecule
involved in fatty acid desaturation comprising:

i) obtaining a nucleic acid molecule operably linked to a promoter, the nucleic acid molecule
encoding a polypeptide which may be a fatty acid desaturase,

ii) introducing the nucleic acid molecule into a cell in which the promoter is active,

iii) expressing the nucleic acid molecule in the cell;

iv) analysing the fatty acid composition of the cell; and

v) selecting a nucleic acid molecule involved in fatty acid desaturation on the basis that the
polypeptide has A6 desaturase activity and at least two, preferably all three, of the following:

a) greater A6 desaturase activity on ALA than LA as fatty acid substrate, preferably in a
plant cell,

b) greater A6 desaturase activity on ALA-CoA as fatty acid substrate than on ALA joined to
the sn-2 position of PC as fatty acid substrate, preferably in a plant cell, and

c) A8 desaturase activity on ALA, preferably in a plant cell.
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In one embodiment of the process, the amino acid sequence of the polypeptide is
at least 77% identical to SEQ ID NO:10 and/or is at least 67% identical to SEQ ID
NO:8.

The present invention further provides a process for selecting a nucleic acid
molecule involved in fatty acid desaturation comprising:

1) obtaining a nucleic acid molecule operably linked to a promoter, the nucleic
acid molecule encoding a polypeptide which may be a fatty acid desaturase,

i1) introducing the nucleic acid molecule into a cell in which the promoter is
active,

1i1) expressing the nucleic acid molecule in the cell;

1v) analysing the fatty acid composition of the cell; and

v) selecting a nucleic acid molecule involved fatty acid desaturation on the
basis that the polypeptide has both A6 desaturase and A8 desaturase activities.

In one embodiment, the amino acid sequence of the polypeptide is at least 67%
identical to SEQ ID NO:8.

In a further embodiment, step (v) of the process of the invention comprises
selecting a nucleic acid molecule encoding a desaturase active on acyl-CoA substrates
or a front-end desaturase.

The present invention further provides a combination of exogenous
polynucleotides as defined herein when used to produce a recombinant cell, express a
combination of at least two fatty acid desaturases and two fatty acid elongases in a
recombinant cell, and/or to produce LC-PUFA in a recombinant cell.

The present invention further provides a substantially purified and/or
recombinant fatty acid AS elongase, wherein the elongase has activity on EPA to
produce DPA with an efficiency of at least 60%, at least 65%, at least 70% or at least
75% when expressed from an exogenous polynucleotide in a cell.

In one embodiment, the AS elongase of is characterised by any one or more of
the properties as defined herein.

The present invention further provides a substantially purified and/or
recombinant fatty acid 3 desaturase which is capable of desaturating at least one of
ARA to EPA, DGLA to ETA, GLA to SDA, both ARA to EPA and DGLA to ETA,
both ARA to EPA and GLA to SDA, or all three of these when expressed from an
exogenous polynucleotide in a cell.

In one embodiment, the @3 desaturase of the invention is characterised by any
one or more of the properties as defined herein.
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The present invention further provides a substantially purified and/or
recombinant fatty acid A6 desaturase, wherein the desaturase is further characterised by
having at least two, preferably all three, of the following;

1) greater A6 desaturase activity on ALA than LA as fatty acid substrate,
preferably in a plant cell,

11) greater A6 desaturase activity on ALA-CoA as fatty acid substrate than on
ALA joined to the sn-2 position of PC as fatty acid substrate, preferably in a plant cell,
and

111) A8 desaturase activity on ETrA, preferably in a plant cell.

The present invention further provides a substantially purified and/or
recombinant fatty acid A6 desaturase, wherein the desaturase has greater activity on an
®3 substrate than the corresponding w6 substrate, and wherein the desaturase has
activity on ALA to produce SDA with an efficiency of at least 5%, at least 7.5%, or at
least 10% when the desaturase is expressed from an exogenous polynucleotide in a cell,
or at least 35% when expressed in a yeast cell.

In one embodiment, the A6 desaturase of the invention is characterised by any
one or more of the properties as defined herein.

The present invention further provides a substantially purified and/or
recombinant fatty acid A6 elongase and A9 elongase, wherein the elongase has greater
A6 elongase activity than A9 elongase activity.

In one embodiment, the A6 elongase and A9 clongase of the invention is
characterised by any one or more of the properties as defined herein.

The present invention further provides a substantially purified and/or
recombinant fatty acid AS desaturase which comprises amino acids having a sequence
as provided in SEQ ID NO:13, a biologically active fragment thereof, or an amino acid
sequence which is at least 53% identical to SEQ ID NO:13.

The present invention further provides a substantially purified and/or
recombinant fatty acid A9 elongase which comprises amino acids having a sequence as
provided in any one of SEQ ID NOs: 28, 94 and 96, a biologically active fragment
thereof, an amino acid sequence which is at least 81% identical to SEQ ID NO:28, or
an amino acid sequence which is at least 50% identical to SEQ ID NO:94 and/or SEQ
ID NO:96.

In an embodiment, the A9 elongase comprises amino acids having a sequence as
provided in SEQ ID NO:94 or SEQ ID NO:96, a biologically active fragment thereof,
or an amino acid sequence which is at least 50% identical to SEQ ID NO:94 and/or
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SEQ ID NO:96, and wherein the elongase has greater activity on an 6 substrate than
the corresponding m3 substrate.

In another aspect, the present invention provides a substantially purified and/or
recombinant diacylglycerol acyltransferase which comprises amino acids having a
sequence as provided in SEQ ID NO:108, a biologically active fragment thereof, or an
amino acid sequence which is at least 54% identical to SEQ ID NO:108.

In an embodiment, the desaturase or elongase according to the invention can
purified from microalga. Preferred microalgae are Paviova spp, Pyramimonas spp and
Micromonas spp.

The present invention further provides an isolated and/or exogenous
polynucleotide comprising:

1) a sequence of nucleotides selected from any one of SEQ ID NOs:3, 5, 7, 9, 11,
12, 14, 16, 18, 19, 27, 29, 93, 95, 107 or 125 to 129,

i1) a sequence of nucleotides encoding a desaturase or an elongase according to
the invention,

1i1) a sequence of nucleotides which are at least 50% identical to one or more of
the sequences set forth in SEQ ID NOs: 3,5, 7,9, 11, 12, 14, 16, 18, 19, 27, 29, 93, 95,
107 or 125 to 129 and/or

iv) a sequence which hybridises to any one of 1) to iii) under stringent
conditions.

In one embodiment, the isolated and/or exogenous polynucleotide comprises a
sequence of nucleotides which is at least 57% identical to SEQ ID NO:3 and/or SEQ ID
NO:126, and encodes a A6 elongase.

In another embodiment, the isolated and/or exogenous polynucleotide comprises
a sequence of nucleotides which is at least 50% identical to SEQ ID NO:14, SEQ ID
NO:16, SEQ ID NO:18 and/or SEQ ID NO:19, and encodes a @3 desaturase.

In another embodiment, the isolated and/or exogenous polynucleotide comprises
a sequence of nucleotides which is at least 50% identical to SEQ ID NO:5 and/or SEQ
ID NO:128, and encodes a AS elongase.

In one embodiment, the isolated and/or exogenous polynucleotide comprises a
sequence of nucleotides which is at least 75% identical to SEQ ID NO:7, SEQ ID
NO:9, SEQ ID NO:11 and/or SEQ ID NO:125, and encodes a A6 desaturase.

In yet another embodiment, the isolated and/or exogenous polynucleotide
comprises a sequence of nucleotides which is at least 60% identical to SEQ ID NO:12,
and encodes a AS desaturase.
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In another embodiment, the isolated and/or exogenous polynucleotide comprises
a sequence of nucleotides which is at least 50% identical to SEQ ID NO:27, SEQ ID
NO:29, SEQ ID NO:93 and/or SEQ ID NO:96, and encodes a A9 clongase.

In yet another embodiment, the isolated and/or exogenous polynucleotide
comprises a sequence of nucleotides which is at least 60% identical to SEQ ID NO:107,
and encodes a diacylglycerol acyltransferase.

In one particular embodiment, the isolated and/or exogenous polynucleotide is at
least 80%, or at least 90%, or at least 95%, or at least 99% identical to one of the
sequences set forth in SEQ ID NOs: 3,5, 7,9, 11, 12, 14, 16, 18, 19, 27, 29, 93, 95, 107
or 125 to 129.

The present invention further provides a DNA construct for integration, and/or
integrated, into the genome of a plant cell, the construct comprising a cluster of at least
three open reading frames encoding proteins which modulate fatty acid synthesis in the
plant cell, preferably each protein being a fatty acid desaturase or a fatty acid elongase,
wherein each open reading frame having the same transcription orientation is separated
by at least 750bp, at least 1,000bp or at least 1,250bp, and at least two of the open
reading frames have different transcription orientations, wherein each open reading
frame is operably linked to a promoter which is active in the plant cell and each
promoter may independently be the same or different.

Preferably, at least two of the promoters are in the DNA construct are different.

One or more or each open reading frame is preferably operably linked to a
heterologous 5’ leader sequence, each of which may independently be the same or
different, wherein each heterologous 5’ leader sequence enhances translation efficiency
relative to the naturally occurring 5’ leader sequence for the particular open reading
frame.

In the DNA construct of the invention, the heterologous 5’ leader sequence is
preferably a tobacco mosaic virus (TMV) 5’ leader sequence.

In the DNA construct according to the invention, the proteins preferably are
elongases and/or desaturases, more preferably a combination as described herein.

In yet another embodiment, the DNA construct according to the invention has
only three or four open reading frames that are translated into proteins.

The present invention further provides a vector comprising the polynucleotide
according to the invention and/or the DNA construct according to the invention.

Preferably, the polynucleotide is operably linked to a promoter.

The present invention further provides a method of producing the desaturase or
elongase according to the invention, the method comprising expressing in a cell or cell
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free expression system the polynucleotide of the invention, the DNA construct of the
invention and/or the vector of the invention.

The present inventors have also surprisingly found that at least three
independent extrachromosomal transfer nucleic acids comprising different exogenous
polynucleotides can be transiently tranfected into a eukaryotic cell and the activity of
each exogenous polynucleotide detected in the cell, in combination. Thus, in another
aspect the present invention further provides a method of transiently transfecting a
cukaryotic cell with at least three different exogenous polynucleotides, the method
comprising

1) obtaining at least

a) a first bacterium comprising an extrachromosomal transfer nucleic acid
comprising a first exogenous polynucleotide,

b) a second bacterium comprising an extrachromosomal transfer nucleic
acid comprising a second exogenous polynucleotide, and

¢) a third bacterium comprising an extrachromosomal transfer nucleic acid
comprising a third exogenous polynucleotide, and

11) contacting the cell with the bacteria of step 1),
wherein each of the extrachromosomal transfer nucleic acids are transferred from the
bacteria to the cell to produce the transiently transfected cell, wherein each of the
exogenous polynucleotides comprises a promoter which is active in the cell, wherein
each promoter may independently be the same or different, and wherein at least one of
the exogenous polynucleotides encodes a silencing suppressor.

Step i) may be conducted sequentially or simultaneously with one or more of
the bacteria. For example, the cell can be contacted with the first bacteria, then the
second bacteria and so on. In another example, the cell is contacted with each
bacterium at the same time, preferably as a mixture of the bacteria. The concentrations
of the different bacteria may be varied relative to each other or may be the same or
similar. The bacteria may be pooled isolates, for example comprising a number of
isolates from a library of strains.

In an embodiment, the method further comprises obtaining, and then contacting
the cell with, one or more additional bacteria each comprising an extrachromosomal
transfer nucleic acid comprising different exogenous polynucleotides. For instance, in
one embodiment, the method comprises obtaining, and then contacting the cell with, a
fourth bacterium comprising an extrachromosomal transfer nucleic acid comprising a
fourth exogenous polynucleotide. In an additional embodiment, the method comprises
obtaining, and then contacting the cell with, a fifth bacterium comprising an
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extrachromosomal transfer nucleic acid comprising a fifth exogenous polynucleotide.
In an additional embodiment, the method comprises obtaining, and then contacting the
cell with, a sixth bacterium comprising an extrachromosomal transfer nucleic acid
comprising a sixth exogenous polynucleotide. In an additional embodiment, the
method comprises obtaining, and then contacting the cell with, a seventh bacterium
comprising an extrachromosomal transfer nucleic acid comprising a seventh exogenous
polynucleotide. In yet another additional embodiment, the method comprises
obtaining, and then contacting the cell with, an eighth bacterium comprising an
extrachromosomal transfer nucleic acid comprising an eighth exogenous
polynucleotide.

Preferably, the different exogenous polynucleotides encode different RNA
molecules and/or polypeptides.

In an embodiment, cach exogenous polynucleotide encodes an enzyme which
forms part of an enzymatic pathway or is a candidate for such an enzyme.

The above aspect is particularly useful for studying polynucleotides and/or
polypeptides which form large and/or complex biological pathways. Accordingly, in a
preferred embodiment, each exogenous polynucleotide encodes an enzyme, or is a
candidate for such an enzyme, involved in fatty acid synthesis, fatty acid modification,
diacylglycerol assembly, triacylglycerol assembly, or a combination of two or more
thereof.

In an embodiment, one or more of the bacteria is in the form of a protoplast.
Examples of bacterium useful for the invention include, but are not limited to,
Agrobacterium sp., Rhizobium sp., Sinorhizobium meliloti, Mezorhizobium loti,
Shigella  flexneri, Salmonella typhimurium, Salmonella choleraesuis, Listeria
monocytogenes, Escherichia coli, Yersinia pseudotuberculosis and Yersinia
enterocolitica.

Examples of extrachromosomal transfer nucleic acids useful for the invention
include, but arec not limited to, arc P-DNA, Agrobacterium sp. T-DNA, or a
combination thereof.

Preferably, the cell of the above aspect is a plant cell or a mammalian cell. In an
embodiment, the cell is part of a tissue or organ. In another embodiment, the cell is a
plant cell, and the tissue or organ is a leaf, stem, root, meristem, callus, or ovule.

The present inventors have also determined that when the promoters are seed-
specific promoters the expression of the exogenous polynucleotides in leaf cells can be
enhanced by co-expression of a seed specific transcription factor such as leafy
cotyledon 2, fusca3 or abscisic acid-senstive3. Examples of leafy cotyledon 2 proteins
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include, but are not limited to, those described in WO 01/70777. Thus, in a preferred
embodiment, the plant cell is a plant leaf cell, at least one of the promoters is a seed-
specific promoter and at least one of the exogenous polynucleotides encodes a seed-
specific transcription such as leafy cotyledon 2.

In an embodiment, none of the exogenous polynucleotides are a viral gene. In
an embodiment, one or more of the exogenous polynucleotides are only present in the
extrachromosomal transfer nucleic acid as a single copy, not as a multimer or partial
multimer of a defined nucleic acid sequence. In a further embodiment, at least one of
the extrachromosomal transfer nucleic acids does not comprise an origin of replication
which is functional in the cell, preferably not a viral origin of replication and more
preferably not the FBNY'V origin of replication. In a further embodiment, none of the
exogenous polynucleotides encodes a viral replicase or a viral movement protein such
as those described in WO 2007/137788 and by Marillonnet et al. (2005).

Also provided is a method of screening a transiently transfected cell for a
desired activity, the method comprising performing the method of transiently
transfecting a cukaryotic cell with at least three exogenous polynucleotides of the
invention, and testing the cell for the desired activity.

The present inventors also identified that the transformation of cells, particularly
plant cells, with more that six different genescan be enhanced providing the genes
through different extrachromosomal transfer nucleic acids. Thus, in another aspect the
present invention provides a method of transforming a eukaryotic cell with at least six
different exogenous polynucleotides, the method comprising

1) obtaining at least

a) a first bacterium comprising a first extrachromosomal transfer nucleic
acid which comprises three, four, five or six different exogenous polynucleotides, and

b) a second bacterium comprising a second extrachromosomal transfer
nucleic acid different to the first which comprises three, four, five or six different
exogenous polynucleotides,

i1) contacting the cell with the bacteria of step 1), and

1i1) optionally selecting a cell stably transformed with the exogenous
polynucleotides of the first and second extrachromosomal transfer nucleic acids,
wherein each of the exogenous polynucleotides of the first and second
extrachromosomal transfer nucleic acids are transferred from the bacteria to the cell to
produce the transformed cell, wherein each of the exogenous polynucleotides
comprises a promoter which is active in the cell or a cell derivable therefrom, and
wherein each promoter may independently be the same or different.
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Steps 1)a) and 1)b) may be conducted sequentially or simultaneously with the
two bacteria. For example, the cell can be contacted with the first bacteria and then the
second bacteria. The cell contacted with the second bacterium may be a progeny cell
or derived from the cell contacted with the first bacterium. In another example, the cell
1s contacted with both of the bacteria at the same time.

In an embodiment, the i) first extrachromosomal transfer nucleic acid, has only
three to six, only three to five, only three to four, only four to six, only four to five, or
only five to six different exogenous polynucleotides, and ii) the second
extrachromosomal transfer nucleic acid, has only three to six, only three to five, only
three to four, only four to six, only four to five, or only five to six different exogenous
polynucleotides.

Preferably, each of the exogenous polynucleotides encode polypeptides, and
wherein each of the polypeptides are different.

In a further embodiment,

1) the first extrachromosomal transfer nucleic acid comprises two exogenous
polynucleotides independently encoding polypeptides selected from the group
consisting of a A6 desaturase, a A12 desaturase and a A15 desaturase, and

ii) the second extrachromosomal transfer nucleic acid comprises an exogenous
polynucleotide which encodes a polypeptide which is the third enzyme from the group.

Preferably, the cell is a plant cell and the method further comprises the step of
generating a transformed plant from the stably transformed cell.

Also provided is a cell produced by the method method of transiently
transfecting a cukaryotic cell with at least three exogenous polynucleotides of the
invention, or the method of transforming a eukaryotic cell with at least six different
exogenous polynucleotides of the invention.

In yet a further aspect, the present invention provides a method of producing a
stably transformed plant with at least six different exogenous polynucleotides, the
method comprising

1) obtaining a first stably transformed plant comprising a first exogenous
genomic region comprising three, four, five or six different exogenous polynucleotides,

i1) obtaining a second stably transformed plant of a sexually compatible species
with the first and comprising a second exogenous genomic region different to the first
comprising three, four, five or six different exogenous polynucleotides,

1i1) crossing the first stably transformed plant with the second stably transformed
plant, and
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iv) selecting a plant produced from step iii) or a progeny thereof which
comprises the first and second genomic regions thereby producing the stably
transformed plant,
wherein each of the exogenous polynucleotides comprises a promoter which is active in
the plant, and wherein each promoter may independently be the same or different.

In a preferred embodiment, the exogenous polynucleotides of the first and/or
second exogenous genomic regions are orientated and spaced as outlined above for the
DNA construct of the invention.

Any one promoter sequence may be present multiple times, or may be used only
once within the first and second exogenous genomic regions, or one or more promoters
may be used multiple times and one or more other promoters be used only once in the
first and second exogenous genomic regions. Each plant promoter may be,
independently, preferentially active in a tissue or organ of the plant, such as in the leaf
or seed, relative to other tissues or organs. This may allow for simultaneous
expression, or overlapping expression, of all of the introduced protein coding regions,
in the plant organ or tissue. In an alternative embodiment, one or more promoters are
constitutively expressed in the plant and one or more other promoters are preferentially
expressed in the plant organ or tissue.

In an embodiment, step 1) comprises producing the first stably transformed plant
by

a) contacting a plant cell with a first bacterium comprising a first
extrachromosomal transfer nucleic acid which comprises three, four, five or six
different exogenous polynucleotides,

b) generating a stably transformed plant from the plant cell of step a), and
optionally

¢) producing a progeny plant from the stably transformed plant of step b);
and/or step i1) comprises producing the second stably transformed plant by

d) contacting a plant cell with a second bacterium comprising a second
extrachromosomal transfer nucleic acid which comprises three, four, five or six
different exogenous polynucleotides,

¢) generating a stably transformed plant from the plant cell of step d), and
optionally

f) producing a progeny plant from the stably transformed plant of step ¢).

In another aspect, the present invention provides a method of producing a stably
transformed plant with at least six different exogenous polynucleotides, the method

comprising
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1) obtaining a first stably transformed plant or plant part comprising a first
exogenous genomic region comprising three, four, five or six different exogenous
polynucleotides,

i1) contacting a cell of the first stably transformed plant or plant part with a
bacterium comprising an extrachromosomal transfer nucleic acid which comprises
three, four, five or six different exogenous polynucleotides,

111) producing a plant from the cell, and

1v) optionally, selecting a plant produced from step iii) which comprises the at
least six different exogenous polynucleotides.

With regard to the step of “contacting the cell with the bacteria of step 1) of the
above aspects, as the skilled addressee would be aware this is preformed for a suitable
time and under suitable conditions for the extrachromosomal transfer nucleic acids to
be transferred from the bacteria to the cell.

In a further aspect, the present invention provides a eukaryotic cell comprising
at least

a) a first extrachromosomal transfer nucleic acid comprising a first exogenous
polynucleotide,

b) a second extrachromosomal transfer nucleic acid comprising a second
exogenous polynucleotide, and

¢) a third extrachromosomal transfer nucleic acid comprising a third exogenous
polynucleotide.

In an embodiment, the cell further one or more additional bacteria each
comprising an extrachromosomal transfer nucleic acid comprising different exogenous
polynucleotides.

