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Description

FIELD OF THE INVENTION

[0001] This invention is in the field of biotechnology. More specifically, this invention pertains to polynucleotide se-
quences encoding multizymes and their use in the synthesis of long-chain polyunsaturated fatty acids (PUFAs).

BACKGROUND OF THE INVENTION

[0002] The importance of PUFAs is undisputed. For example, certain PUFAs are important biological components of
healthy cells and are recognized as: "essential" fatty acids that cannot be synthesized de novo in mammals and instead
must be obtained either in the diet or derived by further elongation and desaturation of linoleic acid (LA; 18:2 omega-6)
or a-linolenic acid (ALA; 18:3 omega-3); constituents of plasma membranes of cells, where they may be found in such
forms as phospholipids or triacylglycerols; necessary for proper development (particularly in the developing infant brain)
and for tissue formation and repair; and, precursors to several biologically active eicosanoids of importance in mammals
(e.g., prostacyclins, eicosanoids, leukotrienes, prostaglandins). Additionally, a high intake of long-chain omega-3 PUFAs
produces cardiovascular protective effects (Dyerberg et al.,, Amer. J. Clin. Nutr. 28:958-966 (1975); Dyerberg et al.,
Lancet. 2(8081):117-119 (1978); Shimokawa, H., Wold Rev. Nutr. Diet 88:100-108 (2001); von Schacky et al., World
Rev. Nutr. Diet 88:90-99 (2001)). Numerous other studies document wide-ranging health benefits conferred by admin-
istration of omega-3 and/or omega-6 PUFAs against a variety of symptoms and diseases (e.g., asthma, psoriasis,
eczema, diabetes, cancer).

[0003] Today, a variety of different hosts including plants, algae, fungi, and yeast are being investigated as means for
commercial PUFA production via numerous divergent efforts. Although the natural PUFA-producing abilities of the host
organisms are sometimes essential to a given methodology, genetic engineering has also proven that the natural abilities
of some hosts (even those natively limited to LA and ALA fatty acid production) can be substantially altered to result in
high-level production of various long-chain omega-3/omega-6 PUFAs. Whether this effect is the result of natural abilities
or recombinant technology, arachidonic acid (ARA; 20:4 omega-6), eicosapentaenoic acid (EPA; 20:5 omega-3), and
docosahexaenoic acid (DHA; 22:6 omega-3) all require expression of either the delta-9 elongase/delta-8 desaturase
pathway (which operates in some organisms, such as euglenoid species and which is characterized by the production
of eicosadienoic acid (EDA; 20:2 omega-6) and/or eicosatrienoic acid (ETrA; 20:3 omega-3)) or the delta-6 desatu-
rase/delta-6 elongase pathway (which is predominantly found in algae, mosses, fungi, nematodes and humans and
which is characterized by the production of gamma-linolenic acid (GLA; 18:3 omega-6) and/or stearidonic acid (STA;
18:4 omega-3)) (FIG. 1). A delta-6 elongase is also known as a Cqg/y( €longase.

[0004] The delta-8 desaturase enzymes identified thus far have the ability to convert both EDA to dihomo gamma-
linolenic acid (DGLA (also known as HGLA); 20:3, n-6) and ETrA to eicosatetraenoic acid (ETA; 20:4, n-3). ARA and
EPA are subsequently synthesized from DGLA and ETA, respectively, following reaction with a delta-5 desaturase. DHA
synthesis, however, requires the subsequent expression of an additional C,g/,, elongase and a delta-4 desaturase.
Most C,q/0, elongases identified so far have the primary ability to convert EPA to DPA, with secondary activity in converting
arachidonic acid (ARA; 20:4 omega-6) to docosatetraenoic acid (DTA; 22:4 omega-6), while most delta-4 desaturase
enzymes identified so far have the primary ability to convert DPA to DHA, with secondary activity in converting docosa-
tetraenoic acid (DTA; 22:4 omega -6) to ®-6 docosapentaenoic acid (DPAn-6; 22:5 omega-6).

Based on the role Cy,, elongase and delta-4 desaturase enzymes play in the synthesis of DHA, there has been
considerable effortto identify and characterize these enzymes from various sources. As such, numerous Cyq/0, €longases
have beendisclosed in both the open literature and the patent literature (e.g., Paviovasp. CCMP459 (GenBank Accession
No. AAV33630), Ostreococcus tauri (GenBank Accession No. AAV67798) and Thalassiosira pseudonana (GenBank
Accession No. AAV67800)). Similarly, various delta-4 desaturases have been described in the art, such as a delta-4
desaturase from Euglena gracilis which is disclosed in WO 2004/090123 and was found to be particularly specific for
conversion of docopentaenoic acid (DPA) into docohexaenoic acid (DHA) when expressed in a heterologous system.
Another delta-4 desaturase is disclosed in WO 02/057465, which describes the expression of said enzyme in transgenic
plants for the production of polyunsaturated fatty acids. WO 02/057465 also describes linking the desaturase enzyme
to a further polypeptide, which has an enzymatic activity other than the desaturase, to form a fusion protein. The following
delta-4 desaturases also have been disclosed: Euglena gracilis (SEQ ID NO:13; GenBank Accession No. AAQ19605;
Meyer et al., Biochemistry, 42(32):9779-9788 (2003)); Thalassiosira pseudonana (SEQ ID NO:29; GenBank Accession
No. AAX14506; Tonon etal., FEBS J., 272(13):3401-3412 (2005)); Thraustochytrium aureum (SEQ ID NO:27; GenBank
Accession No. AAN75707); Thraustochytrium sp. (GenBank Accession No. CAD42496; U.S. Patent 7,087,432); Schizo-
chytrium aggregatum (SEQ ID NO:28; PCT Publication No. WO 2002/090493); Pavlova lutheri ((GenBank Accession
No. AAQ98793); and Isochrysis galbana (SEQ ID NO:30; GenBank Accession No. AAV33631; Pereira et al., Biochem.
J., 384(2):357-366 (2004); PCT Publication No. WO 2002/090493)].
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[0005] Applicants’ Assignee has a number of patent applications concerning the production of PUFAs in oleaginous
yeasts (i.e., Yarrowia lipolytica), including, for example: U.S. Patents No. 7,238,482 and No. 7,125,672; U.S. Publication
No. US 2006/0115881 (filed November 2, 2005); U.S. Publication No. US 2006/0094092 (filed November 1, 2005); U.S.
Publication No. 2006/0110806 (filed November 1, 2005).

[0006] Relatedly, PCT Publication No. WO 2004/071467 (published August 26, 2004) concerns the production of
PUFAs in plants, while PCT Publication No. WO 2004/071178 (published August 26, 2004) concerns annexin promoters
and their use in expression of transgenes in plants. Both are Applicants’ Assignee’s copending applications.

SUMMARY OF THE INVENTION

[0007] The present invention concerns a multizyme comprising a single polypeptide having at least two independent
and separable enzymatic activities, wherein said enzymatic activities comprise at least one fatty acid elongase linked
to at least one fatty acid desaturase, wherein said elongase is linked to said desaturase and said link is selected from
the group consisting of SEQ ID NO:198 (EgDHAsyn1 linker), SEQ ID NO:200 (EgDHAsyn2 linker), SEQ ID NO:235
(EaDHAsyn1 linker), SEQ ID NO:438, SEQ ID NO:445, SEQ ID NO:472, and SEQ ID NO:504.

[0008] In a further embodiment, the invention concerns an isolated polynucleotide encoding a multizyme as herein-
before described, wherein the polynucleotide comprises:

(a) a nucleotide sequence encoding a polypeptide having DHA synthase activity, wherein the polypeptide has at
least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, or SEQ ID NO:97;

(b) a nucleotide sequence encoding a polypeptide having DHA synthase activity wherein the nucleotide sequence
has at least 80% sequence identity, based on the BLASTN method of alignment, when compared to a nucleotide
sequence as set forth in SEQ ID NO:11, SEQ ID NO:205, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID
NO:93, or SEQ ID NO:410;

(c) a nucleotide sequence encoding a polypeptide having DHA synthase activity, wherein the nucleotide sequence
hybridizes under stringent conditions to a nucleotide sequence as set forth in SEQ ID NO:11, SEQ ID NO:205, SEQ
ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID NO:93, or SEQ ID NO:410; or

(d) a complement of the nucleotide sequence of (a), (b) or (c), wherein the complement and the nucleotide sequence
consist of the same number of nucleotides and are 100% complementary.

[0009] Inanother embodiment, the invention concerns the polynucleotide encoding a polypeptide having DHA synthase
activity wherein the nucleotide sequence comprises SEQ ID NO:11, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92,
SEQ ID NO:93, or SEQ ID NO:410.

[0010] In a still further embodiment, the invention concerns the polypeptide of the invention having DHA synthase
activity, wherein the amino acid sequence of the polypeptide comprises SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95,
SEQ ID NO:96, or SEQ ID NO:97.

[0011] An isolated polynucleotide encoding a C20 elongase is disclosed herein comprising:

(a) a nucleotide sequence encoding a polypeptide having C20 elongase activity, wherein the polypeptide has at
least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, SEQ ID
NO:202 (EgDHAsyn1 C20 elongase domain), SEQ ID NO:204 (EgDHAsyn2 C20 elongase domain), SEQ ID NO:231
(EaDHAsyn1 C20 elongase domain), SEQ ID NO:232 (EaDHAsyn2 C20 elongase domain) or SEQ ID NO:233
(EaDHAsyn3 C20 elongase domain);

(b) a nucleotide sequence encoding a polypeptide having C20 elongase activity wherein the nucleotide sequence
has at least 80% sequence identity, based on the BLASTN method of alignment, when compared to a nucleotide
sequence as set forth in SEQ ID NO:11, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID NO:93, SEQ ID
NO:183, SEQ ID NO:188, SEQ ID NO:201 (EgDHAsyn1 C20 elongase domain), SEQ ID NO:206 (EgDHAsyn1*
C20 elongase domain), SEQ ID NO:203 (EgDHAsyn2 C20 elongase domain), SEQ ID NO:227 (EaDHAsyn1 C20
elongase domain); SEQ ID NO:228 (EaDHAsyn2 C20 elongase domain), SEQ ID NO:229 (EaDHAsyn3 C20 elon-
gase domain) or SEQ ID NO:230 (EaDHAsyn4 C20 elongase domain);

(c) a nucleotide sequence encoding a polypeptide having C20 elongase activity, wherein the nucleotide sequence
hybridizes under stringent conditions to a nucleotide sequence as set forth in SEQ ID NO:11, SEQ ID NO:21, SEQ
ID NO:91, SEQ ID NO:92, SEQ ID NO:93, SEQ ID NO:183, SEQ ID NO:188, SEQ ID NO:201 (EgDHAsyn1 C20
elongase domain), SEQ ID NO:206 (EgDHAsyn1* C20 elongase domain), SEQ ID NO:203 (EgDHAsyn2 C20 elon-
gase domain), SEQ ID NO:227 (EaDHAsyn1 C20 elongase domain), SEQ ID NO:228 (EaDHAsyn2 C20 elongase
domain), SEQ ID NO:229 (EaDHAsyn3 C20 elongase domain) or SEQ ID NO:230 (EaDHAsyn4 C20 elongase
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domain); or
(d) a complement of the nucleotide sequence of (a), (b) or (¢), wherein the complement and the nucleotide sequence
consist of the same number of nucleotides and are 100% complementary.

[0012] An isolated polynucleotide encoding a delta-4 desaturase is also disclosed herein comprising:

(a) a nucleotide sequence encoding a polypeptide having delta-4 desaturase activity, wherein the polypeptide has
at least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, SEQ ID
NO:193, SEQ ID NO:215, SEQ ID NO:217, SEQ ID NO:221, SEQ ID NO:239, SEQ ID NO:240, SEQ ID NO:241,
SEQ ID NO:246, SEQ ID NO:247, SEQ ID NO:248, SEQ ID NO:249, SEQ ID NO:382, SEQ ID NO:384, SEQ ID
NO:386, SEQ ID NO:388, SEQ ID NO:404, SEQ ID NO:406, or SEQ ID NO:408;

(b) a nucleotide sequence encoding a polypeptide having delta-4 desaturase activity wherein the nucleotide sequence
has at least 80% sequence identity, based on the BLASTN method of alignment, when compared to a nucleotide
sequence as set forth in SEQ ID NO:11, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID NO:93, SEQ ID
NO:192, SEQ ID NO:214, SEQ ID No:216, SEQ ID NO:220, SEQ ID NO:236, SEQ ID NO:237, SEQ ID NO:238,
SEQ ID NO:242, SEQ ID NO:243, SEQ ID NO:244, SEQ ID NO:245, SEQ ID NO:381, SEQ ID NO:383, SEQ ID
NO:385, SEQ ID NO:387, SEQ ID NO:403, SEQ ID NO:405, or SEQ ID NO:407;

(c) a nucleotide sequence encoding a polypeptide having delta-4 desaturase activity, wherein the nucleotide se-
quence hybridizes under stringent conditions to a nucleotide sequence as set forth in SEQ ID NO:11, SEQ ID NO:21,
SEQIDNO:91,SEQ ID NO:92; SEQ ID NO:93, SEQ ID NO:214, SEQ ID NO:216, SEQ ID NO:220, SEQ ID NO:236,
SEQ ID NO:237, SEQ ID NO:238, SEQ ID NO:242, SEQ ID NO:243, SEQ ID NO:244, SEQ ID NO:245, SEQ ID
NO: 381, SEQID NO:383, SEQIDNO:385, SEQ ID NO:387, SEQID NO:403, SEQ ID NO:405,0r SEQ ID NO:407; or
(d) a complement of the nucleotide sequence of (a), (b) or (c), wherein the complement and the nucleotide sequence
consist of the same number of nucleotides and are 100% complementary.

[0013] An isolated polynucleotide encoding a C20 elongase may comprise the sequence set forth in any of SEQ ID
NO:183, SEQ ID NO:188, SEQ ID NO: 201 (EgDHAsyn1 C20 elongase domain, SEQ ID NO:206 (EgDHAsyn1* C20
elongase domain), SEQ ID NO:203 (EgDHAsyn2 C20 elongase domain), SEQ ID NO:227 (EaDHAsyn1 C20 elongase
domain), SEQ ID NO:228 (EaDHAsyn2 C20 elongase domain), SEQ ID NO:229 (EaDHAsyn3 C20 elongase domain)
or SEQ ID NO:230 (EaDHAsyn4 C20 elongase domain).

[0014] An isolated polynucleotide encoding a delta-4 desaturase, may comprise the sequence set forth in SEQ ID
NO:192, SEQ ID NO:214, SEQ ID NO:220, SEQ ID NO:236, SEQ ID NO:237, SEQ ID NO:238, SEQ ID NO:242, SEQ
ID NO:243, SEQ ID NO:244, SEQ ID NO:245, SEQ ID NO:381, SEQ ID NO:383, SEQ ID NO:385, SEQ ID No:387, SEQ
ID NO:403, SEQ ID NO:405, or SEQ ID NO:407.

[0015] In another embodiment, the invention concerns a recombinant construct comprising any of the isolated poly-
nucleotides encoding a multizyme of the invention operably linked to at least one regulatory sequence.

[0016] In afurther embodiment, the invention concerns a host cell comprising in its genome the recombinant construct
of the invention. More particularly, the host cell is a recombinant microbial host cell comprising a multizyme of the
invention, wherein the elongase is a delta-9 elongase and the desaturase is a delta-8 desaturase. In another aspect,
the elongase is a C20 elongase, and the destaurase is a delta-4 desaturase.

[0017] In yet another embodiment, the invention concerns a transformed Yarrowia sp. comprising the recombinant
construct of the invention.

[0018] In a further embodiment, the invention concerns a method for transforming a cell, comprising transforming a
cell with the recombinant construct of the invention and selecting those cells transformed with said recombinant construct.
[0019] In a still further embodiment, the invention concerns a method for producing a transformed plant comprising
transforming a plant cell with any of the polynucleotides encoding a multizyme of the invention and regenerating a plant
from the transformed plant cell.

[0020] In yet another embodiment, the invention concerns a method for producing yeast comprising transforming a
yeast cell with any of the polynucleotides encoding a multizyme of the invention and growing yeast from the transformed
yeast cell.

[0021] In another embodiment, the invention concerns a plant comprising in its genome the recombinant construct of
the invention. Also of interest are seeds obtained from such plants wherein said seeds comprise the recombinant construct
of the invention. Oil obtained from such seeds, food or feed incorporating such oil, and a beverage incorporating the oil
are also disclosed herein.

[0022] An isolated nucleic acid molecule which encodes a C20 elongase as set forth in SEQ ID NO:183 is disclosed
herein wherein at least 147 codons are codon-optimized for expression in Yarrowia sp.

[0023] An isolated nucleic acid molecule which encodes a C20 elongase as set forth in SEQ ID NO:188 is disclosed
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herein wherein at least 134 codons are codon-optimized for expression in Yarrowia sp.

[0024] An isolated nucleic acid molecule which encodes a delta-4 desaturase enzyme as set forth in SEQ ID NO:192
is disclosed herein wherein at least 285 codons are codon-optimized for expression in Yarrowia sp.

[0025] A method for making a multizyme is disclosed herein which comprises:

(a) linking a first polypeptide with at least a second polypeptide wherein each polypeptide has an independent and
separable enzymatic activity; and
(b) evaluating the product of step (a) for the independent and separable enzymatic activities.

[0026] In a further embodiment, the invention concerns a method for altering the fatty acid profile of an oilseed plant
comprising:

a) transforming an oilseed plant cell with the recombinant construct of the invention;
b) regenerating a plant from the transformed oilseed plant cell step (a), wherein the plant has an altered fatty acid
profile.

[0027] Inyet another embodiment, the invention concerns an isolated polynucleotide encoding a multizyme as here-
inbefore described, wherein the polynucleotide comprises:

(a) a nucleotide sequence encoding a polypeptide having DGLA synthase activity, wherein the polypeptide is set
forth in SEQ ID NO:441, SEQ ID NO:454, SEQ ID NO:461, SEQ ID NO:464, SEQ ID NO:471, SEQ ID NO:515,
SEQ ID NO:516, SEQ ID NO:517, SEQ ID NO:518, or SEQ ID NO:519;

(b) a nucleotide sequence encoding a polypeptide having DGLA synthase activity wherein the nucleotide sequence
is setforth in SEQ ID NO:440, SEQ ID NO:446, SEQ ID NO:453, SEQ ID NO:460, SEQID NO:463, SEQID NO:470,
SEQ ID NO:492, SEQ ID NO:493, SEQ ID NO:494, SEQ ID NO:495, or SEQ ID NO:496;

(c) a nucleotide sequence encoding a polypeptide having DGLA synthase activity, wherein the nucleotide sequence
hybridizes under stringent conditions to a nucleotide sequence as set forth in SEQ ID NO:440, SEQ ID NO:446,
SEQ ID NO:453, SEQ ID NO:460, SEQ ID NO:463, SEQ ID NO:470, SEQ ID NO:492, SEQ ID NO:493, SEQ ID
NO:494, SEQ ID NO:495, or SEQ ID NO:496; or

(d) a complement of the nucleotide sequence of (a), (b) or (c), wherein the complement and the nucleotide sequence
consist of the same number of nucleotides and are 100% complementary.

[0028] In still another embodiment, the invention concerns a method for converting linoleic acid to dihomo gamma-
linolenic acid comprising:

a) providing a recombinant microbial host cell comprising a recombinant construct encoding a DGLA synthase as
hereinbefore described and a source of linoleic acid; and
b) growing the host cell of (a) under conditions whereby dihomo gamma-linolenic acid is produced.

[0029] Inanother embodiment, the invention concerns a method for the conversion of a-linolenic acid to eicosatetranoic
acid comprising:

a) providing a recombinant microbial host cell comprising a recombinant construct encoding a DGLA synthase as
hereinbefore described and a source of a-linolenic acid; and
b) growing the host cell of (a) under conditions whereby eicosatetranoic acid is produced.

[0030] In another embodiment, the invention concerns a method for the conversion of eicosapentaenoic acid to do-
cosahexaenoic acid comprising:

a) providing a recombinant microbial host cell comprising a recombinant construct encoding a DHA synthase as
hereinbefore described and a source of eicosapentaenoic acid; and
b) growing the host cell of (a) under conditions whereby docosahexaenoic acid is produced.

[0031] In a further embodiment, the invention concerns a method for the conversion of arachidonic acid to docosap-
entaenoic acid comprising:

a) providing a recombinant microbial host cell comprising a recombinant construct encoding a DHA synthase as
hereinbefore described and a source of arachidonic acid; and
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b) growing the host cell of (a) under conditions whereby docosapentaenoic acid is produced.

[0032] A method is disclosed herein for the identification of a polypeptide having improved delta-4 desaturase activity
comprising:

a) providing a wild-type delta-4 desaturase polypeptide isolated from Euglena anabena having a base-line delta-4
desaturase activity;

b) truncating the wild-type polypeptide of (a) by from about 1 to about 200 amino acids to create a truncated mutant
polypeptide having delta-4 desaturase activity that is increased as compared with the base-line delta-4 desaturase
activity.

[0033] A microbial host cell is also described herein which produces a polyunsaturated fatty acid and expresses
polypeptides encoding enzymes in the following sequential pathway:

1) a delta-9 desaturase,
2) a delta-12 desaturase,
3) a delta-9 elongase,

4) a delta-8 desaturase,
5) a delta-5 desaturase,
6) a delta-17 desaturase,
7) a Cyqp0p elongase, and
8) a delta-4 desaturase;

wherein the polypeptides comprise at least one multizyme, a fusion comprising a fusion between at least one contiguous
enzyme pair.

BIOLOGICAL DEPOSITS
[0034] The following biological materials have been deposited with the American Type Culture Collection (ATCC),

10801 University Boulevard, Manassas, VA 20110-2209, and bear the following designations, Accession Numbers and
dates of deposit (Table 1).

TABLE 1
ATCC Deposit
Description Accession Number Date of Deposit
Plasmid pKR72 ATCC PTA-6019 May 28, 2004

Yarrowia lipolytica Y4128 ATCC PTA-8614 August 23, 2007
Yarrowia lipolytica Y4127 ATCC PTA-8802 November 29, 2007

BRIEF DESCRIPTION OF THE DRAWINGS AND SEQUENCE LISTINGS

[0035] The invention can be more fully understood from the following detailed description and the accompanying
drawings and Sequence Listing, which form a part of this application.

FIG. 1 is a representative omega-3 and omega-6 fatty acid pathway providing for the conversion of myristic acid
through various intermediates to DHA.

FIG. 2 shows a Clustal W alignment between a portion of the coding sequence of EgDHAsyn2 (SEQ ID NOs:21),
the cDNA sequence of the Euglena gracilis delta-4 desaturase (SEQ ID NO:23) (NCBI Accession No. AY278558
(Gl 33466345), locus AY278558, Meyer et al., Biochemistry 42(32):9779-9788 (2003)), and the coding sequence
of the Euglena gracilis delta-4 desaturase (SEQ ID NO:24) (Meyer et al., supra).

FIGs. 3A and 3B show a Clustal W alignment between the amino acid sequence of EgDHAsyn1 (SEQ ID NO:12),
EgDHAsyn2 (SEQ ID NO:22), and EgC20elo1 (SEQ ID NO:6).

FIGs. 4A and 4B show the Clustal W alignment of the N-terminus of EgDHAsyn1 (SEQ ID NO:12) and the N-terminus
of EgDHAsyn2 (SEQ ID NO:22) with EgC20elo1 (SEQ ID NO:6), Paviova sp. CCMP459 C20-PUFA Elo (SEQ ID
NO:2), Ostreococcus tauri PUFA elongase 2 (SEQ ID NO:25) (NCBI Accession No. AAV67798 (Gl 55852396),
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locus AAV67798, CDS AY591336; Meyer et al., J. Lipid Res. 45(10):1899-1909 (2004)), and Thalassiosira pseu-
donana PUFA elongase 2 (SEQ ID NO:26) (NCBI Accession No. AAVG7800 (Gl 55852441), locus AAV67800, CDS
AY591338; Meyer et al., J. Lipid Res. 45(10):1899-1909 (2004)).

FIGs. 5A , 5B, 5C and 5D show the Clustal W alignment of the C-terminus of EgDHAsyn1 (EQOHAsyn1_CT; amino
acids 253-793 of SEQ ID NO:12; the N-terminus of EgDHAsyn1 is not shown and is indicated by "...") and the C-
terminus of EQDHAsyn2 (EgDHAsyn2_CT; amino acids 253-793 of SEQ ID NO:22, the N-terminus of EQDHAsyn2
is not shown and is indicated by "...") with Euglena gracilis delta-4 fatty acid desaturase (SEQ ID NO:13), Thraus-
tochytrium aureum delta-4 desaturase (SEQ ID NO:27) (NCBI Accession No. AAN75707(Gl 25956288), locus
AAN75707, CDS AF391543), Schizochytrium aggregatum delta-4 desaturase (SEQ ID NO:28) (PCT Publication
No. WO 2002/090493), Thalassiosira pseudonana delta-4 desaturase (SEQ ID NO:29) (NCBI Accession No.
AAX14506 (Gl 60173017), locus AAX14506, CDS AY817156; Tonon et al., FEBS J. 272 (13):3401-3412 (2005)),
and [sochrysis galbana delta-4 desaturase (SEQ ID NO:30) (NCBI Accession No. AAV33631 (Gl 54307110), locus
AAV33631, CDS AY630574; Pereira et al., Biochem. J., 384(2):357-366 (2004) and PCT Publication No. WO
2002/090493).

FIG. 6 shows an alignment of interior fragments of EgDHAsyn1 (EgDHAsyn1_ NCT; amino acids 253-365 of SEQ
ID NO:12) and EgDHAsyn2 (EgDHAsyn2_NCT; amino acids 253-365 of SEQ ID NO:22) spanning both the C20
elongase region and the delta-4 desaturase domain (based on homology) with the C-termini of C20 elongases
(EgC20elo1_CT, amino acids 246-298 of SEQ ID NO:6; PavC20elo_CT, amino acids 240-277 of SEQ ID NO:2;
OtPUFAelo2 CT, amino acids 256-300 of SEQ ID NO:25; TpPUFAelo2_CT, amino acids 279-358 of SEQ ID NO:26)
and the N-termini of delta-4 desaturases (EgD4_NT, amino acids 1-116 of SEQ ID NO:13; TaD4_NT, amino acids
1-47 of SEQ ID NO:27; SaD4_NT, amino acids 1-47 of SEQ ID NO:28; TpD4_NT, amino acids 1-82 of SEQ ID
NO:29; IgD4_NT, amino acids 1-43 of SEQ ID NO:30).