Also provided is a plant, or progeny thercof, or seed comprising a first
exogenous genomic region comprising three, four, five or six different exogenous
polynucleotides, and a second exogenous genomic region comprising three, four, five
or six different exogenous polynucleotides. The exogenous polynucleotides of the
exogenous genomic region(s) are preferably oriented and spaced as described above for
the DNA construct.

The present invention further provides a transgenic non-human organism
comprising a cell according to the invention. In an embodiment, each cell of the
organism is a cell according to the invention.

Preferably, the transgenic non-human organism is a transgenic plant, more
preferably a transgenic oilseed plant to produce the oil as listed below. In a further

embodiment, the transgenic plant comprises at least one additional exogenous
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polynucleotide encoding a silencing suppressor operably linked to a plant storage
organ specific promoter, wherein the plant is phenotypically normal.

The present invention further provides a seed comprising the cell according to
the invention or obtained from the transgenic plant of the invention.

The present invention further provides oil produced by, or obtained from, the
cell according to the invention, the transgenic non-human organism of the invention, or
the seed of the invention.

In one embodiment, the oil is obtained by extraction of oil from an oilseed.

In one embodiment, the oil is canola oil (Brassica napus, Brassica rapa ssp.),
mustard oil (Brassica juncea), other Brassica oil, sunflower oil (Helianthus annus),
linseed oil (Linum usitatissimum), soybean oil (Glycine max), safflower oil (Carthamus
tinctorius), corn oil (Zea mays), tobacco oil (Nicotiana tabacum), peanut oil (Arachis
hypogaea), palm oil, cottonseed oil (Gossypium hirsutum), coconut oil (Cocos
nucifera), avocado oil (Persea americana), olive oil (Olea europaea), cashew oil
(Anacardium occidentale), macadamia oil (Macadamia intergrifolia), almond oil
(Prunus amygdalus) or Arabidopsis seed oil (Arabidopsis thaliana).

The present invention further provides a fatty acid produced by, or obtained
from, the cell according to the invention, the transgenic non-human organism of the
invention, or the seed of the invention.

The present invention further provides a process for producing oil comprising
eicosapentaenoic acid and docosapentaenoic acid, the process comprising the steps of i)
obtaining a cell comprising eicosapentaenoic acid and docosapentaenoic acid which
were produced from a-linolenic acid in the cell and which are present in an esterified
form as part of triglycerides at levels based on an efficiency of conversion of o-
linolenic acid to eicosapentaenoic acid of at least 17.3% and an efficiency of
conversion of eicosapentaenoic acid to docosapentaenoic acid of at least 65%, and ii)
extracting oil from the cell so as to thereby produce the oil.

In one embodiment, the cell is a cell in a seed of an oilseed plant.

In one embodiment the oilseed plant is a Brassica or Glycine max.

In an embodiment, the process further comprises a step of degumming, caustic
refining, bleaching or deodorizing the extracted oil.

In another embodiment, one or more of the following features apply

i) arachidonic acid, eicosapentaenoic acid, docosapentaenoic acid and
docosahexaenoic acid together comprise at least 15% of the total fatty acid in the oil,
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ii) docosapentaenoic acid and docosahexaenoic acid are present at levels based
on an efficiency of conversion of a-linolenic acid to docosapentaenoic acid or
docosahexaenoic acid of at least 15.4%,

iii) docosahexaenoic acid is present at a level based on an efficiency of
conversion of a.-linolenic acid to docosahexaenoic acid of at least 9.5%,

iv) docosahexaenoic acid is present at a level based on an efficiency of
conversion of eicosapentaenoic acid to docosahexaenoic acid of at least 45%,

v) the total fatty acid in the oil comprises at least 4% docosahexaenoic acid,

vi) at least 6% of the total fatty acid incorporated in triacylglycerol in the oil is
docosahexaenoic acid, or

vii) the process further comprises formulating the oil into a pharmaceutical
composition or feedstuff.

The present invention further provides a method of producing oil containing
polyunsaturated fatty acids, the method comprising extracting oil from the cell
according to the invention, the transgenic non-human organism of the invention, or the
seed of the invention.

The present invention further provides a composition comprising a cell
according to the invention, the desaturase or elongase according to the invention, a
polynucleotide according to the invention, a DNA construct according to the invention,
a vector of the invention, an oil according to the invention or a fatty acid of the
invention.

The present invention further provides feedstuffs, cosmetics or chemicals
comprising the cell according to the invention, the transgenic non-human organism
according to the invention, the seed according to the invention, the oil according to the
invention and/or the fatty acid of the invention.

The present invention further provides a method of performing a desaturase
reaction, the method comprising contacting a polyunsaturated fatty acid esterified to
CoA with the desaturase of the invention.
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The present invention further provides a substantially purified antibody, or
fragment thereof, that specifically binds a desaturase or elongase of the invention.

The present invention further provides a method of treating or preventing a
condition which would benefit from a PUFA, the method comprising administering to a
subject a cell according to the invention, the desaturase or elongase according to the
invention, a polynucleotide according to the invention, a DNA construct according to
the invention, a vector of the invention, a transgenic non-human organism according to
the invention, a seed according to the invention, an oil according to the invention or a
fatty acid of the invention and/or a feedstuff of the invnetion.

In one embodiment, the condition is cardiac arrhythmia’s, angioplasty,
inflammation, asthma, psoriasis, osteoporosis, kidney stones, AIDS, multiple sclerosis,
rheumatoid arthritis, Crohn’s disease, schizophrenia, cancer, foetal alcohol syndrome,
attention deficient hyperactivity disorder, cystic fibrosis, phenylketonuria, unipolar
depression, aggressive hostility, adrenoleukodystophy, coronary heart disease,
hypertension, diabetes, obesity, Alzheimer’s discase, chronic obstructive pulmonary
disease, ulcerative colitis, restenosis after angioplasty, eczema, high blood pressure,
platelet aggregation, gastrointestinal bleeding, endometriosis, premenstrual syndrome,
myalgic encephalomyelitis, chronic fatigue after viral infections or an ocular disease.

The present invention further provides use of a cell according to the invention,
the desaturase or elongase according to the invention, a polynucleotide according to the
invention, a DNA construct according to the invention, a vector of the invention, a
transgenic non-human organism according to the invention, a seed according to the
invention, an oil according to the invention or a fatty acid of the invention and/or a
feedstuff of the invention for the manufacture of a medicament for treating or
preventing a condition which would benefit from a PUFA.

The present inventors have surprisingly found that silencing suppressors can
preferentially be expressed in plant storage organs to enhance the levels of transgene
expression in plant cells without significantly effecting plant development.

Accordingly, the present invention provides a plant cell comprising

1) a first exogenous polynucleotide encoding a silencing suppressor, operably
linked to a plant storage organ specific promoter, and

ii) a second exogenous polynucleotide encoding an RNA molecule, operably
linked to a promoter which directs gene transcription in the plant storage organ.

Preferably, the plant storage organ specific promoter is a seed specific promoter
such as a cotyledon specific promoter or an endosperm specific promoter.



WO 2010/057246 PCT/AU2009/001488

31

In an embodiment, the silencing suppressor is a viral suppressor protein such as,
but not limited to, P1, P19, V2, P38, P15, Pe-Po and RPV-P0.

Typically, when the viral suppressor protein is constitutively expressed in a
plant the plant is phenotypically abnormal, but when the silencing suppressor is
expressed specifically in the storage organ, the plant is phenotypically normal.
Examples of such viral suppressor proteins include, but are not limited to, P1, P19 and
P15.

In a further embodiment, the viral suppressor protein reduces microRNA
accumulation and/or microRNA guided cleavage.

The RNA molecule may be functional per se such as, but not limited to, an
antisense polynucleotide, catalytic polynucleotide, dsRNA and/or microRNA.
Alternatively, the RNA molecule may encode a polypeptide with a desired function
such as, but not limited to, an enzyme involved in fatty acid synthesis or modification,
a seed storage protein such as for example, a cereal glutenin or gliadin, an enzyme
involved in carbohydrate synthesis or modification, secondary metabolism or a
pharmaceutical. Examples of pharmaceutical proteins include, but are not limited to,
antibodies as well as antibody-related molecules and fragments thereof, antigenic
polypeptides which can, for example, provide immune protection against cancer, an
infectious agent, a cytokine such as, for example, granulocyte-macrophage colony
stimulating factor, interferon-o, human serum albumin, and erythropoietin.

In a further embodiment, the cell comprises at least one, at least two, at least
three, at least four or at least five or more additional different exogenous
polynucleotides, each encoding an RNA molecule and being operably linked to a
promoter which directs gene transcription in the storage organ. Each exogenous
polynucleotide may be operably linbed to the same promoter, different promorters or a
combination thereof.

In an embodiment the exogenous polynucleotides are DNA.

In a further embodiment, the cell is in a plant storage organ such as a seed.

In a preferred embodiment, the RNA moleceule is present at an increased level
relative to an isogenic cell lacking the first exogenous polynucleotide. Preferably the
level is increased at least 10%, at least 20%, and more preferably at least 30%.

In another embodiment, at least one RNA molecule encoded by at least of the
additional exogenous polynucleotides is present at an increased level relative to an
isogenic cell lacking the first exogenous polynucleotide.

Also provided is a transgenic plant comprising a cell of the above aspect. In an
embodiment, each cell of the plant is as defined in the above aspect. In a particularly
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preferred embodiment, the plant is phenotypically normal when compared to a plant
lacking said cell.

In yet another aspect provided is a plant storage organ comprising a cell of the
above aspect and/or obtained from the transgenic plant defined above.

In an embodiment, the plant storage organ is a seed.

In a further aspect, provided is a method of obtaining a phenotypically normal
plant having increased levels of an RNA molecule in its storage organ, comprising

a) introducing into a plant cell

1) a first exogenous polynucleotide encoding a silencing suppressor
operably linked to a plant storage organ specific promoter, and

1) a second exogenous polynucleotide encoding an RNA molecule
operably linked to a promoter which directs gene transcription in the plant storage
organ,

b) regenerating a transformed plant from the cell of step a),

¢) growing the transformed plant until it produces storage organs,

d) determining the level of the RNA molecule in the storage organ, and

e) selecting a plant which is phenotypically normal, and wherein the RNA
molecule is present at an increased level in the storage organ relative to a
corresponding storage organ lacking the first exogenous polynucleotide.

In yet a further aspect, provided is a method of obtaining a phenotypically
normal plant having stabilized expression of an RNA molecule in its storage organ,
comprising

a) introducing into a plant cell

1) a first exogenous polynucleotide encoding a silencing suppressor
operably linked to a plant storage organ specific promoter, and

1) a second exogenous polynucleotide encoding an RNA molecule
operably linked to a promoter which directs gene transcription in the plant storage
organ,

b) regenerating a transformed plant from the cell of step a),

¢) producing a third generation progeny plant which comprises the storage organ
from the plant of step b), and

d) selecting a third generation progeny plant wherein the RNA molecule is
present in the storage organ at a level which is at least 90% of the level in a storage
organ of a previous generation of the plant.

Preferably, the exogenous polynucleotides of the above aspects are stably
integrated into the genome of the cell.
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In yet another aspect, the present invention provides a method of stabilising
expression of an RNA molecule in a storage organ of a transgenic plant, comprising

i) expressing a first exogenous polynucleotide encoding a silencing suppressor
operably linked to a plant storage organ specific promoter, and

ii) expressing a second exogenous polynucleotide encoding an RNA molecule
operably linked to a promoter which directs gene transcription in the plant storage
organ,
wherein the transgenic plant is at least a third generation progeny plant obtained from a
parental plant transformed with the exogenous polynucleotides, and wherein the RNA
molecule is present in the storage organ of the plant at a level which is at least 90% of
the level in a storage organ of a previous generation of the plant.

In an embodiment, the plant is grown in the field.

In another aspect, the present invention provides a method of obtaining a
genetically modified cell capable of synthesising one or more long chain
polyunsaturated fatty acids (LC-PUFAs), the method comprising

a) introducing into a cell, which is not capable of synthesising said LC-PUFA,
exogenous polynucleotides encoding;

i) a A6 elongase and/or a A9 elongase,

ii) a A6 desaturase and/or a A8 desaturase,

ii1) a AS desaturase, and

iv) a AS elongase, and
wherein each polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotides in the cell,

b) expressing the exogenous polynucleotides in the cell, or a progeny cell
thereof,

c) analysing the fatty acid composition of the cell, or a progeny cell thereof, and

d) selecting a cell characterised by the following properties:

A) the efficiency of conversion of a-linoleic acid (ALA) to
eicosapentaenoic acid (EPA) or docosapentaenoic acid (DPA) is at least 17.3%, and

B) the A5 elongase has activity on EPA to produce DPA with an
efficiency of at least 65%.

In an embodiment, the amino acid sequence of the AS elongase is at least 47%
identical, or at least 60% identical, to SEQ ID NO:6.

In another embodiment, the efficiency of conversion of ALA to DPA is at least
15.4%, or at least 21%.
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In a further embodiment, step d) further comprises selecting a cell characterised
in that at least 4% of the total fatty acid in the cell is DPA.

In yet another embodiment, the method further comprises a step of introducing
into the cell, or progeny cell, an exogenous polynucleotide encoding a A4 desaturase,
wherein the polynucleotide is operably linked to one or more promoters that are
capable of directing expression of said polynucleotide in the cell.

In an embodiment, the exogenous polynucleotides become stably integrated into
the genome of the cell.

In an embodiment, the cell is a plant cell. Examples of suitable plant cells
include, but are not limited to, cells of an oilseed plant which is a Brassica such as
canola, maize, sunflower, soybean, sorghum, flax, sugar beet, cotton, peanut, poppy,
mustard, castor bean, sesame or safflower. ‘

Also provided is a cell produced by a method of the invention, or a progeny cell
thereof comprising the exogenous polynucleotides. _

In another aspect, the present invention provides is a transgenic non-human
organism comprising a cell, or progeny cell, of the invention.

In an embodiment, the organism is a transgenic plant.

In a further aspect, the present invention provides a seed comprising a cell, or
progeny cell, of the invention, or obtained from the transgenic plant of the invention,
comprising the exogenous polynucleotides.

In another aspect, the present invention provides a process for producing oil
containing polyunsaturated fatty acids, the process comprising extracting oil from a
cell, or progeny cell, of the invention, the transgenic non-human organism of the
invention, and/or the seed of the invention.

In an embodiment, the seed is an oilseed.

In another embodiment, the process further comprises a step of producing a
pharmaceutical composition from the oil.

In a further embodiment, the process further comprises a step of degumming,
caustic refining, bleaching or deodorizing the extracted oil.

In yet another embodiment, one or more of the following features apply

i) arachidonic acid, eicosapentaenoic acid, docosapentaenoic acid and
docosahexaenoic acid together comprise at least 15% of the total fatty acid in the oil,

i1) docosapentaenoic acid and docosahexaenoic acid are present at levels based
on an efficiency of conversion of a-linolenic acid to docosapentaenoic acid or
docosahexaenoic acid of at least 15.4%,
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iii) docosahexaenoic acid is present at a level based on an efficiency of
conversion of a-linolenic acid to docosahexaenoic acid of at least 9.5%,

iv) docosahexaenoic acid is present at a level based on an efficiency of
conversion of eicosapentaenoic acid to docosahexaenoic acid of at least 45%,

v) the total fatty acid in the oil comprises at least 4% docosahexaenoic acid,

vi) at least 6% of the total fatty acid incorporated in triacylglycerol in the oil is
docosahexaenoic acid, or

vii) the process further comprises formulating the oil into a pharmaceutical
composition or feedstuff.

Also provided are feedstuffs, cosmetics or chemicals comprising a cell, or
progeny cell, of the invention, the transgenic non-human organism of the invention, the
sced of the invention and/or oil obtained using the process of the invention.

In another aspect, the present invention provides a pharmaceutical composition
comprising a cell, or progeny cell, of the invention, the transgenic non-human organism
of the invention, the seed of the invention and/or oil obtained using the process of the
invention.

Also provided is the use of a cell, or progeny cell, of the invention, the
transgenic non-human organism of the invention, the seed of the invention, oil obtained
using the process of the invention and/or the composition of the invention in the
preparation of a medicament for treating or preventing a condition which would benefit
from a polyunsaturated fatty acid (PUFA).

In another aspect, provided is a method of treating or preventing a condition
which would benefit from a PUFA, the method comprising administering to a subject a
cell, or progeny cell, of the invention, the transgenic non-human organism of the
invention, the seed of the invention, oil obtained using the process of the invention
and/or the composition of the invention.

As will be apparent, preferred features and characteristics of one aspect of the .

invention are applicable to many other aspects of the invention.

Throughout this specification the word “"comprise”, or variations such as
“comprises" or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

The invention is hereinafter described by way of the following non-limiting
Examples and with reference to the accompanying figures.
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BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
Figure 1. Aerobic DHA biosynthesis pathways.

Figure 2. The various acyl exchange enzymes which transfer fatty acids between PC,
CoA pools, and TAG pools. Adapted from Singh et al. (2005).

Figure 3. Multiple alignment between the Micromonas CS-0170 A6-elongase and
related genes. AAV33630, C20-polyunsaturated fatty acid elongating enzyme [Paviova

sp. CCMP459]; AAY15135, elongase 1 [Paviova salina]; ABR67690, C20 elongase

[Paviova viridis]; AAV67797, polyunsaturated fatty acid elongase 1 [Ostreococcus
tauri]; CAL55414, polyunsaturated fatty acid elongase 2 (ISS) [Ostreococcus tauril;
XP_001419791, predicted protein [Ostreococcus lucimarinus CCE9901]; MicCS0170-
d6E, Micromonas CS-0170 A6-elongase (this work); AAV67800, polyunsaturated fatty
acid elongase 2 [Thalassiosira pseudonana]; XP_001416454, predicted protein
[Ostreococcus lucimarinus CCE9901); ABC18313, polyunsaturated fatty acid elongase
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1 [Thraustochytrium sp. FIN-10]; AAV67799, polyunsaturated fatty acid elongase 1
[Thalassiosira  pseudonanal, AAW70157, delta-6-clongase  [Phaeodactylum
tricornutum]; ABC18314, polyunsaturated fatty acid elongase 2 [ Thraustochytrium sp.
FIN-10]; CAD58540, unnamed protein product [Isochrysis galbana].

Figure 4. Multiple alignment between the Pyramimonas CS-0140 A6-elongase and
related genes. AAL84174, polyunsaturated fatty acid specific elongation enzyme 1
[Physcomitrella patens], AAT85662, polyunsaturated fatty acid elongase [Marchantia
polymorphal; AAV67797, polyunsaturated fatty acid elongase 1 [Ostreococcus tauri];
ABQ94747, predicted protein [Ostreococcus lucimarinus CCE9901]; Pyrco-d6E,
Pyramimonas CS-0140 A6-clongase (this work); ABC18313, polyunsaturated fatty acid
elongase 1 [Thraustochytrium sp. FIN-10]; BAF97073, polyunsaturated fatty acid
elongation enzyme [Mortierella alpinal; XP_001567488, long chain polyunsaturated
fatty  acid  clongation  enzyme-like  protein  [Leishmania  braziliensis
MHOM/BR/75/M2904]; BAE71129, delta5-clongase [Marchantia polymorphal,
XP_001779105; predicted protein [Physcomitrella patens).

Figure 5. Multiple alignment between the Pyramimonas CS-0140 AS-clongase and
related genes. AAI52204, Elovl4 protein [Danio rerio]; CAG01780, unnamed protein
product [Tetraodon nigroviridis];, AAV67800, polyunsaturated fatty acid clongase 2
[Thalassiosira pseudonanal, AAV33630, C20-polyunsaturated fatty acid elongating
enzyme [Paviova sp. CCMP459]; ABR67690, C20 clongase [Paviova viridis],
AAY15135, eclongase 1 [Paviova salinal, AAV67798, polyunsaturated fatty acid
elongase 2 [Ostreococcus tauri]; ABO98084, predicted protein [Ostreococcus
lucimarinus CCE9901]; Pyrco-dSE, Pyramimonas CS-0140 AS-elongase (this work).

Figure 6. Multiple alignment between the Micromonas CCMP1545 A6-desaturase and
related genes. AAMO09687, AS-fatty acid desaturase [Thraustochytrium sp.
ATCC21685]; AAV33631, Ad-desaturase [Isochrysis galbanal; AAWT0159, A6-
desaturase [Ostreococcus tauri], ABQ099366, predicted protein [Ostreococcus
lucimarinus CCE9901]; Mic-d6D, Micromonas CCMP1545 A6-desaturase (this work);
ABF58685, AS5-desaturase [Perkinsus marinus], ABL96295, AS5-desaturase [Paviova

salina].

Figure 7. Multiple alignment between the Ostreococcus lucimarinus A6-desaturase
and related genes. AAMO09687, AS-fatty acid desaturase [Thraustochytrium sp.
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ATCC21685]; AAR27297, A6-desaturase [Amylomyces rouxii]; AAS93682, A6-fatty
acid desaturase [Rhizopus oryzael, AAV33631, Ad-desaturase [Isochrysis galbanal;
AAW7T0159, A6-desaturase [Ostreococcus tauri]; Ostlu-déD,  Ostreococcus
lucimarinus A6-desaturase (this work); ABF58685, AS-desaturase [Perkinsus marinus],
ABL96295, AS-desaturase [Paviova salina], EDQ92231, predicted protein [Monosiga
brevicollis MX1]; CAM41728, fatty acid desaturase, putative [Leishmania
braziliensis]; CAM65683, fatty acid desaturase, putative [Leishmania infantum).