FIG. 7 provides plasmid maps for the following: (A) pY 115 (see also SEQ ID NO:33); (B) Yarrowia lipolytica Gateway®
destination vector pBY 1 (see also SEQ ID NO:34); (C) Yarrowia lipolytica Gateway® destination vector pY159 (see
also SEQ ID NO:38); and (D) pBY-EgC20elo1 (see also SEQ ID NO:39).

FIG. 8 provides plasmids maps for the following: (A) pY132 (see also SEQ ID NO:40); (B) pY161 (see also SEQ ID
NO:41); (C) pY164 (see also SEQ ID NO:42); and (D) pY141 (see also SEQ ID NO:49).

FIG. 9 provides plasmid maps for the following: (A) pY143 (see also SEQ ID NO:52); (B) pY149 (see also SEQ ID
NO:55); (C) pY150 (see also SEQ ID NO:62); and (D) pY156 (see also SEQ ID NO:64).

FIG. 10 provides plasmid maps for the following: (A) pY 152 (see also SEQ ID NO:67); (B) pY157 (see also SEQ ID
NO:69); (C) pY153 (see also SEQ ID NO:72); and (D) pY 151 (see also SEQ ID NO:76).

FIG. 11 is a map of pY160 (see also SEQ ID NO:77).

FIG. 12 shows a chromatogram of the lipid profile of a Euglena anabaena cell extract as described in the Examples.
FIGs. 13A, 13B and 13C show a Clustal W alignment of the amino acid sequences for EaDHAsyn1 (SEQ ID NO:95),
EaDHAsyn2 (SEQ ID NO:96), EaDHAsyn3 (SEQ ID NO:97), and EaDHAsyn4 (SEQ ID NO:98).

FIG. 14 provides plasmid maps for the following: (A) pY 165 (see also SEQ ID NO:99); (B) pY166 (see also SEQ ID
NO:100); (C) pY167 (see also SEQ ID NO:101); and (D) pY168 (see also SEQ ID NO:102).

FIG. 15 provides plasmid maps for the following: (A) pKR1061 (see also SEQ ID NO:111); (B) pKR973 (see also
SEQ ID NO:128); (C) pKR1064 (see also SEQ ID NO:132); and (D) pKR1133 (see also SEQ ID NO:145).

FIG. 16 provides plasmid maps for the following: (A) pKR1105 (see also SEQ ID NO:156); (B) pKR1134 (see also
SEQ ID NO:161); (C) pKR1095 (see also SEQ ID NO:167); and (D) pKR1132 (see also SEQ ID NO:170.

FIG. 17 is a map of KS373 (see also SEQ ID NO:179).

FIG. 18 shows the fatty acid profiles, calculated % elongation, and calculated % desaturation for the clones (except
pBY-EgC20elo1) shown in Table 24.

FIG. 19 shows the fatty acid profiles, calculated % elongation, and calculated % desaturation for feeding EPA to a
vector only control, pY141, pY143, pY149, pY156, pY157, and pY160.

FIG. 20 shows the fatty acid profiles, calculated % elongation, and calculated % desaturation for feeding DPA to a
vector only control, pY141, pY150, pY151, pY152, pY153, pY156, pY157, and pY160.

FIG. 21 shows a schematic of the relative domain structure for each construct described in Table 25.

FIG. 22 shows the fatty acid profiles, calculated % elongation, and calculated % desaturation for feeding EPA, ARA,
and DPA to Yarrowia cells transformed with pY141 (EgDHAsyn1; SEQ ID NO:49) and to a vector only control.
FIG. 23 shows the fatty acid profiles for individual embryos from a representative event in somatic soybean embryos
transformed with soybean expression vectors pKR973 and pKR1064 (see Table 26).

FIG. 24 shows the fatty acid profiles from the five best elongation events in soybean embryos transformed with
soybean expression vector KS373.

FIG. 25 summarizes BLASTP and percent identity values for EQC20elo1 (Example 3), EgDHAsyn1 (Example 4),
and EgDHAsyn2 (Example 5).

FIG. 26 shows the fatty acid profiles from feeding soybean embryos with EPA. The soybean embryos were selected
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from the best C20/delta-5 elongase and delta-4 desaturase activities in soybean embryos transformed with soybean
expression vector pKR1105.

FIG. 27 shows a chromatogram of the lipid profile of a Euglena gracilis cell extract as described in the Examples.

FIG. 28 is a map of pKR1183 (see also SEQ ID NO:266).

FIG. 29 summarizes the Euglena anabaena DHA synthase domain sequences.

FIG. 30 is a map of pKR1253 (see also SEQ ID NO:270).

FIG. 31 is a map of pKR1255 (see also SEQ ID NO:275).

FIG. 32 is a map of pKR1189 (see also SEQ ID NO:285).

FIG. 33 is a map of pKR1229 (see also SEQ ID NO:296).

FIG. 34 is a map of per1249 (see also SEQ ID NO:297).

FIG. 35 is a map of pKR1322 (see also SEQ ID NO:314).

FIG. 36 shows the fatty acid profiles for five events transformed with pKR1189 that have the lowest average ALA
content (average of 5 soybean somatic embryos analyzed) along with an event (2148-3-8-1) having a fatty acid
profile typical of wild type embryos for this experiment. Fatty acids are identified as 16:0 (palmitate), 18:0 (stearic
acid), 18:1 (oleic acid), LA, and ALA. Fatty acid compositions are expressed as a weight percent (wt. %) of total
fatty acids.

FIG. 37 shows the fatty acid profiles for five events transformed with pKR1183 that have the highest average DGLA
content (average of 5 soybean somatic embryos analyzed). Fatty acids are identified as 16:0 (palmitate), 18:0
(stearic acid), 18:1 (oleic acid), LA, ALA, EDA, ERA, DGLA, and ETA. Fatty acid compositions are expressed as a
weight percent (wt. %) of total fatty acids.

FIG. 38 shows the average fatty acid profiles (Average of 10 soybean somatic embryos) for 20 events transformed
with pKR1249 and pKR1253 that have the highest ARA. Fatty acids are identified as 16:0 (palmitate), 18:0 (stearic
acid), 18:1 (oleic acid), LA, ALA, EDA, SCI, DGLA, ARA, ERA, JUN, ETA, and EPA. Fatty acid compositions are
expressed as a weight percent (wt. %) of total fatty acids. Fatty acids listed as "others" include: 18:2 (5,9), 18:3
(5,9,12), STA, 20:0, 20:1(11), 20:2 (7,11) or 20:2 (8,11), and DPA.

FIG. 39 shows the actual fatty acid profiles for each soybean somatic embryo from one event (AFS 5416-8-1-1)
having an average ARA content of 17.0% and an average EPA content of 1.5%. Fatty acids are identified as 16:0
(palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA, EDA, SCI, DGLA, ARA, ERA, JUN, ETA, and EPA. Fatty
acid compositions are expressed as a weight percent (wt. %) of total fatty acids. Fatty acids listed as "others" include:
18:2 (5,9), 18:3 (5,9,12), STA, 20:0, 20:1(11), 20:2 (7,11) or 20:2 (8,11), and DPA.

FIG. 40 shows the average fatty acid profiles (Average of 9 or 10 soybean somatic embryos) for 20 events transformed
with pKR1249 and pKR1255 that have the highest ARA. Fatty acids are identified as 16:0 (palmitate), 18:0 (stearic
acid), 18:1 (oleic acid), LA, ALA, EDA, SCI, DGLA, ARA, ERA, JUN, ETA, and EPA; fatty acid compositions are
expressed as a weight percent (wt. %) of total fatty acids. Fatty acids listed as "others" include: 18:2 (5,9), 18:3
(5,9,12), STA, 20:0, 20:1(11), 20:2 (7,11) or 20:2 (8,11), and DPA.

FIG. 41 shows the fatty acid profiles from feeding embryos with EPA. The soybean embryos were selected from
the events with the best C20/delta-5 elongase and delta-4 desaturase activities in soybean embryos transformed
with soybean expression vector pKR1134. Fatty acids in FIG. 41 are identified as 16:0 (palmitate), 18:0 (stearic
acid), 18:1 (oleic acid), LA, ALA, EPA, 22:0 (docosanoic acid), DPA, 24:0 (tetracosanoic acid), DHA, and 24:1
(nevonic acid). Fatty acid compositions listed in FIG. 41 are expressed as a weight percent (wt. %) of total fatty acids.
FIG. 42 shows the fatty acid profiles from feeding soybean embryos with EPA. The soybean embryos were selected
from the events with the best C20/delta-5 elongase and delta-4 desaturase activities from the 20 new events analyzed
for soy transformed with pKR1105. Fatty acids in FIG. 42 are identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1
(oleic acid), LA, ALA, EPA, 22:0 (docosanoic acid), DPA, 24.0 (tetracosanoic acid), DHA, and 24:1 (nevonic acid).
Fatty acid compositions listed in FIG. 42 are expressed as a weight percent (wt. %) of total fatty acids.

FIG. 43 shows a graph depicting the relative activities of events transformed with either pKR1105 (C20 elongase
and delta-4 desaturase expressed individually) or pKR1134 (C20 elongase and delta-4 desaturase expressed as
a fusion), when the soybean embryos were fed EPA.

FIG. 44 diagrams the development of Yarrowia lipolytica strain Y4305U3.

FIG. 45 provides plasmid maps for the following: (A) pZKLeuN-29E3 and (B) pY116.

FIG. 46 provides plasmid maps for the following: (A) pKO2UF8289 and (B) pZKSL-555R.

FIG. 47 provides plasmid maps for the following: (A) pZP3-Pa777U and (B) pY117.

FIG. 48 provides plasmid maps for the following: (A) pZP2-2988 and (B) pZKUES3S.

FIG. 49 provides plasmid maps for the following: (A) pZKL2-5U89GC and (B) pZKL1-2SP98C.

FIG. 50 provides plasmid maps for the following: (A) pZKUM and (B) pZKD2-5U89A2.

FIG. 51A diagrams the development of Yarrowia lipolytica strain Y4184U. FIG. 51B provides a plasmid map for
pEgC20ES.

FIG. 52 provides plasmid maps for the following: (A) pZUFmEgQC20ES and (B) pZKL4-220EA4. FIG. 52C is a
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schematic drawing showing overlap of the 3’ region of the EaC20E domain (SEQ ID NO:231) with the 5’ region of
the EaD4 domain (SEQ ID NO:246) within EaDHAsyn1 (SEQ ID NO:95).

FIG. 53A shows an alignment between the N-termini of EaD4S (SEQ ID NO:193), EaD4S-1 (SEQ ID NO:382),
EaD4S-2 (SEQ ID NO:384), and EaD4S-3 (SEQ ID NO:386). FIG. 53B shows an alignment between the N-termini
of EgD4S (SEQ ID NO:388), EgD4S-1 (SEQ ID NO:404), EgD4S-2 (SEQ ID NO:406), and EgD4S-3 (SEQ ID
NO:408).

FIG. 54 provides plasmid maps for the following: (A) pZKLY-G204, (B) pEgC20ES-K, (C) pYNTGUS1-CNP, and
(D) pZKLY.

FIG. 55 provides plasmid maps for the following: (A) pZUFmG9G8fu and (B) pZUFmG9AS.

FIG. 56 is a map of pKR1014.

FIG. 57 is a map of pKR1152.

FIG. 58 is a map of pKR1151.

FIG. 59 is a map of pKR1150.

FIG. 60 is a map of pKR1199.

FIG. 61 is a map of pKR1200.

FIG. 62 is a map of pKR1184.

FIG. 63 is a map of pKR1321.

FIG. 64 is a map of pKR1326.

For FIGs. 65-71, fatty acids are identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA, EDA,
ERA, DGLA, and ETA, and fatty acid compositions are expressed as a weight percent (wt. %) of total fatty acids.
In addition, elongation activity is expressed as % delta-9 elongation of C18 fatty acids (C18 % delta-9 elong),
calculated according to the following formula: ([product])/[substrate + product])*100. More specifically, the combined
percent elongation for LA and ALA is determined as: ([DGLA + ETA + EDA + ERAJ/[LA + ALA + DGLA + ETA +
EDA + ERA)])*100. The combined percent desaturation for EDA and ERA is shown as "C20 % delta-8 desat",
determined as: ([DGLA + ETA)J/[DGLA+ETA+EDA+ERA])*100, and s alsoreferred to as the overall % desaturation.
FIG. 65 shows the fatty acid profiles for the five events transformed with pKR1014 that have the highest average
DGLA content (average of 5 soybean somatic embryos analyzed).

FIG. 66 shows the fatty acid profiles for the five events transformed with pKR1152 that have the highest average
DGLA content (average of 5 soybean somatic embryos analyzed).

FIG. 67 shows the fatty acid profiles for the five events transformed with pKR1151 that have the highest average
DGLA content (average of 5 soybean somatic embryos analyzed).

FIG. 68 shows the fatty acid profiles for the five events transformed with pKR1150 that have the highest average
DGLA content (average of 5 soybean somatic embryos analyzed).

FIG. 69 shows the fatty acid profiles for the five events transformed with pKR1199 that have the highest average
DGLA content (average of 5 soybean somatic embryos analyzed).

FIG. 70 shows the fatty acid profiles for the five events transformed with pKR1200 that have the highest average
DGLA content (average of 5 soybean somatic embryos analyzed).

FIG. 71 shows the fatty acid profiles for the five events transformed with pKR1184 that have the highest average
DGLA content (average of 5 soybean somatic embryos analyzed).

FIG. 72 shows a comparison of individually expressed delta-9 elongases with delta-8 desaturases versus the equiv-
alent delta-9 elongase-delta-8 desaturase fusion. Each data point represents the average %DGLA or %EDA for 5-6
embryos (as a % of total fatty acids) for all events analyzed, and Avg. %DGLA is plotted vs. Avg. % EDA. In (A),
EgTpom represents EgD9e co-expressed with TpomD8 (pKR1014), and EgTpomfus represents the EgD9e/TpomD8
fusion (pKR1199). In (B), EgEa represents EgD9e co-expressed with EaD8 (pKR1152), and EgEafus represents
the EgD9e/EaD8 fusion (pKR1200). In (C), EaTpom represents EaD9e co-expressed with TpomD8 (pKR1151), and
EaTpomfus represents the EaD9e/TpomD8 fusion (pKR1183). In FIG. (D), EaEa represents EaD%e co-expressed
with EaD8 (pKR1150) and EaEafus represents the EaD9e/EaD8 fusion (pKR1200).

FIG. 73 shows the fatty acid profiles for the five events transformed with pKR1322 (Experiment MSE2274) that have
the highest average ARA and EPA content (average of the 5 embryos analyzed) Fatty acids are identified as 16:0
(palmitate), 18:0 (stearic acid), 18:1 (oleic acid), 18:2 (5,9), LA, ALA, EDA, ERA, SCI, DGLA, JUN (also called JUP),
ETA, ARA and EPA. Fatty acid compositions are expressed as a weight percent (wt. %) of total fatty acids. Elongation
activity is expressed as % delta-9 elongation of C18 fatty acids (%Elo), calculated according to the following formula:
([product)/[substrate + product])*100. More specifically, the combined percent elongation for LA and ALA is deter-
mined as: ((DGLA + ETA + EDA + ERA + EPA + ARAJ/[LA + ALA+ DGLA + ETA + EDA + ERA + EPA + ARA])*100.
The combined percent delta-8 desaturation for EDA and ERA is shown as "%D8", determined as: ([DGLA + ETA +
EPA + ARAJ/[DGLA + ETA + EDA + ERA + EPA + ARA])*100. This is also referred to as the overall % delta-8
desaturation. The combined percent delta-5 desaturation for DGLA and ETA is shown as "%D5", determined as:
([EPA + ARAJ/[DGLA + ETA + EPA + ARA])*100. This is also referred to as the overall % delta-5 desaturation.
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FIG. 74 shows the fatty acid profiles for the five events transformed with pKR1326 (Experiment MSE2275) that have
the highest average DGLA and ETA content (average of the 5 embryos analyzed). Fatty acids are identified as 16:0
(palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA, EDA, ERA, DGLA and DGLA and ETA. Fatty acid com-
positions are expressed as a weight percent (wt. %) of total fatty acids. Elongation activity is expressed as % delta-
9 elongation of C18 fatty acids (C18 % delta-9 elong), calculated according to the following formula: ([product)/[sub-
strate + product])*100. More specifically, the combined percent elongation for LA and ALA is determined as: ([DGLA
+ ETA + EDA + ERAJ/[LA + ALA + DGLA + ETA + EDA + ERA])*100. The combined percent desaturation for EDA
and ERA is shown as "C20 % delta-8 desat", determined as: ([DGLA + ETA)/[DGLA + ETA + EDA + ERA])*100.

This is also referred to as the overall % desaturation.

[0036] The sequence descriptions summarize the Sequences Listing attached hereto. The Sequence Listing contains
one letter codes for nucleotide sequence characters and the single and three letter codes for amino acids as defined in
the IUPAC-IUB standards described in Nucleic Acids Research 13:3021-3030 (1985) and in the Biochemical Journal

219(2):345-373 (1984).

[0037] SEQID NOs:1-519 are primers, ORFs encoding genes, proteins (or portions thereof), or plasmids, as identified

in Table 2.

TABLE 2

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
M13F universal primer 1
Pavlova sp. CCMP459 C20-polyunsaturated fatty acid elongase (GenBank Accession - 2 (277
No. AAV33630) AA)
Euglena gracilis clone eeg1c.pk005.p14.f 5’ sequence 3 (608 bp) -
Euglena gracilis clone eeg1c.pk005.p14.f full insert sequence 4 (1327 bp) --
Euglena gracilis clone eeg1c.pk005.p14.f coding sequence ("EgC20elo1") 5 (897 bp) 6 (298
AA)
Primer SeqE 7 --
Primer SeqwW 8 -
Euglena gracilis clone eeg1c.pk016.e6.f 5’ sequence 9 (742 bp) -
Euglena gracilis clone eeg1c.pk016.e6.f full insert sequence 10(2630 bp) -~
Euglena gracilis clone eeg1c.pk016.e6.f coding sequence (DHA synthase 1 or 11(2382bp) [ 12(793
"EgDHAsyn1") AA)
Euglena gracilis delta-4 fatty acid desaturase (GenBank Accession No. AAQ19605) - 13 (541
AA)
M13rev primer 14 -
EUGel4-1 primer 15 -
EgEloD4Mut-5 primer 16 --
oEUGel4-2 primer 17 --
EgDHAsyn5’ primer 18 -
EgDHAsyn3’ primer 19 -~
Euglena gracilis clone eeg1c-1 full insert sequence 20 (2630 bp) -~
Euglena gracilis clone eeg1c-1 coding sequence (DHA synthase 2 or "EqDHAsyn2") 21(2382bp) | 22(793
AA)

Euglena gracilis delta-4 desaturase cDNA sequence (GenBank Accession No. AY278558)

23 (2569 bp)

11
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Euglena gracilis delta-4 desaturase-coding sequence (GenBank Accession No. 24 (1626 bp) -~
AY278558)
Ostreococcus tauri PUFA-elongase 2 (GenBank Accession No. AAV67798) -- 25 (300
AA)
Thalassiosira pseudonana PUFA elongase 2 (GenBank Accession No. AAV67800) -- 26 (358
AA)
Thraustochytrium aureum delta-4 desaturase (GenBank Accession No. AAN75707) -- 27 (515
AA)
Schizochytrium aggregatum delta-4 desaturase (PCT Publication No. WO 2002/090493) - 28 (509
AA)
Thalassiosira pseuduonana delta-4 fatty acid desaturase (GenBank Accession No. - 29 (550
AAX14506) AA)
Isochrysis galbana delta-4 desaturase (GenBank Accession No. AAV33631) - 30 (433
AA)

Plasmid pDMW263

31(9472 bp)

Plasmid pDMW237 32 (7879 bp) -
Plasmid pY115 33 (7783 bp) -
Plasmid pBY1 34 (8704 bp) -
oYFBA1 primer 35 -
oYFBA1-6 primer 36 -~
Plasmid pY158 37 (6992 bp) -
Plasmid pY159 38(8707 bp) -
Plasmid pBY-C20elo1 39 (8425 bp) -
Plasmid pY132 40 (9677 bp) -

Plasmid pY161

41 (9680 bp)

Plasmid pY164

42 (9701 bp)

EgEPAEloDom-5 primer 43

oEUG el4-3 primer 44 --
Plasmid pKR1062 45 (5914 bp) -
EgEloD4Mut-5 primer 46

EgEloD4Mut-3 primer 47 --
Plasmid pLF115-7 48 (5914 bp) -
Plasmid pY141 49 (9373 bp) -
EgDPAEloDom-3 primer 50 -
Plasmid pHD16 51 (4443 bp) -
Plasmid pY143 52 (7903 bp) -
oEUGsyn6-2 primer 53 -

12
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Plasmid pKR1071 54 (4497 bp) -
Plasmid pY149 55 (8005 bp) -
oEUGsyn6-3 primer 56 -
Plasmid pKR1091 57 (4498 bp) -
Plasmid pY155 58 (8006 bp) -
oRIG6-1 primer 59 --
oRIG6-2 primer 60 -

Plasmid pKR1067

61 (4827 bp)

Plasmid pY150 62 (8293 bp) -
Plasmid pKR1097 63 (5795 bp) -
Plasmid pY156 64 (9253 bp) -
oEGsIne6-1 primer 65 -
Plasmid pKR1069 66 (4947 bp) -
Plasmid pY152 67 (8413 bp) -
Plasmid pKR1099 68 (5915 bp) -
Plasmid pY157 69 (9373 bp) -~
oEUGel4-4 primer 70 -~
Plasmid pKR1073 71(5151 bp) -
Plasmid pY 153 72 (8617 bp) -
oRSA1-1 primer 73 -
oRSA1-2 primer 74 -~
Plasmid pKR1068 75 (5058 bp) -
Plasmid pY151 76 (8524 bp) -
Plasmid pY160 77 (9484 bp) -
EaDHAsyn5’ primer 78 -~
EaDHAsyn5’2 primer 79 -
EaDHAsyn5’3 primer 80 -
EaDHAsyn5’4 primer 81 -
EaDHAsyn3’ primer 82 -~
EaDHAsyn3’2 primer 83 -
EaDHAsyn3’3 primer 84 -
EaDHAsyn3’4 primer 85 -
EaDHAsyn3’5 primer 86 -~
Plasmid pLF117-1 87 (5582 bp) -
Plasmid pLF117-2 88 (5607 bp) -
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Plasmid pLF117-3 89 (5608 bp) --
Plasmid pLF117-4 90 (5557 bp) --
Euglena anabaena coding sequence (DHA synthase 1 or "EaDHAsyn1") 91 (2523 bp) | 95 (841
AA)
Euglena anabaena coding sequence (DHA synthase 2 or "EaDHAsyn2") 92 (2523 bp) | 926 (841
AA)
Euglena anabaena coding sequence (DHA synthase 3 or "EaDHAsyn3") 93 (2523 bp) | 97 (841
AA)
Euglena anabaena coding sequence (DHA synthase 4 or "EaDHAsyn4") 94 (2442 bp) | 28(814
AA)
Plasmid pY165 99 (10,133 --
bp)
Plasmid pY166 100(10,158 --
bp)
Plasmid pY167 101 (10,159 --
bp)
Plasmid pY168 102 (10,108 --
bp)
oEGel2-1 primer 103 -
Plasmid pKR1055 104 (5916 --
bp)
Plasmid pKR72 105 (7085 --
bp)
oCon-1 primer 106 -~
oCon-2 primer 107 --
Plasmid pKR179 108 (4480 --
bp)
Plasmid pKR1057 109 (6873 --
bp)
Plasmid pKR328 110 (8671 --
bp)
Plasmid pKR1061 111(12,844 --
bp)
Euglena gracilis delta-9 elongase ("EgD9elo" or "EgD9e" or EQD2E") 112 (777 bp) 513
(258
AA)
oEugEL1-1 primer 113 -~
oEugEL1-2 primer 114 --
Plasmid pKR906 115 (4311 --
bp)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID

NO. NO.

Plasmid pKR132 116 (3983 -
bp)

Plasmid pKR953 117 (4771 -
bp)

Plasmid pKR287 118 (5492 -
bp)

Mortierella alpina delta-5 desaturase ("MaD5") 119 (1338 -
bp)

Plasmid pKR277 120 (2577 -
bp)

Plasmid pKR952 121 (5364 -
bp)

Plasmid pKR457 122 (5252 -
bp)

Modified Kti/Notl/Kti3’Salb3’ cassette 123 (2635 -
bp)

Pavlova lutheri delta-8 desaturase ("PavD8") 124 (1269 -~
bp)

PvDES5’Not-1 primer 125 -~

PvDES3’Not-1 primer 126 -

Plasmid pKR970 127 (9276 -
bp)

Plasmid pKR973 128 (11,366 -
bp)

Plasmid pKR271 129 (6021 -
bp)

Plasmid pKR226 130 (6524 -
bp)

Plasmid pKR886r 131 (9892 -
bp)

Plasmid pKR1064 132 (14,066 -
bp)

Plasmid pZBL119 133 (8503 -
bp)

0SGly-2 primer 134 -

0SGly-3 primer 135 -

Plasmid pPSgly32 136 (3673 -
bp)

Plasmid pKR142 137 (4509 -
bp)

15




10

15

20

25

30

35

40

45

50

55

EP 2129 777 B1

(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID

NO. NO.

Plasmid pKR264 138 (4171 -
bp)

Plasmid pKR1128 139 (6564 -
bp)

Plasmid pKS129 140 (5671 -
bp)

Plasmid pKR606 141 (6601 -
bp)

Plasmid pKR804 142 (6494 -
bp)

Plasmid pKR1130 143 (10,349 -
bp)

Plasmid pKR1131 144 (4771 -
bp)

Plasmid pKR1133 145 (12,430 -
bp)

Plasmid pKS123 146 (7048 -
bp)

oKti5 primer 147 -~

oKti6 primer 148 -

Plasmid pKR124 149 (4990 -
bp)

Plasmid pKR193 150 (4474 -
bp)

Plasmid pKR1103 151 (5397 -
bp)

Plasmid pKR1104 152 (9226 -
bp)

Plasmid pKR300 153 (8649 -
bp)

Schizochytrium aggregatum delta-4 desaturase” (internal Ascl site removed) 154 (1607 --
bp)

Plasmid pKR1102 155 (6851 -
bp)

Plasmid pKR1105 156 (13,424 -
bp)

oEUGsyn6-4 primer 157 -

Plasmid pKR1107 158 (4498 -
bp)

Plasmid pKR1112 159 (4461 -
bp)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Plasmid pKR1115 160 (5989 --
bp)
Plasmid pKR1134 161 (10,807 --
bp)
Tetruetreptia pomquetensis CCMP1491 delta-8 desaturase ("TpomD8") 162 (1260 514
bp) (420
AA)
TpomNot-5 primer 163 --
TpomNot-3 primer 164
Plasmid pLF 114-10 165 (4300 --
bp)
Plasmid pKR1002 166 (5754 --
bp)
Plasmid pKR1095 167 (11,725 --
bp)
Plasmid pKR1127 168 (5445 --
bp)
Plasmid pKR1129 169 (9230 --
bp)
Plasmid pKR1132 170 (11,311 --
bp)
Euglena gracilis DHAsynthase 1 linker 171 (54 bp) -
MWG507 primer 172 -
MWG509 primer 173 -~
MWG510 primer 174 --
MWG511 primer 175 -
EgD9elo-EgDHAsyn1Link 176 (839 bp) --
Plasmid KS366 177 (5213 --
bp)
KS366-EgD9elo-EgDHAsyn1Link 178 (5559 --
bp)
Plasmid KS373 179 (6842 --
bp)
Conserved motif at C-terminal for C20 elongase domains -- 180 (11
AA)
SMART IV primer 181 -
Adaptor Primer from the Invitrogen 3’-RACE kit 182 -
Synthetic C20 elongase derived from Euglena gracilis, codon-optimized for expression 183 (912 bp) 184
in Yarrowia lipolytica ("EqQC20ES") (303
AA)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Plasmid pEgC20ES 185 (3632 --
bp)
NG motif located at the C-terminus of each of the C20 elongase domains of EgDHAsyn1, -- 186
EgDHAsyn2 and EgC20elo1
PENGA motif located at the C-terminus of each of the C20 elongase domains of -- 187
EgDHAsyn1, EgDHAsyn2 and FgC20elo1
Synthetic C20 elongase derived from Euglena anabaena, codon-optimized for expression | 188 (900 bp) 189
in Yarrowia lipolytica ("EaC20ES") (299
AA)
Plasmid pEaC20ES 190 (3620 --
bp)
PCENGTV motif located at the C-terminus of each of the C20 elongase domains of 191
EgDHAsyn1, FgDHAsyn2 and EgC20elo1
Synthetic delta-4 desaturase derived from Euglena anabaena, codon-optimized for 192 (1752 193
expression in Yarrowia lipolytica ("EaD4S") bp) (583
AA)
Delta-4 desaturase gene domain of EaDHAsyn2 (i.e., corresponding to amino acids 194 (1749 195
259-841 of SEQ ID NO:96) bp) (583
AA)
Plasmid pEaD4S 196 (4472 --
bp)
Euglena gracilis EQDHAsyn1 proline-rich linker 197 (54 bp) 198 (18
AA)
Euglena gracilis EQDHAsyn2 proline-rich linker 199 (54 bp) 200 (18
AA)
Euglena gracilis EQDHAsyn1 C20 elongase domain 201 (909 bp) 202
(303
AA)
Euglena gracilis EQDHAsyn2 C20 elongase domain 203 (909 bp) 204
(303
AA)
Euglena gracilis EQDHAsyn1* (internal Ncol site removed) 205 (2379 -~
bp)
Euglena gracilis EQDHAsyn1* C20 elongase domain ("EgDHAsyn1C20EloDom1") 206 (909 bp) -~
Euglena gracilis EQDHAsyn1* C20 elongase domain-proline-rich linker fusion gene 207 (975 bp) 208
("EgDHAsyn1C20EloDom2Linker") (325
AA)
Isochrysis galbana delta-4 desaturase ("lgD4") 209 (1299 -
bp)
Isochrysis galbana delta-4 desaturase ("lgD4*") (internal Sbfl site introduced) 210 (1299 211
bp) (433
AA)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
In-frame fusion between EgDHAsyn1C20EloDom3Linker and IgD4*, separated by proline- 212 (2259 213
rich linker region ("EgDHAsyn1 C20EloDom3-IgD4*") bp) (753
AA)
Euglena gracilis EQDHAsyn1D4Dom1 214 (1416 215
bp) (472
AA)
Euglena gracilis EQDHAsyn1D4Dom1* 216 (1419 217
bp) (473
AA)
Euglena gracilis EQDHAsyn1C20EloDom3-EgD4Dom 1 218 (2379 219
bp) (793
AA)
Euglena gracilis EQDHAsyn1D4Dom2 220 (1623 221
bp) (541
AA)
Schizochytrium aggregatum delta-4 desaturase ("SaD4") 222 (1530 -~
bp)
Schizochytrium aggregatum delta-4 desaturase ("SaD4*") (internal sbfl site introduced) 223 (1530 224
bp) (510
AA)
in-frame fusion between EQDHAsyn1C20EloDom3 and SaD4*, separated by the proline- 225 (2490 226
rich linker region ("EgDHAsyn1C20EloDom3-SaD4*") bp) (830
AA)
Euglena anabaena EaDHAsyn1 C20 elongase domain 227 (897 bp) 231
(299
AA)
Euglena anabaena EaDHAsyn2 C20 elongase domain 228 (897 bp) 232
(299
AA)
Euglena anabaena EaDHAsyn3 C20 elongase domain 229 (897 bp) 233
(299
AA)
Euglena anabaena EaDHAsyn4 C20 elongase domain 230 (897 bp) -~
Euglena anabaena EaDHAsyn1 proline-rich linker 234 (99 bp) 235 (33
AA)
Euglena anabaena EaDHAsyn1 delta-4 desaturase domain 1 236 (1527 239
bp) (509
AA)
Euglena anabaena EaDHAsyn2 delta-4 desaturase domain 1 237 (1527 240
bp) (509
AA)
Euglena anabaena EaDHAsyn4 delta-4 desaturase domain 1 238 (1446 241
bp) (482
AA)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Euglena anabaena EaDHAsyn1 delta-4 desaturase domain 2 (comprising proline-rich 242 (1749 246
linker and a portion of 3’ end of C20 elongase domain) bp) (583
AA)
Euglena anabaena EaDHAsyn2 delta-4 desaturase domain 2 (comprising proline-rich 243 (1749 247
linker and a portion of 3’ end of C20 elongase domain) bp) (583
AA)
Euglena anabaena EaDHAsyn3 delta-4 desaturase domain 2 (comprising proline-rich 244 (1749 248
linker and a portion of 3’ end of C20 elongase domain) bp) (583
AA)
Euglena anabaena EaDHAsyn4 delta-4 desaturase domain 2 (comprising proline-rich 245 (1668 249
linker and a portion of 3’ end of C20 elongase domain) bp) (556
AA)
Plasmid pLF121-1 250 (3668 -
bp)
Plasmid pLF121-2 251 (3684 -
bp)
Euglena anabaena delta-9 elongase 1 ("EaD9Elo1"); also referred to herein 252 (774 bp) 254
as "EaD9E" and "EaD9e" (258
AA)
Euglena anabaena delta-9 elongase 2 ("EaD9Elo2") 253 (774 bp) 255
(258
AA)
Plasmid pLF119 256 (4276 -
bp)
Euglena anabaena delta-5 desaturase 1 ("EaD5Des1" or "EaD5") 257 (1362 258
bp) (454
AA)
EaD9-5Bbs primer 259 25
EaD9-3fusion primer 260 -
EgDHAsyn1Link-5fusion prime 261 -
EaD9Elo1-EqDHAsyn1Link 262 (852 bp) -
Plasmid pLF124 263 (5559 -
bp)
Plasmid pKR1177 264 (5559 -
bp)
Plasmid pKR1179 265 (7916 -
bp)
Plasmid pKR1183 266. (9190 -
bp)
Euglena gracilis delta-5 desaturase ("EgD5") 267 (1350 -
bp)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID

NO. NO.

Plasmid pKR1237 268 (6615 -
bp)

Plasmid pKR1252 269 (6464 -
bp)

Plasmid pKR1253 270(10,387 -
bp)

oEAd5-1-1 primer 271 -

oEAd5-1-2 primer 272 -

Plasmid pKR1136 273 (4899 -
bp)

Plasmid pKR1139 274 (5592 -
bp)

Plasmid pKR1255 275(13,293 -
bp)

Plasmid pKR561 276 (7497 -
bp)

Soybean delta-15 desaturase (fad3) (GenBank Accession No. L22964; also called 277 (1143 -

GmFAD3B) bp)

HPfad3-1 primer 278 --

HPfad3-2 primer 279 -

HPfad3AB amplicon 280 (709 bp) -~

HPfad3-3 primer 281 -

HPfad3A’-2 amplicon 282 (709 bp) -

HPfad3ABA’-2 amplicon 283 (1014 -
bp)

Plasmid pLF129 284 (4526 -
bp)

Plasmid pKR1189 285 (8503 -
bp)

Plasmid pKR1209 286 (4112 -
bp)

GmFad3C (GenBank Accession No. AY204712) 287 (1143 288
bp) (380

AA)

fad3c-5 primer 289 -

fad3c-3 primer 290 --

Plasmid pKR1213 291 (3764 -
bp)

Plasmid pKR1218 292 (4353 -
bp)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID

NO. NO.

Plasmid pKR1210 293 (3742 -
bp)

Plasmid pKR1219 294 (3983 -
bp)

Plasmid pKR1225 295 (4894 -
bp)

Plasmid pKR1229 296 (8979 -
bp)

Plasmid pKR1249 297 (10,221 -
bp)

oEAdQ%el1-1 primer 298 -

oLINK-1 primer 299 -~

Plasmid pKR1298 300 (4362 -
bp)

oTPd8-1 primer 301 --

oTPd8fus-1 primer 302 --

OLINK-2 primer 303 -

oLINK-1 primer 304 304

TpomD8-EgDHAsyn1 Link 305 (1335 --
bp)

Plasmid pKR1291 306 (4848 -
bp)

Plasmid pKR1301 307 (4284 -
bp)

Plasmid pKR1301R 308 (4284 -
bp)

Plasmid pKR1311 309 (4228 -
bp)

Plasmid pKR1304 310 (3201 -
bp)

Plasmid pKR1309 311 (4041 -
bp)

Plasmid pKR1313 312 (5604 -
bp)

Plasmid pKR1315 313 (6474 -
bp)

Plasmid pKR1322 314 (10,627 -
bp)

Plasmid pZKLeuN-29E3 315(14,688 -
bp)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Fusarium moniliforme delta-12 desaturase ("FmD12") 316 (1434 317
bp) 477
AA)
Synthetic delta-9 elongase derived from Euglena gracilis, codon-optimized for expression | 318 (777 bp) 319
in Yarrowia lipolytica ("EgD9eS") (258
AA)
Escherichia coli LoxP recombination site, recognized by a Cre recombinase enzyme 320 (34 bp) -~
Synthetic C,¢/14 elongase derived from Mortierella alpina ELO3, codon-optimized for 321 (828 bp) 322
expression in Yarrowia lipolytica ("ME3S") (275
AA)
Plasmid pY116 323 (8739 --
bp)
Plasmid pKO2UF8289 324 (15,337 --
bp)
Yarrowia lipolytica delta-12 desaturase ("YID12") 325 (1936 326
bp) (419
AA)
Synthetic mutant delta-8 desaturase ("EgD8M"; U.S. Patent Publication No.US 327 (1272 328
2008/0138868, derived from Euglena gracilis ("EgD8S"; PCT Publication No. WO bp) (422
2006/012326) AA)
Euglena gracilis delta-9 elongase ("FgD9e") 329 (777 bp) 330
(258
AA)
Plasmid pZKSL-555R 331 (13,707 -
bp)
Syntheticdelta-5 desaturase derived from Euglena gracilis (U.S. Patent PublicationNo.US 332(1350 333
2007/0292924), codon-optimized for expression in Yarrowia lipolytica ("EgD5S") bp) (449
AA)
Synthetic delta-5 desaturase derived from Peridinium sp. CCMP626 (U.S. Patent 334 (1392 335
Publication No.US 2007/0271632), codon-optimized for expression in Yarrowia lipolytica bp) (463
(‘RD5S" AA)
Euglena gracilis delta-5 desaturase (U.S. Patent Application No. 111748629) ("EgD5") 336 (1350 337
bp) (449
AA)
Plasmid pZP3-Pa777U 338 (13,066 --
bp)
Synthetic delta-17 desaturase derived from Pythium aphanidermatum, codon-optimized 339 (1080 340
for expression in Yarrowia lipolytica (U.S. Patent Publication No. US 2008/0125326) bp) (359
("PaD17S") AA)
Pythium aphanidermatum delta-17 desaturase (U.S. Patent Publication No.US 341 (1080 342
2008/0125326) ("PaD17") bp) (359
AA)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Plasmid pY117 343 (9570 --
bp)
Yarrowia lipolytica mutant acetohydroxyacid synthase (AHAS) gene comprising a W497L 344 (2987 --
mutation bp)
Plasmid pZP2-2988 345(15,743 --
bp)
Synthetic delta-12 desaturase derived from Fusarium moniliforme codon-optimized for 346 (1434 347
expression in Yarrowia lipolytica ("FmD12S") bp) 477
AA)
Plasmid pZKL2-5U89GC 348 (15,812 --
bp)
Yarrowia lipolytica diacylglycerol cholinephosphotransferase gene ("YICPT1") 349 (1185 350
bp) (394
AA)
Plasmid pZKUE3S 351 (6303 --
bp)
Plasmid pZKL1-2SP98C 352 (15,877 --
bp)
Plasmid pZKUM 353 (4313 --
bp)
Synthetic mutant Ura3 gene comprising a 33 bp deletion from +21 to +53, a 1 bp deletion 354 (1459 -~
at +376 and a 3 bp deletion from +400 to +403 of the Yarrowia Ura3 coding region bp)
(GenBank Accession No. AJ306421)
Plasmid pZKD2-5U89A2 355 (15,966 --
bp)
Yarrowia lipolytica diacylglycerol acyltransferase (DGAT2) (PCT Publication No. WO 356 (2119 357
2005/003322; U.S. Patent 7,267,976) bp) (514
AA)
Synthetic delta-9 elongase derived from Eutreptiella sp. CCMP389 codon-optimized for | 358 (792 bp) 359
expression in Yarrowia lipolytica ("E389D9eS") (263
AA)
Plasmid pZuFmEgC20ES 360 (7904 --
bp)
Plasmid pZuFmEaC20ES 361 (7892 --
bp)
Plasmid pZKL4-220EA4 362 (13,412 --
bp)
Yarrowia lipolytica lipase 4 like locus (GenBank Accession No. XM_503825) 363 (1221 -
bp)
Plasmid pZuFmEaD4S 364 (8744 -
bp)
Plasmid pZuFmIgD9ES 365 (7783 --
bp)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Primer YL921 366 --
Primer YL922 367 --
Primer YL923 368 --
Primer YL924 369 --
Primer YL925 370 --
Primer YL926 371 --
Plasmid pZuFmEaD4S-M1 372 (8746 --
bp)
Plasmid pZuFmEaD4S-M2 373 (8747 --
bp)
Plasmid pZuFmEaD4S-M3 374 (8744 --
bp)
Plasmid pZuFmEaD4S-1 375 (8636 --
bp)
Plasmid pZuFmEaD4S-2 376 (8576 --
bp)
Plasmid pZuFmEaD4S-3 377 (8531 --
bp)
Plasmid pZKL4-220EA4-1 378(13,304 --
bp)
Plasmid pZKL4-220EA4-2 379(13,244 --
bp)
Plasmid pZKL4-220EA4-3 380 (13,199 --
bp)
Truncated synthetic delta-4 desaturase derived from Euglena anabaena, codon-optimized 381 (1644 382
for expression in Yarrowia lipolytica ("EaD4S-1") bp) (547
AA)
Truncated synthetic delta-4 desaturase derived from Euglena anabaena codon-optimized 383 (1584 384
for expression in Yarrowia lipolytica ("EaD4S-2") bp) (527
AA)
Truncated synthetic delta-4 desaturase derived from Euglena anabaena, codon-optimized 385 (1539 386
for expression in Yarrowia lipolytica ("EaD4S-3") bp) 512
AA)
Synthetic delta-4 desaturase derived from Euglena gracilis, codon-optimized for 387 (1623 388
expression in Yarrowia lipolytica ("EgD4S") bp) (540
AA)
Plasmid pEgD4S 389 (4343 --
bp)
Plasmid pZKL4-220Eg4 390 (13,283 --
bp)
Primer YL935 391 --
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Primer YL936 392 --
Primer YL937 393 --
Primer YL938 394 -
Primer YL939 395 --
Primer YL940 396 --
Plasmid pEgD4S-M1 397 (4344 -
bp)
Plasmid pEgD4S-M2 398 (4346 --
bp)
Plasmid pEgD4S-M3 399 (4346 --
bp)
Plasmid pZKL4-220Eg4-1 400 (13,202 --
bp)
Plasmid pZKL4-220Fq4-2 401(13,133 --
bp)
Plasmid pZKL4-220Eg4-3 402 (13,085 --
bp)
Truncated synthetic delta-4 desaturase derived from Euglena gracilis, codon-optimized 403 (1542 404
for expression in Yarrowia lipolytica ("EgD4S-1") bp) (513
AA)
Truncated synthetic delta-4 desaturase derived from Euglena gracilis, codon-optimized 405 (1473 406
for expression in Yarrowia lipolytica ("EgD4S-2") bp) (490
AA)
Truncated synthetic delta-4 desaturase derived from Euglena gracilis, codon-optimized 407 (1425 408
for expression in Yarrowia lipolytica ("EgD4S-3") bp) 474
AA)
Plasmid pZKLY-G204 409 (10,417 --
bp)
Synthetic DHA synthase derived from Euglena gracilis, codon-optimized for expression 410 (2382 411
in Yarrowia lipolytica ("EgDHAsyn1S") bp) (793
AA)
Plasmid pEgC20ES-K 412 (3632 --
bp)
Primer YL973 413 --
Primer YL974 414 -
Plasmid pYNTGUS1-CNP 415 (6652 --
bp)
Plasmid pZKLY 416 (9045 --
bp)
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Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Yarrowia lipolytica lipase 7 locus (GenBank Accession No. AJ549519) 417 (2173 418
bp) (366
AA)
Eutreptiella sp. CCMP389 delta-9 elongase ("E389D9%e") 419 (792 bp) 420
(263
AA)
Synthetic delta-9 elongase derived from Euglena anabaena UTEX 373 codon-optimized | 421 (774 bp) 422
for expression in Yarrowia lipolytica ("EaD9eS") (258
AA)
Euglena gracilis delta-8 desaturase ("Eg5" or "EqD8") 423 (1271 424
bp) (421
AA)
Synthetic delta-8 desaturase derived from Euglena gracilis, codon-optimized for 425 (1272 426
expression in Yarrowia lipolytica ("D8SF" or "EgD8S") bp) (422
AA)
Euglena anabaena UTEX 373 delta-8 desaturase ("EaD8Des3"); also referred to herein 427 (1260 428
as "EaD8" bp) (420
AA)
Synthetic delta-8 desaturase derived from Euglena anabaena UTEX 373, codon- 429 (1260 430
optimized for expression in Yarrowia lipolytica ("EaD8S") bp) (420
AA)
Plasmid pZuFmEgD9ES 431 (7769 --
bp)
Plasmid pZuFmEgD9ES-Na 432 (7778 -~
bp)
Primer YL989 433 --
Primer YL990 434 --
Primer YL991 435 --
Primer YL992 436 --
Plasmid pKO2UFm8A 437 (8428 --
bp)
Modified Yarrowia linker GPARPAGLPPATYYDSLAV -- 438 (19
AA)
Plasmid pZUFmG9G8fu 439 (9098 --
bp)
EgD9ES/FgD8M gene fusion 440 (2106 441
bp) (701
AA)
Plasmid pZUFmG9G8fu-B 442 (9104 --
bp)
Primer YL1043 443 --
Primer YL1044 444 -
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Modified Yarrowia linker GAGPARPAGLPPATYYDSLAVMGS -- 445 (24
AA)
EgD9ES/EgD8M gene fusion 446 (2112 447
bp) (703
AA)
Plasmid pEaD8S 448 (3988 -
bp)
Primer YL1059 449 -
Primer YL1060 450 -
Plasmid pEaD8S-B 451 (3990 -
bp)
Plasmid pZUFmG9A8 452 (9101 -
bp)
EgD9ES/EaD8S gene fusion 453 (2109 454
bp) (702
AA)
Plasmid pZUFmEaD9ES 455 (7769 -
bp)
Plasmid pZUFmEaD9ES-Na 456 (7775 -
bp)
Primer YL1049 457 -
Primer YL1050 458 -
Plasmid pZUFmA9G8 459 (9104 -
bp)
EaD9ES/EgD8M gene fusion 460 (2112 461
bp) (703
AA)
Plasmid pZUFmA9AS8 462 (9101 -
bp)
EaD9ES/EaD8S gene fusion 463 (2109 464
bp) (702
AA)
Plasmid pE389S 465 (3523 -
bp)
Plasmid pE389S-Na 466 (3529 -
bp)
Primer YL1051 467 -
Primer YL1052 468 -
Plasmid pZUFmR9G8 469 (9119 -
bp)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
E389D9eS/EgD8M gene fusion 470 (2127 471
bp) (708
AA)
EgDHAsyn1 proline-rich linker plus 4 amino acids 472 (22
AA)
Plasmid pKR1007 473 (6267
bp)
Plasmid pKR1014 474 (11459
bp)
Primer EaD8-5 475 (34 bp)
Primer EaD8-3 476 (30 bp)
Plasmid pLF120-3 477 (4794
bp)
Plasmid pKR1138 478 (6526
bp)
Plasmid pKR1152 479 (11707
bp)
Primer oEAd9el1-2 480 (26 bp)
Plasmid pKR1137 481 (4310
bp)
Plasmid pKR1140 482 (7872
bp)
Plasmid pKR1145 483 (6526
bp)
Plasmid pKR1151 484 (11706
bp)
Plasmid pKR1150 485 (11706
bp)
Plasmid pKR1190 486 (5559
bp)
Plasmid pKR1195 487 (6833
bp)
Plasmid pKR1199 488 (9190
bp)
Plasmid pKR1196 489 (6833
bp)
Plasmid pKR1200 490 (9190
bp)
Plasmid pKR1184 491 (9190
bp)
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Summary Of Nucleic Acid And Protein SEQ ID Numbers
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Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
EgD9e/TpomD8 fusion 492 (2103 515
bp) (700
AA)
EgD9e/EaD8 fusion 493 (2103 516
bp) (700
AA)
EaD9e/TpomD8 fusion 494 (2103 517
bp) (700
AA)
EaD9e/EaD8 fusion 495 (2103 518
bp) (70.0
AA)
EgD9e/PavD8 fusion 496 (2192 519
bp) (703
AA)
Plasmid pKR1303 497 (3967
bp)
Plasmid pKR1308 498 (4754
bp)
Plasmid pKR393 499 (5250
bp)
Plasmid pKR407 500 (4140
bp)
Plasmid pKR1018 501 (5414
bp)
Plasmid pKR1312 502 (5731
bp)
Plasmid pKR1321 503 (9198
bp)
EaDHAsyn1 proline-rich linker plus 3 amino acids 504 (36
AA)
Primer EalLink1 505 (35 bp)
Primer EaLink2 506 (35 bp)
Primer EaLink3 507 (19 bp)
EaD9e-EaDHAsyn1Link 508 (824 bp)
Plasmid pKR1305 509 (4405
bp)
Plasmid pKR1317 510 (3201
bp)
Plasmid pKR1320 511 (5816
bp)
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(continued)

Summary Of Nucleic Acid And Protein SEQ ID Numbers
Description and Abbreviation Nucleic Protein
acidSEQID | SEQID
NO. NO.
Plasmid pKR1326 512 (9241
bp)

DETAILED DESCRIPTION OF THE INVENTION

[0038] The present invention relates to multizymes, such as DHA synthase. These are useful for, inter alia, the ma-
nipulation of biochemical pathways for the production of healthful PUFAs and more specifically for the production of
docosahexaenoic acid (DHA). Thus, the subject invention finds many applications. PUFAs, or derivatives thereof, made
by the methodology disclosed herein can be used as dietary substitutes, or supplements, particularly infant formulas,
for patients undergoing intravenous feeding or for preventing or treading malnutrition.

[0039] Alternatively, the purified PUFAs (or derivatives thereof) may be incorporated into cooking oils, fats, or marga-
rines formulated so that in normal use the recipient would receive the desired amount for dietary supplementation. The
PUFAs may also be incorporated into infant formulas, nutritional supplements, or other food products and may find use
as anti-inflammatory or cholesterol lowering agents. Optionally, the compositions may be used for pharmaceutical use
(human or veterinary). In this case, the PUFAs are generally administered orally but can be administered by any route
by which they may be successfully absorbed, e.g., parenterally (e.g., subcutaneously, intramuscularly or intravenously),
rectally, vaginally, or topically (e.g., as a skin ointment or lotion).

[0040] Supplementation of humans or animals with PUFAs produced by recombinant means can result in increased
levels of the added PUFAs, as well as their metabolic progeny. For example, treatment with EPA can result not only in
increased levels of EPA, but also downstream products of EPA such as eicosanoids (i.e., prostaglandins, leukotrienes,
thromboxanes). Complex regulatory mechanisms can make it desirable to combine various PUFAs, or add different
conjugates of PUFAs, in order to prevent, control, or overcome such mechanisms to achieve the desired levels of specific
PUFAs in an individual.

Definitions

[0041] As used herein and in the appended claims, the singular forms "a", "an", and "the" include plural reference
unless the context clearly dictates otherwise. Thus, for example, reference to "a plant" includes a plurality of such plants,
reference to "a cell" includes one or more cells and equivalents thereof known to those skilled in the art, and so forth.
[0042] The term "invention" or "present invention" as used herein is not meant to be limiting to any one specific
embodiment of the invention but applies generally to any and all embodiments of the invention as described in the claims
and specification.

[0043] In the context of this disclosure, a number of terms and abbreviations are used. The following definitions are
provided.

[0044] "Open reading frame" is abbreviated ORF.

[0045] "Polymerase chain reaction" is abbreviated PCR.

[0046] "American Type Culture Collection" is abbreviated ATCC.

[0047] "Polyunsaturated fatty acid(s)" is abbreviated PUFA(s).