Figure 8 Multiple alignment between the Pyramimonas CS-0140 AS-desaturase and
related genes. AAMO09687, AS-fatty acid desaturase [Thraustochytrium  sp.
ATCC21685]; Pyrco-d5D, Pyramimonas CS-0140 AS5-desaturase (this work);
AAT85661, A6-fatty acid desaturase [Marchantia polymorphal, AAX14505, A6-fatty
acid desaturase [Thalassiosira pseudonana), ABP49078, A6-fatty acid desaturase
[Phaeodactylum tricornutum]; AAW7T0159, A6-desaturase [Ostreococcus tauril;
XP 001421073, predicted protein [Ostreococcus lucimarinus CCE9901]; ABF58685,
AS5-desaturase [Perkinsus marinus], CAJ07076, fatty acid desaturase, putative
[Leishmania major]; ABL96295, AS-desaturase [Paviova salina], EDQ92231,
predicted protein [Monosiga brevicollis MX1].

Figure 9. Multiple alignment of the Ostreococcus tauri (Ot) (SEQ ID NO:30),
Ostreococcus lucimarinus (Ol) (SEQ ID NO:10) and Micromonas (M) CCMP1545 A6-
desaturase protein sequences (SEQ ID NO:8).

Figure 10. Phylogenetic tree showing the relationship between various desaturases.
Pavsa-d5D = Paviova salina AS-desaturase (ABL96295); Thr21685-dSD =
Thraustochytrium sp. ATCC21685 AS5-desaturase (AAMO09687); Micl1545-d6D =
Micromonas CCMP1545 A6-desaturase (this work); Ostta-d6D = Ostreococcus tauri
A6-desaturase (AAW70159); Ostlu-d6D = Ostreococcus lucimarinus A6-desaturase
(this work); Galga-d6D = Gallus gallus A6-desaturase (XP_421053); Homsa-d6D =
Homo sapiens A6-desaturase (AAG23121); Musmu-d6D = Mus musculus A6-
desaturase (NP_062673); Danre-d5/6D = Danio rerio AS-/A6-desaturase (AAG25710);
Spaau-d6D = Sparus aurata putative A6-desaturase (AAL17639); Scoma-d6D =
Scophthalmus maximus A6-desaturase (AAS49163); Oncmy-d6D = Oncorhynchus
mykiss A6-desaturase (AAK26745); Salsa-d5D = Salmo salar AS5S-desaturase
(AALB2631); Prifa-d6D = Primula farinosa A6-desaturase (AAP23034); Euggr-d6D =
Euglena gracilis A6-desaturase; Borof-d6D = Borago officianalis A6-desaturase
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(AAC49700); Cacel-d6D = Caenorhabditis elegans A6-desaturase (AAC15586);
Rhior-d6D = Rhizopus oryzae A6-desaturase (AAS93682), Moral-d6D = Mortierella
alpina A6-desaturase (AAF08685); Moris-d6D = Mortierella isabellina A6-desaturase
(AAL73948); Marpo-d6D = Marchantia polymorpha A6-desaturase (AAT85661),
Cerpu-d6D = Ceratodon purpureus A6-desaturase (CAB94993); Phatr-d6D =
Phaeodactylum tricornutum A6-desaturase (AAL92563); Thaps-d6D = Thalassiosira
pseudonana A6-desaturase (AAX14505); Pavsa-d8D = Paviova salina A8-desaturase
(ABL96296); Phatr-d5SD = Phaeodactylum tricornutum AS-desaturase (AAL92562);
Marpo-d5D = Marchantia polymorpha AS5-desaturase (AAT85663); Moral-dSD =
Mortierella alpina AS-desaturase (AAR28035); Dicdi-d5D = Dictyostelium discoideum
AS5-desaturase (BAA37090).

Figure 11. GC results from T2 Arabidopsis seed transformed with the linP-mic1545-
d6D-linT construct. SDA and GLA levels are shown for individual events 1-19, with
the ratio of W3 to w6 conversion efficiencies displayed above each column. The M.
pusilla A6-desaturase shows clear preference for the @3 substrate.

Figure 12. Conversion efficiencies of enzymes constituting the EPA pathways
infiltrated into N. benthamiana. The EPA pathways contain a A6-desaturase (Echium
plantagineum A6-desaturase, Ostreococcus tauri A6-desaturase or Micromonas pusilla
A6-desaturase), the Pyramimonas cordata A6-elongase and the Paviova salina AS-
desaturase. Panel a. shows the ®3 pool conversion efficiencies for each pathway; b.
contains direct comparisons between the E. plantagineum pathway, the M. pusilla
pathway and a pathway containing both these desaturases;, c¢. contains direct
comparisons between the O. tauri pathway, the M. pusilla pathway and a pathway
containing both acyl-CoA desaturases.

Figure 13. GC and GC-MS confirmation of the production of EPA in Nicotiana
benthamiana by a transiently-expressed Micromonas RCC299 w3 desaturase.

Figure 14. Map of the binary vector pJP101acq showing the key features of the binary
vector including the promoter orientations, TMV leader sequence locations, spacer
region locations and unique cloning sites for gene insertions. NosT = NOS terminator,

FP1 = truncated napin terminator, LininT = Linin terminator.

Figure 15. Map of the binary vector pJP107.
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Figure 16. Dectermination of the Agrobacterium concentration required to achieve
near-maximal gene activity in the leaf-based assay. Isochrysis galbana A9-clongase
(IgA9¢lo) activity in N. benthamiana after infiltration with varying culture densities of
Agrobacterium AGL1 containing the binary expression construct /gA9elo. Co-
infiltrated P19 was set at a concentration of ODgoonm 0.4. The y-axis displays the sum of
both /gA9elo activities to produce EDA and ETrA.

Figure 17. Comparison of transgenic expression of LC-PUFA pathways using either
transient or stable expression in leaves. Conversion efficiencies are based on total fatty
acid profiles. “results extracted from (Qi et al., 2004); Presults extracted from (Robert et
al., 2005).

Figure 18. Metabolic tailoring in Nicotiana benthamiana. Panel a. is a gas
chromatography (GC) trace of fatty acid methyl esters (FAME) produced from tuna oil
which contains only a small amount of EPA but a large amount of DHA. Panels b. and
c. are GC traces of FAME derived from the TAG fraction of N. benthamiana leaf tissue
transiently transformed with single-gene CaMV 35S binary constructs containing the
Micromonas pusilla A6-desaturase, Pyramimonas cordata A6-clongase, Paviova salina
AS5-desaturase, P. cordata AS-clongase (b.) or P. salina AS5-clongase (c.) and the P.
salina A4-desaturase. The accumulation of EPA in the sample using the P. salina AS-
clongase demonstrates the manner in which metabolic pathways can be tailored by
careful selection of a single gene in the pathway.

Figure 19. Map of the region of vector pJP3075 comprising transgenes.
Figure 20. Map of the region of vector pJP3059 comprising transgenes.
Figure 21. Map of the region of vector pJP3060 comprising transgenes.
Figure 22. Map of the region of vector pJP3115 comprising transgenes.

Figure 23. Map of the region of vector pJP3116 comprising transgenes.
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KEY TO THE SEQUENCE LISTING

SEQ ID NO:1 - Open reading frame encoding Micromonas CS-0170 A6-clongase.

SEQ ID NO:2 - Micromonas CS-0170 A6-clongase.

SEQ ID NO:3 - Open reading frame encoding Pyramimonas CS-0140 A6-clongase/A9-
clongase.

SEQ ID NO:4 - Pyramimonas CS-0140 A6-clongase/A9-clongase.

SEQ ID NO:5 - Open reading frame encoding Pyramimonas CS-0140 AS-elongase.
SEQ ID NO:6 - Pyramimonas CS-0140 A5-clongase.

SEQ ID NO:7 - Open reading frame encoding Micromonas CCMP1545 A6-
desaturase/A8-desaturase.

SEQ ID NO:8 - Micromonas CCMP1545 A6-desaturase/A8-desaturase.

SEQ ID NO:9 - Open reading frame encoding Ostreococcus Ilucimarinus A6-

desaturase.

SEQ ID NO:10 - Ostreococcus lucimarinus A6-desaturase.

SEQ ID NO:11 - Codon-optimized open reading frame for expression of Ostreococcus
lucimarinus A6-desaturase in plants.

SEQ ID NO:12 - Open reading frame encoding Pyramimonas CS-0140 AS5-desaturase.
SEQ ID NO:13 - Pyramimonas CS-0140 AS5-desaturase.

SEQ ID NO:14 - Partial open reading frame encoding Micromonas CS-0170 ®3-
desaturase.

SEQ ID NO:15 - Partial Micromonas CS-0170 ®3-desaturase.

SEQ ID NO:16 - Open reading frame encoding Micromonas RCC299 m3-desaturase
SEQ ID NO:17 - Micromonas RCC299 m3-desaturase.

SEQ ID NO:18 - Codon-optimized open reading frame for expression of Micromonas
RCC299 w3-desaturase in plants.

SEQ ID NO:19 - Open reading frame encoding Micromonas CCMP1545 ®m3-desaturase
SEQ ID NO:20 - Micromonas CCMP1545 ®w3-desaturase.

SEQ ID NO:21 - Open reading frame encoding Isochrysis galbana A9-elongase.

SEQ ID NO:22 - Isochrysis galbana A9-elongase.

SEQ ID NO:23 - Open reading frame encoding Pavlova salina A8-desaturase.

SEQ ID NO:24 - Pavlova salina A8-desaturase.

SEQ ID NO:25 - Open reading frame encoding Paviova salina AS-desaturase.

SEQ ID NO:26 - Pavlova salina AS-desaturase.

SEQ ID NO:27 - Open reading frame encoding Emiliania huxleyi CCMP1516 A9
elongase.

SEQ ID NO:28 - Emiliania huxleyi CCMP1516 A9 eclongase.
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SEQ ID NO:29 - Codon-optimized open reading frame for expression of Emiliania
huxleyi A9 elongase in plants.

SEQ ID NO:30 - Ostreococcus tauri A6-desaturase.

SEQ ID NO:31 - Elongase consensus domain 1.

SEQ ID NO:32 - Elongase consensus domain 2.

SEQ ID NO:33 - Elongase consensus domain 3.

SEQ ID NO:34 - Elongase consensus domain 4.

SEQ ID NO:35 - Elongase consensus domain 5.

SEQ ID NO:36 - Elongase consensus domain 6.

SEQ ID NO:37 - Desaturase consensus domain 1.

SEQ ID NO:38 - Desaturase consensus domain 2.

SEQ ID NO:39 - Desaturase consensus domain 3.

SEQ ID NO:40 - Desaturase consensus domain 4.

SEQ ID NOs:41-71 and 78-92 - Oligonucleotide primers.

SEQ ID NO:72 - Open reading frame encoding Pavlova salina A4-desaturase.
SEQ ID NO:73 - Pavlova salina A4-desaturase.

SEQ ID NO:74 - Open reading frame encoding Arabidopsis thaliana diacylglycerol
acyltransferase 1.

SEQ ID NO:75 - Arabidopsis thaliana diacylglycerol acyltransferase 1.

SEQ ID NO:76 - Elongase consensus domain 7.

SEQ ID NO:77 - Elongase consensus domain 8.

SEQ ID NO:93 - Open reading frame encoding Pavlova pinguis A9-elongase.
SEQ ID NO:94 - Pavlova pinguis A9-clongase.

SEQ ID NO:95 - Open reading frame encoding Paviova salina A9-elongase.
SEQ ID NO:96 - Paviova salina A9-clongase.

SEQ ID NO:97 — P19 viral suppressor.

SEQ ID NO:98 — V2 viral suppressor.

SEQ ID NO:99 — P38 viral suppressor.

SEQ ID NO:100 — Pe-PO0 viral suppressor.

SEQ ID NO:101 — RPV-PO0 viral suppressor.

SEQ ID NO:102 — Open reading frame encoding P19 viral suppressor.

SEQ ID NO:103 - Open reading frame encoding V2 viral suppressor.

SEQ ID NO:104 — Open reading frame encoding P38 viral suppressor.

SEQ ID NO:105 — Open reading frame encoding Pe-P0 viral suppressor.
SEQ ID NO:106 — Open reading frame encoding RPV-PO viral suppressor.
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SEQ ID NO:107 — Codon optimized open reading frame encoding Micromonas
CCMP1545 diacylglycerol acyltransferase 2.

SEQ ID NO:108 - Micromonas CCMP1545 diacylglycerol acyltransferase 2.

SEQ ID NO’s 109-124 — Transfer nucleic acid border sequences.

SEQ ID NO:125 - Codon-optimized open reading frame for expression of Micromonas
CCMP1545 A6 desaturase/A8desaturase in plants.

SEQ ID NO:126 - Codon-optimized open reading frame for expression of
Pyramimonas CS-0140 A6 elongase/A9 elongase in plants (truncated at 3’ end and
encoding functional elongase).

SEQ ID NO:127 - Codon-optimized open reading frame for expression of Paviova
salina AS desaturase in plants.

SEQ ID NO:128 - Codon-optimized open reading frame for expression of
Pyramimonas CS-0140 AS elongase in plants.

SEQ ID NO:129 - Codon-optimized open reading frame for expression of Paviova

salina A4 desaturase in plants.

DETAILED DESCRIPTION OF THE INVENTION
General Techniques and Definitions

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

Unless otherwise indicated, the recombinant protein, cell culture, and
immunological techniques utilized in the present 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), J. Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbour Laboratory Press (1989), T.A. Brown
(editor), Essential Molecular Biology: A Practical Approach, Volumes 1 and 2, IRL
Press (1991), D.M. Glover and B.D. Hames (editors), DNA Cloning: A Practical
Approach, Volumes 1-4, IRL Press (1995 and 1996), F.M. Ausubel et al. (editors),
Current Protocols in Molecular Biology, Greene Pub. Associates and Wiley-
Interscience (1988, including all updates until present), Ed Harlow and David Lane
(editors), Antibodies: A Laboratory Manual, Cold Spring Harbour Laboratory, (1988),
and J.E. Coligan et al. (editors), Current Protocols in Immunology, John Wiley & Sons
(including all updates until present).
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Selected Definitions

As used herein, the term "fatty acid" refers to a carboxylic acid (or organic acid),
often with a long aliphatic tail, either saturated or unsaturated. Typically fatty acids
have a carbon-carbon bonded chain of at least 8 carbon atoms in length, more
preferably at least 12 carbons in length. Most naturally occurring fatty acids have an
even number of carbon atoms because their biosynthesis involves acetate which has
two carbon atoms. The fatty acids may be in a free state (non-esterified) or in an
esterified form such as part of a triglyceride, diacylglyceride, monoacylglyceride, acyl-
CoA (thio-ester) bound or other bound form. The fatty acid may be esterified as a
phospholipid such as a  phosphatidylcholine, = phosphatidylethanolamine,
phosphatidylserine, phosphatidylglycerol, phosphatidylinositol or
diphosphatidylglycerol forms.

"Saturated fatty acids" do not contain any double bonds or other functional
groups along the chain. The term "saturated" refers to hydrogen, in that all carbons
(apart from the carboxylic acid [-COOH] group) contain as many hydrogens as
possible. In other words, the omega (®) end contains 3 hydrogens (CH3-) and each
carbon within the chain contains 2 hydrogens (-CH2-).

"Unsaturated fatty acids" are of similar form to saturated fatty acids, except that
one or more alkene functional groups exist along 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
carbon atoms in the chain that are bound to either side of the double bond can occur in
a cis or trans configuration.

As used herein, the term "monounsaturated fatty acid" refers to a fatty acid
which comprises at least 12 carbon atoms in its carbon chain and only one alkene group
(carbon-carbon double bond) in the chain. As used herein, the terms "polyunsaturated
fatty acid” or "PUFA" refer to a fatty acid which comprises at least 12 carbon atoms in
its carbon chain and at least two alkene 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 in its carbon
chain and at least two carbon-carbon double bonds, and hence include 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 carbon-carbon double bonds. Ordinarily, the number of carbon
atoms in the carbon chain of the fatty acids refers to an unbranched carbon chain. If the
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carbon chain is branched, the number of carbon atoms excludes those in sidegroups. In
one embodiment, the long-chain polyunsaturated fatty acid is 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 w6 fatty acid, that is, having a desaturation (carbon-
carbon double bond) in the sixth carbon-carbon bond from the methyl end of the fatty
acid. In a further embodiment, the long-chain polyunsaturated fatty acid is selected
from the group consisting of; arachidonic acid (ARA, 20:4A5,8,11,14; 6),
eicosatetracnoic acid (ETA, 20:4A8,11,14,17, ®3) ecicosapentacnoic acid (EPA,
20:5A5,8,11,14,17; ®3), docosapentacnoic acid (DPA, 22:5A7,10,13,16,19, ®3), or
docosahexaenoic acid (DHA, 22:6A4,7,10,13,16,19, ®3). The LC-PUFA may also be
dihomo-Yy-linoleic acid (DGLA) or eicosatrienoic acid (ETrA, 20:3A11,14,17, ®3). It
would readily be apparent that the LC-PUFA that is produced according to the
invention may be a mixture of any or all of the above and may include other LC-PUFA
or derivatives of any of these LC-PUFA. In a preferred embodiment, the 3 fatty acid
is EPA, DPA, and/or DHA, preferably, EPA and/or DPA, or preferably DPA and/or
DHA.

Furthermore, as used herein the terms "long-chain polyunsaturated fatty acid"
and "very long-chain polyunsaturated fatty acid" refer to the fatty acid being in a free
state (non-esterified) or in an esterified form such as part of a triglyceride,
diacylglyceride, monoacylglyceride, acyl-CoA bound or other bound form. The fatty
acid may be esterified as a phospholipid such as a phosphatidylcholine (PC),
phosphatidylethanolamine, phosphatidylserine, phosphatidylglycerol,
phosphatidylinositol or diphosphatidylglycerol 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 embodiments, the invention provides oil
comprising at least 75% or 85% triacylglycerols, with the remainder present as other
forms of lipid such as those mentioned, with at least said triacylglycerols comprising
the LC-PUFA. The oil may be further purified or treated, for example by hydrolysis
with a strong base to release the free fatty acid, or by fractionation, distillation or the
like.

The desaturase, elongase and acyl transferease proteins and genes encoding
them that may be used in the invention are any of those known in the art or homologues
or derivatives thercof. Examples of such genes and encoded protein sizes are 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.
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Table 1. Cloned genes involved in LC-PUFA biosynthesis
Enzyme Type of organism | Species Accession Nos. | Protein size | References
(aa’s)
AMd-desaturase | Protist Euglena gracilis AY278558 541 Meyer et al., 2003
Algae Paviova lutherii AY332747 445 Tonon et al., 2003
Isochrysis galbana AAV33631 433 Percira et al., 2004
Paviova salina AAY15136 447 Zhou et al., 2007
Thraustochytrid | Thraustochytrium aureum | AAN75707 SIS N'A
AANT5708
AANT5709
AANT5710
Thraustochytrium sp. AAM(09688 519 Qiuet al. 2001
ATCC21685
AS-desaturase | Mammals Homo sapiens AF199596 444 Choetal., 1999b
Leonard et al., 2000b
Nematode Caenorhabditis elegans AF11440, 447 Michaelson et al., 1998b;
NM 069350 Watts and Browse, 1999b
Fungi Mortierella alpina AF067654 446 Michaelson et al., 1998a;
Knutzon et al., 1998
Pythium irregulare AF419297 456 Hong et al., 2002a
Dictyostelium discoideum AB022097 467 Saito et al., 2000
Saprolegnia diclina 470 W002081668
Diatom Phaeodactylum tricornutum | AY082392 469 Domergue et al., 2002
Algae Thraustochytrium sp AF489588 439 Qiu et al., 2001
Thraustochytrium aureum 439 W002081668
Isochrysis galbana 442 W002081668
Moss Marchantia polymorpha AY583465 484 Kajikawa et al., 2004
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Enzyme Type of organism | Species Accession Nos. | Protein size | References
(aa’s)
A6-desaturase | Mammals Homo sapiens NM 013402 444 Cho et al., 1999a;
Leonard et al., 2000
Mus musculus NM 019699 444 Choet al., 1999a
Nematode Caenorhabditis elegans 270271 443 Napier et al., 1998
Plants Borago officinales U79010 448 Sayanova et al., 1997
Echium AY055117 Garcia-Maroto et al., 2002
AY055118
Primula vialii AY234127 453 Sayanova et al., 2003
Anemone leveillei AF536525 446 Whitney et al., 2003
Mosses Ceratodon purpureus AJ250735 520 Sperling et al., 2000
Marchantia polymorpha AY583463 481 Kajikawa et al., 2004
Physcomitrella patens CAA11033 525 Girke et al., 1998
Fungi Mortierella alpina AF110510 457 Huang et al., 1999;
AB(20032 Sakuradani et al., 1999
Pythium irregulare AF419296 459 Hong et al., 20022
Mucor circinelloides AB052086 467 NCBI*
Rhizopus sp. AY320288 458 Zhang et al., 2004
Saprolegnia diclina 453 W002081668
Diatom Phaeodactylum tricornutum | AY082393 477 Domergue et al., 2002
Bacteria Synechocystis L11421 359 Reddy et al., 1993
Algae Thraustochytrium aureum 456 W002081668
Bifunctional | Fish Danio rerio AF309556 444 Hastings et al., 2001
AS/A6
desaturase
(€20 A8- Algae Euglena gracilis AF139720 419 Wallis and Browse, 1999
desaturase
Plants Borago officinales AAG432TT 446 Sperling et al., 2001
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Enzyme Type of organism | Species Accession Nos. | Protein size | References
(aa’s)
A6-clongase | Nematode Caenorhabditis elegans NM 069288 | 288 Beaudoin et al., 2000
Mosses Physcomitrella patens AF428243 290 Zank et al., 2002
Marchantia polymorpha AY583464 290 Kajikawa et al., 2004
Fungi Mortierella alpina AF206662 318 Parker-Barnes et al., 2000
Algae Pavlova lutheri** 501 W0 03078639
Thraustochytrium AX951565 271 W0 03093482
Thraustochytrium sp** AX214454 271 WO 0159128
PUFA- Mammals Homo sapiens AF231981 299 Leonard et al., 2000b;
clongase Leonard et al., 2002
Rattus norvegicus AB071985 299 Inagaki et al., 2002
Rattus norvegicus** AB071986 267 Inagaki et al., 2002
Mus musculus AF170907 279 Tvrdik et al., 2000
Mus musculus AF170908 292 Tvrdik et al., 2000
Fish Danio rerio AF532782 291 (282) | Agabaetal., 2004
Danio rerio** NM 199532 266 Lo et al., 2003
Worm Caenorhabditis elegans 768749 309 Abbott et al 1998
Beaudoin et al 2000
Algae Thraustochytrium aureum™* | AX464802 272 WO 0208401-A2
Pavlova lutheri** 320 WO 03078639
A9-clongase | Algae Isochrysis galbana AF390174 263 Qietal, 2002
Euglena gracilis 258 WO 08/128241
AS-clongase | Algae Ostreococcus tauri AAV67798 300 Meyer et al., 2004
Pyramimonas cordata 268 this work
Pavlova sp. CCMP459 AAV33630 2N Pereira et al., 2004b
Pavlova salina AAY15135 302 Robert et al., 2009
Diatom Thalassiosira pseudonana | AAV67800 358 Meyer et al., 2004
Fish Oncorhynchus mykiss CAMS55862 295 WO 06/008099
Moss Marchantia polymorpha BAE71129 348 Kajikawa et al., 2006

* http:/www.ncbinlmnih.gov/  ** Function not proven/not demonstrated
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As used herein, the term “front-end desaturase” refers to a member of a class of
enzymes that introduce a double bond between the carboxyl group and a pre-existing
unsaturated part of the acyl chain of lipids, which are characterized structurally by the
presence of an N-terminal cytochrome b5 domain, along with a typical fatty acid
desaturase domain that includes three highly conserved histidine boxes (Napier et al.,
1997).

Activity of any of the elongases or desaturases for use in the invention may be
tested by expressing a gene encoding the enzyme in a cell such as, for example, a yeast
cell or a plant cell, and determining whether the cell has an increased capacity to
produce LC-PUFA compared to a comparable cell in which the enzyme is not
expressed.

In one embodiment the desaturase and/or elongase for use in the invention can
purified from a microalga.

Whilst certain enzymes are specifically described herein as "bifunctional”, the
absence of such a term does not necessarily imply that a particular enzyme does not
possess an activity other than that specifically defined.

Desaturases

As used herein, the term "desaturase" refers to an enzyme which is capable of
introducing a carbon-carbon double bond into the acyl group of a fatty acid substrate
which is typically in an esterified form such as, for example, fatty acid CoA esters. The
acyl group may be esterified to a phospholipid such as phosphatidylcholine (PC), or to
acyl carrier protein (ACP), or in a preferred embodiment to CoA. Desaturases
generally may be categorized into three groups accordingly. In one embodiment, the
desaturase is a front-end desaturase.

As used herein, a "A4 desaturase" refers to a protein which performs a
desaturase reaction that introduces a carbon-carbon double bond at the 4™ position from
the carboxyl end of a fatty acid substrate. The "A4 desaturase" is at least capable of
converting DPA to DHA. The desaturation step to produce DHA from DPA is
catalysed by a A4 desaturase in organisms other than mammals, and a gene encoding
this enzyme has been isolated from the freshwater protist species Euglena gracilis and
the marine species Thraustochytrium sp. (Qiu et al., 2001; Meyer et al., 2003). In one
embodiment, the A4 desaturase comprises amino acids having a sequence as provided
in SEQ ID NO:73, a biologically active fragment thereof, or an amino acid sequence
which is at least 80% identical to SEQ ID NO:73.
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As used herein, a "AS desaturase" refers to a protein which performs a
desaturase reaction that introduces a carbon-carbon double bond at the 5™ position from
the carboxyl end of a fatty acid substrate. Examples of AS desaturases are listed in
Table 1. In one embodiment, the AS desaturase comprises amino acids having a
sequence as provided in SEQ ID NO:26, a biologically active fragment thereof, or an
amino acid sequence which is at least 80% identical to SEQ ID NO:26. In another
embodiment, the AS desaturase comprises amino acids having a sequence as provided
in SEQ ID NO:13, a biologically active fragment thereof, or an amino acid sequence
which is at least 53% identical to SEQ ID NO:13.

As used herein, a "A6 desaturase" refers to a protein which performs a
desaturase reaction that introduces a carbon-carbon double bond at the 6™ position from
the carboxyl end of a fatty acid substrate. Examples of A6 desaturases are listed in
Table 1.

In one embodiment, the A6 desaturase is further characterised by having at least
two, preferably all three and preferably in a plant cell, of the following: 1) greater A6
desaturase activity on o-linolenic acid (ALA, 18:3A9,12,15, ®3) than linoleic acid (LA,
18:2A9,12, w6) as fatty acid substrate; i1) greater A6 desaturase activity on ALA-CoA
as fatty acid substrate than on ALA joined to the sn-2 position of PC as fatty acid
substrate; and iii) A8 desaturase activity on ETrA.

In another embodiment the A6 desaturase has greater activity on an ®3 substrate
than the corresponding ®6 substrate and has activity on ALA to produce
octadecatetraenoic acid (stearidonic acid, SDA, 18:4A6,9,12, 15, ®3) with an efficiency
of at least 5%, more preferably at least 7.5%, or most preferably at least 10% when
expressed from an exogenous polynucleotide in a recombinant cell, or at least 35%
when expressed in a yeast cell. In one embodiment, the A6 desaturase has greater
activity, for example, at least about a 2-fold greater A6 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 desaturase activity or at least 10-
fold greater activity, on ALA-CoA as fatty acid substrate than on ALA joined to the sn-
2 position of PC as fatty acid substrate.

In one embodiment, the A6 desaturase has no detectable AS desaturase activity
on ETA. In another embodiment, the A6 desaturase comprises amino acids having a
sequence as provided in SEQ ID NO:10, a biologically active fragment thereof, or an
amino acid sequence which is at least 77% identical to SEQ ID NO:10. In another
embodiment, the A6 desaturase comprises amino acids having a sequence as provided

in SEQ ID NO:8, a biologically active fragment thereof, or an amino acid sequence
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which is at least 67% identical to SEQ ID NO:8. The A6 desaturase may also have A8
desaturase activity.

As used herein, a "A8 desaturase" refers to a protein which performs a
desaturase reaction that introduces a carbon-carbon double bond at the 8" position from
the carboxyl end of a fatty acid substrate. The A8 desaturase is at least capable of
converting ETrA to ETA. Examples of A8 desaturases are listed in Table 1. In one
embodiment, the A8 desaturase comprises amino acids having a sequence as provided
in SEQ ID NO:24, a biologically active fragment thereof, or an amino acid sequence
which is at least 80% identical to SEQ ID NO:24.

As used herein, an "3 desaturase" refers to a protein which performs a
desaturase reaction that introduces a carbon-carbon double bond at the 3rd position
from the methyl end of a fatty acid substrate. Examples of w3 desaturases include
those described by Pereira et al. (2004a), Horiguchi et al. (1998), Berberich et al.
(1998) and Spychalla et al. (1997).

In one embodiment, the @3 desaturase is at least capable of converting one of
ARA to EPA, dGLA to ETA, 7-linolenic acid (GLA, 18:3A6,9,12, ®w6) to SDA, both
ARA to EPA and dGLA to ETA, both ARA to EPA and GLA to SDA, or all three of
these.

In one embodiment, the ®3 desaturase has A17 desaturase activity on a C20
fatty acid which has at least three carbon-carbon double bonds, preferably ARA. In
another embodiment, the 3 desaturase has A15 desaturase activity on a C18 fatty acid
which has three carbon-carbon double bonds, preferably GLA.

As used herein, a "Al5 desaturase" refers to a protein which performs a
desaturase reaction that introduces a carbon-carbon double bond at the 15™ position
from the carboxyl end of a fatty acid substrate.

As used herein, a "Al17 desaturase" refers to a protein which performs a
desaturase reaction that introduces a carbon-carbon double bond at the 17" position
from the carboxyl end of a fatty acid substrate.

In another embodiment, the @3 desaturase has greater activity on an acyl-CoA
substrate, for example, ARA-CoA, than a corresponding acyl-PC substrate. As used
herein, a “corresponding acyl-PC substrate” refers to the fatty acid esterified at the sn-2
position of phosphatidylcholine (PC) where the fatty acid is the same fatty acid as in
the acyl-CoA substrate. In an embodiment, the activity is at least two-fold greater.

In a further embodiment, the w3 desaturase comprises amino acids having a

sequence as provided in SEQ ID NO:15, 17 or 20, a biologically active fragment
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thereof, or an amino acid sequence which is at least 35% identical to SEQ ID NO:15, at
least 60% identical to SEQ ID NO:17 and/or at least 60% identical to SEQ ID NO:20.

In yet a further embodiment, a desaturase for use in the present invention has
greater activity on an acyl-CoA substrate than a corresponding acyl-PC substrate. As
outlined above, a “corresponding acyl-PC substrate” refers to the fatty acid esterified at
the sn-2 position of phosphatidylcholine (PC) where the fatty acid is the same fatty acid
as in the acyl-CoA substrate. In an embodiment, the activity is at least two-fold
greater. In an embodiment, the desaturase is a AS or A6 desaturase, examples of which
are provided, but not limited to, those listed in Table 2.

Table 2.  Desaturases with greater activity on an acyl-CoA substrate than a
corresponding acyl-PC substrate

Enzyme Type of Species Accession Protein References
organism Nos. size (aa’s)
A6-desaturase Algae Mantoniella CAQ30479 449 Hoffmann et al. 2008
squamata
Ostreococcus | AAW70159 456 Domergue et al. 2005
tauri
AS5-desaturase Algae Mantoniella CAQ30478 482 Hoffmann et al. 2008
squamata
Plant Anemone N/A Sayanova et al. 2007
leveillei
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
invention, an "clongase" refers to the polypeptide that catalyses the condensing step in
the presence of the other members of the elongation complex, under suitable
physiological conditions. It has been shown that heterologous or homologous
expression in a cell of only the condensing component ("elongase") of the elongation
protein complex is required for the elongation of the respective acyl chain. Thus, the
introduced clongase is able to successfully recruit the reduction and dehydration
activities from the transgenic host to carry out successful acyl elongations. The
specificity of the elongation reaction with respect to chain length and the degree of
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desaturation of fatty acid substrates is thought to reside in the condensing component.
This component is also thought to be rate limiting in the elongation reaction.

As used herein, a "AS elongase" is at least capable of converting EPA to DPA.
Examples of AS elongases include those disclosed in W02005/103253. In one
embodiment, the AS elongase has activity on EPA to produce DPA with an efficiency
of at least 60%, more preferably at least 65%, more preferably at least 70% or most
preferably at least 75%. In a further embodiment, the AS elongase comprises an amino
acid sequence as provided in SEQ ID NO:6, a biologically active fragment thereof, or
an amino acid sequence which is at least 47% identical to SEQ ID NO:6

As used herein, a "A6 elongase"” is at least capable of converting SDA to ETA.
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 ID NO:4, a
biologically active fragment thereof, or an amino acid sequence which is at least 55%
identical to SEQ ID NO:4.

As used herein, a "A9 elongase" is at least capable of converting ALA to ETrA.
Examples of A9 elongases include those listed in Table 1. In one embodiment, the A9
elongase comprises amino acids having a sequence as provided in SEQ ID NO:22, a
biologically active fragment thereof, or an amino acid sequence which is at least 80%
identical to SEQ ID NO:22. In another embodiment, the A9 elongase comprises amino
acids having a sequence as provided in SEQ ID NO:28, a biologically active fragment
thereof, or an amino acid sequence which is at least 81% identical to SEQ ID NO:28.
In another embodiment, the A9 elongase comprises amino acids having a sequence as
provided in SEQ ID NO:94, a biologically active fragment thereof, or an amino acid
sequence which is at least 50% identical to SEQ ID NO:94. In another embodiment,
the A9 elongase comprises amino acids having a sequence as provided in SEQ ID
NO:96, a biologically active fragment thereof, or an amino acid sequence which is at
least 50% identical to SEQ ID NO:96. In a further embodiment, the A9 elongase
comprises amino acids having a sequence as provided in SEQ ID NO:94 or SEQ ID
NO:96, a biologically active fragment thereof, or an amino acid sequence which is at
least 50% identical to SEQ ID NO:94 and/or SEQ ID NO:96, and wherein the elongase
has greater activity on an @6 substrate than the corresponding ®3 substrate.

As used herein, the term “has greater activity on an @6 substrate than the
corresponding 3 substrate” refers to the relative activity on the enzyme on substrates
that differ by the action of an @3 desaturase. Preferably, the w6 substrate is LA and the
®3 substrate is ALA.
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As used herein, an "elongase with A6 elongase and A9 elongase activity" is at
least capable of (i) converting SDA to ETA and (ii) converting ALA to ETrA and has
greater A6 clongase activity than A9 clongase activity. In one embodiment, the
elongase has an efficiency of conversion on SDA to produce ETA which is at least
50%, more preferably at least 60%, and/or an efficiency of conversion on ALA to
produce ETrA which is at least 6% or more preferably at least 9%. In another
embodiment, the elongase has at least about 6.5 fold greater A6 elongase activity than
A9 clongase activity. In a further embodiment, the elongase has no detectable AS
clongase activity. In yet a further embodiment, the elongase comprises amino acids
having a sequence as provided in SEQ ID NO:4, a biologically active fragment thereof,
or an amino acid sequence which is at least 55% identical to SEQ ID NO:4.

Other enzymes

As used herein, the term “diacylglycerol acyltransferase” (EC 2.3.1.20; DGAT)
refers to a protein which transfers a fatty acyl group from acyl-CoA to a diacylglycerol
substrate to produce a triacylglycerol. Thus, the term “diacylglycerol acyltransferase
activity” refers to the transfer of acyl-CoA to diacylglycerol to produce triacylglycerol.
There are three known types of DGAT referred to as DGATI1, DGAT2 and DGAT3
respectively. DGAT] polypeptides typically have 10 transmembrane domains, DGAT2
typically have 2 transmembrane domains, whilst DGAT3 is typically soluble.
Examples of DGATI polypeptides include polypeptides encoded by DGATI genes
from Aspergillus fumigatus (Accession No. XP 755172), Arabidopsis thaliana
(CAB44774), Ricinus communis (AAR11479), Vernicia fordii (ABC94472), Vernonia
galamensis (ABV21945, ABV21946), Euonymus alatus (AAV31083), Caenorhabditis
elegans (AAF82410), Rattus norvegicus (NP_445889), Homo sapiens (NP_036211), as
well as variants and/or mutants therecof. Examples of DGAT2 polypeptides include
polypeptides encoded by DGAT2 genes from Arabidopsis thaliana (Accession No.
NP _566952), Ricinus communis (AAY16324), Vernicia fordii (ABC94474),
Mortierella ramanniana (AAK84179), Homo sapiens (Q96PD7, Q58HTS), Bos taurus
(Q70VD8), Mus musculus (AAK84175), Micromonas CCMP1545, as well as variants
and/or mutants thereof. Examples of DGAT3 polypeptides include polypeptides
encoded by DGAT3 genes from peanut (Arachis hypogaea, Saha, et al., 2006), as well

as variants and/or mutants thereof.
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Polypeptides/Peptides

The invention also provides for polypeptides which may be purified or
recombinant. By "substantially purified polypeptide" or "purified polypeptide" we
mean a polypeptide that has generally been separated from the lipids, nucleic acids,
other peptides, and other contaminating molecules with which it is associated in a cell
in which it is produced or in its native state. Preferably, the substantially purified
polypeptide is at least 60% free, more preferably at least 75% free, and more preferably
at least 90% free from other components in the cell in which it is produced or with
which it is naturally associated.

The term "recombinant” in the context of a polypeptide refers to the polypeptide
when produced by a cell, or in a cell-free expression system, in an altered amount or at
an altered rate, compared to its native state if it is produced naturally. In one
embodiment the cell is a cell that does not naturally produce the polypeptide.
However, the cell may be a cell which comprises a non-endogenous gene that causes an
altered amount of the polypeptide to be produced. A recombinant polypeptide of the
invention includes polypeptides in the cell, tissue, organ or organism, or cell-free
expression system, in which it is produced i.e. a polypeptide which has not been
purified or separated from other components of the transgenic (recombinant) cell in
which it was produced, and polypeptides produced in such cells or cell-free systems
which are subsequently purified away from at least some other components.

The terms "polypeptide" and "protein" are generally used interchangeably.

A polypeptide or class of polypeptides may be defined by the extent of identity
(% identity) of its amino acid sequence to a reference amino acid sequence, or by
having a greater % identity to one reference amino acid sequence than to another. The
% 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=5, and a gap extension penalty=0.3. The query sequence is at
least 15 amino acids in length, and the GAP analysis aligns the two sequences over a
region of at least 15 amino acids. More preferably, the query sequence is at least 50
amino acids in length, and the GAP analysis aligns the two sequences over a region of
at least 50 amino acids. More preferably, the query sequence is at least 100 amino
acids in length and the GAP analysis aligns the two sequences over a region of at least
100 amino acids. Even 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
amino acids. Even more preferably, the GAP analysis aligns two sequences over their
entire length. The polypeptide or class 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.
Preferably, the polypeptide has an enzymatic activity of at least 10% of the activity of
the reference polypeptide.

As used herein a "biologically active" fragment is a portion of a polypeptide of
the invention which maintains a defined activity of a full-length reference polypeptide,
for example possessing desaturase and/or 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 least 10% 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
preferred that the polypeptide/enzyme comprises an amino acid sequence which is at
least 60%, more preferably at least 65%, more preferably at least 70%, more preferably
at least 75%, more preferably at least 76%, 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 95%, 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%, more preferably at least 99.3%, 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
preferably at least 99.9% identical to the relevant nominated SEQ ID NO.

In an embodiment, the substantially purified and/or recombinant A6 desturase of
the invention does not comprise a sequence provided in accession no. EEH58637.1 or
XP _001421073.1. In another embodiment, the substantially purified and/or
recombinant 3 desturase of the invention does not comprise a sequence provided in
accession no. XP 002505536.1. In another embodiment, the substantially purified
and/or recombinant DGAT of the invention does not comprise a sequence provided in
accession no. EEH54819.1.

Amino acid sequence mutants of the polypeptides of the defined herein can be
prepared by introducing appropriate nucleotide changes into a nucleic acid defined
herein, or by in vitro synthesis of the desired polypeptide. Such mutants include, for
example, deletions, insertions or substitutions of residues within the amino acid

sequence. A combination of deletion, insertion and substitution can be made to arrive



WO 2010/057246 PCT/AU2009/001488

54

at the final construct, provided that the final peptide product possesses the desired
characteristics.

Mutant (altered) peptides can be prepared using any technique known in the art.
For example, a polynucleotide of the invention can be subjected to in vitro
mutagenesis.  Such in vitro mutagenesis techniques include sub-cloning the
polynucleotide into a suitable vector, transforming the vector into a "mutator" strain
such as the E. coli XL-1 red (Stratagene) and propagating the transformed bacteria for a
suitable number of generations. In another example, the polynucleotides of the
invention are subjected to DNA shuffling techniques as broadly described by Harayama
(1998). Products derived from mutated/altered DNA can readily be screened using
techniques described herein to determine if they possess desaturase and/or elongase
activity.

In designing amino acid sequence mutants, the location of the mutation site and
the nature of the mutation will depend on characteristic(s) to be modified. The sites for
mutation can be modified individually or in series, e.g., by (1) substituting first with
conservative amino acid choices and then with more radical selections 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,
more preferably about 1 to 10 residues and typically about 1 to 5 contiguous residues.

Substitution mutants have at least one amino acid residue in the polypeptide
molecule removed and a different residue inserted in its place. The sites of greatest
interest for substitutional mutagenesis include sites identified as the active site(s).
Other sites of interest are those in which particular residues obtained from various
strains or species are identical. These positions may be important for biological
activity. These sites, especially those falling within a sequence of at least three other
identically conserved sites, are preferably substituted in a relatively conservative
manner. Such conservative substitutions are shown in Table 3 under the heading of
"exemplary substitutions".