[0048] ‘"Triacylglycerols" are abbreviated TAGs.

[0049] The terms "down-regulate or down-regulation", as used herein, refer to a reduction or decrease in the level of
expression of a gene or polynucleotide.

[0050] The term "multizyme" refers to a single polypeptide having at least two independent and separable enzymatic
activities. Preferably, the multizyme comprises a first enzymatic activity linked to a second enzymatic activity.

[0051] The term "fusion protein” is used interchangeably with the term "multizyme". Thus, a "fusion protein" refers to
a single polypeptide having at least two independent and separable enzymatic activities.

[0052] The term "“fusion gene" refers to a polynucleotide or gene that encodes a multizyme. A fusion gene can be
constructed by linking at least two DNA fragments, wherein each DNA fragment encodes for an independent and separate
enzyme activity. An example of a fusion gene is described herein below in Example 38, in which the Hybrid1-HGLA
Synthase fusion gene was constructed by linking the Euglena anabaena delta-9 elongase (EaD9Elo1; SEQ ID NO:252)
and the Tefruetreptia pomquetensis CCMP1491 delta-8 desaturase (TpomD8; SEQ ID NO:162) using the Euglena
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gracilis DHA synthase 1 proline-rich linker. (EgDHAsyn1Link; SEQ ID NO:197).

[0053] A "domain" or "functional domain" is a discrete, continuous part or subsequence of a polypeptide that can be
associated with a function (e.g. enzymatic activity). As used herein, the term "domain" includes but is not limited to fatty
acid biosynthetic enzymes and portions of fatty acid biosynthetic enzymes that retain enzymatic activity.

[0054] "DHA synthase" is an example of a multizyme. Specifically, a DHA synthase comprises a C20 elongase linked
to a delta-4 desaturase using any of the linkers described herein. Another example of a multizyme is a single polypeptide
comprising a delta-2 elongase linked to a delta-8 desaturase as discussed below.

[0055] The term "link" refers to joining or bonding at least two polypeptides having independent and separable enzyme
activities.

[0056] The term "linker" refers to the bond or link between two or more polypeptides each having independent and
separable enzymatic activities

[0057] The link used to form a multizyme is minimally comprised of a single polypeptide bond. A link may be comprised
of one amino acid residue, such as proline, or a polypeptide. If the link is a polypeptide, it may be desirable for the link
to have at least one proline amino acid residue.

[0058] An example of a linker is shown in SEQ ID NO:198 (the EgDHAsyn1 proline-rich linker).

[0059] The term "fatty acids" refers to long-chain aliphatic acids (alkanoic acids) of varying chain lengths, from about
C45 to Cyy (although both longer and shorter chain-length acids are known). The predominant chain lengths are between
C,g and C,,. Additional details concerning the differentiation between "saturated fatty acids" versus "unsaturated fatty
acids", "monounsaturated fatty acids" versus "polyunsaturated fatty acids" (or "PUFAs"), and "omega-6 fatty acids" (w-
6 or n-6) versus "omega-3 fatty acids" (omega-3 or n-3) are provided in U.S. Patent 7,238,482.

[0060] Fatty acids are described herein by a simple notation system of "X:Y", wherein X is the total number of carbon
(C) atoms in the particular fatty acid and Y is the number of double bonds. The number following the fatty acid designation
indicates the position of the double bond from the carboxyl end of the fatty acid with the "c" affix for the cis-configuration
of the double bond (e.g., palmitic acid (16:0), stearic acid (18:0), oleic acid (18:1, 9c), petroselinic acid (18:1, 6¢), LA
(18:2, 9¢,12c¢), GLA (18:3, 6¢,9¢, 12c) and ALA (18:3, 9c, 12c¢, 15¢)). Unless otherwise specified, 18:1, 18:2 and 18:3
refer to oleic, LA and ALA fatty acids, respectively. If not specifically written as otherwise, double bonds are assumed
to be of the cis configuration. For instance, the double bonds in 18:2 (9,12) would be assumed to be in the c¢is configuration.
[0061] Nomenclature used to describe PUFAs in the present disclosure is shown below in Table 3. In the column titled
"Shorthand Notation", the omega-reference system is used to indicate the number of carbons, the number of double
bonds and the position of the double bond closest to the omega carbon, counting from the omega carbon (which is
numbered 1 for this purpose). The remainder of the table summarizes the common names of omega-3 and omega-6
fatty acids and their precursors, the abbreviations that will be used throughout the remainder of the specification, and
each compounds’ chemical name.

TABLE 3

Nomenclature of Polyunsaturated Fatty Acids and Precursors

Common Name Abbreviation Chemical Name Shorthand
Notation
myristic -- tetradecanoic 14:0
palmitic PA or Palmitate hexadecanoic 16:0
palmitoleic - 9-hexadecenoic 16:1
stearic - octadecanoic 18:0
oleic - cis-9-octadecenoic 18:1
linoleic LA cis-9,12-octadecadienoic 18:2 -6
gamma-linolenic GLA cis-6,9,12-octadecatrienoic 18:3 ®-6
eicosadienoic EDA cis-11,14-eicosadienoic 20:2 »-6
diholri':]cc’)'lgiirzma' irﬁgtﬁ‘;;::;?é:::) cis-8,11,14-eicosatrienoic 20:3 0-6
sciadonic SCI cis-5,11,14-eicosatrienoic 20:3b -6
arachidonic ARA cis-5,8,11,14-eicosatetraenoic 20:4 »-6
alpha-linolenic ALA cis-9,12,15-octadecatrienoic 18:3 -3
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(continued)

Nomenclature of Polyunsaturated Fatty Acids and Precursors

Common Name Abbreviation Chemical Name Shorthand
Notation

stearidonic STA cis-6,9,12,15-octadecatetraenoic 18:4 ©»-3
eicosatrienoic ETrA or ERA cis-11,14,17-eicosatrienoic 20:3 ©-3
eicosatetraenoic ETA cis-8,11,14,17-eicosatetraenoic 20:4 »-3
juniperonic JUP cis-5,11,14,17-eicosatrienoic 20:4b ®-3
eicosapentaenoic EPA cis-5,8,11,14,17-eicosapentaenoic 20:5 -3
docosatrienoic DRA ¢is-10,13,16-docosatrienoic 22:3 -3
docosatetraenoic DTA cis-7,10,13,16-docosatetraenoic 22:4 ©»-3
docosapentaenoic DPAN-6 cis-4,7,10,13,16-docosapentaenoic 22:5 »-6
docosapentaenoic DPA c¢is-7,10,13,16,19-docosapentaenoic 22:5 ®-3
docosahexaenoic DHA cis-4,7,10,13,16,19-docosahexaenoic 22:6 -3

[0062] A metabolic, or biosynthetic, pathway, in a biochemical sense, can be regarded as a series of chemical reactions
occurring within a cell, catalyzed by enzymes, to achieve either the formation of a metabolic product to be used or stored
by the cell, or the initiation of another metabolic pathway (then called a flux generating step). Many of these pathways
are elaborate, and involve a step by step modification of the initial substance to shape it into a product having the exact
chemical structure desired.

[0063] Theterm "PUFA biosynthetic pathway" refers to a metabolic process that converts oleic acid to LA, EDA, GLA,
DGLA, ARA, DTA, DPAN-6, ALA, STA, ETrA, ETA, EPA, DPA and DHA. This process is well described in the literature
(e.g., see PCT Publication No. WO 2006/052870). Simplistically, this process involves elongation of the carbon chain
through the addition of carbon atoms and desaturation of the molecule through the addition of double bonds, via a series
of special desaturation and elongation enzymes (i.e., "PUFA biosynthetic pathway enzymes") present in the endoplasmic
reticulum membrane. More specifically, "PUFA biosynthetic pathway enzyme" refers to any of the following enzymes
(and genes which encode said enzymes) associated with the biosynthesis of a PUFA, including: a delta-4 desaturase,
adelta-5 desaturase, a delta-6 desaturase, a delta-12 desaturase, a delta-15 desaturase, a delta-17 desaturase, a delta-
9 desaturase, a delta-8 desaturase, a delta-9 elongase, a C4,4/¢ €longase, a C4¢/4g €longase, a Cyg/p €longase, a Cyg/op
elongase, a DHA synthase and/or a multizyme of the instant invention.

[0064] The term "omega-3/omega-6 fatty acid biosynthetic pathway" refers to a set of genes which, when expressed
under the appropriate conditions encode enzymes that catalyze the production of either or both omega-3 and omega-
6 fatty acids. Typically the genes involved in the omega-3/omega-6 fatty acid biosynthetic pathway encode PUFA bio-
synthetic pathway enzymes. A representative pathway is illustrated in FIG. 1, providing for the conversion of myristic
acid through various intermediates to DHA, which demonstrates how both omega-3 and omega-6 fatty acids may be
produced from a common source. The pathway is naturally divided into two portions where one portion will generate
omega-3 fatty acids and the other portion, omega-6 fatty acids.

[0065] The term "functional" as used herein in context with the omega-3/omega-6 fatty acid biosynthetic pathway
means that some (or all) of the genes in the pathway express active enzymes, resulting in in vivo catalysis or substrate
conversion. It should be understood that "omega-3/omega-6 fatty acid biosynthetic pathway" or "functional omega-
3/omega-6 fatty acid biosynthetic pathway" does not imply that all the PUFA biosynthetic pathway enzyme genes are
required, as a number of fatty acid products will only require the expression of a subset of the genes of this pathway.
[0066] The term "delta-6 desaturase/ delta-6 elongase pathway" refers to a PUFA biosynthetic pathway that minimally
includes at least one delta-6 desaturase and at least one C g5 €longase, thereby enabling biosynthesis of DGLA and/or
ETA from LA and ALA, respectively, with GLA and/or STA as intermediate fatty acids. With expression of other desat-
urases and elongases, ARA, DTA, DPAn-6, EPA, DPA, and DHA may also be synthesized.

[0067] The term "delta-9 elongase/delta-8 desaturase pathway" refers to a PUFA biosynthetic pathway that minimally
comprises at least one delta-9 elongase and at least one delta-8 desaturase, thereby enabling biosynthesis of DGLA
and/or ETA from LA and ALA, respectively, with EDA and/or ETrA as intermediate fatty acids With expression of other
desaturases and elongases, ARA, DTA, DPAn-6, EPA, DPA and DHA may also be synthesized. This pathway may be
advantageous in some embodiments, as the biosynthesis of GLA and/or STA is excluded.
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[0068] The term "intermediate fatty acid" refers to any fatty acid produced in a fatty acid metabolic pathway that can
be further converted to an intended product fatty acid in this pathway by the action of other metabolic pathway enzymes.
For instance, when EPA is produced using the delta-9 elongase/delta-8 desaturase pathway, EDA, ETrA, DGLA, ETA
and ARA can be produced and are considered "intermediate fatty acids" since these fatty acids can be further converted
to EPA via action of other metabolic pathway enzymes.

[0069] The term "by-product fatty acid" refers to any fatty acid produced in a fatty acid metabolic pathway that is not
the intended fatty acid product of the pathway nor an "intermediate fatty acid" of the pathway. For instance, when EPA
is produced using the delta-9 elongase/delta-8 desaturase pathway, sciadonic acid (SCI) and juniperonic acid (JUP)
also can be produced by the action of a delta-5 desaturase on either EDA or ETrA, respectively. They are considered
to be "by-product fatty acids" since neither can be further converted to EPA by the action of other metabolic pathway
enzymes.

[0070] Theterms "triacylglycerol", "oil" and "TAGs" refer to neutral lipids composed of three fatty acyl residues esterified
to a glycerol molecule (and such terms will be used interchangeably throughout the present disclosure herein). Such
oils can contain long-chain PUFAs, as well as shorter saturated and unsaturated fatty acids and longer chain saturated
fatty acids. Thus, "oil biosynthesis" generically refers to the synthesis of TAGs in the cell.

[0071] "Percent (%) PUFAs in the total lipid and oil fractions" refers to the percent of PUFAs relative to the total fatty
acids in those fractions. The term "total lipid fraction" or "lipid fraction" both refer to the sum of all lipids (i.e., neutral and
polar) within an oleaginous organism, thus including those lipids that are located in the phosphatidylcholine (PC) fraction,
phosphatidylethanolamine (PE) fraction and triacylglycerol (TAG or oil) fraction. However, the terms "lipid" and "oil" will
be used interchangeably throughout the specification.

[0072] Theterms "conversion efficiency” and "percent substrate conversion" refer to the efficiency by which a particular
enzyme (e.g., a desaturase) can convert substrate to product. The conversion efficiency is measured according to the
following formula: ([product]/[substrate + product])*100, where ’product’ includes the immediate product and all products
in the pathway derived from it.

[0073] ‘"Desaturase" is a polypeptide that can desaturate, i.e., introduce a double bond, in one or more fatty acids to
produce a fatty acid or precursor of interest. Despite use of the omega-reference system throughout the specification
to refer to specific fatty acids, it is more convenient to indicate the activity of a desaturase by counting from the carboxyl
end of the substrate using the delta-system. For example, delta-8 desaturases will desaturate a fatty acid between the
eighth and ninth carbon atom numbered from the carboxyl-terminal end of the molecule and can, for example, catalyze
the conversion of EDA to DGLA and/or ETrA to ETA. Other useful fatty acid desaturases include, for example: (1) delta-
5 desaturases that catalyze the conversion of DGLA to ARA and/or ETA to EPA; (2) delta-6 desaturases that catalyze
the conversion of LA to GLA and/or ALA to STA; (3) delta-4 desaturases that catalyze the conversion of DPA to DHA
and/or DTA to DPAN-6; (4) delta-12 desaturases that catalyze the conversion of oleic acid to LA; (5) delta-15 desaturases
that catalyze the conversion of LA to ALA and/or GLA to STA,; (6) delta-17 desaturases that catalyze the conversion of
ARA to EPA and/or DGLA to ETA; and (7) delta-9 desaturases that catalyze the conversion of palmitic acid to palmitoleic
acid (16:1) and/or stearic acid to oleic acid (18:1). In the art, delta-15 and delta-17 desaturases are also occasionally
referred to as "omega-3 desaturases", "w-3 desaturases”, and/or "n-3 desaturases”, based on their ability to convert
omega-6 fatty acids into their omega-3 counterparts (e.g., conversion of LA into ALA and ARA into EPA, respectively).
In some embodiments, it is most desirable to empirically determine the specificity of a particular fatty acid desaturase
by transforming a suitable host with the gene for the fatty acid desaturase and determining its effect on the fatty acid
profile of the host.

[0074] The term "delta-4 desaturase" refers to an enzyme that will desaturate a fatty acid between the fourth and fifth
carbon atom numbered from the carboxyl-terminal end of the molecule and that can, for example, catalyze the conversion
of DPA to DHA and/or DTA to DPAnN-6. For the purposes herein, the term "EgDHAsyn1" refers to a DHA synthase
enzyme (SEQ ID NO:12) isolated from Euglena gracilis, encoded by SEQ ID NO:11 herein. The term "EgDHAsyn2"
refers to a DHA synthase enzyme (SEQ ID NO:22) isolated from Euglena gracilis, encoded by SEQ ID NO:21 herein.
The term "EaDHAsyn1" refers to a DHA synthase enzyme (SEQ ID NO:95) isolated from Euglena anabaena, encoded
by SEQ ID NO:91 herein. The term "EaDHAsyn2" refers to a DHA synthase enzyme (SEQ ID NO:96) isolated from
Euglena anabaena, encoded by SEQ ID NO:92 herein. The term "EaDHAsyn3" refers to a DHA synthase enzyme (SEQ
ID NO:97) isolated from Euglena anabaena, encoded by SEQ ID NO:93 herein. The term "EaDHAsyn4" refers to an
enzyme (SEQ ID NO:98) isolated from Euglena anabaena, encoded by SEQ ID NO:94 herein.

[0075] The term "elongase system" refers to a suite of four enzymes that are responsible for elongation of a fatty acid
carbon chain to produce a fatty acid that is two carbons longer than the fatty acid substrate that the elongase system
acts upon. More specifically, the process of elongation occurs in association with fatty acid synthase, whereby CoA is
the acyl carrier (Lassner et al., Plant Cell 8:281-292 (1996)). In the first step, which has been found to be both substrate-
specific and also rate-limiting, malonyl-CoA is condensed with a long-chain acyl-CoA to yield carbon dioxide (CO,) and
a B-ketoacyl-CoA (where the acyl moiety has been elongated by two carbon atoms). Subsequent reactions include
reduction to B-hydroxyacyl-CoA, dehydration to an enoyl-CoA and a second reduction to yield the elongated acyl-CoA.
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Examples of reactions catalyzed by elongase systems are the conversion of GLA to DGLA, STA to ETA, LA to EDA,
ALA to ETrA and EPA to DPA.

[0076] Forthe purposes herein, an enzyme catalyzing the first condensation reaction (i.e., conversion of malonyl-CoA
and long-chain acyl-CoA to B-ketoacyl-CoA) will be referred to generically as an "elongase". In general, the substrate
selectivity of elongases is somewhat broad but segregated by both chain length and the degree of unsaturation. Ac-
cordingly, elongases can have different specificities. For example, a C,4,4¢ €longase will utilize a C4, substrate (e.g.,
myristic acid); a C4¢/15 €longase will utilize a C,g substrate (e.g., palmitate); a Cg/og €longase will utilize a Cyg substrate
(e.g., GLA, STA); and a Cyqyo elongase will utilize a C, substrate (e.g., ARA, EPA). Similarly, a "delta-9 elongase" is
able to catalyze the conversion of LA to EDA and/or ALA to ETrA.

[0077] It is important to note that some elongases have broad specificity and thus a single enzyme may be capable
of catalyzing several elongase reactions. Thus, for example, a delta-9 elongase may also act as a C,g45 €longase,
C1a/20 elongase and/or Cyq,», elongase and may have alternate, but not preferred, specificities for delta-5 and delta-6
fatty acids such as EPA and/or GLA, respectively.

[0078] The term "C20 elongase" as used herein refers to an enzyme which utilizes a C20 substrate such as EPA or
ARA, for example. The term "C20/delta-5 elongase" refers to an enzyme that utilizes a C20 substrate with a delta-5
double bond.

[0079] Similarly for the purposes herein, the term "EgD9elo" or "EgD9e" refers to a delta-9 elongase isolated from
Euglena gracilis (see SEQ ID NO:112; also see U.S. Publication No. US 2007/0118929 (filed November 16, 2006 and
published on May 24, 2007)).

[0080] As used herein, "nucleic acid" means a polynucleotide and includes a single or double-stranded polymer of
deoxyribonucleotide or ribonucleotide bases. Nucleic acids may also include fragments and modified nucleotides. Thus,
the terms "polynucleotide", "nucleic acid sequence"”, "nucleotide sequence" or "nucleic acid fragment" are used inter-
changeably and refer to a polymer of RNA or DNA that is single- or double-stranded, optionally containing synthetic,
non-natural or altered nucleotide bases. Nucleotides (usually found in their 5’-monophosphate form) are referred to by
their single letter designation as follows: "A" for adenylate or deoxyadenylate (for RNA or DNA, respectively), "C" for
cytidylate or deoxycytidylate, "G" for guanylate or deoxyguanylate, "U" for uridylate, "T" for deoxythymidylate, "R" for
purines (A or G), "Y" for pyrimidines (C or T), "K" for Gor T, "H" for Aor C or T, "I" for inosine, and "N" for any nucleotide.
[0081] The terms "subfragment that is functionally equivalent" and "functionally equivalent subfragment" are used
interchangeably herein. These terms refer to a portion or subsequence of an isolated nucleic acid fragment in which the
ability to alter gene expression or produce a certain phenotype is retained whether or not the fragment or subfragment
encodes an active enzyme. For example, the fragment or subfragment can be used in the design of chimeric genes to
produce the desired phenotype in a transformed plant. Chimeric genes can be designed for use in suppression by linking
a nucleic acid fragment or subfragment thereof, whether or not it encodes an active enzyme, in the sense or antisense
orientation relative to a plant promoter sequence.

[0082] The term "conserved domain" or "motif* means a set of amino acids conserved at specific positions along an
aligned sequence of evolutionarily related proteins. While amino acids at other positions can vary between homologous
proteins, amino acids that are highly conserved at specific positions indicate amino acids that are essential in the structure,
the stability, or the activity of a protein. The terms "homology", "homologous", "substantially similar" and "corresponding
substantially" are used interchangeably herein. They refer to nucleic acid fragments wherein changes in one or more
nucleotide bases do not affect the ability of the nucleic acid fragment to mediate gene expression or produce a certain
phenotype. These terms also refer to modifications of the nucleic acid fragments disclosed herein such as deletion or
insertion of one or more nucleotides that do not substantially alter the functional properties of the resulting nucleic acid
fragment relative to the initial, unmodified fragment.

[0083] Moreover, the skilled artisan recognizes that substantially similar nucleic acid sequences are also defined by
their ability to hybridize (under moderately stringent conditions, e.g., 0.5X SSC, 0.1% SDS, 60 °C) with the sequences
exemplified herein, or to any portion of the nucleotide sequences disclosed herein and which are functionally equivalent
to any of the nucleic acid sequences disclosed herein. Stringency conditions can be adjusted to screen for moderately
similar fragments, such as homologous sequences from distantly related organisms, to highly similar fragments, such
as genes that duplicate functional enzymes from closely related organisms. Post-hybridization washes determine strin-
gency conditions.

[0084] The term "selectively hybridizes" includes reference to hybridization, under stringent hybridization conditions,
of a nucleic acid sequence to a specified nucleic acid target sequence to a detectably greater degree (e.g., at least 2-
fold over background) than its hybridization to non-target nucleic acid sequences and to the substantial exclusion of
non-target nucleic acids. Selectively hybridizing sequences typically have about at least 80% sequence identity, or 20%
sequence identity, up to and including 100% sequence identity (i.e., fully complementary) with each other.

[0085] The term "stringent conditions" or "stringent hybridization conditions" includes reference to conditions under
which a probe will selectively hybridize to its target sequence. Stringent conditions are sequence-dependent and will be
different in different circumstances. By controlling the stringency of the hybridization and/or washing conditions, target
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sequences can be identified which are 100% complementary to the probe (homologous probing). Alternatively, stringency
conditions can be adjusted to allow some mismatching in sequences so that lower degrees of similarity are detected
(heterologous probing). Generally, a probe is less than about 1000 nucleotides in length, optionally less than 500 nu-
cleotides in length.

[0086] Typically, stringent conditions will be those in which the salt concentration is less than about 1.5 M Na ion,
typically about 0.01 to 1.0 M Na ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at least about
30 °C for short probes (e.g., 10 to 50 nucleotides) and at least about 60 °C for long probes (e.g., greater than 50
nucleotides). Stringent conditions may also be achieved with the addition of destabilizing agents such as formamide.
Exemplary low stringency conditions include hybridization with a buffer solution of 30 to 35% formamide, 1 M NaCl, 1%
SDS (sodium dodecyl sulphate) at 37 °C, and a wash in 1X to 2X SSC (20X SSC = 3.0 M NaCl/0.3 M trisodium citrate)
at 50 to 55 °C. Exemplary moderate stringency conditions include hybridization in 40 to 45% formamide, 1 M NaCl, 1%
SDS at 37 °C, and awash in 0.5X to 1X SSC at 55 to 60 °C. Exemplary high stringency conditions include hybridization
in 50% formamide, 1 M NaCl, 1% SDS at 37 °C, and a wash in 0.1X SSC at 60 to 65 °C.

[0087] Specificity is typically the function of post-hybridization washes, the critical factors being the ionic strength and
temperature of the final wash solution. For DNA-DNA hybrids, the T,,, can be approximated from the equation of Meinkoth
etal., Anal. Biochem. 138:267-284 (1984): T,, =81.5°C + 16.6 (log M) + 0.41 (%GC) - 0.61 (% form) - 500/L; where M
is the molarity of monovalent cations, %GC is the percentage of guanosine and cytosine nucleotides in the DNA, % form
is the percentage of formamide in the hybridization solution, and L is the length of the hybrid in base pairs. The T, is
the temperature (under defined ionic strength and pH) at which 50% of a complementary target sequence hybridizes to
a perfectly matched probe. T, is reduced by about 1°C for each 1% of mismatching; thus, T, hybridization and/or wash
conditions can be adjusted to hybridize to sequences of the desired identity. For example, if sequences with >90%
identity are sought, the T, can be decreased 10 °C. Generally, stringent conditions are selected to be about 5 °C lower
than the thermal melting point (T,;,) for the specific sequence and its complement at a defined ionic strength and pH.
However, severely stringent conditions can utilize a hybridization and/or wash at 1, 2, 3, or 4 °C lower than the thermal
melting point (T,,); moderately stringent conditions can utilize a hybridization and/or wash at 6, 7, 8, 9, or 10 °C lower
than the thermal melting point (T,,); low stringency conditions can utilize a hybridization and/or wash at 11, 12, 13, 14,
15, or 20 °C lower than the thermal melting point (T,,,). Using the equation, hybridization and wash compositions, and
desired T,,, those of ordinary skill will understand that variations in the stringency of hybridization and/or wash solutions
are inherently described. If the desired degree of mismatching results in a T, of less than 45 °C (aqueous solution) or
32 °C (formamide solution) it is preferred to increase the SSC concentration so that a higher temperature can be used.
An extensive guide to the hybridization of nucleic acids is found in Tijssen, Laboratory Techniques in Biochemistry and
Molecular Biology-Hybridization with Nucleic Acid Probes, Part |, Chapter 2 "Overview of principles of hybridization and
the strategy of nucleic acid probe assays", Elsevier, New York (1993); and Current Protocols in Molecular Biology,
Chapter 2, Ausubel et al., Eds., Greene Publishing and Wiley-Interscience, New York (1995). Hybridization and/or wash
conditions can be applied for at least 10, 30, 60, 90, 120, or 240 minutes.

[0088] "Sequence identity" or "identity" in the context of nucleic acid or polypeptide sequences refers to the nucleic
acid bases or amino acid residues in two sequences that are the same when aligned for maximum correspondence over
a specified comparison window.