In a preferred embodiment a mutant/variant polypeptide has only, or not more
than, one or two or three or four conservative amino acid changes when compared to a
naturally occurring polypeptide. Details of conservative amino acid changes are
provided in Table 3. As the skilled person would be aware, such minor changes can
reasonably be predicted not to alter the activity of the polypeptide when expressed in a

recombinant cell.
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Table 3. Exemplary substitutions.
Original Exemplary
Residue Substitutions
Ala (A) val; leu; ile; gly
Arg (R) lys
Asn (N) gln; his
Asp (D) glu
Cys (C) ser
Gln (Q) asn; his
Glu (E) asp
Gly (G) pro, ala
His (H) asn; gln
Ile (I) leu; val; ala
Leu (L) ile; val; met; ala; phe
Lys (K) arg
Met (M) leu; phe
Phe (F) leu; val; ala
Pro (P) gly
Ser (S) thr
Thr (T) ser
Trp (W) tyr
Tyr (Y) trp; phe
Val (V) ile; leu; met; phe, ala

Also included within the scope of the invention are polypeptides defined herein
which are differentially modified during or after synthesis, for example, by
biotinylation, benzylation, glycosylation, acetylation, phosphorylation, amidation,
derivatization by known protecting/blocking groups, proteolytic cleavage, linkage to an
antibody molecule or other cellular ligand, etc. These modifications may serve to
increase the stability and/or bioactivity of the polypeptide of the invention.

Polypeptides can be produced in a variety of ways, including production and
recovery of natural polypeptides, production and recovery of recombinant polypeptides,
and chemical synthesis of the polypeptides. In one embodiment, a recombinant
polypeptide is produced by culturing a cell capable of expressing the polypeptide under
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conditions effective to produce the polypeptide. The recombinant polypeptide may
subsequently be secreted from the cell and recovered, or extracted from the cell and
recovered, and is preferably purified away from contaminating molecules. It may or
may not be further modified chemically or enzymatically. A preferred cell to culture is
a recombinant cell defined herein. Effective culture conditions include, but are not
limited to, effective media, bioreactor, temperature, pH and oxygen conditions that
permit polypeptide production. An effective medium refers to any medium in which a
cell is cultured to produce a polypeptide defined herein. Such medium typically
comprises an aqueous medium having assimilable carbon, nitrogen and phosphate
sources, and appropriate salts, minerals, metals and other nutrients, such as vitamins.
Cells defined herein can be cultured in conventional fermentation bioreactors, shake
flasks, test tubes, microtiter dishes, and petri plates. Culturing can be carried out at a
temperature, pH and oxygen content appropriate for a recombinant cell. Such culturing
conditions are within the expertise of one of ordinary skill in the art. A more preferred
cell to produce the polypeptide is a cell in a plant, especially in a seed in a plant.

For the purposes of this invention, the term "antibody", unless specified to the
contrary, includes fragments of whole antibodies which retain their binding activity for
a target analyte, as well as compounds comprising said fragments. Such fragments
include Fv, F(ab') and F(ab'), fragments, as well as single chain antibodies (scFv).
Antibodies of the invention may be monoclonal or polyclonal and can be produced

using standard procedures in the art.

Polynucleotides

The invention also provides for polynucleotides which may be, for example, a
gene, an isolated polynucleotide, or a chimeric DNA. It may be DNA or RNA of
genomic or synthetic origin, double-stranded or single-stranded, and combined with
carbohydrate, lipids, protein or other materials to perform a particular activity defined
herein. The term "polynucleotide" is used interchangeably herein with the term
"nucleic acid molecule". By "isolated polynucleotide” we mean a polynucleotide
which, if obtained from a natural source, has been separated from the polynucleotide
sequences with which it is associated or linked in its native state, or a non-naturally
occurring polynucleotide. Preferably, the isolated polynucleotide is at least 60% free,
more preferably at least 75% free, and more preferably at least 90% free from other
components with which it is naturally associated.

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

includes the deoxyribonucleotide sequences comprising the transcribed region and, if
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translated, the protein coding region, of a structural gene and including sequences
located adjacent to the coding region on both the 5’ and 3’ ends for a distance of at
least about 2 kb on either 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 a given gene, or
heterologous control signals in which case the gene is referred to as a "chimeric gene".
The sequences which are located 5’ of the protein coding region and which are present
on the mRNA are referred to as 5° non-translated sequences. The sequences which are
located 3 or downstream of the protein coding 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 a gene. A genomic form or clone of a gene contains
the coding region which may be interrupted with non-coding sequences termed
"Introns" or "intervening regions" or "intervening sequences." Introns are segments of
a gene which are transcribed into nuclear RNA (hnRNA). Introns may contain
regulatory elements such as enhancers. Introns are removed or "spliced out" from the
nuclear or primary transcript; introns therefore are absent in the messenger RNA
(mRNA) transcript. The mRNA functions during translation to specify the sequence or
order of amino acids in a nascent polypeptide. The term "gene" includes a synthetic or
fusion molecule encoding all or part of the proteins of the invention described herein
and a complementary nucleotide sequence to any one of the above.

As used herein, a "chimeric DNA" 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 chimeric gene comprises regulatory and
transcribed or protein coding sequences that are not found together in nature.
Accordingly, a chimeric DNA or chimeric gene may comprise regulatory sequences
and coding sequences that are derived from different sources, or regulatory sequences
and coding sequences derived from the same source, but arranged in a manner different
than that found in nature.

The term "endogenous" is used herein to refer to a substance that is normally
present or produced in an unmodified plant at the same developmental stage as the
plant under investigation. An "endogenous gene" refers to a native gene in its natural
location in the genome of an organism. As used herein, "recombinant nucleic acid
molecule", "recombinant polynucleotide" or variations thereof refer to a nucleic acid
molecule which has been constructed or modified by recombinant DNA technology.
The terms "foreign polynucleotide" or "exogenous polynucleotide” or "heterologous

polynucleotide” and the like refer to any nucleic acid which is introduced into the
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genome of a cell by experimental manipulations. Foreign or exogenous genes may be
genes that are inserted into a non-native organism, native genes introduced into a new
location within the native host, or chimeric genes. A "transgene" is a gene that has
been introduced into the genome by a transformation procedure. The terms
"genetically modified", "transgenic" and variations thereof include introducing genes
into cells by transformation or transduction, mutating genes in cells and altering or
modulating the regulation of a gene in a cell or organisms to which these acts have
been done or their progeny. A “genomic region” as used herein refers to a position
within the genome where a transgene, or group of transgenes (also referred to herein as
a cluster), have been inserted into a cell, or an ancestor thereof. Such regions only
comprise nucleotides that have been incorporated by the intervention of man such as by
methods described herein.

The term "exogenous" in the context of a polynucleotide refers to the
polynucleotide when present in a cell in an altered amount compared to its native state.
In one embodiment, the cell is a cell that does not 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.
An exogenous polynucleotide of the invention includes polynucleotides which have not
been separated from other components of the transgenic (recombinant) cell, or cell-free
expression system, in which it is present, and polynucleotides produced in such cells or
cell-free systems which are subsequently purified away from at least some other
components. The exogenous polynucleotide (nucleic acid) can be a contiguous stretch
of nucleotides existing in nature, or comprise two or more contiguous stretches of
nucleotides from different sources (naturally occurring and/or synthetic) joined to form
a single polynucleotide. Typically such chimeric polynucleotides comprise at least an
open reading frame encoding a polypeptide of the invention operably linked to a
promoter suitable of driving transcription of the open reading frame in a cell of interest.

As used herein, the term “different exogenous polynucleotides” or variations
thereof means that the nucleotide sequence of each polynucleotide are different by at
least one, preferably more, nucleotides. The polynucleotides encode RNAs which may
or may not be translated to a protein within the cell. In an example, it is preferred that
each polynucleotide encodes a protein with a different activity. In another example,
each exogenous polynucleotide is less than 95%, less than 90%, or less than 80%
identical to the other exogenous polynuclotides.  Preferably, the exogenous
polynucleotides encode functional proteins/enzymes. Furthermore, it is preferred that

the different exogenous polynucleotides are non-overlapping in that each
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polynucleotide is a distinct region of the, for example, extrachromosomal transfer
nucleic acid which does not overlap with another exogenous polynucleotide. At a
minimum, each exogenous polnucleotide has a transcription start and stop site, as well
as the designated promoter. An individual exogenous polynucloeotide may or may not
comprise introns.

With regard to the defined polynucleotides, it will be appreciated that % identity
figures higher than those provided above will encompass preferred embodiments.
Thus, where applicable, in light of the minimum % identity figures, it is preferred that
the polynucleotide comprises a polynucleotide sequence which is at least 60%, more
preferably at least 65%, more preferably at least 70%, more preferably at least 75%,
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 95%, 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%,
more preferably at least 99.3%, 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 preferably at least 99.9% identical to the relevant
nominated SEQ ID NO.

In an embodiment, the isolated and/or exogenous polynucleotide encoding a A6
desturase of the invention does not comprise the sequence from the Micromonas or
Ostreococcus genome predicted to encode the amino acid sequence provided in
accession no. EEH58637.1 or XP_001421073.1 respectively. In another embodiment,
the isolated and/or exogenous polynucleotide encoding a 3 desturase of the invention
does not comprise the sequence from the Micromonas genome predicted to encode the
amino acid sequence provided in accession no. XP 002505536.1. In another
embodiment, the isolated and/or exogenous polynucleotide encoding a DGAT of the
invention does not comprise the sequence from the Micromonas genome predicted to
encode the amino acid sequence provided in accession no. EEH54819.1.

A polynucleotide of the present invention may selectively hybridise, under
stringent conditions, to a polynucleotide that encodes a polypeptide of the present
invention. As used herein, stringent conditions are those that (1) employ during
hybridisation a denaturing agent such as formamide, for example, 50% (v/v) formamide
with 0.1% (w/v) bovine serum albumin, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, 50
mM sodium phosphate buffer at pH 6.5 with 750 mM NaCl, 75 mM sodium citrate at
42°C; or (2) employ 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium citrate),



WO 2010/057246 PCT/AU2009/001488

60

50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt's
solution, sonicated salmon sperm DNA (50 g/ml), 0.1% SDS and 10% dextran sulfate
at 42°C in 0.2 x SSC and 0.1% SDS and/or (3) employ low ionic strength and high
temperature for washing, for example, 0.015 M NaCl/0.0015 M sodium citrate/0.1%
SDS at 50°C.

Polynucleotides of the invention may possess, when compared to naturally
occurring molecules, one or more mutations which are deletions, insertions, or
substitutions of nucleotide residues. Polynucleotides which have mutations relative to
a reference sequence can be either naturally occurring (that is to say, isolated from a
natural source) or synthetic (for example, by performing site-directed mutagenesis or
DNA shuffling on the nucleic acid as described above). It is thus apparent that
polynucleotides of the invention can be either from a naturally occurring source or

recombinant.

Recombinant Vectors

One embodiment of the present invention includes a recombinant vector, which
comprises at least one polynucleotide molecule defined herein, inserted into any vector
capable of delivering the polynucleotide molecule into a host cell. Recombinant
vectors include expression vectors. Recombinant vectors contain heterologous
polynucleotide sequences, that is polynucleotide 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 molecule(s) are derived.
The vector can be either RNA or DNA, either prokaryotic or eukaryotic, and typically
is a viral vector, derived from a virus, or a plasmid. Plasmid vectors typically include
additional nucleic acid sequences that provide for easy selection, amplification, and
transformation of the expression cassette in prokaryotic cells, e.g., pUC-derived
vectors, pSK-derived vectors, pGEM-derived vectors, pSP-derived vectors, pBS-
derived vectors, or binary vectors containing one or more T-DNA regions. Additional
nucleic acid sequences include origins of replication to provide for autonomous
replication of the vector, selectable marker genes, preferably encoding antibiotic or
herbicide resistance, unique multiple cloning sites providing for multiple sites to insert
nucleic acid sequences or genes encoded in the nucleic acid construct, and sequences
that enhance transformation of prokaryotic and eukaryotic (especially plant) cells. The
recombinant vector may comprise more than one polynucleotide defined herein, for
example three, four, five or six polynucleotides of the invention in combination, each

operably linked to expression control sequences that are operable in the cell of interest.
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Such more than one polynucleotide of the invention, for example 3, 4, 5 or 6
polynucleotides, are preferably covalently joined together in a single recombinant
vector, which may then be introduced as a single molecule into a cell to form a
recombinant cell according to the invention, and preferably integrated into the genome
of the recombinant cell, for example in a transgenic plant. Thereby, the polynucleotides
which are so joined will be inherited together as a single genetic locus in progeny of the
recombinant cell or plant. The recombinant vector or plant may comprise two or more
such recombinant vectors, each containing multiple polynucleotides, for example
wherein each recombinant vector comprises 3, 4, 5 or 6 polynucleotides.

"Operably linked" as used herein refers to a functional relationship between two
or more nucleic acid (e.g., DNA) segments. Typically, it refers to the functional
relationship of transcriptional regulatory element (promoter) to a transcribed sequence.
For example, a promoter is operably linked to a coding sequence, such as a
polynucleotide defined herein, if it stimulates or modulates the transcription of the
coding sequence in an appropriate cell. Generally, promoter transcriptional regulatory
elements that are operably linked to a transcribed sequence are physically contiguous to
the transcribed sequence, i.c., they are cis-acting. However, some transcriptional
regulatory elements, such as enhancers, need not be physically contiguous or located in
close proximity to the coding sequences whose transcription they enhance.

When there are multiple promoters present, each promoter may independently
be the same or different.

Recombinant molecules such as the chimeric DNAs may also contain (a) one or
more secretory signals which encode signal peptide sequences, to enable an expressed
polypeptide defined herein to be secreted from the cell that produces the polypeptide or
which provide for localisation of the expressed polypeptide, for example for retention
of the polypeptide in the endoplasmic reticulum (ER) in the cell or transfer into a
plastid, and/or (b) contain fusion sequences which lead to the expression of nucleic acid
molecules as fusion proteins. Examples of suitable signal segments include any signal
segment capable of directing the secretion or localisation of a polypeptide defined
herein. Preferred signal segments include, but are not limited to, Nicotiana nectarin
signal peptide (US 5,939,288), tobacco extensin signal or the soy oleosin oil body
binding protein signal. Recombinant molecules may also include intervening and/or
untranslated sequences surrounding and/or within the nucleic acid sequences of nucleic
acid molecules defined herein.

To facilitate identification of transformants, the nucleic acid construct desirably

comprises a selectable or screenable marker gene as, or in addition to, the foreign or
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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
to be distinguished from cells that do not have the marker. A selectable marker gene
confers a trait for which one can "select" based on resistance to a selective agent (e.g., a
herbicide, antibiotic, radiation, heat, or other treatment damaging to untransformed
cells). A screenable marker gene (or reporter gene) confers a trait that one can identify
through observation or testing, i.e., by "screening" (e.g., B-glucuronidase, luciferase,
GFP or other enzyme activity not present in untransformed cells). The marker gene and
the nucleotide sequence of interest do not have to be linked. The actual choice of a
marker is not crucial as long as it is functional (i.e., selective) in combination with the
cells of choice such as a plant cell. The marker gene and the foreign or exogenous
polynucleotide of interest do not have to be linked, since co-transformation of unlinked
genes as, for example, described in US 4,399,216 is also an efficient process in plant
transformation.

Examples of bacterial selectable markers are markers that confer antibiotic
resistance such as ampicillin, erythromycin, chloramphenicol or tetracycline resistance,
preferably kanamycin resistance. Exemplary selectable markers for selection of plant
transformants include, but are not limited to, a 4yg gene which encodes hygromycin B
resistance; a neomycin phosphotransferase (nptil) gene conferring resistance to
kanamycin, paromomycin, G418; a glutathione-S-transferase gene from rat liver
conferring resistance to glutathione derived herbicides as, for example, described in EP
256223; a glutamine synthetase gene conferring, upon overexpression, resistance to
glutamine synthetase inhibitors such as phosphinothricin as, for example, described in
WO 87/05327, an acetyltransferase gene from Streptomyces viridochromogenes
conferring resistance to the selective agent phosphinothricin as, for example, described
in EP 275957, a gene encoding a S-enolshikimate-3-phosphate synthase (EPSPS)
conferring tolerance to N-phosphonomethylglycine as, for example, described by
Hinchee et al. (1988), a bar gene conferring resistance against bialaphos as, for
example, described in WQO91/02071; a nitrilase gene such as bxn from Klebsiella
ozaenae which confers resistance to bromoxynil (Stalker et al., 1988); a dihydrofolate
reductase (DHFR) gene conferring resistance to methotrexate (Thillet et al., 1988); a
mutant acetolactate synthase gene (ALS), which confers resistance to imidazolinone,
sulfonylurea or other ALS-inhibiting chemicals (EP 154,204); a mutated anthranilate
synthase gene that confers resistance to 5-methyl tryptophan; or a dalapon
dehalogenase gene that confers resistance to the herbicide.
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Preferred screenable markers include, but are not limited to, a wid4 gene
encoding a B-glucuronidase (GUS) enzyme for which various chromogenic substrates
are known, a [B-galactosidase gene encoding an enzyme for which chromogenic
substrates are known, an acquorin gene (Prasher et al., 1985), which may be employed
in calcium-sensitive bioluminescence detection; a green fluorescent protein gene
(Niedz et al., 1995) or derivatives thereof, a luciferase (/uc) gene (Ow et al., 1986),
which allows for bioluminescence detection, and others known in the art. By "reporter
molecule" as used in the present specification is meant a molecule that, by its chemical
nature, provides an analytically identifiable signal that facilitates determination of
promoter activity by reference to protein product.

Preferably, the nucleic acid construct is stably incorporated into the genome of
the cell, such as the plant cell. Accordingly, the nucleic acid may comprise appropriate
elements which allow the molecule to be incorporated into the genome, or the construct
1s placed in an appropriate vector which can be incorporated into a chromosome of the

cell.

Expression
As used herein, an expression vector is a DNA or RNA vector that is capable of

transforming a host cell and of effecting expression of one or more specified
polynucleotide molecule(s). Preferably, the expression vector is also capable of
replicating within the host cell. Expression vectors can be either prokaryotic or
eukaryotic, and are typically viruses or plasmids. Expression vectors of the present
invention include any vectors that function (i.e., direct gene expression) in recombinant
cells of the present invention, including in bacterial, fungal, endoparasite, arthropod,
animal, and plant cells. Particularly preferred expression vectors of the present
invention can direct gene expression in yeast and/or plant cells.

Expression vectors of the present invention contain regulatory sequences such as
transcription control sequences, translation control sequences, origins of replication,
and other regulatory sequences that are compatible with the recombinant cell and that
control the expression of polynucleotide molecules of the present invention. In
particular, polynucleotides or vectors of the present invention include transcription
control sequences. Transcription control sequences are sequences which control the
initiation, elongation, and termination of transcription.  Particularly important
transcription control sequences are those which control transcription initiation, such as
promoter, enhancer, operator and repressor sequences. Suitable transcription control

sequences include any transcription control sequence that can function in at least one of
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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
interest. Such regulatory sequences may be obtained from any eukaryotic organism
such as plants or plant viruses, or may be chemically synthesized. A variety of such
transcription control sequences are known to those skilled in the art. Particularly
preferred transcription control sequences are promoters active in directing transcription
in plants, either constitutively or stage and/or tissue specific, depending on the use of
the plant or parts thereof.

A number of vectors suitable for stable transfection of plant cells or for the
establishment of transgenic plants have been described in, e.g., Pouwels et al., Cloning
Vectors: A Laboratory Manual, 1985, supp. 1987; Weissbach and Weissbach, Methods
for Plant Molecular Biology, Academic Press, 1989; and Gelvin et al., Plant Molecular
Biology Manual, Kluwer Academic Publishers, 1990. Typically, plant expression
vectors include, for example, one or more cloned plant genes under the transcriptional
control of 5” and 3’ regulatory sequences and a dominant selectable marker. Such plant
expression vectors also can contain a promoter regulatory region (e.g., a regulatory
region controlling inducible or constitutive, environmentally- or developmentally-
regulated, or cell- or tissue-specific expression), a transcription initiation start site, a
ribosome binding site, an RNA processing signal, a transcription termination site,
and/or a polyadenylation signal.

A number of constitutive promoters that are active in plant cells have been
described. Suitable promoters for constitutive expression in plants include, but are not
limited to, the cauliflower mosaic virus (CaMV) 35S promoter, the Figwort mosaic
virus (FMV) 358, the sugarcane bacilliform virus promoter, the commelina yellow
mottle virus promoter, the light-inducible promoter from the small subunit of the
ribulose-1,5-bis-phosphate carboxylase, the rice cytosolic triosephosphate isomerase
promoter, the adenine phosphoribosyltransferase promoter of Arabidopsis, the rice
actin 1 gene promoter, the mannopine synthase and octopine synthase promoters, the
Adh promoter, the sucrose synthase promoter, the R gene complex promoter, and the
chlorophyll o/ binding protein gene promoter. These promoters have been used to
create DNA vectors that have been expressed in plants; see, e.g., WO 84/02913. All of
these promoters have been used to create various types of plant-expressible
recombinant DNA vectors.