[0089] Thus, "percentage of sequence identity" refers to the value determined by comparing two optimally aligned
sequences over a comparison window, wherein the portion of the polynucleotide or polypeptide sequence in the com-
parison window may comprise additions or deletions (i.e., gaps) as compared to the reference sequence (which does
not comprise additions or deletions) for optimal alignment of the two sequences. The percentage is calculated by de-
termining the number of positions at which the identical nucleic acid base or amino acid residue occurs in both sequences
to yield the number of matched positions, dividing the number of matched positions by the total number of positions in
the window of comparison and multiplying the results by 100 to yield the percentage of sequence identity. Useful examples
of percent sequence identities include 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%, or any integer
percentage from 50% to 100%. These identities can be determined using any of the programs described herein.
[0090] Sequence alignments and percent identity or similarity calculations may be determined using a variety of
comparison methods designed to detect homologous sequences including, but not limited to, the MegAlign™ program
of the LASERGENE bioinformatics computing suite (DNASTAR Inc., Madison, WI). Within the context of this application
it will be understood that where sequence analysis software is used for analysis, that the results of the analysis will be
based on the "default values" of the program referenced, unless otherwise specified. As used herein "default values"
will mean any set of values or parameters that originally load with the software when first initialized.

[0091] The "Clustal V method of alignment" corresponds to the alignment method labeled Clustal V (described by
Higgins and Sharp, CABIOS. 5:151-153 (1989); Higgins, D.G. et al., Comput. Appl. Biosci. 8:189-191 (1992)) and found
in the MegAlign™ program of the LASERGENE bioinformatics computing suite (DNASTAR Inc., Madison, WI). For
multiple alignments, the default values correspond to GAP PENALTY=10 and GAP LENGTH PENALTY=10. Default
parameters for pairwise alignments and calculation of percent identity of protein sequences using the Clustal V method
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are KTUPLE=1, GAP PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5. For nucleic acids these parameters are
KTUPLE=2, GAP PENALTY=5, WINDOW=4 and DIAGONALS SAVED=4. After alignment of the sequences using the
Clustal V program, it is possible to obtain a "percent identity" by viewing the "sequence distances" table in the same
program.

[0092] The "Clustal W method of alignment" corresponds to the alignment method labeled Clustal W (described by
Higgins and Sharp, supra; Higgins, D.G. et al., supra) and found in the MegAlign™ v6.1 program of the LASERGENE
bioinformatics computing suite (DNASTAR Inc., Madison, WI). Default parameters for multiple alignment correspond to
GAP PENALTY=10, GAP LENGTH PENALTY=0.2, Delay Divergen Seqs(%)=30, DNA Transition Weight=0.5, Protein
Weight Matrix=Gonnet Series, DNA Weight Matrix=IUB. After alignment of the sequences using the Clustal W program,
it is possible to obtain a "percent identity" by viewing the "sequence distances" table in the same program.

[0093] "BLASTN method of alignment" is an algorithm provided by the National Center for Biotechnology Information
(NCBI) to compare nucleotide sequences using default parameters.

[0094] It is well understood by one skilled in the art that many levels of sequence identity are useful in identifying
polypeptides, from other species, wherein such polypeptides have the same or similar function or activity. Useful examples
of percent identities include 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%, or any integer percentage from
50% to 100%. Indeed, any integer amino acid identity from 80% to 100% may be useful in describing the present
invention, such as 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 82%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99%. Also, of interest is any full-length or partial complement of this isolated nucleotide fragment.

[0095] "Gene" refers to a nucleic acid fragment that expresses a specific protein and can include either the coding
region alone or the coding region in addition to the regulatory sequences preceding (5’ non-coding sequences) and
following (3’ non-coding sequences) the coding sequence. "Native gene" refers to a gene as found in nature with its own
regulatory sequences. "Chimeric gene" refers to any gene that is not a native gene, comprising regulatory and coding
sequences that are not found together in nature. Accordingly, a 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. "Endogenous gene" refers to a native
gene in its natural location in the genome of an organism. A "foreign" gene refers to a gene not normally found in the
host organism, but that is introduced into the host organism by gene transfer. Foreign genes can comprise native genes
inserted into a non-native organism, or chimeric genes. A "transgene" is a gene that has been introduced into the genome
by a transformation procedure.

[0096] The term "genome" as it applies to plant cells encompasses not only chromosomal DNA found within the
nucleus, but organelle DNA found within subcellular components (e.g., mitochondrial, plastid) of the cell.

[0097] A "codon-optimized gene" is a gene having its frequency of codon usage designed to mimic the frequency of
preferred codon usage of the host cell.

[0098] An "allele" is one of several alternative forms of a gene occupying a given locus on a chromosome. When all
the alleles present at a given locus on a chromosome are the same that plant is homozygous at that locus. If the alleles
present at a given locus on a chromosome differ that plant is heterozygous at that locus.

[0099] "Coding sequence" refers to a DNA sequence that codes for a specific amino acid sequence. "Regulatory
sequences" refer to nucleotide sequences located upstream (5’ non-coding sequences), within, or downstream (3’ non-
coding sequences) of a coding sequence, and which influence the transcription, RNA processing or stability, or translation
of the associated coding sequence. Regulatory sequences may include, but are not limited to: promoters, translation
leader sequences, introns, polyadenylation recognition sequences, RNA processing sites, effector binding sites and
stem-loop structures.

[0100] "Promoter" refers to a DNA sequence capable of controlling the expression of a coding sequence or functional
RNA. The promoter sequence consists of proximal and more distal upstream elements, the latter elements often referred
to as enhancers. Accordingly; an "enhancer” is a DNA sequence that can stimulate promoter activity, and may be an
innate element of the promoter or a heterologous element inserted to enhance the level or tissue-specificity of a promoter.
Promoters may be derived in their entirety from a native gene, or be composed of different elements derived from different
promoters found in nature, or even comprise synthetic DNA segments. It is understood by those skilled in the art that
different promoters may direct the expression of a gene in different tissues or cell types, or at different stages of devel-
opment, or in response to different environmental conditions. It is further recognized that since in most cases the exact
boundaries of regulatory sequences have not been completely defined, DNA fragments of some variation may have
identical promoter activity. Promoters that cause a gene to be expressed in most cell types at most times are commonly
referred to as "constitutive promoters". New promoters of various types useful in plant cells are constantly being discov-
ered; numerous examples may be found in the compilation by Okamuro, J. K., and Goldberg, R. B. Biochemistry of
Plants 15:1-82 (1989).

[0101] “Translation leader sequence" refers to a polynucleotide sequence located between the promoter sequence
of a gene and the coding sequence. The translation leader sequence is present in the fully processed mRNA upstream
of the translation start sequence. The translation leader sequence may affect processing of the primary transcript to
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mRNA, mRNA stability or translation efficiency. Examples of translation leader sequences have been described (Turner,
R. and Foster, G. D., Mol. Biotechnol. 3:225-236 (1995)).

[0102] "3’ non-coding sequences", "transcription terminator" or "termination sequences" refer to DNA sequences lo-
cated downstream of a coding sequence, including polyadenylation recognition sequences and other sequences en-
coding regulatory signals capable of affecting mMRNA processing or gene expression. The polyadenylation signal is
usually characterized by affecting the addition of polyadenylic acid tracts to the 3’ end of the mRNA precursor. The use
of different 3’ non-coding sequences is exemplified by Ingelbrecht, I. L., et al. Plant Cell 1:671-680 (1989).

[0103] "RNA transcript" refers to the product resulting from RNA polymerase-catalyzed transcription of a DNA se-
quence. When the RNA transcript is a perfect complementary copy of the DNA sequence, it is referred to as the primary
transcript. An RNA transcript is referred to as the mature RNA when it is an RNA sequence derived from post-transcrip-
tional processing of the primary transcript. "Messenger RNA" or "mRNA" refers to the RNA that is without introns and
that can be translated into protein by the cell. "cDNA" refers to a DNA that is complementary to, and synthesized from,
an mRNA template using the enzyme reverse transcriptase. The cDNA can be single-stranded or converted into double-
stranded form using the Klenow fragment of DNA polymerase |. "Sense" RNA refers to RNA transcript that includes the
mRNA and can be translated into protein within a cell or in vitro. "Antisense RNA" refers to an RNA transcript that is
complementary to all or part of a target primary transcript or mRNA, and that blocks or reduces the expression of a target
gene (U.S. Patent No. 5,107,065). The complementarity of an antisense RNA may be with any part of the specific gene
transcript, i.e., at the 5’ non-coding sequence, 3’ non-coding sequence, introns, or the coding sequence. "Functional
RNA" refers to antisense RNA, ribozyme RNA, or other RNA that may not be translated but yet has an effect on cellular
processes. The terms "complement” and "reverse complement" are used interchangeably herein with respect to mMRNA
transcripts, and are meant to define the antisense RNA of the message.

[0104] Theterm "operably linked" refers to the association of nucleic acid sequences on a single nucleic acid fragment
so that the function of one is affected by the other. For example, a promoter is operably linked with a coding sequence
whenitis capable of affecting the expression of that coding sequence (i.e., the coding sequence is under the transcriptional
control of the promoter). Coding sequences can be operably linked to regulatory sequences in a sense or antisense
orientation. In another examples, complementary RNA regions can be operably linked, either directly or indirectly, 5’ to
the target mRNA, or 3’ to the target mRNA, or within the target mRNA, or a first complementary region is 5’ and its
complement is 3’ to the target mRNA.

[0105] Standard recombinant DNA and molecular cloning techniques used herein are well known in the art and are
described more fully in Sambrook, J., Fritsch, E.F. and Maniatis, T. Molecular Cloning: A Laboratory Manual; Cold Spring
Harbor Laboratory: Cold Spring Harbor, NY (1989). Transformation methods are well known to those skilled in the art
and are described infra.

[0106] "PCR" or "polymerase chain reaction" is a technique for the synthesis of large quantities of specific DNA
segments and consists of a series of repetitive cycles (Perkin Elmer Cetus Instruments, Norwalk, CT). Typically, the
double-stranded DNA is heat denatured, the two primers complementary to the 3’ boundaries of the target segment are
annealed at low temperature and then extended at an intermediate temperature. One set of these three consecutive
steps is referred to as a "cycle".

[0107] The term "recombinant” refers to an artificial combination of two otherwise separated segments of sequence,
e.g., by chemical synthesis or by the manipulation of isolated segments of nucleic acids by genetic engineering techniques.
[0108] A "plasmid" or "vector" is an extra chromosomal element often carrying genes that are not part of the central
metabolism of the cell, and usually in the form of circular double-stranded DNA fragments. Such elements may be
autonomously replicating sequences, genome integrating sequences, phage or nucleotide sequences, linear or circular,
of a single- or double-stranded DNA or RNA, derived from any source, in which a number of nucleotide sequences have
been joined or recombined into a unique construction which is capable of introducing an expression cassette(s) into a
cell. "Expression cassette" refers to a fragment of DNA containing a foreign gene and having elements in addition to the
foreign gene that allow for enhanced expression of that gene in a foreign host. "Transformation cassette" refers to a
fragment of DNA containing aforeign gene and having elements in addition to the foreign gene that facilitate transformation
of a particular host cell.

[0109] Theterms "recombinant construct”, "expression construct”, "chimeric construct", "construct”, and "recombinant
DNA construct" are used interchangeably herein. A recombinant construct comprises an artificial combination of nucleic
acid fragments, e.g., regulatory and coding sequences that are not found together in nature. For example, a recombinant
constructmay comprise regulatory sequences and coding sequences that are derived from different sources, orregulatory
sequences and coding sequences derived from the same source, but arranged in a manner different than that found in
nature. Such a construct may be used by itself or may be used in conjunction with a vector. If a vector is used, then the
choice of vector is dependent upon the method that will be used to transform host cells as is well known to those skilled
in the art. For example, a plasmid vector can be used. The skilled artisan is well aware of the genetic elements that must
be present on the vector in order to successfully transform, select and propagate host cells comprising isolated nucleic
acid fragments. The skilled artisan will also recognize that different independent transformation events will result in
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different levels and patterns of expression (Jones et al., EMBO J. 4:2411-2418 (1985); De Almeida et al., Mol. Gen.
Genetics 218:78-86 (1989)), and thus that multiple events must be screened in order to obtain lines displaying the desired
expression level and pattern. Such screening may be accomplished by Southern analysis of DNA, Northern analysis of
mRNA expression, immunoblotting analysis of protein expression, or phenotypic analysis, among others.

[0110] The term "expression”, as used herein, refers to the production of a functional end-product (e.g., an mRNA or
a protein [either precursor or mature]).

[0111] Theterm"introduced" means providing a nucleicacid (e.g., expression construct) or proteininto a cell. Introduced
includes reference to the incorporation of a nucleic acid into a eukaryotic or prokaryotic cell where the nucleic acid may
be incorporated into the genome of the cell, and includes reference to the transient provision of a nucleic acid or protein
to the cell. Introduced includes reference to stable or transient transformation methods, as well as sexually crossing.
Thus, "introduced" in the context of inserting a nucleic acid fragment (e.g., a recombinant construct/expression construct)
into a cell, means "transfection" or "transformation” or "transduction" and includes reference to the incorporation of a
nucleic acid fragment into a eukaryotic or prokaryotic cell where the nucleic acid fragment may be incorporated into the
genome of the cell (e.g., chromosome, plasmid, plastid or mitochondrial DNA), converted into an autonomous replicon,
or transiently expressed (e.g., transfected mRNA).

[0112] "Mature" protein refers to a post-translationally processed polypeptide (i.e., one from which any pre- or propep-
tides present in the primary translation product have been removed). "Precursor” protein refers to the primary product
of translation of mMRNA (i.e., with pre- and propeptides still present). Pre- and propeptides may be but are not limited to
intracellular localization signals.

[0113] "Stable transformation” refers to the transfer of a nucleic acid fragment into a genome of a host organism,
including both nuclear and organellar genomes, resulting in genetically stable inheritance. In contrast, "transient trans-
formation" refers to the transfer of a nucleic acid fragment into the nucleus, or DNA-containing organelle, of a host
organism resulting in gene expression without integration or stable inheritance. Host organisms containing the trans-
formed nucleic acid fragments are referred to as "transgenic" organisms.

[0114] As used herein, "transgenic" refers to a plant or a cell which comprises within its genome a heterologous
polynucleotide. Preferably, the heterologous polynucleoctide is stably integrated within the genome such that the poly-
nucleotide is passed on to successive generations. The heterologous polynucleotide may be integrated into the genome
alone or as part of an expression construct. Transgenic is used herein to include any cell, cell line, callus, tissue, plant
part or plant, the genotype of which has been altered by the presence of heterologous nucleic acid including those
transgenics initially so altered as well as those created by sexual crosses or asexual propagation from the initial transgenic.
The term "transgenic" as used herein does not encompass the alteration of the genome (chromosomal or extra-chro-
mosomal) by conventional plant breeding methods or by naturally occurring events such as random cross-fertilization,
non-recombinant viral infection, non-recombinant bacterial transformation, non-recombinant transposition, or spontane-
ous mutation.

[0115] "Antisense inhibition" refers to the production of antisense RNA transcripts capable of suppressing the expres-
sion of the target protein. "Co-suppression” refers to the production of sense RNA transcripts capable of suppressing
the expression of identical or substantially similar foreign or endogenous genes (U.S. Patent No. 5,231,020). Co-sup-
pression constructs in plants previously have been designed by focusing on overexpression of a nucleic acid sequence
having homology to an endogenous mRNA, in the sense orientation, which results in the reduction of all RNA having
homology to the overexpressed sequence (Vaucheret et al., Plant J. 16:651-659 (1998); Gura, Nature 404:804-808
(2000)). The overall efficiency of this phenomenon is low, and the extent of the RNA reduction is widely variable. More
recent work has described the use of "hairpin" structures that incorporate all, or part, of an mMRNA encoding sequence
in a complementary orientation that results in a potential "stem-loop" structure for the expressed RNA (PCT Publication
No. WO 99/53050; PCT Publication No. WO 02/00904). This increases the frequency of co-suppression in the recovered
transgenic plants. Another variation describes the use of plant viral sequences to direct the suppression, or "silencing”,
of proximal mMRNA encoding sequences (PCT Publication No. WO 98/36083). Both of these co-suppressing phenomena
have not been elucidated mechanistically, although genetic evidence has begun to unravel this complex situation (El-
mayan et al., Plant Cell 10:1747-1757 (1998)).

[0116] The term "oleaginous" refers to those organisms that tend to store their energy source in the form of lipid
(Weete, In: Fungal Lipid Biochemistry, 2nd Ed., Plenum, 1980). A class of plants identified as oleaginous are commonly
referred to as "oilseed" plants. Examples of oilseed plants include, but are not limited to: soybean (Glycine and Soja
sp.), flax (Linum sp.), rapeseed (Brassica sp.), maize, cotton, safflower (Carthamus sp.) and sunflower (Helianthus sp.).
[0117] Within oleaginous microorganisms the cellular oil or TAG content generally follows a sigmoid curve, wherein
the concentration of lipid increases until it reaches a maximum at the late logarithmic or early stationary growth phase
and then gradually decreases during the late stationary and death phases (Yongmanitchai and Ward, Appl. Environ.
Microbiol. 57:419-25 (1991)). The term "oleaginous yeast" refers to those microorganisms classified as yeasts that make
oil. It is not uncommon for oleaginous microorganisms to accumulate in excess of about 25% of their dry cell weight as
oil. Examples of oleaginous yeast include, but are no means limited to, the following genera: Yarrowia, Candida, Rho-
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dotorula, Rhodosporidium, Cryptococcus, Trichosporon and Lipomyces.

[0118] As used herein, the term "biomass" refers specifically to spent or used yeast cellular material resulting from
the fermentation of a recombinant production host producing PUFAs in commercially significant amounts, wherein the
preferred production host is a recombinant strain of the oleaginous yeast, Yarrowia lipolytica. The biomass may be in
the form of whole cells, whose cell lysates, homogenized cells, partially hydrolyzed cellular material, and/or partially
purified cellular material (e.g., microbially produced oil).

[0119] Theterm "Euglenophyceae" refers to a group of unicellular colorless or photosynthetic flagellates ("euglenoids")
found living in freshwater, marine, soil, and parasitic environments. The class is characterized by solitary unicells, wherein
most are free-swimming and have two flagella (one of which may be nonemergent) arising from an anterior invagination
known as a reservoir. Photosynthetic euglenoids contain one to many grass-green chloroplasts, which vary from minute
disks to expanded plates orribbons. Colorless euglenoids depend on osmotrophy or phagotrophy for nutrient assimilation.
About 1000 species have beendescribed and classified into about 40 genera and 6 orders. Examples of Euglenophyceae
include, but are by no means limited to, the following genera: Euglena, Eutreptiella and Tetruetreptia.

[0120] The term "plant" refers to whole plants, plant organs, plant tissues, seeds, plant cells, seeds and progeny of
the same. Plant cells include, without limitation, cells from seeds, suspension cultures, embryos, meristematic regions,
callus tissue, leaves, roots, shoots, gametophytes, sporophytes, pollen and microspores.

[0121] "Progeny" comprises any subsequent generation of a plant. An Overview: Microbial Biosynthesis of Fatty Acids
and Triacylglycerols

[0122] In general, lipid accumulation in oleaginous microorganisms is triggered in response to the overall carbon to
nitrogen ratio present in the growth medium. This process, leading to the de novo synthesis of free palmitate (16:0) in
oleaginous microorganisms, is described in detail in U.S. Patent 7,238,482. Palmitate is the precursor of longer-chain
saturated and unsaturated fatty acid derivates, which are formed through the action of elongases and desaturases (FIG.
1).

[0123] TAGs (the primary storage unitforfatty acids) are formed by a series of reactions that involve: (1) the esterification
of one molecule of acyl-CoA to glycerol-3-phosphate via an acyltransferase to produce lysophosphatidic acid; (2) the
esterification of a second molecule of acyl-CoA via an acyltransferase to yield 1,2-diacylglycerol phosphate (commonly
identified as phosphatidic acid); (3) removal of a phosphate by phosphatidic acid phosphatase to yield 1,2-diacylglycerol
(DAG); and (4) the addition of a third fatty acid by the action of an acyltransferase to form TAG. A wide spectrum of fatty
acids can be incorporated into TAGs, including saturated and unsaturated fatty acids and short-chain and long-chain
fatty acids.

Biosynthesis of Omega Fatty Acids

[0124] The metabolic process wherein oleic acid is converted to long chain omega-3/omega-6 fatty acids involves
elongation of the carbon chain through the addition of carbon atoms and desaturation of the molecule through the addition
of double bonds. This requires a series of special desaturation and elongation enzymes present in the endoplasmic
reticulum membrane. However, as seen in FIG. 1 and as described below, there are often multiple alternate pathways
for production of a specific long chain omega-3/omega-6 fatty acid.

[0125] Specifically, all pathways require the initial conversion of oleic acid to LA, the first of the omega-6 fatty acids,
by a delta-12 desaturase. Then, using the "delta-9 elongase/delta-8 desaturase pathway" and LA as substrate, long
chain omega-6 fatty acids are formed as follows: (1) LA is converted to EDA by a delta-9 elongase; (2) EDA is converted
to DGLA by a delta-8 desaturase; (3) DGLA is converted to ARA by a delta-5 desaturase; (4) ARA is converted to DTA
by a Cyy/0, elongase; and, (5) DTA is converted to DPAN-6 by a delta-4 desaturase. Alternatively, the "delta-9 elon-
gase/delta-8 desaturase pathway" can use ALA as substrate to produce long chain omega-3 fatty acids as follows: (1)
LA is converted to ALA, the first of the omega-3 fatty acids, by a delta-15 desaturase; (2) ALA is converted to ETrA by
a delta-9 elongase; (3) ETrA is converted to ETA by a delta-8 desaturase; (4) ETA is converted to EPA by a delta-5
desaturase; (5) EPA is converted to DPA by a C5q»5 elongase; and (6) DPA is converted to DHA by a delta-4 desaturase.
Optionally, omega-6 fatty acids may be converted to omega-3 fatty acids; for example, ETA and EPA are produced from
DGLA and ARA, respectively, by delta-17 desaturase activity.

[0126] Alternate pathways for the biosynthesis of omega-3/omega-6 fatty acids utilize a delta-6 desaturase and C4g/5q
elongase (also known as delta-6 elongase, the terms can be used interchangeably) (i.e., the "delta-6 desaturase/delta-
6 elongase pathway"). More specifically, LA and ALA may be converted to GLA and STA, respectively, by a delta-6
desaturase; then, a C4g/5g €longase converts GLA to DGLA and/or STA to ETA.

[0127] Itis contemplated that the particular functionalities required to be introduced into a specific host organism for
production of omega-3/omega-6 fatty acids will depend on the host cell (and its native PUFA profile and/or desatu-
rase/elongase profile), the availability of substrate, and the desired end product(s). For example, expression of the delta-
9 elongase/delta-8 desaturase pathway may be preferred in some embodiments, as opposed to expression of the delta-
6 desaturase/delta-6 elongase pathway, since PUFAs produced via the former pathway are devoid of GLA.
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[0128] One skilled in the art will be able to identify various candidate genes encoding each of the enzymes desired
for omega-3/omega-6 fatty acid biosynthesis. Useful desaturase and elongase sequences may be derived from any
source, e.g., isolated from a natural source (from bacteria, algae, fungi, plants, animals, etc.), produced via a semi-
synthetic route or synthesized de novo. Although the particular source of the desaturase and elongase genes introduced
into the host is not critical, considerations for choosing a specific polypeptide having desaturase or elongase activity
include: (1) the substrate specificity of the polypeptide; (2) whether the polypeptide or a component thereof is a rate-
limiting enzyme; (3) whether the desaturase or elongase is essential for synthesis of a desired PUFA,; (4) co-factors
required by the polypeptide; and/or, (5) whether the polypeptide is modified after its production (e.g., by a kinase or a
prenyltransferase). The expressed polypeptide preferably has parameters compatible with the biochemical environment
of its location in the host cell (see U.S. Patent 7,238,482 for additional details).

[0129] In additional embodiments, it will also be useful to consider the conversion efficiency of each particular desat-
urase and/or elongase. More specifically, since each enzyme rarely functions with 100% efficiency to convert substrate
to product, the final lipid profile of unpurifed oils produced in a host cell will typically be a mixture of various PUFAs
consisting of the desired omega-3/omega-6 fatty acid, as well as various upstream intermediary PUFAs. Thus, each
enzyme’s conversion efficiency is also a variable to consider when optimizing biosynthesis of a desired fatty acid.
[0130] Witheach ofthe considerationsabove in mind, candidate genes having the appropriate desaturase and elongase
activities (e.g., delta-6 desaturases, C g,y elongases, delta-5 desaturases, delta-17 desaturases, delta-15 desaturases,
delta-9 desaturases, delta-12 desaturases, C44/¢5 €longases, C4¢/4g €longases, delta-9 elongases, delta-8 desaturases,
delta-4 desaturases, Cyy,», elongases and DHA synthases) can be identified according to publicly available literature
(e.g., GenBank), the patent literature, and experimental analysis of organisms having the ability to produce PUFAs.
These genes will be suitable for introduction into a specific host organism, to enable or enhance the organism’s synthesis
of PUFAs.

Multizymes and Linkers

[0131] In one embodiment, the present invention concerns a multizyme comprising a single polypeptide having at
least two independent and separable enzymatic activities, wherein said enzymatic activities comprise at least one fatty
acid elongase linked to at least one fatty acid desaturase, wherein said elongase is linked to a said desaturase and said
link is selected from the group consisting of a SEQ ID NO:198, SEQ ID NO:200, SEQ ID NO:235, SEQ ID NO:438, SEQ
ID NO:472, SEQ ID NO:445, and SEQ ID NO:504.

[0132] Examples of suitable fatty acid desaturases include, but are not limited to: delta-4 desaturase, delta-5 desat-
urase, delta-6 desaturase, delta-8 desaturase, delta-9 desaturase, delta-12 desaturase, delta-15 desaturase, and/or
delta-17 desaturase. Examples of suitable elongases include, but are not limited to: delta-9 elongase, C415 elongase,
C1e/18 €longase, Cqg/oq elongase, and/or Cyg 0o elongase.

[0133] Examplesoftransferasesinclude acyltransferases such as glycerol-3-phosphate O-acyltransferase (also called
glycerol -phosphate acyl transferase or glycerol -3-phosphate acyl transferase; GPAT), 2-acylglycerol O-acyltransferase,
1-acylglycerol-3-phosphate O-acyltransferase (also called 1-acylglycerol-phosphate acyltransferase or lyso-phospha-
tidic acid acyltransferase; AGPAT or LPAAT or LPAT), 2-acylglycerol-3-phosphate O-acyltransferase, 1-acylglycero-
phosphocholine O-acyltransferase (also called lyso-lecithin acyltransferase or lyso-- phosphatidylcholine acyltrans-
ferase; AGPCAT or LLAT or LPCAT), 2-acylglycerophosphocholine O-acyltransferase, diacylglycerol O-acyltransferase
(also called diglyceride acyltransferase; DAGAT or DGAT) and phospholipid:diacylglycerol acyltransferase (PDAT).
[0134] An example of an acyl CoA synthetase includes long-chain-fatty-acid-CoA ligase (also called acyl-activating
enzymes or acyl-CoA synthetase).