For the purpose of expression in source tissues of the plant, such as the leaf,
seed, root or stem, it is preferred that the promoters utilized in the present invention

have relatively high expression in these specific tissues. For this purpose, one may
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choose from a number of promoters for genes with tissue- or cell-specific or -enhanced
expression. Examples of such promoters reported in the literature include the
chloroplast glutamine synthetase GS2 promoter from pea, the chloroplast fructose-1,6-
biphosphatase promoter from wheat, the nuclear photosynthetic ST-LS1 promoter from
potato, the serine/threonine kinase promoter and the glucoamylase (CHS) promoter
from Arabidopsis thaliana. Also reported to be active in photosynthetically active
tissues are the ribulose-1,5-bisphosphate carboxylase promoter from eastern larch
(Larix laricina), the promoter for the Cab gene, Cab6, from pine, the promoter for the
Cab-1 gene from wheat, the promoter for the Cab-1 gene from spinach, the promoter
for the Cab 1R gene from rice, the pyruvate, orthophosphate dikinase (PPDK) promoter
from Zea mays, the promoter for the tobacco Lhcb1*2 gene, the Arabidopsis thaliana
Suc2 sucrose-H*° symporter promoter, and the promoter for the thylakoid membrane
protein genes from spinach (PsaD, PsaF, PsaE, PC, FNR, AtpC, AtpD, Cab, RbcS).

Other promoters for the chlorophyll a/B-binding proteins may also be utilized in
the present invention, such as the promoters for LhcB gene and PsbP gene from white
mustard (Sinapis alba). A variety of plant gene promoters that are regulated in
response to environmental, hormonal, chemical, and/or developmental signals, also can
be used for expression of RNA-binding protein genes in plant cells, including
promoters regulated by (1) heat, (2) light (e.g., pea RbcS-3A promoter, maize RbcS
promoter); (3) hormones, such as abscisic acid, (4) wounding (e.g., Wunl); or (5)
chemicals, such as methyl jasmonate, salicylic acid, steroid hormones, alcohol,
Safeners (WO 97/06269), or it may also be advantageous to employ (6) organ-specific
promoters.

As used herein, the term “plant storage organ specific promoter” refers to a
promoter that preferentially, when compared to other plant tissues, directs gene
transcription in a storage organ of a plant. Preferably, the promoter only directs
expression of a gene of interest in the storage organ, and/or expression of the gene of
interest in other parts of the plant such as leaves is not detectable by Northern blot
analysis and/or RT-PCR. Typically, the promoter drives expression of genes during
growth and development of the storage organ, in particular during the phase of
synthesis and accumulation of storage compounds in the storage organ. Such
promoters may drive gene expression in the entire plant storage organ or only part
thereof such as the seedcoat, embryo or cotyledon(s) in seeds of dicotyledonous plants
or the endosperm or aleurone layer of a seeds of monocotyledonous plants.

For the purpose of expression in sink tissues of the plant, such as the tuber of the

potato plant, the fruit of tomato, or the seed of soybean, canola, cotton, Zea mays,
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wheat, rice, and barley, it is preferred that the promoters utilized in the present
invention have relatively high expression in these specific tissues. A number of
promoters for genes with tuber-specific or -enhanced expression are known, including
the class I patatin promoter, the promoter for the potato tuber ADPGPP genes, both the
large and small subunits, the sucrose synthase promoter, the promoter for the major
tuber proteins including the 22 kD protein complexes and proteinase inhibitors, the
promoter for the granule bound starch synthase gene (GBSS), and other class I and II
patatins promoters. Other promoters can also be used to express a protein in specific
tissues, such as seeds or fruits. The promoter for B-conglycinin or other seed-specific
promoters such as the napin, zein, linin and phaseolin promoters, can be used. Root
specific promoters may also be used. An example of such a promoter is the promoter
for the acid chitinase gene. Expression in root tissue could also be accomplished by
utilizing the root specific subdomains of the CaMV 35S promoter that have been
identified.

In a particularly preferred embodiment, the promoter directs expression in
tissues and organs in which fatty acid and oil biosynthesis take place. Such promoters
act in seed development at a suitable time for modifying oil composition in seeds.

In a further particularly preferred embodiment, and in some aspects of the
invention, the promoter is a plant storage organ specific promoter. In one embodiment,
the plant storage organ specific promoter is a seed specific promoter. In a more
preferred embodiment, the promoter preferentially directs expression in the cotyledons
of a dicotyledonous plant or in the endosperm of a monocotyledonous plant, relative to
expression in the embryo of the seed or relative to other organs in the plant such as
leaves. Preferred promoters for seed-specific expression include i) promoters from
genes encoding enzymes involved in fatty acid biosynthesis and accumulation in seeds,
such as desaturases and eclongases, ii) promoters from genes encoding seed storage
proteins, and iii) promoters from genes encoding enzymes involved in carbohydrate
biosynthesis and accumulation in seeds. Seed specific promoters which are suitable are
the oilseed rape napin gene promoter (US 5,608,152), the Vicia faba USP promoter
(Baumlein et al., 1991), the Arabidopsis oleosin promoter (WO 98/45461), the
Phaseolus vulgaris phaseolin promoter (US 5,504,200), the Brassica Bce4 promoter
(WO 91/13980) or the legumin B4 promoter (Baumlein et al., 1992), and promoters
which lead to the seed-specific expression in monocots such as maize, barley, wheat,
rye, rice and the like. Notable promoters which are suitable are the barley Ipt2 or Iptl
gene promoter (WO 95/15389 and WO 95/23230) or the promoters described in WO
99/16890 (promoters from the barley hordein gene, the rice glutelin gene, the rice
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oryzin gene, the rice prolamin gene, the wheat gliadin gene, the wheat glutelin gene,
the maize zein gene, the oat glutelin gene, the sorghum kasirin gene, the rye secalin
gene). Other promoters include those described by Broun et al. (1998), Potenza et al.
(2004), US 20070192902 and US 20030159173. In an embodiment, the seed specific
promoter is preferentially expressed in defined parts of the seed such as the
cotyledon(s) or the endosperm. Examples of cotyledon specific promoters include, but
are not limited to, the FP1 promoter (Ellerstrom et al., 1996), the pea legumin promoter
(Perrin et al., 2000), and the bean phytohemagglutnin promoter (Perrin et al., 2000).
Examples of endosperm specific promoters include, but are not limited to, the maize
zein-1 promoter (Chikwamba et al., 2003), the rice glutelin-1 promoter (Yang et al.,
2003), the barley D-hordein promoter (Horvath et al., 2000) and wheat HMW glutenin
promoters (Alvarez et al., 2000). In a further embodiment, the seed specific promoter
is not expressed, or is only expressed at a low level, in the embryo and/or after the seed
germinates.

In another embodiment, the plant storage organ specific promoter is a tuber
specific promoter. Examples include, but are not limited to, the potato patatin B33,
PAT21 and GBSS, promoters, as well as the sweet potato sporamin promoter (for
review see Potenza et al., 2004). In a preferred embodiment, the promoter directs
expression preferentially in the pith of the tuber, relative to the outer layers (skin, bark)
or the embryo of the tuber.

In another embodiment, the plant storage organ specific promoter is a fruit
specific promoter.  Examples include, but are not limited to, the tomato
polygalacturonase, E8 and Pds promoters, as well as the apple ACC oxidase promoter
(for review see Potenza et al., 2004). In a preferred embodiment, the promoter
preferentially directs expression in the edible parts of the fruit, for example the pith of
the fruit, relative to the skin of the fruit or the seeds within the fruit.

The 5' non-translated leader sequence can be derived from the promoter selected
to express the heterologous gene sequence of the polynucleotide of the present
invention, or may be heterologous with respect to the coding region of the enzyme to
be produced, and can be specifically modified if desired so as to increase translation of
mRNA. For a review of optimizing expression of transgenes, see Koziel et al. (1996).
The 5' non-translated regions can also be obtained from plant viral RNAs (Tobacco
mosaic virus, Tobacco etch virus, Maize dwarf mosaic virus, Alfalfa mosaic virus,
among others) from suitable eukaryotic genes, plant genes (wheat and maize
chlorophyll a/b binding protein gene leader), or from a synthetic gene sequence. The

present invention is not limited to constructs wherein the non-translated region is
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derived from the 5' non-translated sequence that accompanies the promoter sequence.
The leader sequence could also be derived from an unrelated promoter or coding
sequence. Leader sequences useful in context of the present invention comprise the
maize Hsp70 leader (US 5,362,865 and US 5,859,347), and the TMV omega element as
exemplified in Example 8.

The termination of transcription is accomplished by a 3' non-translated DNA
sequence operably linked in the chimeric vector to the polynucleotide of interest. The 3'
non-translated region of a recombinant DNA molecule contains a polyadenylation
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 cells. The nopaline synthase 3' untranslated region, the 3'
untranslated region from pea small subunit Rubisco gene, the 3' untranslated region
from soybean 7S seed storage protein gene are commonly used in this capacity. The 3'
transcribed, non-translated regions containing the polyadenylate signal of
Agrobacterium tumor-inducing (Ti) plasmid genes are also suitable.

Recombinant DNA technologies can be used to improve expression of a
transformed polynucleotide molecule by manipulating, for example, the number of
copies of the polynucleotide molecule within a host cell, the efficiency with which
those polynucleotide molecules are transcribed, the efficiency with which the resultant
transcripts are translated, and the efficiency of post-translational modifications.
Recombinant techniques useful for increasing the expression of polynucleotide
molecules defined herein include, but are not limited to, operatively linking
polynucleotide molecules to high-copy number plasmids, integration of the
polynucleotide molecule into one or more host cell chromosomes, addition of vector
stability sequences to plasmids, substitutions or modifications of transcription control
signals (e.g., promoters, operators, enhancers), substitutions or modifications of
translational control signals (e.g., ribosome binding sites, Shine-Dalgarno sequences),
modification of polynucleotide molecules to correspond to the codon usage of the host
cell, and the deletion of sequences that destabilize transcripts.

Transfer Nucleic Acids

Transfer nucleic acids of the invention at least comprise one, preferably two,
border sequences and an exogenous polynucleotide. The transfer nucleic acid may or
may not encode a selectable marker. Preferably, the transfer nucleic acid forms part of
a binary vector in the bacterium, where the binary vector further comprises elements

which allows replication of the vector in the bacterium or allows selection or
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maintenance of bacterial cells containing the vector. Upon transfer to a eukaryotic cell
the transfer nucleic acid component of the binary vector is capable of integration into
the genome of the eukaryotic cell.

As used herein, the term “extrachromosomal transfer nucleic acid” refers to a
nucleic acid molecule that is capable of being transferred from a bacterium, such as
Agrobacterium sp., to a eukaryotic cell, such as a plant leaf cell. An extrachromosomal
transfer nucleic acid is a genetic element that is well-known as an element capable of
being transferred with the subsequent integration of a nucleotide sequence contained
within its borders into the genome of the recipient cell. In this respect, a transfer
nucleic acid is flanked, typically, by two "border" sequences, although in some
instances a single border at one end can be used and the second end of the transferred
nucleic acid is generated randomly in the transfer process. A desired exogenous
polynucleotide is typically positioned between the left border-like sequence and the
right border-like sequence of a transfer nucleic acid. The desired polynucleotide
contained within the transfer nucleic acid may be operably linked to a variety of
different promoter and terminator regulatory elements that facilitate its expression, i.e.,
transcription and/or translation of the polynucleotide. T-DNAs from Agrobacterium
sp. such as Agrobacterium tumefaciens or Agrobacterium rhizogenes, and man made
variants/mutants thereof are probably the best characterized examples of transfer
nucleic acids. Another example is P-DNA ("plant-DNA") which comprises T-DNA
border-like sequences from plants.

As used herein, “T-DNA” refers to, for example, T-DNA of an Agrobacterium
tumefaciens Ti plasmid or from an Agrobacterium rhizogenes Ri plasmid, or a man
made variants thereof which function as T-DNA (transferred-DNA). The T-DNA may
comprise an entire T-DNA including both right and left border sequences, but need
only comprise the minimal sequences required in cis for transfer i.e., the right and T-
DNA border sequence. The T-DNAs of the invention have inserted into them,
anywhere between the right and left border sequences (if present), the exogenous
polynucleotide flanked by target sites for a site-specific recombinase. The sequences
encoding factors required in trans for transfer of the T-DNA into a plant cell, such as
vir genes, may be inserted into the T-DNA, or may be present on the same replicon as
the T-DNA, or preferably are in trans on a compatible replicon in the Agrobacterium
host. Such “binary vector systems” are well known in the art.

As used herein, “P-DNA” refers to a transfer nucleic acid isolated from a plant
genome, or a man made variants/mutants thereof, and comprises at each end, or at only

one end, a T-DNA border-like sequence. The border-like sequence preferably shares at
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least 50%, at least 60%, at least 70%, at least 75%, at least 80%, at least 90% or at least
95%, but less than 100% sequence identity, with a T-DNA border sequence from an
Agrobacterium sp., such as Agrobacterium tumefaciens or Agrobacterium rhizogenes.
Thus, P-DNAs can be used instead of T-DNAs to transfer a nucleotide sequence
contained within the P-DNA from, for example Agrobacterium, to another cell. The P-
DNA, before insertion of the exogenous polynucleotide which is to be transferred, may
be modified to facilitate cloning and should preferably not encode any proteins. The P-
DNA is characterized in that it contains, at least a right border sequence and preferably
also a left border sequence.

As used herein, a “border” sequence(s) of a transfer nucleic acid can be isolated
from selected organism such as a plant or bacteria, or be a man made variant/mutant
thereof. The border sequence promotes and facilitates the transfer of the exogenous
polynucleotide to which it is linked and may facilitate its integration in the recipient
cell genome.

In an embodiment, a border-sequence is between 5-100 bp in length, 10-80 bp in
length, 15-75 bp in length, 15-60 bp in length, 15-50 bp in length, 15-40 bp in length,
15-30 bp in length, 16-30 bp in length, 20-30 bp in length, 21-30 bp in length, 22-30 bp
in length, 23-30 bp in length, 24-30 bp in length, 25-30 bp in length, or 26-30 bp in
length.

Border sequences from T-DNA from Agrobacterium sp. are well known in the
art and include those described in Lacroix et al. (2008), Tzfira and Citovsky (2006) and
Glevin (2003). The border sequences of P-DNA can be isolated from any plant, such
as from potato and wheat. In an embodiment, the P-DNA has the nucleic acid sequence
ANGATNTATNG6GT (SEQ ID NO:109), where "N" is any nucleotide, such as those
represented by "A," "G," "C," or "T". Examples of other border sequences useful for
the invention include, but are not limited to,

TGACAGGATATATTGGCGGGTAAAC (SEQ ID NO:110);
TGGCAGGATATATTGTGGTGTAAAC (SEQ ID NO:111);
TGGCAGGATATATACCGTTGTAATT (SEQ ID NO:112);
CGGCAGGATATATTCAATTGTAATT (SEQ ID NO:113);
TGGTAGGATATATACCGTTGTAATT (SEQ ID NO:114),
TGGCAGGATATATGGTACTGTAATT (SEQ ID NO:115);
YGRYAGGATATATWSNVBKGTAAWY (SEQ ID NO:116);
CGGCAGGATATATCCTGATGTAAAT (SEQ ID NO:117);
TGGCAGGAGTTATTCGAGGGTAAAC (SEQ ID NO:118);
TGACAGGATATATCGTGATGTCAAC (SEQ ID NO:119);
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GGGAAGTACATATTGGCGGGTAAAC (SEQ ID NO:120);
TTACAGGATATATTAATATGTATGA (SEQ ID NO:121);
TAACATGATATATTCCCTTGTAAAT (SEQ ID NO:122),
TGACAGGATATATGGTAATGTAAAC (SEQ ID NO:123); and
TGGCAGGATATATACCGATGTAAAC (SEQ ID NO:124),

where * Y =CorT;R=AorG,K=GorT,W=AorT;S=Cor G, V=A, C, or G;
B=C,G,orT.

Whilst traditionally only Agrobacterium sp. have been used transfer genes to
plants cells, there are now a large number of systems which have been
identified/developed which act in a similar manner to Agrobacterium sp. Several non-
Agrobacterium species have recently been genetically modified to be competent for
gene transfer (Chung et al., 2006; Broothaerts et al., 2005). These include Rhizobium
sp. NGR234, Sinorhizobium meliloti and Mezorhizobium loti. The bacteria are made
competent for gene transfer by providing the bacteria with the machinery needed for
the transformation process: i.c. a set of virulence genes encoded by an Agrobacterium
Ti-plasmid and the T-DNA segment residing on a separate, small binary plasmid.
Bacteria engineered in this way are capable of transforming different plant tissues (leaf
disks, calli and oval tissue), monocots or dicots, and various different plant species (eg.
tobacco, rice).

Direct transfer of eukaryotic expression plasmids from bacteria to eukaryotic
hosts was first achieved several decades ago by the fusion of mammalian cells and
protoplasts of plasmid-carrying Escherichia coli (Schaffner, 1980). Since then, the
number of bacteria capable of delivering genes into mammalian cells has steadily
increased (Weiss, 2003), being discovered by four groups independently (Sizemore et
al. 1995; Courvalin et al., 1995; Powell et al., 1996, Darji et al., 1997).

Attenuated Shigella flexneri, Salmonella typhimurium or E. coli that had been
rendered invasive by the virulence plasmid (pWR100) of S. flexneri have been shown
to be able to transfer expression plasmids after invasion of host cells and intracellular
death due to metabolic attenuation. Mucosal application, either nasally or orally, of
such recombinant Shigella or Salmonella induced immune responses against the
antigen that was encoded by the expression plasmids. In the meantime, the list of
bacteria that was shown to be able to transfer expression plasmids to mammalian host
cells in vitro and in vivo has been more then doubled and has been documented for S.
typhi, S. choleraesuis, Listeria monocytogenes, Yersinia pseudotuberculosis, and Y.
enterocolitica (Fennelly et al., 1999; Shiau et al., 2001; Dietrich et al., 1998, 2001;
Hense et al., 2001; Al-Mariri et al., 2002).
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In general, it could be assumed that all bacteria that are able to enter the cytosol
of the host cell (like S. flexneri or L. monocytogenes) and lyse within this cellular
compartment, should be able to transfer DNA. This is known as ‘abortive’ or ‘suicidal’
invasion as the bacteria have to lyse for the DNA transfer to occur (Grillot-Courvalin et
al., 1999). In addition, even many of the bacteria that remain in the phagocytic vacuole
(like S. typhimurium) may also be able to do so. Thus, recombinant laboratory strains of
E. coli that have been engineered to be invasive but are unable of phagosomal escape,
could deliver their plasmid load to the nucleus of the infected mammalian cell
nevertheless (Grillot-Courvalin et al., 1998). Furthermore, Agrobacterium tumefaciens
has recently also been shown to introduce transgenes into mammalian cells (Kunik et
al., 2001).

The transfer process using extrachromosomal transfer elements typically
transfers multiple copies of the element into the recipient cell. As used herein, the term
“transiently transfected” means that although some of the exogenous polynucleotides
may become stably integrated into the genome of the cell, the cells are not selected for
stable integration. As a result, much of the transfer nucleic acid remains
extrachromosomal in the cell, for example greater than 90% of the copies of the
exogenous polynucleotide that are transferred into the recipient cell are not integrated
into the genome.

As used herein, the terms “transfection”, “transformation” and variations thereof
are generally used interchangeably. “Transfected” or “transformed” cells may have
been manipulated to introduce the exogenous polynucleotide(s), or may be progeny
cells derived therefrom.

Recombinant Cells

The invention also provides a recombinant cell, preferably a recombinant plant
cell, which is a host cell transformed with one or more recombinant molecules, such as
the polynucleotides, chimeric DNAs or recombinant vectors defined herein. The
recombinant cell may comprise any combination thereof, such as two or three
recombinant vectors, or a recombinant vector and one or more additional
polynucleotides or chimeric DNAs. Suitable cells of the invention include any cell that
can be transformed with a polynucleotide, chimeric DNA or recombinant vector of the
invention, such as for example, a molecule encoding a polypeptide or enzyme
described herein. The cell is preferably a cell which is thereby capable of being used
for producing LC-PUFA. The recombinant cell may be a cell in culture, a cell ir vitro,
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or in an organism such as for example a plant, or in an organ such as for example a
seed or a leaf. Preferably, the cell is in a plant, more preferably in the seed of a plant.

Host cells into which the polynucleotide(s) are introduced can be either
untransformed cells or cells that are already transformed with at least one nucleic acid
molecule. Such nucleic acid molecules may be related to LC-PUFA synthesis, or
unrelated. Host cells of the present invention either can be endogenously (i.e.,
naturally) capable of producing proteins defined herein, in which case the recombinant
cell derived therefrom has an enhanced capability of producing the polypeptides, or can
be capable of producing such proteins only after being transformed with at least one
polynucleotide of the invention. In an embodiment, a recombinant cell of the invention
has a enhanced capacity to synthesize a long chain polyunsaturated fatty acid. As used
herein, the term "cell with an enhanced capacity to synthesize a long chain
polyunsaturated fatty acid" is a relative term where the recombinant cell of the
invention is compared to the host cell lacking the polynucleotide(s) of the invention,
with the recombinant cell producing more long chain polyunsaturated fatty acids, or a
greater concentration of LC-PUFA such as EPA, DPA or DHA (relative to other fatty
acids), than the native cell. The cell with an enhanced capacity to synthesize another
product, such as for example another fatty acid, a lipid, a carbohydrate such as starch,
an RNA molecule, a polypeptide, a pharmaceutical or other product has a
corresponding meaning.