[0135] An example of a thioesterase includes oleoyl-[acyl-carrier-protein] hydrolase (also called acyl-[acyl-carrier-
protein] hydrolase, acyl-ACP-hydrolase or acyl-ACP-thioesterase).

[0136] Multizymes include DHA synthases (comprising both C20 elongase activity and delta-4 desaturase activity)
and DGLA synthases (comprising both delta-9 elongase and delta-8 desaturase activity). Data described herein confirm
that linking of the two domains within each synthase results in increased efficiency or flux, as compared to efficiency or
flux observed when the enzymatic domains exist as independent entities, i.e., not linked together in a multizyme.
[0137] For example, when a mulltizyme comprising the Euglena gracilis C20 elongase domain and a Schizochytrium
aggregatum delta-4 desaturase was expressed in Yarrowia lipolytica, the delta-4 desaturase activity was approximately
2 to 3-fold greater in the fused construct, as opposed to its activity when expressed alone (Example 28). Similarly, when
the Euglena gracilis C20 elongase domain-Schizochytrium aggregatum delta-4 desaturase fusion was expressed as a
multizyme in soybean, increased EPA to DHA flux was measured, as opposed to when the two enzymes were expressed
independently (Example 49).

[0138] increased efficiency (or LA to DGLA flux) was also demonstrated in various DGLA synthases that were created.
A series of six delta-9 elongase/delta-8 desaturase fusion constructs were created using various combinations of delta-
9 elongases derived from E. gracillis, E. anabaena UTEX 373 and Eutreptiella sp. CCMP389 and delta-8 desaturases
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derived from E. gracillis and E. anabaena UTEX 373; these were individually expressed in Yarrowia lipolytica (Examples
55 and 56, respectively). In all cases, the fusion gene had higher activity than the individual gene alone when expressed
in Yarrowia. These data again suggested that the product of delta-9 elongase may be directly channeled as substrate
of delta-8 desaturase in the fusion protein. One skilled in the art would be able to use the teachings herein to create
various other multizymes that have increased efficiency or flux. Accordingly, any multizyme may be made using a linker
derived from the sequences disclosed herein. Multizymes include those that combine various genes of the PUFA bio-
synthetic pathway.

Sequence Identification of Novel DHA Synthases

[0139] Nucleotide sequences encoding DHA synthases have been isolated from Euglena gracilis and Euglena ana-
baena, as summarized below in Table 4.

TABLE 4

Summary Of Euglena DHA Synthases

DHA Synthase Designation Organism Nucleotide | Amino Acid SEQIDNO

SEQID NO

EgDHAsyn1 E. gracilis 11 12
EgDHAsyn1* E. gracilis 205 12
EgDHAsyn2 E. gracilis 21 22
EaDHAsyn1 E. anabaena 91 95
EaDHAsyn2 E. anabaena 92 96
EaDHAsyn3 E. anabaena 93 97
EgDHAsyn1S (codon-optimized for Synthetically derived from E. 410 411 (identical to SEQ
Yarrowia expression) gracilis EgDHAsyn1 ID NO:12)

[0140] The instant EQDHAsyn1, EgDHAsyn2, EaDHAsyn1, EaDHAsyn2 and EaDHAsyn3 DHA synthase sequences
can be codon-optimized for expression in a particular host organism. As is well known in the art, this can be a useful
means to further optimize the expression of the enzyme in the alternate host, since use of host-preferred codons can
substantially enhance the expression of the foreign gene encoding the polypeptide. EgDHAsyn1, for example, was
codon-optimized for expression in Yarrowia lipolytica (example 54), thereby yielding EgDHAsyn1S (as taught in U.S.
Patent 7,238,482 and U.S. Patent 7,125,672).

[0141] One skilled in the art would be able to use the teachings herein to create various other codon-optimized DHA
synthase proteins suitable for optimal expression in alternate hosts, based on the wildtype EgDHAsyn1, EgDHAsyn2,
EaDHAsyn1, EaDHAsyn2 and/or EaDHAsyn3 sequences described above in Table 4. Accordingly, a codon-optimized
DHA synthase protein may be derived from a wildtype sequence disclosed herein. It may be desirable to modify a portion
ofthe codons encoding EgDHAsyn1, EQDHAsyn2, EaDHAsyn1, EaDHAsyn2 and/or EaDHAsyn3 to enhance expression
of the gene in a host organism including, but not limited to, a plant or plant part.

[0142] Inoneembodiment, the presentinvention concerns an isolated polynucleotide encoding a multizyme as defined
in the appended claims comprising:

(a) a nucleotide sequence encoding a polypeptide having DHA synthase activity, wherein the polypeptide has at
least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, or SEQ ID NO:97;

(b) a nucleotide sequence encoding a polypeptide having DHA synthase activity wherein the nucleotide sequence
has at least 80% sequence identity, based on the BLASTN method of alignment, when compared to a nucleotide
sequence as set forth in SEQ ID NO:11, SEQ ID NO:205, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID
NO:93, or SEQ ID NO:410;

(c) a nucleotide sequence encoding a polypeptide having DHA synthase activity, wherein the nucleotide sequence
hybridizes under stringent conditions to a nucleotide sequence as set forth in SEQ ID NO:11, SEQ ID NO:21, SEQ
ID NO:91, SEQ ID NO:92, SEQ ID NO:93, SEQ ID NO:205, or SEQ ID NO:410; or

(d) a complement of the nucleotide sequence of (a), (b) or (c), wherein the complement and the nucleotide sequence
consist of the same number of nucleotides and are 100% complementary.
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[0143] Preferably, an isolated polynucleotide encoding a DHA synthase comprises the sequence set forth in any of
SEQ ID NO:11, SEQ ID NO:205, SEQ ID NO:21, SEQ ID NO:921, SEQ ID NO:92, SEQ ID NO:93, or SEQ ID NO:410.

Identification and Isolation of Homologs

[0144] Any of the instant DHA synthase sequences (i.e., EgDHAsyn1, EgDHAsyn2, EaDHAsyn1, EaDHAsyn2 and
EaDHAsyn23) or portions thereof may be used to search for DHA synthase homologs in the same or other bacterial,
algal, fungal, euglenoid or plant species using sequence analysis software. In general, such computer software matches
similar sequences by assigning degrees of homology to various substitutions, deletions, and other modifications.
[0145] Alternatively, any of the instant DHA synthase sequences or portions thereof may also be employed as hybrid-
ization reagents for the identification of DHA synthase homologs. The basic components of a nucleic acid hybridization
test include a probe, a sample suspected of containing the gene or gene fragment of interest and a specific hybridization
method. Probes are typically single-stranded nucleic acid sequences that are complementary to the nucleic acid se-
quences to be detected. Probes are "hybridizable" to the nucleic acid sequence to be detected. Although the probe
length can vary from 5 bases to tens of thousands of bases, typically a probe length of about 15 bases to about 30 bases
is suitable. Only part of the probe molecule needs to be complementary to the nucleic acid sequence to be detected. In
addition, the complementarity between the probe and the target sequence need not be perfect. Hybridization does occur
between imperfectly complementary molecules with the result that a certain fraction of the bases in the hybridized region
are not paired with the proper complementary base.

[0146] Hybridization methods are well defined. Typically the probe and sample must be mixed under conditions that
will permit nucleic acid hybridization. This involves contacting the probe and sample in the presence of an inorganic or
organic salt under the proper concentration and temperature conditions. The probe and sample nucleic acids must be
in contact for a long enough time that any possible hybridization between the probe and sample nucleic acid may occur.
The concentration of probe or target in the mixture will determine the time necessary for hybridization to occur. The
higher the probe or target concentration, the shorter the hybridization incubation time needed. Optionally, a chaotropic
agentmay be added (e.g., guanidinium chloride, guanidinium thiocyanate; sodium thiocyanate, lithium tetrachloroacetate,
sodium perchlorate, rubidium tetrachloroacetate, potassium iodide, cesium trifluoroacetate). If desired, one can add
formamide to the hybridization mixture, typically 30-50% (v/v).

[0147] Various hybridization solutions can be employed. Typically, these comprise from about 20 to 60% volume,
preferably 30%, of a polar organic solvent. A common hybridization solution employs about 30-50% v/v formamide,
about 0.15 to 1 M sodium chloride, about 0.05 to 0.1 M buffers (e.g., sodium citrate, Tris-HCI, PIPES or HEPES (pH
range about 6-9)), about 0.05 to 0.2% detergent (e.g., sodium dodecylsulfate), or between 0.5-20 mM EDTA, FICOLL
(Pharmacia Inc.) (about 300-500 kdal), polyvinylpyrrolidone (about 250-500 kdal), and serum albumin. Also included in
the typical hybridization solution will be unlabeled carrier nucleic acids from about 0.1 to 5 mg/mL, fragmented nucleic
DNA (e.g., calf thymus or salmon sperm DNA, or yeast RNA), and optionally from about 0.5 to 2% wt/vol glycine. Other
additives may also be included, such as volume exclusion agents that include a variety of polar water-soluble or swellable
agents (e.g., polyethylene glycol), anionic polymers (e.g., polyacrylate or polymethylacrylate) and anionic saccharidic
polymers (e.g., dextran sulfate).

[0148] Nucleic acid hybridization is adaptable to a variety of assay formats. One of the most suitable is the sandwich
assay format. The sandwich assay is particularly adaptable to hybridization under non-denaturing conditions. A primary
component of a sandwich-type assay is a solid support. The solid support has adsorbed to it or covalently coupled to it
an immobilized nucleic acid probe that is unlabeled and complementary to one portion of the sequence.

[0149] Any of the DHA synthase nucleic acid fragments described herein (or any homologs identified thereof) may be
used to isolate genes encoding homologous proteins from the same or other bacterial, algal, fungal, euglenoid or plant
species. Isolation of homologous genes using sequence-dependent protocols is well known in the art. Examples of
sequence-dependent protocols include, but are not limited to: (1) methods of nucleic acid hybridization; (2) methods of
DNA and RNA amplification, as exemplified by various uses of nucleic acid amplification technologies [e.g., polymerase
chain reaction (PCR), Mullis et al., U.S. Patent 4,683,202; ligase chain reaction (LCR), Tabor et al., Proc. Acad. Sci.
USA 82:1074 (1985); or strand displacement amplification (SDA), Walker et al., Proc. Natl. Acad. Sci. U.S.A., 89:392
(1992)]; and (3) methods of library construction and screening by complementation.

[0150] For example, genes encoding similar proteins or polypeptides to a multizyme or an individual domain thereof
(such as the DHA synthases) described herein, could be isolated directly by using all or a portion of the instant nucleic
acid fragments as DNA hybridization probes to screen libraries from e.g., any desired yeast or fungus using methodology
well known to those skilled in the art (wherein those organisms producing DTA, DPAn-6, DPA and/or DHA would be
preferred). Specific oligonucleotide probes based upon the instant nucleic acid sequences can be designed and syn-
thesized by methods known in the art (Maniatis, supra). Moreover, the entire sequences can be used directly to synthesize
DNA probes by methods known to the skilled artisan (e.g., random primers DNA labeling, nick translation or end-labeling
techniques), or RNA probes using available in vitro transcription systems. In addition, specific primers can be designed
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and used to amplify a part of (or full-length of) the instant sequences. The resulting amplification products can be labeled
directly during amplification reactions or labeled after amplification reactions, and used as probes to isolate full-length
DNA fragments under conditions of appropriate stringency.

[0151] Typically, in PCR-type amplification techniques, the primers have different sequences and are not complemen-
tary to each other. Depending on the desired test conditions, the sequences of the primers should be designed to provide
for both efficient and faithful replication of the target nucleic acid. Methods of PCR primer design are common and well
known in the art (Thein and Wallace, "The use of oligonucleotide as specific hybridization probes in the Diagnosis of
Genetic Disorders", in Human Genetic Diseases: A Practical Approach, K. E. Davis Ed., (1986) pp 33-50, IRL: Herndon,
VA; and Rychlik, W., In Methods in Molecular Biology, White, B. A. Ed., (1993) Vol. 15, pp 31-39, PCR Protocols: Current
Methods and Applications. Humania: Totowa, NJ).

[0152] Generally two short segments of the instant sequences may be used in PCR protocols to amplify longer nucleic
acid fragments encoding homologous genes from DNA or RNA. PCR may also be performed on a library of cloned
nucleic acid fragments wherein the sequence of one primer is derived from the instant nucleic acid fragments, and the
sequence of the other primer takes advantage of the presence of the polyadenylic acid tracts to the 3’ end of the mRNA
precursor encoding eukaryotic genes.

[0153] Alternatively, the second primer sequence may be based upon sequences derived from the cloning vector. For
example, the skilled artisan can follow the RACE protocol (Frohman et al., Proc. Natl Acad. Sci. U.S.A., 85:8998 (1988))
to generate cDNAs by using PCR to amplify copies of the region between a single point in the transcript and the 3’ or
5’ end. Primers oriented in the 3’ and 5’ directions can be designed from the instant sequences. Using commercially
available 3' RACE or 5’ RACE systems (Gibco/BRL, Gaithersburg, MD), specific 3’ or 5’ cDNA fragments can be isolated
(Ohara et al., Proc. Natl Acad. Sci. U.S.A., 86:5673 (1989); Loh et al., Science 243:217 (1989)).

[0154] Anyofthe enzymes (e.g., multizymes, DHA synthases, or individual domains described herein) may be modified.
As is well known to those skilled in the art, in vitro mutagenesis and selection, chemical mutagenesis, "gene shuffling"
methods or other means can be employed to obtain mutations of naturally occurring genes. Alternatively, multizymes
may be synthesized by domain swapping, wherein a functional domain from any enzyme may be exchanged with or
added to a functional domain in an alternate enzyme to thereby result in a novel protein.

Seqguence ldentification Of Novel C20 Elongases

[0155] Nucleotide sequences encoding C20 elongases have been isolated from Euglena gracilis and Euglena ana-
baena, as summarized below in Table 5.

TABLE 5

Summary Of Euglena C20 Elongases

C20 Elongase Designation Organism Nucleotide SEQ | Amino Acid SEQ

ID NO ID NO

EgDHAsyn1 C20 elongase domain E. gracilis 201 202
EgDHAsyn1* C20 elongase domain E. gracilis 206 -
EgDHAsyn2 C20 elongase domain E. gracilis 203 204
EaDHAsyn1 C20 elongase domain E. anabaena 227 231
EaDHAsyn2 C20 elongase domain E. anabaena 228 232
EaDHAsyn3 C20 elongase domain E. anabaena 229 233
EaDHAsyn4 C20 elongase domain E. anabaena 230 --
EgC20ES C20 elongase domain (codon- Synthetically derived from 183 184 (identical to
optimized for expression in Yarrowia) E. gracilis EgDHAsyn1 SEQ ID NO:202)
EaC20ES C20 elongase domain (codon- Synthetically derived from 188 189 (identical to
optimized for expression in Yarrowia) E. anabaena EaDHAsyn2 SEQ ID NO:232)

[0156] An isolated polynucleotide encoding a C20 elongase is disclosed herein comprising:

(a) a nucleotide sequence encoding a polypeptide having C20 elongase activity, wherein the polypeptide has at
least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
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sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97; SEQ ID
NQO:202, SEQ ID NO:204, SEQ ID NO:231, SEQ ID NO:232, or SEQ ID NO:233;

(b) a nucleotide sequence encoding a polypeptide having C20 elongase activity wherein the nucleotide sequence
has at least 80% sequence identity, based on the BLASTN method of alignment, when compared to a nucleotide
sequence as set forth in SEQ ID NO:11, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID NO:93, SEQ ID
NO:183, SEQ ID NO:188, SEQ ID NO:201, SEQ ID NO:206, SEQ ID NO:203, SEQ ID NO:227, SEQ ID NO:228,
SEQ ID NO:229, or SEQ ID NO:230;

(c) a nucleotide sequence encoding a polypeptide having C20 elongase activity, wherein the nucleotide sequence
hybridizes under stringent conditions to a nucleotide sequence as set forth in SEQ ID NO:11, SEQ ID NO:21, SEQ
ID NO:91, SEQ ID NO:92, SEQ ID NO:93, SEQ ID NO:183, SEQ ID NO:188, SEQ ID NO:201, SEQ ID NO:2086,
SEQ ID NO:203, SEQ ID NO:227, SEQ ID NO:228, SEQ ID NO:229, SEQ ID NO:230; or

(d) a complement of the nucleotide sequence of (a), (b) or (c), wherein the complement and the nucleotide sequence
consist of the same number of nucleotides and are 100% complementary.

[0157] An isolated polynucleotide encoding a C20 elongase may comprise the sequence set forth in any of SEQ ID
NO:183, SEQ ID NO:188, SEQ ID NO:201, SEQ ID NO:206, SEQ ID NO:203, SEQ ID NO:227, SEQ ID NO:228, SEQ
ID NO:229, or SEQ ID NO:230.

Sequence Identification of Novel Delta-4 Desaturases

[0158] Nucleotide sequences encoding delta-4 desaturases have been isolated from Euglena gracilis and Euglena
anabaena, as summarized below in Table 6.

TABLE 6

Summary Of Euglena Delta-4 Desaturases

Delta-4 Desaturase Designation* Organism Nucleotide SEQ Amino Acid
ID NO SEQ ID NO
EgDHAsyn1 delta-4 desaturase domain 1 E. gracilis 214 215
EgDHAsyn1 delta-4 desaturase domain 1* Synthetically derived from 216 217
E. gracilis EgDHAsyn1

EgDHAsyn1* delta-4 desaturase domain 2 E. gracilis 220 221
EaDHAsyn1 delta-4 desaturase domain 1 E. anabaena 236 239
EaDHAsyn2 delta-4 desaturase domain 1 E. anabaena 237 240
EaDHAsyn4 delta-4 desaturase domain 1 E. anabaena 238 241
EaDHAsyn1 delta-4 desaturase domain 2 E. anabaena 242 246
EaDHAsyn2 delta-4 desaturase domain 2 E. anabaena 243 247
EaDHAsyn3 delta-4 desaturase domain 2 E. anabaena 244 248
EaDHAsyn4 delta-4 desaturase domain 2 E. anabaena 245 249
EaD4S delta-4 desaturase domain (codon- Synthetically derived from 192 193
optimized for expression in Yarrowia) E. anabaena EaDHAsyn2
EgDA4S delta-4 desaturase domain (codon- Synthetically derived from 387 388
optimized for expression in Yarrowia) E. gracilis EgDHAsyn1

* Note: The delta-4 desaturase domain 1 does not include the proline-rich linker of the DHA synthase from which it
was derived. In contrast, the delta-4 desaturase domain 2 does include the proline-rich linker of the DHA synthase
from which it was derived.

[0159] The instant delta-4 desaturase domain sequences can be codon-optimized for expression in a particular host
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organism. For example, the Euglena anabaena delta-4 desaturase domain of EaDHAsyn2 was codon-optimized for
expression in Yarrowia lipolytica. For example, the Euglena gracilis delta-4 desaturase domain of EgDHAsyn1 was also
codon-optimized for expression in Yarrowia lipolytica. One skilled in the art would be able to use the teachings herein
to create various other codon-optimized delta-4 desaturase proteins suitable for optimal expression in alternate hosts,
based on the wildtype delta-4 desaturase domain sequences of EgDHAsyn1, EgDHAsyn2, EaDHAsyn1, EaDHAsyn2
and/or EaDHAsyn3 as described above in Table 6. Accordingly, a codon-optimized delta-4 desaturase protein may be
derived from a wildtype sequence disclosed herein. It may be desirable to modify a portion of the codons encoding the
delta-4 desaturase domain sequences of EgDHAsyn1, EgDHAsyn2, EaDHAsyn1, EaDHAsyn2 and/or EaDHAsyn3 to
enhance expression of the gene in a host organism including, but not limited to, a plant or plant part.

[0160] Moreover, based on the observation that the C-terminal portion of the C20 elongase domain of the DHA syn-
thases appears to overlap with the N-terminal portion of the delta-4 desaturase domain, functional analyses were per-
formed to define the optimal functional delta-4 desaturase domain. As described in Examples 51 and 53 hereinbelow,
deletion mutagenesis studies were performed using the codon-optimized protein sequences, EaD4S (SEQ ID NO:193)
and EgD4S (SEQ ID NO:388). The following variants were produced: EaD4S-3 (SEQ ID NO:386), EaD4S-2 (SEQ ID
NO:384), EaD4S-1 (SEQ ID NO:382), EgD4S-3 (SEQ ID NO:408), EgD4S-2 (SEQ ID NO:406) and EgD4S-1 (SEQ ID
NO:404).

[0161] One skilled in the art will recognize that since the exact boundaries of these particular delta-4 desaturase
sequences from Euglena gracilis and Euglena anabaena have not been completely defined, protein fragments or polypep-
tides of increased or diminished lengths may have comparable delta-4 desaturase activity. Similarly, comparable trun-
cations could readily be performed based on the wildtype delta-4 desaturase domain sequences of EgDHAsyn1,
EgDHAsyn2, EaDHAsyn1, EaDHAsyn2 and/or EaDHAsyn3 as described above in Table 6, to produce a delta-4 desat-
urase having a sufficient amount of delta-4 desaturase activity, wherein equivalent or increased delta-4 desaturase
activity would be preferred.

[0162] Thus, an isolated polynucleotide encoding a delta-4 desaturase is disclosed herein comprising:

(a) a nucleotide sequence encoding a polypeptide having delta-4 desaturase activity, wherein the polypeptide has
at least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, SEQ ID
NO:215, SEQ ID NO:217, SEQ ID NO:221, SEQ ID NO:239, SEQ ID NO:240, SEQ ID NO:241, SEQ ID NO:246,
SEQ ID NO:247, SEQ ID NO:248, SEQ ID NO:249, SEQ ID NO:193, SEQ ID NO:382, SEQ ID NO:384, SEQ ID
NO:386, SEQ ID NO:388, SEQ ID NO:404, SEQ ID NO:406, or SEQ ID NO:408;

(b) anucleotide sequence encoding a polypeptide having delta-4 desaturase activity wherein the nucleotide sequence
has at least 80% sequence identity, based on the BLASTN method of alignment, when compared to a nucleotide
sequence as set forth in SEQ ID NO:11, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID NO:93, SEQ ID
NO:214, SEQ ID NO:216, SEQ ID NO:220, SEQ ID NO:236, SEQ ID NO:237, SEQ ID NO:238, SEQ ID NO:242,
SEQ ID NO:243, SEQ ID NO:244; SEQ ID NO:245, SEQ ID NO:192, SEQ ID NO:381, SEQ ID NO:383, SEQ ID
NO:385, SEQ ID NO:387, SEQ ID NO:403, SEQ ID NO:405 or SEQ ID NO:407;

(c) a nucleotide sequence encoding a polypeptide having delta-4 desaturase activity, wherein the nucleotide se-
quence hybridizes under stringent conditions to a nucleotide sequence as set forth in SEQ ID NO:11, SEQ ID NO:21,
SEQIDNO:91,SEQID NO:92, SEQID NO:93, SEQ ID NO:214, SEQID NO:216, SEQ ID NO:220, SEQ ID NO:236,
SEQ ID NO:237, SEQ ID NO:238, SEQ ID NO:242, SEQ ID NO:243, SEQ ID NO:244, SEQ ID NO:245, SEQ ID
NO:192, SEQ ID NO:381, SEQ ID NO:383, SEQ ID NO:385, SEQ ID NO:387, SEQ ID NO:403, SEQ ID NO:405 or
SEQ ID NO:407; or

(d) a complement of the nucleotide sequence of (a), (b) or (c), wherein the complement and the nucleotide sequence
consist of the same number of nucleotides and are 100% complementary.

[0163] Anisolated polynucleotide encoding a delta-4 desaturase may comprise the sequence set forth in any of SEQ
ID NO:214, SEQ ID NO:220, SEQ ID NO:236, SEQ ID NO:237, SEQ ID NO:238, SEQ ID NO:242, SEQ ID NO:243,
SEQID NO:244, SEQ ID NO:245, SEQID NO:192, SEQ ID NO:381, SEQ ID NO:383, SEQ ID NO:385, SEQ ID NO:387,
SEQ ID NO:403, SEQ ID NO:405, or SEQ ID NO:407.

[0164] The effect of truncating the Euglena anabaena delta-4 desaturase is that enzymatic activity is increased when
compared to enzymatic activity of the wildtype sequence. This result is unexpected and unforeseeable, as one of ordinary
skill in the art would expect the activity of a truncated sequence to be no better and possibly less active than the wildtype
sequence. Accordingly, a method for deriving a delta-4 desaturase having higher activity than the wild type sequence
is disclosed herein, the method comprising: a) providing a wild-type delta-4 desaturase polypeptide isolated from Euglena
anabena having a base-line delta-4 desaturase activity; and b) truncating the wild-type polypeptide of (a) by about 1 to
about 200 amino acids (a) to create a truncated mutant polypeptide having delta-4 desaturase activity that is increased
as compared with the baseline delta-4 desaturase activity. "Baseline" activity as used in this context is defined as the

46



10

15

20

25

30

35

40

45

50

55

EP 2129 777 B1

activity of the wildtype enzyme measured either in vivo or in vitro according to standard enzymatic protocols as described
herein.

[0165] Any of the enzymes (e.g., multizymes, DHA synthases, C20 elongases, delta-4 desaturases, and/or any ho-
mologs) identified herein may be modified to generate new and/or improved PUFA biosynthetic pathway enzymes. As
is well known to those skilled in the art, in vitro mutagenesis and selection, chemical mutagenesis, "gene shuffling"
methods or other means can be employed to obtain mutations of naturally occurring genes. Alternatively, multizymes
may be synthesized by domain swapping, wherein a functional domain from any enzyme may be exchanged with or
added to a functional domain in an alternate enzyme to thereby result in a novel protein.

Methods for Production of Various Omega-3 and/or Omega-6 Fatty Acids

[0166] It is expected that introduction of chimeric genes encoding the DHA synthases described herein (i.e.,
EgDHAsyn1, EgDHAsyn2, EaDHAsyn1, EaDHAsyn2 and EaDHAsyn3 or other mutant enzymes, codon-optimized en-
zymes or homologs thereof), under the control of the appropriate promoters will result in increased production of DTA,
DPAnN-6, DPA and/or DHA in the transformed host organism, respectively. As such, a method is disclosed herein for the
direct production of PUFAs comprising exposing a fatty acid substrate (i.e., EPA or DPA) to the DHA synthase enzymes
described herein (e.g., EQDHAsyn1, EgDHAsyn2, EaDHAsyn1, EaDHAsyn2 and EaDHAsyn3), such that the substrate
is converted to the desired fatty acid product (i.e., DHA).

[0167] More specifically, the present invention concerns a method for transforming a host cell such that the host cell
comprises in its genome a recombinant construct of the invention.

[0168] Examples of suitable host cells include, but are not limited to, plants and yeast. Preferably, the plant cells are
obtained from an oilseed plant such as soybean and the like and yeast cells are obtained from oleaginous yeast such
as Yarrowia sp.

[0169] This invention also provides a method for producing a transformed plant or yeast comprising transforming a
plant cell or a yeast cell with a recombinant construct of the invention and regenerating a plant from the transformed
plant cell or growing the transformed yeast cells.

[0170] More specifically, a method is disclosed herein for the production of DPAn-6 or DHA in a host cell (e.g., plants,
oleaginous yeast), wherein the host cell comprises:

(i) an isolated nucleotide molecule encoding a polypeptide having DHA synthase activity, wherein the polypeptide
has at least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, or SEQ ID NO:97; and,
(ii) a source of ARA or EPA;

wherein the host cell is grown under conditions such that the polypeptide having DHA synthase activity is expressed
and the ARA is converted to DPAn-6 and/or the EPA is converted to DHA, and wherein the DPAN-6 or DHA is optionally
recovered.

[0171] A method for the production of DTA or DPA in a host cell (e.g., plants, oleaginous yeast) is also disclosed
herein, wherein the host cell comprises:

(ii) an isolated nucleotide molecule encoding a polypeptide having C20 elongase activity, wherein the polypeptide
has at least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, SEQ ID
NO:202, SEQ ID NO:204, SEQ ID NO:231, SEQ ID NO:232, or SEQ ID NO:233; and,

(ii) a source of ARA or EPA;

wherein the host cell is grown under conditions such that the polypeptide having C20 elongase activity is expressed and
the ARA is converted to DTA and/or the EPA is converted to DPA, and wherein the DTA or DPA is optionally recovered.
[0172] Additionally, a method is disclosed herein for the production of DPAN-6 or DHA, wherein the host cell comprises:

(iyanisolated nucleotide molecule encoding a polypeptide having delta-4 desaturase activity, wherein the polypeptide
has at least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, SEQ ID
NO:215, SEQ ID NO:221, SEQ ID NO:239, SEQ ID NO:240, SEQ ID NO:241, SEQ ID NO:246, SEQ ID NO:247,
SEQ ID NO:248, SEQ ID NO:249, SEQ ID NO:382, SEQ ID NO:384, SEQ ID NO:386, SEQ ID NO:388, SEQ ID
NO:404, SEQ ID NO:406, or SEQ ID NO:408; and,

(ii) a source of DTA or DPA;
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wherein the host cell is grown under conditions such that the polypeptide having delta-4 desaturase activity is expressed
and the DTA is converted to DPAN-6 and/or the DPA is converted to DHA, and wherein the DPAn-6 or DHA is optionally
recovered.

[0173] The source of the substrate(s) ARA, DTA, EPA or DPA used in any of the methods above may be produced
by the host either naturally or transgenically, or may be provided exogenously.

[0174] Linking individual domains to form a multizyme could lead to a decrease in intermediate fatty acids. For instance,
linking a C20 elongase with a delta-4 desaturase in a multizyme, such as DHA synthase, may lead to a decrease in the
intermediate fatty acid DPA during production of DHA. Similarly, linking a delta-9 elongase with a delta-8 desaturase
using the EgDHAsyn1 linker to form a multizyme as described herein may lead to the production of DGLA and ETA with
a decrease in EDA and ERA intermediates.

[0175] Alternatively, each multizyme geneincluding DHA synthase and their corresponding enzyme products described
herein can be used indirectly for the production of various omega-6 and omega-3 PUFAs, including e.g., DTA, DPAN-
6, DGLA,ETA, ARA, EPA, DPA and/or DHA (FIG. 1; see U.S. Patent 7,238,482). Indirect production of omega-3/omega-
6 PUFAs occurs wherein the fatty acid substrate is converted indirectly into the desired fatty acid product, via means of
an intermediate step(s) or pathway intermediate(s). Thus, it is contemplated that the DHA synthases described herein
(i.e., EgDHAsyn1, EgDHAsyn2, EaDHAsyn1, EaDHAsyn2 and EaDHAsyn3, or other mutant enzymes, codon-optimized
enzymes or homologs thereof) may be expressed in conjunction with additional genes encoding enzymes of the PUFA
biosynthetic pathway (e.g., delta-6 desaturases, C4g/9g €longases, delta-17 desaturases, delta-8 desaturases, delta-15
desaturases, delta-9 desaturases, delta-12 desaturases, C,41 €longases, Cyg/4g €longases, delta-9 elongases, delta-
5 desaturases, delta-4 desaturases, Cogp, elongases, DHA synthases) to result in higher levels of production of longer-
chain omega-3/omega-6 fatty acids (e.g., ARA, DTA, DPAn-6, EPA, DPA and/or DHA).

[0176] The specific genes included within a particular expression cassette will depend on the host cell (and its PUFA
profile and/or desaturase/elongase profile), the availability of substrate and the desired end product(s).

[0177] At times, it may be desirable to minimize by-product fatty acids. The relative abundance of by-product fatty
acids could be decreased by linking individual pathway enzymes together with a linker to form a multizyme. For instance,
the presence of sciadonic acid (SCI) and/or juniperonic acid (JUP) [commonly found in the seed lipids of gymnosperms
(Wolff et al., Lipids 35(1):1-22 (2000)), such as those in the Pinaceae family (pine)] might be considered by-product fatty
acids of a delta-6 desaturase/delta-6 elongase pathway or delta-9-elongase/delta-8 desaturase pathway. Although these
fatty acids are considered to have various health-enhancing properties themselves (Nakane et al., Biol. Pharm. Bull. 23:
758-761 (2000)), their presence as by-product fatty acids in an engineered PUFA pathway, such as in an oilseed crop,
may not be desirable depending on the application. Linking a delta-9 elongase together with a delta-8 desaturase using
a linker to form a multizyme (DGLA and/or ETA synthase), for example, could result in increased flux through these
steps leading to reduced availability of the EDA/ERA intermediate fatty acids to delta-5 desaturase, and thus reduced
concentrations of SCl and JUP.

[0178] Occasionally, a delta-6 elongase may elongate fatty acids other than the intended fatty acid. For instance,
delta-6 elongases generally convert GLA to DGLA but some delta-6 elongases may also convert unintended substrates
such as LA or ALA to EDA or ETrA, respectively. In a delta-6 desaturase/delta-6 elongase pathway, EDA and ETrA
would be considered "by-product fatty acids". Addition of a delta-8 desaturase to a delta-6 desaturase/delta-6 elongase
pathway may provide a means to convert the "by-product fatty acids" EDA and ETrA back into the "intermediate fatty
acids" DGLA and ETA, respectively.

[0179] It may be useful to disrupt a host organism’s native DHA synthase, C20 elongase, or delta-4 desaturase, based
on the complete sequences described herein, the complement of those complete sequences, substantial portions of
those sequences, codon-optimized desaturases derived therefrom, and those sequences that are substantially homol-
ogous thereto.

Plant Expression Systems, Cassettes and Vectors, and Transformation

[0180] In one embodiment, this invention concerns a recombinant construct comprising any one of the isolated poly-
nucleotides encoding the multizyme of the invention operably linked to at least one regulatory sequence suitable for
expression in a host cell such as a plant. A promoter is a DNA sequence that directs cellular machinery of a plant to
produce RNA from the contiguous coding sequence downstream (3’) of the promoter. The promoter region influences
the rate, developmental stage, and cell type in which the RNA transcript of the gene is made. The RNA transcript is
processed to produce mRNA which serves as a template for translation of the RNA sequence into the amino acid
sequence of the encoded polypeptide. The 5’ non-translated leader sequence is a region of the mRNA upstream of the
protein coding region that may play a role in initiation and translation of the mRNA. The 3’ transcription termination/poly-
adenylation signal is a non-translated region downstream of the protein coding region that functions in the plant cell to
cause termination of the RNA transcript and the addition of polyadenylate nucleotides to the 3’ end of the RNA.

[0181] The origin of the promoter chosen to drive expression of the multizyme coding sequence is not important as
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long as it has sufficient transcriptional activity to accomplish the invention by expressing translatable mRNA for the
desired nucleic acid fragments in the desired host tissue at the right time. Either heterologous or non-heterologous (i.e.,
endogenous) promoters can be used to practice the invention. For example, suitable promoters in plants include, but
are not limited to: the alpha prime subunit of beta conglycinin promoter, the Kunitz trypsin inhibitor 3 promoter, the
annexin promoter, the glycinin Gy1 promoter, the beta subunit of beta conglycinin promoter, the P34/Gly Bd m 30K
promoter, the albumin promoter, the Leg A1 promoter and the Leg A2 promoter.

[0182] The annexin, or P34, promoter is described in PCT Publication No. WO 2004/071178 (published August 26,
2004). The level of activity of the annexin promoter is comparable to that of many known strong promoters, such as: (1)
the CaMV 35S promoter (Atanassova et al., Plant Mol. Biol. 37:275-285 (1998); Battraw and Hall, Plant Mol. Biol.
15:527-538 (1990); Holtorf et al., Plant Mol. Biol. 29:637-646 (1995); Jefferson et al., EMBO J. 6:3901-3907 (1987);
Wilmink et al., Plant Mol. Biol. 28:949-955 (1995)); (2) the Arabidopsis oleosin promoters (Plant et al., Plant Mol. Biol.
25:193-205 (1994); Li, Texas A&M University Ph.D. dissertation, pp. 107-128 (1997)); (3) the Arabidopsis ubiquitin
extension protein promoters (Callis et al., J Biol. Chem. 265(21):12486-93 (1290)); (4) a tomato ubiquitin gene promoter
(Rollfinke et al., Gene. 211(2):267-76 (1998)); (5) a soybean heat shock protein promoter (Schoffl et al., Mol Gen Genet.
217(2-3):246-53 (1989)); and, (6) a maize H3 histone gene promoter (Atanassova et al., Plant Mol Biol. 37(2):275-85
(1989)).

[0183] Another useful feature of the annexin promoter is its expression profile in developing seeds. The annexin
promoter is most active in developing seeds at early stages (before 10 days after pollination) and is largely quiescent
in later stages. The expression profile of the annexin promoter is different from that of many seed-specific promoters,
e.g., seed storage protein promoters, which often provide highest activity in later stages of development (Chen et al.,
Dev. Genet. 10:112-122 (1989); Ellerstrom et al., Plant Mol. Biol. 32:1019-1027 (1996); Keddie et al., Plant Mol. Biol.
24:327-340 (1994); Plant et al., (supra); Li, (supra)). The annexin promoter has a more conventional expression profile
but remains distinct from other known seed specific promoters. Thus, the annexin promoter will be a very attractive
candidate when overexpression, or suppression, of a gene in embryos is desired at an early developing stage. For
example, it may be desirable to overexpress a gene regulating early embryo development or a gene involved in the
metabolism prior to seed maturation.

[0184] Following identification of an appropriate promoter suitable for expression of a specific DHA synthase coding
sequence, the promoter is then operably linked in a sense orientation using conventional means well known to those
skilled in the art.

[0185] Standard recombinant DNA and molecular cloning techniques used herein are well known in the art and are
described more fully in Sambrook, J. et al., In Molecular Cloning: A Laboratory Manual; 2nd ed.; Cold Spring Harbor
Laboratory Press: Cold Spring Harbor, New York, 1989 (hereinafter "Sambrook et al., 1989") or Ausubel, F. M., Brent,
R., Kingston, R. E., Moore, D. D., Seidman, J. G., Smith, J. A. and Struhl, K., Eds.; In Current Protocols in Molecular
Biology; John Wiley and Sons: New York, 1990 (hereinafter "Ausubel et al., 1990"). For example, a fusion gene can be
constructed by linking at least two DNA fragments in frame so as not to introduce a stop codon (in-frame fusion). The
resulting fusion gene will be such that each DNA fragment encodes for at least one independent and separable enzymatic
activity.

[0186] Oncetherecombinantconstruct has been made, it may then be introduced into a plant cell of choice by methods
well known to those of ordinary skill in the art (e.g., transfection, transformation and electroporation). Oilseed plant cells
are the preferred plant cells. The transformed plant cell is then cultured and regenerated under suitable conditions
permitting expression of the long-chain PUFA which is then optionally recovered and purified.

[0187] The recombinant constructs of the invention may be introduced into one plant cell; or, alternatively, each
construct may be introduced into separate plant cells.

[0188] Expression in a plant cell may be accomplished in a transient or stable fashion as is described above.

[0189] The desired long-chain PUFAs can be expressed in seed. This invention also provides seeds or plant parts
obtained from such transformed plants.

[0190] Plant parts include differentiated and undifferentiated tissues including, but not limited to the following: roots,
stems, shoots, leaves, pollen, seeds, tumor tissue and various forms of cells and culture (e.g., single cells, protoplasts,
embryos and callus tissue). The plant tissue may be in plant or in a plant organ, tissue or cell culture.

[0191] Theterm"plantorgan"refersto planttissue oragroup of tissues that constitute a morphologically and functionally
distinct part of a plant. The term "genome" refers to the following: (1) the entire complement of genetic material (genes
and non-coding sequences) that is present in each cell of an organism, or virus or organelle; and/or (2) a complete set
of chromosomes inherited as a (haploid) unit from one parent.

[0192] Thus, this invention also concerns a method for transforming a cell, comprising transforming a cell with the
recombinant construct of the invention and selecting those cells transformed with the recombinant constructs described
in the claims.

[0193] Also of interest is a method for producing a transformed plant comprising transforming a plant cell with the
recombinant construct of the instant invention and regenerating a plant from the transformed plant cell.

49



10

15

20

25

30

35

40

45

50

55

EP 2129 777 B1

[0194] Methods for transforming dicots (primarily by use of Agrobacterium tumefaciens) and obtaining transgenic
plants have been published, among others, for: cotton (U.S. Patent No. 5,004,863; U.S. Patent No. 5,159,135); soybean
(U.S. Patent No. 5,569,834; U.S. Patent No. 5,416,011); Brassica (U.S. Patent No. 5,463,174); peanut (Cheng et al.
Plant Cell Rep. 15:653-657 (1996); McKently et al. Plant Cell Rep. 14:699-703 (1295)); papaya (Ling, K. et al. Bio/tech-
nology 9:752-758 (1991)); and pea (Grant et al. Plant Cell Rep. 15:254-258 (1995)). For a review of other commonly
used methods of plant transformation see Newell, C.A. (Mol. Biotechnol. 16:53-65 (2000)). One of these methods of
transformation uses Agrobacterium rhizogenes (Tepfler, M. and Casse-Delbart, F. Microbiol. Sci. 4:24-28 (1987)). Trans-
formation of soybeans using direct delivery of DNA has been published using PEG fusion (PCT Publication No. WO
92/17598), electroporation (Chowrira, G.M. et al., Mol. Biotechnol. 3:17-23 (1995); Christou, P. et al., Proc. Natl. Acad.
Sci. U.S.A. 84:3962-3966 (1987)), microinjection and particle bombardement (McCabe, D.E. et. al., Bio/Technology
6:923 (1988); Christou et al., Plant Physiol. 87:671-674 (1988)).
[0195] There are a variety of methods for the regeneration of plants from plant tissue. The particular method of
regeneration willdepend on the starting plant tissue and the particular plant species to be regenerated. The regeneration,
development and cultivation of plants from single plant protoplast transformants or from various transformed explants
is well known in the art (Weissbach and Weissbach, In: Methods for Plant Molecular Biology, (Eds.), Academic: San
Diego, CA (1988)). This regeneration and growth process typically includes the steps of selection of transformed cells
and 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. 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 polypeptide is cultivated using
methods well known to one skilled in the art.
[0196] In addition to the above discussed procedures, practitioners are familiar with the standard resource materials
which describe specific conditions and procedures for: the construction, manipulation and isolation of macromolecules
(e.g., DNA molecules, plasmids, etc.); the generation of recombinant DNA fragments and recombinant expression
constructs; and, the screening and isolating of clones. See, for example: Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold, Spring Harbor: NY (19289); Maliga et al., Methods in Plant Molecular Biology, Cold Spring Harbor: NY
(1995); Birren et al., Genome Analysis: Detecting Genes, Vol.1, Cold Spring Harbor: NY (1998); Birren et al., Genome
Analysis: Analyzing DNA, Vol.2, Cold Spring Harbor: NY (1998); Plant Molecular Biology: A Laboratory Manual, eds.
Clark, Springer: NY (1997).
[0197] Examples of oilseed plants include, but are not limited to: soybean, Brassica species, sunflower, maize, cotton,
flax and safflower.
[0198] Examplesof PUFAs having at least twenty carbon atoms and four or more carbon-carbon double bonds include,
but are not limited to, omega-3 fatty acids such as EPA, DPA, and DHA. Seeds obtained from such plants are also
provided by this invention. Oil obtained from such seeds is also disclosed herein.
[0199] Thus, the present invention also concerns a method for altering the fatty acid profile of an ocilseed plant com-
prising:

a) transforming an oilseed plant cell with the recombinant construct of claim of the invention; and

b) regenerating a plant from the transformed oilseed plant cell step (a), wherein the plant has an altered fatty acid

profile.

Microbial Expression Systems, Cassettes and Vectors

[0200] The DHA synthase genes and gene products described herein (i.e., EgDHAsyn1, EgDHAsyn2, EaDHAsyn1,
EaDHAsyn2 and EaDHAsyn3, or other mutant enzymes, codon-optimized enzymes or homologs thereof) may also be
produced in heterologous microbial host cells, particularly in the cells of oleaginous yeasts (e.g., Yarrowia lipolytica).
[0201] Microbial expression systems and expression vectors containing regulatory sequences that direct high level
expression of foreign proteins are well known to those skilled in the art. Any of these could be used to construct chimeric
genes for production of any of the gene products of the instant sequences. These chimericgenes could then be introduced
into appropriate microorganisms via transformation to provide high-level expression of the encoded enzymes.

[0202] Vectors useful for the transformation of suitable microbial host cells are well known in the art. The specific
choice of sequences present in the construct is dependent upon the desired expression products (supra), the nature of
the host cell and the proposed means of separating transformed cells versus non-transformed cells. Typically, however,
the vector contains at least one expression cassette, a selectable marker and sequences allowing autonomous replication
or chromosomal integration. Suitable expression cassettes comprise a region 5’ of the gene that controls transcriptional
initiation (e.g., a promoter), the gene coding sequence, and aregion 3’ of the DNA fragment that controls transcriptional
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termination (i.e., a terminator). It is most preferred when both control regions are derived from genes from the transformed
microbial host cell, although it is to be understood that such control regions need not be derived from the genes native
to the specific species chosen as a production host.

[0203] Initiation control regions or promoters which are useful to drive expression of the instant multizymes, such as
DHA synthase or individual domain ORFs, in the desired microbial host cell are numerous and familiar to those skilled
in the art. Virtually any promoter capable of directing expression of these genes in the selected host cell is suitable for
the present invention. Expression in a microbial host cell can be accomplished in a transient or stable fashion. Transient
expression can be accomplished by inducing the activity of a regulatable promoter operably linked to the gene of interest.
Stable expression can be achieved by the use of a constitutive promoter operably linked to the gene of interest. As an
example, when the host cell is yeast, transcriptional and translational regions functional in yeast cells are provided,
particularly from the host species (e.g., see U.S. Patent 7,238,482 and PCT Publication No. WO 2006/052870 for
preferred transcriptional initiation regulatory regions for use in Yarrowia lipolytica). Any one of a number of regulatory
sequences can be used, depending upon whether constitutive or induced transcription is desired, the efficiency of the
promoter in expressing the ORF of interest, the ease of construction and the like.

[0204] Nucleotide sequences surrounding the translational initiation codon ’ATG’ have been found to affect expression
in yeast cells. If the desired polypeptide is poorly expressed in yeast, the nucleotide sequences of exogenous genes
can be modified to include an efficient yeast translation initiation sequence to obtain optimal gene expression. For
expression in yeast, this can be done by site-directed mutagenesis of an inefficiently expressed gene by fusing it in-
frame to an endogenous yeast gene, preferably a highly expressed gene. Alternatively, one can determine the consensus
translation initiation sequence in the host and engineer this sequence into heterologous genes for their optimal expression
in the host of interest.

[0205] The termination region can be derived from the 3’ region of the gene from which the initiation region was
obtained or from a different gene. A large number of termination regions are known and function satisfactorily in a variety
of hosts (when utilized both in the same and different genera and species from where they were derived). The termination
region usually is selected more as a matter of convenience rather than because of any particular property. Termination
control regions may also be derived from various genes native to the preferred hosts. In alternate embodiments, the 3’-
region can also be synthetic, as one of skill in the art can utilize available information to design and synthesize a 3’-
region sequence that functions as a transcription terminator. Optionally, a termination site may be unnecessary; however,
it is most preferred if included.

[0206] As one of skill in the art is aware, merely inserting a gene into a cloning vector does not ensure that it will be
successfully expressed at the level needed. In response to the need for a high expression rate, many specialized
expression vectors have been created by manipulating a number of different genetic elements that control aspects of
transcription, translation, protein stability, oxygen limitation and secretion from the microbial host cell. More specifically,
some of the molecular features that have been manipulated to control gene expression include: the nature of the relevant
transcriptional promoter and terminator sequences; the number of copies of the cloned gene; whether the gene is
plasmid-borne or integrated into the genome of the host cell; the final cellular location of the synthesized foreign protein;
the efficiency of translation and correct folding of the protein in the host organism; the intrinsic stability of the mRNA and
protein of the cloned gene within the host cell; and the codon usage within the cloned gene, such that its frequency
approaches the frequency of preferred codon usage of the host cell. Each type of modification may be used as means
to further optimize expression of the DHA synthases described herein

Transformation Of Microbial Host Cells

[0207] Once a cassette that is suitable for expression in an appropriate host cell has been obtained (e.g., a chimeric
gene comprising a promoter, ORF and terminator), it is placed in a plasmid vector capable of autonomous replication
in a host cell, or is directly integrated into the genome of the host cell. Integration of expression cassettes can occur
randomly within the host genome or can be targeted through the use of constructs containing regions of homology with
the host genome sufficient to target recombination within the host locus. Where constructs are targeted to an endogenous
locus, all or some of the transcriptional and translational regulatory regions can be provided by the endogenous locus.
[0208] Where two or more genes are expressed from separate replicating vectors, it is desirable that each vector has
a different means of selection and should lack homology to the other construct(s) to maintain stable expression and
preventreassortment of elements among constructs. Judicious choice of regulatory regions, selection means and method
of propagation of the introduced construct(s) can be experimentally determined so that allintroduced genes are expressed
at the necessary levels to provide for synthesis of the desired products.

[0209] Constructs comprising the gene(s) of interest may be introduced into a microbial host cell by any standard
technique. These techniques include transformation (e.g., lithium acetate transformation [Methods in Enzymology,
194:186-187 (1991))), protoplast fusion, biolistic impact, electroporation, microinjection, or any other method that intro-
duces the gene(s) of interest into the host cell.
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[0210] For convenience, a host cell that has been manipulated by any method to take up a DNA sequence (e.g., an
expression cassette) will be referred to as "transformed" or "recombinant” herein. The transformed host will have at least
one copy of the expression construct and may have two or more, depending upon whether the expression cassette is
integrated into the genome or is present on an extrachromosomal element having multiple copy numbers.

[0211] The transformed host cell can be identified by various selection techniques, as described in U.S. Patents
7,238,482 and 7,259,255 and PCT Publication No. WO 2006/052870.

[0212] Following transformation, substrates suitable for the instant DHA synthases (and, optionally other PUFA en-
zymes that are co-expressed within the host cell) may be produced by the host either naturally or transgenically, or may
be provided exogenously.

Preferred Microbial Hosts For Recombinant Expression

[0213] Microbial host cells for expression of the instant genes and nucleic acid fragments may include hosts that grow
on a variety of feedstocks, including simple or complex carbohydrates, fatty acids, organic acids, oils and alcohols,
and/or hydrocarbons over a wide range of temperature and pH values. Based on the needs of the Applicants’ Assignee,
the genes described herein will be expressed in an oleaginous yeast (and in particular Yarrowia lipolytica); however, it
is contemplated that because transcription, translation and the protein biosynthetic apparatus are highly conserved, any
bacteria, yeast, algae, euglenoid and/or fungous will be a suitable microbial host for expression of the present nucleic
acid fragments.

[0214] Preferred microbial hosts, however, are oleaginous organisms, such as oleaginous yeasts. These organisms
are naturally capable of oil synthesis and accumulation, wherein the oil can comprise greater than about 25% of the
cellular dry weight, more preferably greater than about 30% of the cellular dry weight, and most preferably greater than
about 40% of the cellular dry weight. Genera typically identified as oleaginous yeast include, but are not limited to:
Yarrowia, Candida, Rhodotorula, Rhodosporidium, Cryptococcus, Trichosporon and Lipomyces. More specifically, illus-
trative oil-synthesizing yeasts include: Rhodosporidium toruloides, Lipomyces starkeyii, L. lipoferus, Candida revkaufi,
C. pulcherrima, C. tropicalis, C. utilis, Trichosporon pullans, T. cutaneum, Rhodororula glutinus, R. graminis, and Yarrowia
lipolytica (formerly classified as Candida lipolyfica).

[0215] Most preferred is the oleaginous yeast Yarrowia lipolytica; and, in a further embodiment, most preferred are
the Y. lipolytica strains designated as ATCC #20362, ATCC #8862, ATCC #18944, ATCC #76982 and/or LGAM S(7)1
(Papanikolaou S., and Aggelis G., Bioresour. Technol. 82(1):43-9 (2002)).

[0216] Historically, various strains of Y. lipolytica have been used for the manufacture and production of: isocitrate
lyase; lipases; polyhydroxyalkanoates; citric acid; erythritol; 2-oxoglutaric acid; gamma-decalactone; gamma-dodeca-
latone; and pyruvic acid. Specific teachings applicable for transformation of oleaginous yeasts (i.e., Yarrowia lipolytica)
include U.S. Patent 4,880,741 and U.S. Patent 5,071,764 and Chen, D. C. et al. (Appl. Microbiol. Biotechnol.,
48(2):232-235 (1997)). Specific teachings applicable for engineering ARA, EPA and DHA production in Y. lipolytica are
provided in U.S. Patent Publication No. US 2006/0094092 (PCT Publication No. WO 2006/055322), U.S. Patent Publi-
cation No. US 2006/0115881 (PCT Publication No. WO 2006/052870) and U.S. Patent Publication No. US 2006/0110806
(PCT Publication No. WO 2006/052871), respectively.