Host cells of the present invention can be any cell capable of producing at least
one protein described herein, and include bacterial, fungal (including yeast), parasite,
arthropod, animal and plant cells. The cells may be prokaryotic or eukaryotic.
Preferred host cells are yeast and plant cells. In a preferred embodiment, the plant cell
is a seed cell, in particular a cell in a cotyledon or endosperm of a seed . In one
embodiment, the cell is an animal cell or an algal cell. The animal cell may be of any
type of animal such as, for example, a non-human animal cell, a non-human vertebrate
cell, a non-human mammalian cell, or cells of aquatic animals such as, fish or
crustacea, invertebrates, insects, etc. Non limiting examples of arthropod cells include
insect cells such as Spodoptera frugiperda (Sf) cells, e.g. S9, S21, Trichoplusia ni
cells, and Drosophila S2 cells. An example of a bacterial cell useful as a host cell of
the present invention is Synechococcus spp. (also known as Synechocystis spp.), for
example Synechococcus elongatus.

The cells may be of an organism suitable for a fermentation process. As used
herein, the term the "fermentation process" refers to any fermentation process or any

process comprising a fermentation step. A fermentation process includes, without
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limitation, fermentation processes used to produce alcohols (e.g., ethanol, methanol,
butanol); organic acids (e.g., citric acid, acetic acid, itaconic acid, lactic acid, gluconic
acid); ketones (e.g., acetone); amino acids (e.g., glutamic acid); gases (e.g., H, and
CO»); antibiotics (e.g., penicillin and tetracycline); enzymes; vitamins (¢.g., riboflavin,
beta-carotene); and hormones. Fermentation processes also include fermentation
processes used in the consumable alcohol industry (e.g., beer and wine), dairy industry
(e.g., fermented dairy products), leather industry and tobacco industry. Preferred
fermentation processes include alcohol fermentation processes, as are well known in
the art. Preferred fermentation processes are anaerobic fermentation processes, as are
well known in the art. Suitable fermenting cells, typically microorganisms are able to
ferment, i.e., convert, sugars, such as glucose or maltose, directly or indirectly into the
desired fermentation product. Examples of fermenting microorganisms include fungal
organisms, such as yeast. As used herein, “yeast” includes Saccharomyces spp.,
Saccharomyces cerevisiae, Saccharomyces carlbergensis, Candida spp., Kluveromyces
spp., Pichia spp., Hansenula spp., Trichoderma spp., Lipomyces starkey, and Yarrowia
lipolytica. Preferred yeast include strains of the Saccharomyces spp., and in particular,

Saccharomyces cerevisiae.

Transgenic Plants

The invention also provides a plant comprising a cell of the invention, such as a
transgenic plant comprising one or more polynucleotides of the invention. The term
"plant" as used herein as a noun refers to whole plants, but as used as an adjective
refers to any substance which is present in, obtained from, derived from, or related to a
plant, such as for example, plant organs (e.g. leaves, stems, roots, flowers), single cells
(e.g. pollen), seeds, 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 stems, roots, floral organs or structures, pollen, seed, seed parts such
as an embryo, endosperm, scutellum or seed coat, plant tissue such as, for example,
vascular tissue, cells and progeny of the same.

A "transgenic plant", "genetically modified plant" or variations thereof refers to
a plant that contains a gene construct (“transgene”) not found in a wild-type plant of the
same species, variety or cultivar. Transgenic plants as defined in the context of the
present invention include plants and their progeny which have been genetically
modified using recombinant techniques to cause production of at least one polypeptide
defined herein in the desired plant or plant organ. Transgenic plant cells and transgenic

plant parts have corresponding meanings. A “transgene” as referred to herein has the
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normal meaning in the art of biotechnology and includes a genetic sequence which has
been produced or altered by recombinant DNA or RNA technology and which has been
introduced into a cell of the invention, preferably a plant cell. The transgene may
include genetic sequences derived from a plant cell which may be of the same species,
variety or cultivar as the plant cell into which the transgene is introduced or of a
different species, variety 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 example, by transformation but any method can be used as one of skill in
the art recognizes.

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 to grain after imbibition or germination, according to the
context. Mature grain commonly has a moisture content of less than about 18-20%.
“Developing seed” as used herein refers to a seed prior to maturity, typically found in
the reproductive structures of the plant after fertilisation or anthesis, but can also refer
to such seeds prior to maturity which are isolated from a plant.

As used herein, the term “plant storage organ” refers to a part of a plant
specialized to storage energy in the form of, for example, proteins, carbohydrates, fatty
acids and/or oils. Examples of plant storage organs are seed, fruit, tuberous roots, and
tubers. A preferred plant storage organ of the invention is seed.

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
of the invention not having a significantly reduced ability to grow and reproduce when
compared to an unmodified plant or plant organ. In an embodiment, the genetically
modified plant or plant organ which is phenotypically normal comprises an exogenous
polynucleotide encoding a silencing suppressor operably linked to a plant storage organ
specific promoter and has an ability to grow or reproduce which is essentially the same
as an isogenic plant or organ not comprising said polynucleotide. Preferably, the
biomass, growth rate, germination rate, storage organ size, 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. This term does not encompass
features of the plant which may be different to the wild-type plant but which do not
effect the usefulness of the plant for commercial purposes such as, for example, a
ballerina phenotype of seedling leaves.

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

invention include both monocotyledons and dicotyledons. In preferred embodiments,
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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 production of edible roots, tubers, leaves,
stems, flowers or fruit. The plants may be vegetables or ornamental plants. The plants
of the invention may be: corn (Zea mays), canola (Brassica napus, Brassica rapa ssp.),
flax (Linum usitatissimum), alfalfa (Medicago sativa), rice (Oryza sativa), rye (Secale
cerale), sorghum (Sorghum bicolour, Sorghum vulgare), sunflower (Helianthus annus),
wheat (Tritium aestivum), soybean (Glycine max), tobacco (Nicotiana tabacum), potato
(Solanum tuberosum), peanuts (Arachis hypogaea), cotton (Gossypium hirsutum),
sweet potato (Lopmoea batatus), cassava (Manihot esculenta), coffee (Cofea spp.),
coconut (Cocos nucifera), pineapple (Anana comosus), citris tree (Citrus spp.), cocoa
(Theobroma cacao), tea (Camellia senensis), banana (Musa spp.), avocado (Persea
americana), fig (Ficus casica), guava (Psidium guajava), mango (Mangifer indica),
olive (Olea europaea), papaya (Carica papaya), cashew (Anacardium occidentale),
macadamia (Macadamia intergrifolia), almond (Prunus amygdalus), sugar beets (Beta
vulgaris), oats, or barley.

In a preferred embodiment, the plant is an angiosperm.

In an embodiment, the plant is an oilseed plant, preferably an oilseed crop plant.
As used herein, an "oilseed plant" is a plant species used for the commercial production
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 Brassicas, cotton, peanut, poppy, mustard, castor bean,
sesame, safflower, or nut producing plants. The plant may produce high levels of oil in
its fruit, such as olive, oil palm or coconut. Horticultural plants to which the present
invention may be applied are lettuce, endive, or vegetable brassicas including cabbage,
broccoli, or cauliflower. The present invention may be applied in tobacco, cucurbits,
carrot, strawberry, tomato, or pepper.

In a further preferred embodiment, the non-transgenic plant used to produce a
transgenic plant of the invention produces oil, especially in the seed, which has 1) less
than 20%, less than 10% or less than 5% 18:2 fatty acids and/or ii) less than 10% or
less than 5% 18:3 fatty acids.

In a preferred embodiment, the transgenic plant is homozygous for each and
every gene that has been introduced (transgene) so that its progeny do not segregate for
the desired phenotype. The transgenic plant may also be heterozygous for the
introduced transgene(s), preferably uniformly heterozygous for the transgene, such as



WO 2010/057246 PCT/AU2009/001488

77

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.

Where relevant, the transgenic plants may also comprise additional transgenes
encoding enzymes involved in the production of LC-PUFAs such as, but not limited to,
a A6 desaturase, a A9 clongase, a A8 desaturase, a A6 clongase, a A5 desaturase, an ©3
desaturase, a A4 desaturase, a AS eclongase, diacylglycerol acyltransferase, a Al7
desaturase, a Al5 desaturase and/or a A12 desaturase. Examples of such enzymes with
one of more of these activities are known in the art and include those described herein
and in WO 05/103253 (see, for example, Table 1 of WO 05/103253). In specific
examples, the transgenic plant at least comprises exogenous polynucleotides encoding;

a) a A4 desaturase, a AS desaturase, a A6 desaturase, a AS elongase and a A6
elongase,

b) a A4 desaturase, a AS desaturase, a A8 desaturase, a AS elongase and a A9
elongase,

c) a A4 desaturase, a AS desaturase, a A6 desaturase, a AS clongase, a A6
elongase, and a A15 desaturase,

d) a A4 desaturase, a AS desaturase, a A8 desaturase, a AS elongase, a A9
clongase, and a A15 desaturase,

e) a A4 desaturase, a AS desaturase, a A6 desaturase, a AS clongase, a A6
clongase, and a A17 desaturase, or

f) a A4 desaturase, a AS desaturase, a A8 desaturase, a AS clongase, a A9
elongase, and a A17 desaturase.

Transformation of plants

Transgenic plants can be produced using techniques known in the art, such as
those generally described in A. Slater et al., Plant Biotechnology - The Genetic
Manipulation of Plants, Oxford University Press (2003), and P. Christou and H. Klee,
Handbook of Plant Biotechnology, John Wiley and Sons (2004).

As used herein, the terms “stably transforming”, “stably transformed” and
variations thereof refer to the integration of the exogenous 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
transformants, or progeny thereof, can be selected by any means known in the art such
as Southern blots on chromosomal DNA or in situ hybridization of genomic DNA.

Agrobacterium-mediated transfer is a widely applicable system for introducing
genes into plant cells because DNA can be introduced into cells in whole plant tissues

or plant organs or explants in tissue culture, for either transient expression or for stable
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integration of the DNA in the plant cell genome. The use of Agrobacterium-mediated
plant integrating vectors to introduce DNA into plant cells is well known in the art (see,
for example, US 5177010, US 5104310, US 5004863 or US 5159135). 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 those plant varieties
where Agrobacterium-mediated transformation is efficient, it is the method of choice
because of the facile and defined nature of the gene transfer. Preferred Agrobacterium
transformation vectors are capable of replication in E. coli as well as Agrobacterium,
allowing for convenient manipulations as described (Klee et al., In: Plant DNA
Infectious Agents, Hohn and Schell, eds., Springer-Verlag, New York, pp. 179-203
(1985).

Acceleration methods that may be used include, for example, microprojectile
bombardment and the like. One example of a method for delivering transforming
nucleic acid molecules to plant cells is microprojectile bombardment. This method has
been reviewed by Yang et al., Particle Bombardment Technology for Gene Transfer,
Oxford Press, Oxford, England (1994). Non-biological particles (microprojectiles) that
may be coated with nucleic acids and delivered into cells by a propelling force.
Exemplary particles include those comprised of tungsten, gold, platinum, and the like.
A particular advantage of microprojectile bombardment, in 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. An
illustrative embodiment of a method for delivering DNA into Zea mays cells by
acceleration is a biolistics o-particle delivery system, that can be used to propel
particles coated with DNA through a screen, such as a stainless steel or Nytex screen,
onto a filter surface covered with corn cells cultured in suspension. A particle delivery
system suitable for use with the present invention is the helium acceleration PDS-
1000/He gun available from Bio-Rad Laboratories.

For the bombardment, cells in suspension may be concentrated on filters. Filters
containing the cells to be bombarded are positioned at an appropriate distance below
the microprojectile stopping plate. If desired, one or more screens are also positioned
between the gun and the cells to be bombarded.

Alternatively, immature embryos or other target cells may be arranged on solid
culture medium. The cells to be bombarded are positioned at an appropriate distance
below the microprojectile stopping plate. If desired, one or more screens are also

positioned between the acceleration device and the cells to be bombarded. Through the



WO 2010/057246 PCT/AU2009/001488

79

use of techniques set forth herein one may obtain up to 1000 or more foci of cells
transiently expressing a marker gene. The number of cells in a focus that express the
exogenous gene product 48 hours post-bombardment often range from one to ten and
average one to three.

In bombardment transformation, one may optimize the pre-bombardment
culturing conditions and the bombardment parameters to yield the maximum numbers
of stable transformants. Both the physical and biological parameters for bombardment
are important in this technology. Physical factors are those that involve manipulating
the DNA/microprojectile precipitate or those that affect the flight and velocity of either
the macro- or microprojectiles. Biological factors include all steps involved in
manipulation of cells before and immediately after bombardment, the osmotic
adjustment of target cells to help alleviate the trauma associated with bombardment,
and also the nature of the transforming DNA, such as linearized DNA or intact
supercoiled plasmids. It is believed that pre-bombardment manipulations are especially
important for successful transformation of immature embryos.

In another alternative embodiment, plastids can be stably transformed. Methods
disclosed for plastid transformation in higher plants include particle gun delivery of
DNA containing a selectable marker and targeting of the DNA to the plastid genome
through homologous recombination (US 5, 451,513, US 5,545,818, US 5,877,402, US
5,932479, and WO 99/05265).

Accordingly, it is contemplated that one may wish to adjust various aspects of
the bombardment parameters in small scale studies to fully optimize the conditions.
One may particularly wish to adjust physical parameters such as gap distance, flight
distance, tissue distance, and helium pressure. One may also minimize the trauma
reduction factors by modifying conditions that influence the physiological state of the
recipient cells and that may therefore influence transformation and integration
efficiencies. For example, the osmotic state, tissue hydration and the subculture stage
or cell cycle of the recipient cells may be adjusted for optimum transformation. The
execution of other routine adjustments will be known to those of skill in the art in light
of the present disclosure.

Transformation of plant protoplasts can be achieved using methods based on
calcium phosphate precipitation, polyethylene glycol treatment, electroporation, and
combinations of these treatments. Application of these systems to different plant
varieties depends upon the ability to regenerate that particular plant strain from
protoplasts. Illustrative methods for the regeneration of cereals from protoplasts are
described (Fujimura et al., 1985; Toriyama et al., 1986; Abdullah et al., 1986).
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Other methods of cell transformation can also be used and include but are not
limited to introduction of DNA into plants by direct DNA transfer into pollen, by direct
injection of DNA into reproductive organs of a plant, or by direct injection of DNA
into the cells of immature embryos followed by the rehydration of desiccated embryos.

The regeneration, development, and cultivation of plants from single plant
protoplast transformants or from various transformed explants is well known in the art
(Weissbach et al., In: Methods for Plant Molecular Biology, Academic Press, San
Diego, Calif., (1988). This regeneration and growth process typically includes the steps
of selection of transformed cells, culturing those individualized cells through the usual
stages of embryonic development through the rooted plantlet stage. Transgenic
embryos and seeds are similarly regenerated. The resulting transgenic rooted shoots
are thereafter planted in an appropriate plant growth medium such as soil.

The development or regeneration of plants containing the foreign, exogenous
gene is well known in the art. Preferably, the regenerated plants are self-pollinated to
provide homozygous transgenic plants.  Otherwise, pollen obtained from the
regenerated plants is crossed to seed-grown plants of agronomically important lines.
Conversely, pollen from plants of these important lines is used to pollinate regenerated
plants. A transgenic plant of the present invention containing a desired exogenous
nucleic acid is cultivated using methods well known to one skilled in the art.

Methods for transforming dicots, primarily by use of Agrobacterium
tumefaciens, and obtaining transgenic plants have been published for cotton (US
5,004,863, US 5,159,135, US 5,518,908); soybean (US 5,569,834, US 5,416,011);
Brassica (US 5,463,174); pecanut (Cheng et al., 1996); and pea (Grant et al., 1995).

Methods for transformation of cereal plants such as wheat and barley for
introducing genetic variation into the plant by introduction of an exogenous nucleic
acid and for regeneration of plants from protoplasts or immature plant embryos are well
known in the art, see for example, CA 2,092,588, AU 61781/94, AU 667939, US
6,100,447, PCT/US97/10621, US 5,589,617, US 6,541,257, and other methods are set
out in Patent specification W0O99/14314. Preferably, transgenic wheat or barley plants
are produced by Agrobacterium tumefaciens mediated transformation procedures.
Vectors carrying the desired nucleic acid construct may be introduced into regenerable
wheat cells of tissue cultured plants or explants, or suitable plant systems such as
protoplasts.

The regenerable wheat cells are preferably from the scutellum of immature

embryos, mature embryos, callus derived from these, or the meristematic tissue.
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To confirm the presence of the transgenes in transgenic cells and plants, a
polymerase chain reaction (PCR) amplification or Southern blot analysis can be
performed using methods known to those skilled in the art. Expression products of the
transgenes can be detected in any of a variety of ways, depending upon the nature of
the product, and include Western blot and enzyme assay. One particularly useful way
to quantitate protein expression and to detect replication in different plant tissues is to
use a reporter gene, such as GUS. Once transgenic plants have been obtained, they
may be grown to produce plant tissues or parts having the desired phenotype. The
plant tissue or plant parts, may be harvested, and/or the seed collected. The seed may
serve as a source for growing additional plants with tissues or parts having the desired
characteristics.

A transgenic plant formed using Agrobacterium or other transformation methods
typically contains a single genetic locus on one chromosome. Such transgenic plants
can be referred to as being hemizygous for the added gene(s). More preferred is a
transgenic plant that is homozygous for the added gene(s); i.e., a transgenic plant that
contains two added genes, one gene at the same locus on each chromosome of a
chromosome pair. A homozygous transgenic plant can be obtained by self-fertilising a
hemizygous transgenic plant, germinating some of the seed produced and analyzing the
resulting plants for the gene of interest.

It is also to be understood that two different transgenic plants that contain two
independently segregating exogenous genes or loci can also be crossed (mated) to
produce offspring that contain both sets of genes or loci. Selfing of appropriate F1
progeny can produce plants that are homozygous for both exogenous genes or loci.
Back-crossing to a parental plant and out-crossing with a non-transgenic plant are also
contemplated, as is vegetative propagation. Descriptions of other breeding methods
that are commonly used for different traits and crops can be found in Fehr, In: Breeding
Methods for Cultivar Development, Wilcox J. ed., American Society of Agronomy,
Madison Wis. (1987).

Transgenic Non-Human Animals

A "transgenic non-human animal" refers to an animal, other than a human, that
contains a gene construct (“transgene”) not found in a wild-type animal of the same
species or breed. A “transgene” as referred to in this context has the normal meaning in
the art of biotechnology and includes a genetic sequence which has been produced or
altered by recombinant DNA or RNA technology and which has been introduced into

an animal cell. The transgene may include genetic sequences derived from an animal
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cell, which may be of the same or different species or breed as the cell into which the
transgene is introduced. Typically, the transgene has been introduced into the animal
by human manipulation such as, for example, by transformation but any method can be
used as one of skill in the art recognizes.

Techniques for producing transgenic animals are well known in the art. A useful
general textbook on this subject is Houdebine, Transgenic animals — Generation and
Use (Harwood Academic, 1997). Transformation of a polynucleotide molecule into a
cell can be accomplished by any method by which a polynucleotide molecule can be
inserted into the cell. Transformation techniques include, but are not limited to,
transfection, electroporation, microinjection, lipofection, adsorption, and cell fusion. A
recombinant cell may remain unicellular or may grow into a tissue, organ or a
multicellular organism. Transformed polynucleotide molecules can remain
extrachromosomal or can integrate into one or more sites within a chromosome of the
transformed (i.e., recombinant) cell in such a manner that their ability to be expressed is
retained. Heterologous DNA can be introduced, for example, into fertilized mammalian
ova. For instance, totipotent or pluripotent stem cells can be transformed by
microinjection, calcium phosphate mediated precipitation, liposome fusion, retroviral
infection or other means, the transformed cells are then introduced into the embryo, and
the embryo then develops into a transgenic animal. In a highly preferred method,
developing embryos are infected with a retrovirus containing the desired DNA, and
transgenic animals produced from the infected embryo. In a most preferred method,
however, the appropriate DNAs are coinjected into the pronucleus or cytoplasm of
embryos, preferably at the single cell stage, and the embryos allowed to develop into
mature transgenic animals.

Another method used to produce a transgenic animal involves microinjecting a
nucleic acid into pro-nuclear stage eggs by standard methods. Injected eggs are then
cultured before transfer into the oviducts of pseudopregnant recipients.

Transgenic animals may also be produced by nuclear transfer technology.
Using this method, fibroblasts from donor animals are stably transfected with a plasmid
incorporating the coding sequences for a binding domain or binding partner of interest
under the control of regulatory sequences. Stable transfectants are then fused to

enucleated oocytes, cultured and transferred into female recipients.
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Enhancing Exogenous RNA Levels and Stabilized Expression

Silencing Suppressors

Post-transcriptional gene silencing (PTGS) is a nucleotide sequence-specific
defense mechanism that can target both cellular and viral mRNAs for degradation
PTGS occurs in plants or fungi stably or transiently transformed with foreign
(heterologous) or endogenous DNA and results in the reduced accumulation of RNA
molecules with sequence similarity to the introduced nucleic acid.

It has widely been considered that co-expression of a silencing suppressor with a
transgene of interest will increase the levels of RNA present in the cell transcribed from
the transgene. Whilst this has proven true for cells in vitro, significant side-effects
have been observed in many whole plant co-expression studies. More specifically, as
described in Mallory et al. (2002), Chapman et al. (2004), Chen et al. (2004), Dunoyer
et al. (2004), Zhang et al. (2006), Lewsey et al. (2007) and Meng et al. (2008) plants
expressing silencing suppressors, generally under constitutive promoters, are often
phenotypically abnormal to the extent that they are not useful for commercial
production.

As outlined above, the present inventors have found that RNA molecule levels
can be increased, and/or RNA molecule levels stabilized over numerous generations, by
limiting the expression of the silencing suppressor to a storage organ of a plant or part
thereof. As used herein, a “silencing suppressor” is any polynucleotide or polypeptide
that can be expressed in a plant cell that enhances the level of expression product from
a different transgene in the plant cell, particularly over repeated generations from the
initially transformed plant. In an embodiment, the silencing suppressor is a viral
silencing suppressor or mutant thereof. A large number of viral silencing suppressors
are known in the art and include, but are not limited to P19, V2, P38, Pe-Po and RPV-
P0O. In an embodiment, the viral silencing suppressor comprises amino acids having a
sequence as provided in any one of SEQ ID NOs 97 to 101, a biologically active
fragment thereof, or an amino acid sequence which is at least 50% identical to any one
or more of SEQ ID NOs 97 to 101 and which has activity as a silencing suppressor.

As used herein, the terms “stabilising expression”, “stably expressed”,
“stabilised expression” and variations thereof refer to level of the RNA molecule being
essentially the same or higher in progeny plants over repeated generations, for example
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 repeated generations there is
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some loss of levels of the RNA molecule when compared to a previous generation, for
example not less than a 10% loss per generation.
The suppressor can be selected from any source e.g. plant, viral, mammal etc.

The suppressor may be, for example:

e flock house virus B2;

e pothos latent virus P14;

® pothos latent virus AC2;

e African cassava mosaic virus AC4;

¢ bhendi yellow vein mosaic disease C2;

¢ bhendi yellow vein mosaic disease C4;

e bhendi yellow vein mosaic disease BC1;

e tomato chlorosis virus p22;

e tomato chlorosis virus CP;

e tomato chlorosis virus CPm;

e tomato golden mosaic virus AL2;

e tomato leaf curl Java virus BC1

e tomato yellow leaf curl virus V2;

e tomato yellow leaf curl virus-China C2

e tomato yellow leaf curl China virus Y10 isolate BC1;

e tomato yellow leaf curl Israeli isolate V2;

* mungbean yellow mosaic virus-Vigna AC2;

¢ hibiscus chlorotic ringspot virus CP;

e turnip crinkle virus P38;

e turnip crinkle virus CP;

e cauliflower mosaic virus P6;

e beet yellows virus p21;

® citrus tristeza virus p20;

e citrus tristeza virus p23;

e citrus tristeza virus CP;

e cowpea mosaic virus SCP;

e sweet potato chlorotic stunt virus p22

e cucumber mosaic virus 2b;

e tomato aspermy virus HC-Pro

e beet curly top virus L2;

e soil borne wheat mosaic virus 19K;

e barley stripe mosaic virus Gammab;
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poa semilatent virus Gammab;

peanut clump pecluvirus P15;

rice dwarf virus Pns10;

curubit aphid borne yellows virus PO;

beet western yellows virus PO;

potato virus X P25;

cucumber vein yellowing virus P1b;

plum pox virus HC-Pro;

sugarcane mosaic virus HC-Pro

potato virus Y strain HC-Pro;

tobacco etch virus P1/HC-Pro;

turnip mosaic virus P1/HC-Pro;

cocksfoot mottle virus P1;

cocksfoot mottle virus-Norwegian isolate P1
rice yellow mottle virus P1;

rice yellow mottle virus-Nigerian isolate P1;
rice hoja blanca virus NS3

rice stripe virus NS3

crucifer infecting tobacco mosaic virus 126K;
crucifer infecting tobacco mosaic virus p122;
tobacco mosaic virus p122;

tobacco mosaic virus 126

tobacco mosaic virus 130K

tobacco rattle virus 16K

tomato bushy stunt virus P19;

tomato spotted wilt virus NSs;

apple chlorotic leaf spot virus P50;
grapevine virus A p10;

grapevine leafroll associated virus-2 homolog of BYV p21,

as well as variants/mutants thereof. The list above provides the virus from which the

suppressor can be obtained and the protein (eg B2, P14 etc) or coding region

designation for the suppressor from each particular virus.

Multiple copies of a suppressor may be used. Different suppressors may be

used together (e. g., in tandem).

RNA Molecules
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Essentially any RNA molecule which is desirable to be expressed in a plant
storage organ can be co-expressed with the silencing suppressor. The RNA molecule
may influence an agronomic trait, insect resistance, discase resistance, herbicide
resistance, sterility, grain characteristics, and the like. The encoded polypeptides may
be involved in metabolism of oil, starch, carbohydrates, nutrients, ctc., or may be
responsible for the synthesis of proteins, peptides, fatty acids, lipids, waxes, oils,
starches, sugars, carbohydrates, flavors, odors, toxins, carotenoids. hormones,
polymers, flavonoids, storage proteins, phenolic acids, alkaloids, lignins, tannins,
celluloses, glycoproteins, glycolipids, etc.

In a particular example, the plants produced increased levels of enzymes for oil
production in plants such as Brassicas, for example oilseed rape or sunflower,
safflower, flax, cotton, soya bean or maize; enzymes involved in starch synthesis in
plants such as potato, maize, and cereals such as wheat barley or rice; enzymes which
synthesize, or proteins which are themselves, natural medicaments, such as
pharmaceuticals or veterinary products.

Types of polypeptitdes that are contemplated for production in a method of the
present invention include pharmaceutical proteins for use in mammals, including man,
such as insulin, preproinsulin, proinsulin, glucagon, interferons such as o-interferon
and Y-interferon, blood-clotting factors such as Factor VII, VIII, IX, X, XI, and XII,
fertility hormones such as luteinising hormone, follicle stimulating hormone growth
factors such as epidermal growth factor, platelet-derived growth factor, granulocyte
colony stimulating factor, prolactin, oxytocin, thyroid stimulating hormone,
adrenocorticotropic  hormone, calcitonin, parathyroid hormone, somatostatin,
erythropoietin (EPO), enzymes such as P-glucocerebrosidase, haemoglobin, serum
albumin, collagen, growth hormone, human serum albumin, human-secreted alkaline
phosphatase, aprotinin, ol-antitrypsin, IgG1 (phosphonate ester), IgM (neuropeptide
hapten), SIgA/G (Streptococcus mutans adhesin), scFv-bryodin 1 immunotoxin (CD
40), IgG (HSV), LSC (HSV) and the like.

Furthermore, the method of the invention can be used for the production of
specific antibodies, including antibody-related molecules or active fragments thereof
which bind, for example, bone morphogenetic protein receptor-type IB; El6; STEAPI;
MPF; Napi3b; Sema 5b; PSCA; Endothelin type B receptor; MSG783; STEAP2;
TrpM4; CRIPTO; CD21; CD79b; FcRH2; HER2; NCA; MDP; IL20Ra; Brevican;
EphB2R; ASLG659; PSCA; GEDA; B cell -activating factor receptor; CD22; CD79a;
CXCRS; HLA-DOB; P2X5; CD72; LY64, FcRHI; IRTA2; TENB2; CD20; VEGF
including VEGF_A, B, C or D; p53; EGFR; progesterone receptor; cathepsin D; Bcl-2;
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E cadherin; CEA; Lewis X; Ki67; PCNA; CD3; CD4; CDS5; CD7; CDl1c; CD11d; c-
Myec; tau; PrPSC; or AP.

In addition, the method of the invention can be used for the production of an
antigen, which may or may not be delivered by consumption of the storage organ,
examples of which include Hepatitis B virus envelope protein, rabies virus
glycoprotein, Escherichia coli heat-labile entertoxin, Norwalk virus capsid protein,
diabetes autoantigen, cholera toxin B subunit, cholera toxin B and A2 subunits,
rotavirus entertoxin and enterotoxigenic E. coli fimbrial antigen fusions, porcine
transmissible gastroenteritis virus glycoprotein S, human rhinovirus 15 (HRV-14) and
human immunodeficiency virus type (HIV-1) epitopes, Mink Enteritis Virus epitopes,
foot and mouth disease virus VP1 structural protein, human cytomegalovirus
glycoprotein B, dental caries (S. mutans) antigens, and respiratory syncytial virus

antigens.

Levels of LC-PUFA Produced
The levels of the LC-PUFA or combination of LC-PUFAs that are produced in

the recombinant cell are of importance. The levels may be expressed as a composition

(in percent) of the total fatty acid that is a particular LC-PUFA or group of related LC-
PUFA, for example the ®3 LC-PUFA or the w6 LC-PUFA, or the VLC-PUFA, or other
which may be determined by methods known in the art. The level may also be
expressed as a LC-PUFA content, such as for example the percentage of LC-PUFA in
the dry weight of material comprising the recombinant cells, for example the
percentage of the dry weight of seed that is LC-PUFA. It will be appreciated that the
LC-PUFA that is produced in an oilseed may be considerably higher in terms of LC-
PUFA content than in a vegetable or a grain that is not grown for oil production, yet
both may have similar LC-PUFA compositions, and both may be used as sources of
LC-PUFA for human or animal consumption.

The levels of LC-PUFA may be determined by any of the methods known in the
art. In a preferred method, total lipid is extracted from the cells, tissues or organisms
and the fatty acid converted to methyl esters before analysis by gas chromatography
(GC). Such techniques are described in Example 1. The peak position in the
chromatogram may be used to identify each particular fatty acid, and the area under
each peak integrated to determine the amount. As used herein, unless stated to the
contrary, the percentage of particular fatty acid in a sample is determined as the area
under the peak for that fatty acid as a percentage of the total area for fatty acids in the

chromatogram. This corresponds essentially to a weight percentage (w/w). The identity
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of fatty acids may be confirmed by GC-MS. Total lipid may be separated by techniques
known in the art to purify fractions such as the TAG fraction. For example, thin-layer
chromatography (TLC) may be performed at an analytical scale to separate TAG from
other lipid fractions such as DAG, acyl-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 cell comprises at least 15%, more preferably at least 20% or at least 25% of
the total fatty acids in the cell. In a more preferred embodiment, the sum total of those
fatty acids is at least 29%, at least 30% or at least 31% of the total fatty acids in the
cell. In a further embodiment, the total fatty acid in the cell has less than 1% C20:1. In
another embodiment, the amount of DHA in the fatty acids in the cell is at least 3%,
more preferably at least 4%, more preferably at least 5% or at least 7%, or most
preferably at least 10%, of the total fatty acids in the cell. In preferred embodiments,
the extractable TAG in the cell comprises the fatty acids at the levels referred to in this
paragraph. Each possible combination of these features is also encompassed. For
example, the sum total of ARA, EPA, DPA and DHA in the fatty acids in the cell may
comprises at least 15%, at least 20%, at least 25%, at least 29%, at least 30% or at least
31% of the total fatty acids in the cell, of which at least 3%, at least 4%, at least 5%, at
least 7% or at least 10% of the total fatty acids in the cell is DHA, while the level of
C20:1 may be less than 1%.

In each of these embodiments, the recombinant cell may be a cell of an
organism that is suitable for fermentation such as, for example, a unicellular
microorganism which may be a prokaryote or a eukaryote such as yeast, or a plant cell.
In a preferred embodiment, the cell is a cell of an angiosperm (higher plant). In a
further preferred embodiment, the cell is a cell in a seed such as, for example, an
oilseed or a grain or cereal.

The level of production of LC-PUFA in the recombinant cell may also be
expressed as a conversion ratio, i.e., the amount of the LC-PUFA formed as a
percentage of one or more substrate PUFA or LC-PUFA. With regard to EPA, for
example, this may be expressed as the ratio of the level of EPA (as a percentage in the
total fatty acid) to the level of a substrate fatty acid (ALA, SDA, ETA or ETrA).

In one embodiment, the efficency of conversion of ALA to EPA is at least 80%,
or more preferably at 90%. In another embodiment, the efficiency of conversion of
ALA to EPA, DPA or DHA (calculated as the sum of the percentages for EPA, DPA
and DHA/ the sum of the percentages for ALA and all A6-desaturated fatty acid
products from ALA) is at least 17.3%, or at least 23%. In another embodiment, the
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efficiency of conversion of ALA to DPA or DHA (calculated as the sum of the
percentages for DPA and DHA/ the sum of the percentages for ALA and all A6-
desaturated fatty acid products from ALA) is at least 15.4%, or at least 21%. In another
embodiment, the efficiency of conversion of ALA to DHA (calculated as the
percentage for DHA/ the sum of the percentages for ALA and all A6-desaturated fatty
acid products from ALA) is at least 9.5%, or at least 10.8%. In another embodiment,
the efficiency of conversion of EPA to DHA (calculated as the percentage for DHA/
the sum of the percentages for EPA and all AS-elongated fatty acid products from EPA)
is at least 45%, or at least 50%. In another embodiment, the efficiency of conversion of
SDA to produce ETA (calculated as the sum of the percentages for ETA and AS-
desaturated fatty acid products from ETA / the sum of the percentages for SDA and all
A6-clongated fatty acid products from SDA) is at least 50%, more preferably at least
60%. In another embodiment, the efficiency of conversion of ALA to ETrA is at least
6%, more preferably at least 9%. In another embodiment, the conversion efficency of
EPA to DPA (calculated as the sum of the percentages for DPA and DHA/ the sum of
the percentages for EPA, DPA and DHA) through a AS elongase step is at least 60%,
more preferably at least 65%, more preferably at least 70% or most preferably at least
75%.

The content of the LC-PUFA in the recombinant cell may be maximized if the
parental cell used for introduction of the genes is chosen such that the level of fatty acid
substrate that is produced or provided exogenously is optimal. The level of LC-PUFA
may also be maximized by growing or incubating the cells under optimal conditions,
for example at a slightly lower temperature than the standard temperature for that cell,
which is thought to favour accumulation of polyunsaturated fatty acid. In particular
however, evidence to date suggests that some desaturases expressed heterologously in
yeast or plants have relatively low activity in combination with some elongases. This
may be alleviated by providing a desaturase with the capacity of to use an acyl-CoA
form of the fatty acid as a substrate in LC-PUFA synthesis, and this is thought to be

advantageous in recombinant cells other than yeast such as plant cells.

Production of Oils

Techniques that are routinely practiced in the art can be used to extract, process,
and analyze the oils produced by cells, plants, seeds, etc of the instant invention.
Typically, plant seeds are cooked, pressed, and extracted to produce crude oil, which is
then degummed, refined, bleached, and deodorized. Generally, techniques for crushing

seed are known in the art. For example, oilseeds can be tempered by spraying them
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with water to raise the moisture content to, ¢.g., 8.5%, and flaked using a smooth roller
with a gap setting of 0.23 to 0.27 mm. Depending on the type of seed, water may not
be added prior to crushing. Application of heat deactivates enzymes, facilitates further
cell rupturing, coalesces the oil droplets, and agglomerates protein particles, all of
which facilitate the extraction process.

The majority of the seed oil is released by passage through a screw press. Cakes
expelled from the screw press are then solvent extracted, e.g., with hexane, using a heat
traced column. Alternatively, crude oil produced by the pressing operation can be
passed through a settling tank with a slotted wire drainage 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 combined with the clarified oil to
produce a blended crude oil.

Once the solvent is stripped from the crude oil, the pressed and extracted
portions are combined and subjected to normal oil processing procedures (i.c.,
degumming, caustic refining, bleaching, and deodorization). Degumming can be
performed by addition of concentrated phosphoric acid to the crude oil to convert non-
hydratable phosphatides to a hydratable form, and to chelate minor metals that are
present. Gum is separated from the oil by centrifugation. The oil can be refined by
addition of a sufficient amount of a sodium hydroxide solution to titrate all of the fatty
acids and removing the soaps thus formed.

Deodorization can be performed by heating the oil to 260°C under vacuum, and
slowly introducing steam into the oil at a rate of about 0.1 ml/minute/100 ml of oil.
After about 30 minutes of sparging, the oil is allowed to cool under vacuum. The oil is
typically transferred to a glass container and flushed with argon before being stored
under refrigeration. If the amount of oil is limited, the oil can be placed under vacuum,
e.g., in a Parr reactor and heated to 260°C for the same length of time that it would have
been deodorized. This treatment improves the color of the oil and removes a majority
of the volatile substances.

Feedstuffs

The present invention includes compositions which can be used as feedstuffs.
For purposes of the present invention, "feedstuffs" include any food or preparation for
human or animal consumption (including for enteral and/or parenteral consumption)
which when taken into the body (a) serve to nourish or build up tissues or supply

energy; and/or (b) maintain, restore or support adequate nutritional status or metabolic
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function. Feedstuffs of the invention include nutritional compositions for babies and/or
young children.

Feedstuffs of the invention comprise, for example, a cell of the invention, a
plant of the invention, the plant part of the invention, the seed of the invention, an
extract of the invention, the product of the method of the invention, the product of the
fermentation process of the invention, or a composition along with a suitable carrier(s).
The term "carrier" is used in its broadest sense to encompass any component which
may or may not have nutritional value. As the skilled addressee will appreciate, the
carrier must be suitable for use (or used in a sufficiently low concentration) in a
feedstuff such that it does not have deleterious effect on an organism which consumes
the feedstuff.

The feedstuff of the present invention comprises an oil, fatty acid ester, or fatty
acid produced directly or indirectly by use of the methods, cells or plants disclosed
herein. The composition may either be in a solid or liquid form. Additionally, the
composition may include edible macronutrients, vitamins, and/or minerals in amounts
desired for a particular use. The amounts of these ingredients will vary depending on
whether the composition is intended for use with normal individuals or for use with
individuals having specialized needs, such as individuals suffering from metabolic
disorders and the like.

Examples of suitable carriers with nutritional value include, but are not limited
to, macronutrients such as edible fats, carbohydrates and proteins. Examples of such
edible fats include, but are not limited to, coconut oil, borage oil, fungal oil, black
current oil, soy oil, and mono- and diglycerides. Examples of such carbohydrates
include (but are not limited to): glucose, edible lactose, and hydrolyzed secarch.
Additionally, examples of proteins which may be utilized in the nutritional composition
of the invention include (but are not limited to) soy proteins, electrodialysed whey,
electrodialysed skim milk, milk whey, or the hydrolysates of these proteins.

With respect to vitamins and minerals, the following may be added to the
feedstuff compositions of the present invention: calcium, phosphorus, potassium,
sodium, chloride, magnesium, manganese, iron, copper, zinc, selenium, iodine, and
Vitamins A, E, D, C, and the B complex. Other such vitamins and minerals may also
be added.

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

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

The genus Saccharomyces spp is used in both brewing of beer and wine making
and also as an agent in baking, particularly bread. Yeast is a major constituent of
vegetable extracts. Yeast is also used as an additive in animal feed. It will be apparent
that genetically engineered yeast strains can be provided which are adapted to
synthesise LC-PUFA as described herein. These yeast strains can then be used in food
stuffs and in wine and beer making to provide products which have enhanced fatty acid
content.

Additionally, fatty acids produced in accordance with the present invention or
host cells transformed to contain and express the subject genes may also be used as
animal food supplements to alter an animal's tissue or milk fatty acid composition to
one more desirable for human or animal consumption. Examples of such animals
include sheep, cattle, horses and the like.

Furthermore, feedstuffs of the invention can be used in aquaculture to increase
the levels of fatty acids in fish for human or animal consumption.

Preferred feedstuffs of the invention are the plants, seed and other plant parts
such as leaves and stems which may be used directly as food or feed for humans or
other animals. For example, animals may graze directly on such plants grown in the
field or 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

humans and other animals.

Compositions
The present invention also encompasses compositions, particularly

pharmaceutical compositions, comprising one or more of the fatty acids and/or
resulting oils produced using the methods of the invention.

A pharmaceutical composition may comprise one or more of the fatty acids
and/or oils, in combination with a standard, well-known, non-toxic pharmaceutically-
acceptable carrier, adjuvant or vehicle such as phosphate-buffered saline, water,
ethanol, polyols, vegetable oils, a wetting agent or an emulsion such as a water/oil
emulsion. The composition may be in either a liquid or solid form. For example, the

composition may be in the form of a tablet, capsule, ingestible liquid or powder,
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injectible, or topical ointment or cream. Proper fluidity can be maintained, for
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 isotonic agents, for
example, sugars, sodium chloride, and the like. Besides such inert diluents, the
composition can also include adjuvants, such as wetting agents, emulsifying and
suspending agents, sweetening agents, flavoring agents and perfuming agents.

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

Solid dosage forms such as tablets and capsules can be prepared using
techniques well known in the art. For example, fatty acids produced in accordance
with the present invention can be tableted with conventional tablet bases such as
lactose, sucrose, and cornstarch in combination with binders such as acacia, cornstarch
or gelatin, disintegrating agents such as potato starch or alginic acid, and a lubricant
such as stearic acid or magnesium stearate. Capsules can be prepared by incorporating
these excipients into a gelatin capsule along with antioxidants and the relevant fatty
acid(s).

For intravenous administration, the fatty acids produced in accordance with the
present invention or derivatives thereof may be incorporated into commercial
formulations.

A typical dosage of a particular fatty acid is from 0.1 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 (taken in one or multiple doses). As known in the art,
a minimum of about 300 mg/day of fatty acid, especially LC-PUFA, is desirable.
However, it will be appreciated that any amount of fatty acid will be beneficial to the
subject.

Possible routes of administration of the pharmaceutical compositions of the
present invention include, for example, enteral (e.g., oral and rectal) and parenteral.
For example, a liquid preparation may be administered orally or rectally. Additionally,
a homogenous mixture can be completely dispersed in water, admixed under sterile
conditions with physiologically acceptable diluents, preservatives, buffers or
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