[0217] Detailed means for the synthesis and transformation of expression vectors comprising C20 elongases and
delta-4 desaturases in oleaginous yeast (i.e., Yarrowia lipolytica) are provided in PCT Publication No. WO 2006/052871.
The preferred method of expressing genes in Yarrowia lipolytica is by integration of linear DNA into the genome of the
host. Integration into multiple locations within the genome can be particularly useful when high level expression of genes
are desired [e.g., in the Ura3locus (GenBank Accession No. AJ306421), the Leu2 gene locus (GenBank Accession No.
AF260230), the Lys5 gene locus (GenBank Accession No. M34929), the Aco2 gene locus (GenBank Accession No.
AJ001300), the Pox3 gene locus (Pox3: GenBank Accession No. XP_503244; or, Aco3: GenBank Accession No.
AJ001301), the delta-12 desaturase gene locus (U.S. Patent 7,214,491), the Lip1 gene locus (GenBank Accession No.
Z50020), the Lip2 gene locus (GenBank Accession No. AJ012632), and/or the Pex10 gene locus (GenBank Accession
No. CAG81606)].

[0218] Termination regions useful in the disclosure herein for Yarrowia expression vectors include, for example: ~100
bp of the 3’ region of the Yarrowia lipolytica extracellular protease (XPR; GenBank Accession No. M17741); the acyl-
CoA oxidase (Aco3: GenBank Accession No. AJO01301 and No. CAA04661; Pox3: GenBank Accession No. XP_503244)
terminators; the Pex20 (GenBank Accession No. AF054613) terminator; the Pex16 (GenBank Accession No. U75433)
terminator; the Lip7 (GenBank Accession No. Z50020) terminator; the Lip2 (GenBank Accession No. AJ012632) termi-
nator; and the 3-oxoacyl-CoA thiolase (OCT; GenBank Accession No. X69988) terminator.

[0219] Preferred selection methods for use in Yarrowia lipolytica are resistance to kanamycin, hygromycin, and the
amino glycoside G418, as well as the ability to grow on media lacking uracil, leucine, lysine, tryptophan or histidine. In
alternate embodiments, 5-fluoroorotic acid (5-fluorouracil-6-carboxylic acid monohydrate; "5-FOA") is used for selection
of yeast Ura- mutants. The compound is toxic to yeast cells that possess a functioning URA3 gene encoding orotidine
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5’-monophosphate decarboxylase (OMP decarboxylase); thus, based on this toxicity, 5-FOA is especially useful for the
selection and identification of Ura~ mutant yeast strains (Bartel, P.L. and Fields, S., Yeast 2-Hybrid System, Oxford
University: New York, v. 7, pp 109-147, 1997; see also PCT Publication No. WO 2006/052870 for 5-FOA use in Yarrowia).
More specifically, one can first knockout the native Ura3 gene to produce a strain having a Ura- phenotype, wherein
selection occurs based on 5-FOA resistance. Then, a cluster of multiple chimeric genes and a new Ura3 gene can be
integrated into a different locus of the Yarrowia genome to produce a new strain having a Ura+ phenotype. Subsequent
integration produces a new Ura3-strain (again identified using 5-FOA selection), when the introduced Ura3 gene is
knocked out. Thus, the Ura3 gene (in combination with 5-FOA selection) can be used as a selection marker in multiple
rounds of transformation, thereby readily permitting genetic modifications to be integrated into the Yarrowia genome in
a facile manner.

[0220] Other preferred microbial hosts include oleaginous bacteria, algae, euglenoids, and other fungi; and, within
this broad group of microbial hosts, of particular interest are microorganisms that synthesize omega-3/omega-6 fatty
acids (or those that can be genetically engineered for this purpose [e.g., other yeast such as Saccharomyces cerevisiae)).
Thus, for example, transformation of Mortierella alpina (which is commercially used for production of ARA) with any of
the instant DHA synthase genes under the control of inducible or regulated promoters could yield a transformant organism
capable of synthesizing increased quantities of PUFAs. The method of transformation of M. alpina is described by
Mackenzie et al. (Appl. Environ. Microbiol., 66:4655 (2000)). Similarly, methods for transformation of Thraustochytriales
microorganisms are disclosed in U.S. 7,001,772.

Substrate feeding may be required.

[0221] Irrespective of the host selected for expression of the multizymes (e.g. DHA synthases), multiple transformants
must be screened in order to obtain a strain displaying the desired expression level and pattern. Such screening may
be accomplished by Southern analysis of DNA blots (Southern, J. Mol. Biol., 98:503 (1975)), Northern analysis of mMRNA
expression (Kroczek, J. Chromatogr. Biomed. Appl., 618(1-2):133-145 (1993)), Western and/or Elisa analyses of protein
expression, phenotypic analysis, or GC analysis of the PUFA products.

[0222] Of course, since naturally produced PUFAs in oleaginous yeast are limited to 18:2 fatty acids (i.e., LA), and
less commonly, 18:3 fatty acids (i.e., ALA), in more preferred embodiments of the present invention, the oleaginous
yeast will be genetically engineered to express multiple enzymes necessary for long-chain PUFA biosynthesis (thereby
enabling production of e.g., ARA, EPA, DPA and DHA), in addition to the multizymes described herein.

[0223] In particularly preferred embodiments, the at least one additional recombinant DNA construct encodes a DGLA
synthase, such that the multizyme has both delta-9 elongase activity and delta-8 desaturase activity. In some embodi-
ments the delta-9 elongase can be isolated or derived from Isochrysis galbana (GenBank Accession No. AF390174;
IgD9e or IgD9e8S) or the delta-9 elongase can be isolated or derived from Euglena gracilis or Euglena anabaena. For
example, see the DGLA synthases set forth as SEQ ID NO:441, SEQ ID NO:447, SEQ ID NO:454, SEQ ID NO:461,
SEQ ID NO:464 and SEQ ID NO:471.

Metabolic Engineering of Omega-3 and/or Omega-6 Fatty Acid Biosynthesis in Microbes

[0224] Methods for manipulating biochemical pathways are well known to those skilled in the art; and, it is expected
that numerous manipulations will be possible to maximize omega-3 and/or omega-6 fatty acid biosynthesis in oleaginous
yeasts, and particularly, in Yarrowia lipolytica. This manipulation may require metabolic engineering directly within the
PUFA biosynthetic pathway or additional manipulation of pathways that contribute carbon to the PUFA biosynthetic
pathway. Methods useful for up-regulating desirable biochemical pathways and down-regulating undesirable biochemical
pathways are well known to those skilled in the art.

[0225] For example, biochemical pathways competing with the omega-3 and/or omega-6 fatty acid biosynthetic path-
ways for energy or carbon, or native PUFA biosynthetic pathway enzymes that interfere with production of a particular
PUFA end-product, may be eliminated by gene disruption or down-regulated by other means (e.g., antisense mRNA).
[0226] Detailed discussion of manipulations within the PUFA biosynthetic pathway as a means to increase ARA, EPA
or DHA (and associated techniques thereof) are presented in PCT Publication Nos. WO 2006/055322 [U.S. Patent
Publication No. 2006-0094092-A1], PCT Publication No. WO 2006/052870 [U.S. Patent Publication No. 2006-0115881-
A1] and PCT Publication No. WO 2006/052871 [U.S. Patent Publication No. 2006-0110806-A1], respectively, as are
desirable manipulations in the TAG biosynthetic pathway and the TAG degradation pathway (and associated techniques
thereof).

[0227] Within the context of the present invention, it may be useful to modulate the expression of the fatty acid bio-
synthetic pathway by any one of the strategies described above. For example, the present invention provides methods
whereby genes encoding key enzymes in the PUFA biosynthetic pathway are introduced into oleaginous yeasts for the
production of omega-3 and/or omega-6 fatty acids. It will be particularly useful to express the instant DHA synthase
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genes in oleaginous yeasts that do not naturally possess omega-3 and/or omega-6 fatty acid biosynthetic pathways and
coordinate the expression of these genes, to maximize production of preferred PUFA products using various means for

metabolic engineering of the host organism.

Microbial Fermentation Processes for PUFA Production

[0228] The transformed host cell is grown under conditions that optimize expression of chimeric genes and produce
the greatest and most economical yield of desired PUFAs. In general, media conditions that may be optimized include
the type and amount of carbon source, the type and amount of nitrogen source, the carbon-to-nitrogen ratio, the amount
of different mineral ions, the oxygen level, growth temperature, pH, length of the biomass production phase, length of
the oil accumulation phase and the time and method of cell harvest. Yarrowia lipolytica are generally grown in complex
media (e.g., yeast extract-peptone-dextrose broth (YPD)) or a defined minimal media that lacks a component necessary
for growth and thereby forces selection of the desired expression cassettes (e.g., Yeast Nitrogen Base (DIFCO Labo-
ratories, Detroit, MI)).

[0229] Fermentation media must contain a suitable carbon source. Suitable carbon sources are taughtin U.S. Patent
7,238,482, Although it is contemplated that the source of carbon utilized may encompass a wide variety of carbon-
containing sources, preferred carbon sources are sugars, glycerol, and/or fatty acids. Most preferred is glucose and/or
fatty acids containing between 10-22 carbons.

[0230] Nitrogen may be supplied from an inorganic (e.g., (NH4),SO,) or organic (e.g., urea or glutamate) source. In
addition to appropriate carbon and nitrogen sources, the fermentation media must also contain suitable minerals, salts,
cofactors, buffers, vitamins and other components known to those skilled in the art suitable for the growth of the oleaginous
host and promotion of the enzymatic pathways necessary for PUFA production. Particular attention is given to several
metal ions (e.g., Fe*2, Gu*2, Mn*2, Co*2, Zn*2, Mg*2) that promote synthesis of lipids and PUFAs (Nakahara, T. et al.,
Ind. Appl. Single Cell Oils, D. J. Kyle and R. Colin, eds. pp 61-97 (1992)).

[0231] Preferred growth media are common commercially prepared media, such as Yeast Nitrogen Base (DIFCO
Laboratories, Detroit, Ml). Other defined or synthetic growth media may also be used and the appropriate medium for
growth of the transformant host cells will be known by one skilled in the art of microbiology or fermentation science. A
suitable pH range for the fermentation is typically between about pH 4.0 to pH 8.0, wherein pH 5.5 to pH 7.5 is preferred
as the range for the initial growth conditions. The fermentation may be conducted under aerobic or anaerobic conditions,
wherein microaerobic conditions are preferred.

[0232] Typically, accumulation of high levels of PUFAs in oleaginous yeast cells requires a two-stage process, since
the metabolic state must be "balanced" between growth and synthesis/storage of fats. Thus, most preferably, a two-
stage fermentation process is necessary for the production of PUFAs in oleaginous yeast (e.g., Yarrowia lipolytica). This
approach is described in U.S. Patent 7,238,482, as are various suitable fermentation process designs (i.e., batch, fed-
batch and continuous) and considerations during growth.

Purification and Processing of PUFA Qils

[0233] PUFAs may be found in the host microorganisms and plants as free fatty acids or in esterified forms such as
acylglycerols, phospholipids, sulfolipids, or glycolipids, and may be extracted from the host cells through a variety of
means well-known in the art. One review of extraction techniques, quality analysis, and acceptability standards for yeast
lipids is that of Z. Jacobs (Critical Reviews in Biotechnology, 12(5/6):463-491 (1992)). A brief review of downstream
processing is also available by A. Singh and O. Ward (Adv. Appl. Microbiol., 45:271-312 (1997)).

[0234] In general, means for the purification of PUFAs may include extraction (e.g., U.S. Patent 6,797,303 and U.S.
Patent5,648,564) with organic solvent, sonication, supercritical fluid extraction (e.g., using carbon dioxide), saponification
and physical means such as presses, or combinations thereof. One is referred to the teachings of U.S. Patent 7,238,482
for additional details. Methods of isolating seed oils are well known in the art: (Young et al., Processing of Fats and Oils,
In The Lipid Handbook, Gunstone et al., eds., Chapter 5 pp 253-257; Chapman & Hall: London (1994)). For example,
soybean oil is produced using a series of steps involving the extraction and purification of an edible oil product from the
oil-bearing seed. Soybean oils and soybean byproducts are produced using the generalized steps shown in Table 7.

TABLE 7
Generalized Steps for Soybean Oil and Byproduct Production
Process Step Process Impurities Removed and/or By-Products Obtained
#1 soybean seed
#2 oil extraction meal

54



10

15

20

25

30

35

40

45

50

55

EP 2129 777 B1

(continued)

Generalized Steps for Soybean Oil and Byproduct Production
Process Step Process Impurities Removed and/or By-Products Obtained
#3 Degumming lecithin
#4 alkali or physical refining gums, free fatty acids, pigments
#5 water washing soap
#6 Bleaching color, soap, metal
#7 (hydrogenation)
#8 (winterization) stearine
#9 Deodorization free fatty acids, tocopherols, sterols, volatiles
#10 oil products

[0235] More specifically, soybean seeds are cleaned, tempered, dehulled, and flaked, thereby increasing the efficiency
of oil extraction. Oil extraction is usually accomplished by solvent (e.g., hexane) extraction but can also be achieved by
a combination of physical pressure and/or solvent extraction. The resulting oil is called crude oil. The crude oil may be
degummed by hydrating phospholipids and other polar and neutral lipid complexes that facilitate their separation from
the nonhydrating, triglyceride fraction (soybean oil). The resulting lecithin gums may be further processed to make
commercially important lecithin products used in a variety of food and industrial products as emulsification and release
(i.e., antisticking) agents. Degummed oil may be further refined for the removal of impurities (primarily free fatty acids,
pigments and residual gums). Refining is accomplished by the addition of a caustic agent that reacts with free fatty acid
to form soap and hydrates phosphatides and proteins in the crude oil. Water is used to wash out traces of soap formed
during refining. The soapstock byproduct may be used directly in animal feeds or acidulated to recover the free fatty
acids. Color is removed through adsorption with a bleaching earth that removes most of the chlorophyll and carotenoid
compounds. The refined oil can be hydrogenated, thereby resulting in fats with various melting properties and textures.
Winterization (fractionation) may be used to remove stearine from the hydrogenated oil through crystallization under
carefully controlled cooling conditions. Deodorization (principally via steam distillation under vacuum) is the last step
and is designed to remove compounds which impart odor or flavor to the oil. Other valuable byproducts such as toco-
pherols and sterols may be removed during the deodorization process. Deodorized distillate containing these byproducts
may be sold for production of natural vitamin E and other high-value pharmaceutical products. Refined, bleached,
hydrogenated, fractionated) and deodorized oils and fats may be packaged and sold directly or further processed into
more specialized products. A more detailed reference to soybean seed processing, soybean oil production, and byproduct
utilization can be found in Erickson, Practical Handbook of Soybean Processing and Utilization, The American Oil
Chemists’ Society and United Soybean Board (1995). Soybean oil is liquid at room temperature because it is relatively
low in saturated fatty acids when compared with oils such as coconut, palm, palm kernel, and cocoa butter.

[0236] Plantand microbial oils containing PUFAs that have been refined and/or purified can be hydrogenated, thereby
resulting in fats with various melting properties and textures. Many processed fats (including spreads, confectionary
fats, hard butters, margarines, baking shortenings, etc.) require varying degrees of solidity at room temperature and can
only be produced through alteration of the source oil's physical properties. This is most commonly achieved through
catalytic hydrogenation.

[0237] Hydrogenation is a chemical reaction in which hydrogen is added to the unsaturated fatty acid double bonds
with the aid of a catalyst such as nickel. For example, high oleic soybean oil contains unsaturated oleic, linoleic, and
linolenic fatty acids, and each of these can be hydrogenated. Hydrogenation has two primary effects. First, the oxidative
stability of the oil is increased as a result of the reduction of the unsaturated fatty acid content. Second, the physical
properties of the oil are changed because the fatty acid modifications increase the melting point resulting in a semi-liquid
or solid fat at room temperature.

[0238] There are many variables which affect the hydrogenation reaction, which in turn alter the composition of the
final product. Operating conditions including pressure, temperature, catalyst type and concentration, agitation, and
reactor design are among the more important parameters that can be controlled. Selective hydrogenation conditions
can be used to hydrogenate the more unsaturated fatty acids in preference to the less unsaturated ones. Very light or
brush hydrogenation is often employed to increase stability of liquid oils. Further hydrogenation converts a liquid oil to
a physically solid fat. The degree of hydrogenation depends on the desired performance and melting characteristics
designed for the particular end product. Liquid shortenings (used in the manufacture of baking products, solid fats and
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shortenings used for commercial frying and roasting operations) and base stocks for margarine manufacture are among
the myriad of possible oil and fat products achieved through hydrogenation. A more detailed description of hydrogenation
and hydrogenated products can be found in Patterson, H. B. W., Hydrogenation of Fats and Oils: Theory and Practice.
The American Oil Chemists’ Society (1994).

[0239] Hydrogenated oils have become somewhat controversial due to the presence of trans-fatty acid isomers that
result from the hydrogenation process. Ingestion of large amounts of trans-isomers has been linked with detrimental
health effects including increased ratios of low density to high density lipoproteins in the blood plasma and increased
risk of coronary heart disease.

PUFA-Containing Qils for Use in Foodstuffs, Health Food Products, Pharmaceuticals And Animal Feeds

[0240] The market place currently supports a large variety of food and feed products, incorporating omega-3 and/or
omega-6 fatty acids (particularly e.g., ALA, GLA, ARA, EPA, DPA and DHA). Itis contemplated that the PUFA-comprising
plant/seed oils, altered seeds, and microbial biomass and/or oils disclosed herein will function in food and feed products
to impart the health benefits of current formulations. Compared to other vegetable oils, the oils disclosed herein are
believed to function similarly to other oils in food applications from a physical standpoint (for example, partially hydro-
genated oils such as soybean oil are widely used as ingredients for soft spreads, margarine and shortenings for baking
and frying).

[0241] Plant/seed oils, altered seeds, and microbial biomass and/or oils containing omega-3 and/or omega-6 fatty
acids will be suitable for use in a variety of food and feed products including, but not limited to: food analogs, meat
products, cereal products, baked foods, snack foods and dairy products.

[0242] Additionally, the present plant/seed oils, altered seeds, and microbial biomass and/or oils may be used in
formulations to impart health benefit in medical foods including medical nutritionals, dietary supplements, infant formula
as well as pharmaceutical products. One of skill in the art of food processing and food formulation will understand how
the amount and composition of the plant and microbial oils may be added to the food or feed product. Such an amount
will be referred to herein as an "effective" amount and will depend on the food or feed product, the diet that the product
is intended to supplement or the medical condition that the medical food or medical nutritional is intended to correct or treat.
[0243] Food analogs can be made using processes well known to those skilled in the art. There can be mentioned
meat analogs, cheese analogs, milk analogs and the like. Meat analogs made from soybeans contain soy protein or
tofu and other ingredients mixed together to simulate various kinds of meats. These meat alternatives are sold as frozen,
canned or dried foods. Usually, they can be used the same way as the foods they replace. Meat alternatives made from
soybeans are excellent sources of protein, iron and B vitamins. Examples of meat analogs include, but are not limited
to: ham analogs, sausage analogs, bacon analogs, and the like.

[0244] Food analogs can be classified as imitation or substitutes depending on their functional and compositional
characteristics. For example, an imitation cheese need only resemble the cheese it is designed to replace. However, a
product can generally be called a substitute cheese only if it is nutritionally equivalent to the cheese it is replacing and
meets the minimum compositional requirements for that cheese. Thus, substitute cheese will often have higher protein
levels than imitation cheeses and be fortified with vitamins and minerals.

[0245] Milk analogs or nondairy food products include, but are not limited to, imitation milks and nondairy frozen
desserts (e.g., those made from soybeans and/or soy protein products).

[0246] Meatproducts encompass abroad variety of products. Inthe United States "meat" includes "red meats" produced
from cattle, hogs and sheep. In addition to the red meats there are poultry items which include chickens, turkeys, geese,
guineas, ducks and the fish and shellfish. There is a wide assortment of seasoned and processed meat products: fresh,
cured and fried, and cured and cooked. Sausages and hot dogs are examples of processed meat products. Thus, the
term "meat products” as used herein includes, but is not limited to, processed meat products.

[0247] A cereal food product is a food product derived from the processing of a cereal grain. A cereal grain includes
any plant from the grass family that yields an edible grain (seed). The most popular grains are barley, corn, millet, oats,
quinoa, rice, rye, sorghum, triticale, wheat and wild rice. Examples of a cereal food product include, but are not limited
to: whole grain, crushed grain, grits, flour, bran, germ, breakfast cereals, extruded foods, pastas, and the like.

[0248] A baked goods product comprises any of the cereal food products mentioned above and has been baked or
processed in a manner comparable to baking (i.e., to dry or harden by subjecting to heat). Examples of a baked good
productinclude, but are not limited to: bread, cakes, doughnuts, bars, pastas, bread crumbs, baked snacks, mini-biscuits,
mini-crackers, mini-cookies, and mini-pretzels. As was mentioned above, oils disclosed herein can be used as an
ingredient.

[0249] A snack food product comprises any of the above or below described food products.

[0250] A fried food product comprises any of the above or below described food products that has been fried.
[0251] A health food product is any food product that imparts a health benefit. Many oilseed-derived food products
may be considered as health foods.
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[0252] A beverage can be in a liquid or in a dry powdered form.

[0253] For example, there can be mentioned non-carbonated drinks such as fruit juices, fresh, frozen, canned or
concentrate; flavored or plain milk drinks, etc. Adult and infant nutritional formulas are well known in the art and com-
mercially available (e.g., Similac®, Ensure®, Jevity®, and Alimentum® from Ross Products Division, Abbott Laboratories).
[0254] Infantformulas are liquids or reconstituted powders fed to infants and young children. "Infant formula" is defined
herein as an enteral nutritional product which can be substituted for human breast milk in feeding infants and typically
is composed of a desired percentage of fat mixed with desired percentages of carbohydrates and proteins in an agqueous
solution (e.g., see U.S. Patent No. 4,670,285). Based on the worldwide composition studies, as well as levels specified
by expert groups, average human breast milk typically contains about 0.20% to 0.40% of total fatty acids (assuming
about 50% of calories from fat); and, generally the ratio of DHA to ARA would range from about 1:1 to 1:2 (see, e.g.,
formulations of Enfamil LIPIL™ (Mead Johnson & Company) and Similac Advance™ (Ross Products Division, Abbott
Laboratories)). Infant formulas have a special role to play in the diets of infants because they are often the only source
of nutrients for infants; and, although breast-feeding is still the best nourishment for infants, infant formula is a close
enough second that babies riot only survive but thrive.

[0255] A dairy product is a product derived from milk. A milk analog or nondairy product is derived from a source other
than milk, for example, soymilk as was discussed above. These products include, but are not limited to: whole milk, skim
milk, fermented milk products such as yogurt or sour milk, cream, butter, condensed milk, dehydrated milk, coffee
whitener, coffee creamer, ice cream, cheese, etc.

[0256] Additionalfood products into which the PUFA-containing oils disclosed herein could be included are, forexample,
chewing gums, confections and frostings, gelatins and puddings, hard and soft candies, jams and jellies, white granulated
sugar, sugar substitutes, sweet sauces, toppings and syrups, and dry-blended powder mixes.

[0257] A health food product is any food product that imparts a health benefit and includes functional foods, medical
foods, medical nutritionals and dietary supplements. Additionally, the plant/seed oils, altered seeds and microbial oils
disclosed herein may be used in standard pharmaceutical compositions (e.g., the long-chain PUFA containing oils could
readily be incorporated into the any of the above mentioned food products, to thereby produce a functional or medical
food). More concentrated formulations comprising PUFAs include capsules, powders, tablets, softgels, gelcaps, liquid
concentrates and emulsions which can be used as a dietary supplement in humans or animals other than humans.
[0258] Animalfeeds are generically defined herein as products intended for use as feed or for mixing in feed for animals
other than humans. The plant/seed oils, altered seeds and microbial oils disclosed herein can be used as an ingredient
in various animal feeds.

[0259] More specifically, although not limited therein, it is expected that the oils disclosed herein can be used within
pet food products, ruminant and poultry food products and aquacultural food products. Pet food products are those
products intended to be fed to a pet (e.g., dog, cat, bird, reptile, and rodent). These products can include the cereal and
health food products above, as well as meat and meat byproducts, soy protein products, grass and hay products (e.g.,
alfalfa, timothy, oat or brome grass, vegetables). Ruminant and poultry food products are those wherein the product is
intended to be fed to an animal (e.g., turkeys, chickens, cattle, and swine). As with the pet foods above, these products
can include cereal and health food products, soy protein products, meat and meat byproducts, and grass and hay
products as listed above. Aquacultural food products (or "aquafeeds") are those products intended to be used in aqua-
farming, i.e., which concerns the propagation, cultivation, or farming of aquatic organisms and/or animals in fresh or
marine waters.

EXAMPLES

[0260] The presentinvention is further defined in the following Examples, in which parts and percentages are by weight
and degrees are Celsius, unless otherwise stated. It should be understood that these Examples, while indicating preferred
embodiments of the invention, are given by way of illustration only. From the above discussion and these Examples,
one skilled in the art can ascertain the essential characteristics of this invention as defined in the appended claims. Thus,
various modifications of the invention as defined in the appended claims in addition to those shown and described herein
will be apparent to those skilled in the art from the foregoing description. Such modifications are also intended to fall
within the scope of the appended claims.

[0261] The meaning of abbreviations is as follows: "sec" means second(s), "min" means minute(s), "h" means hour(s),
"d" means day(s), "uL" means microliter(s), "mL" means milliliter(s), "L" means liter(s), "wM" means micromolar, "mM"
means millimolar, "M" means molar, "mmol" means millimole(s), "wmole" mean micromole(s), "g" means gram(s), "ng"
means microgram(s), "ng" means nanogram(s), "U" means unit(s), "bp" means base pair(s) and "kB" means kilobase(s).

57



10

15

20

25

30

35

40

45

50

55

EP 2129 777 B1

GENERAL METHODS:

Nomenclature for Expression Cassettes:

[0262] The structure of an expression cassette will be represented by a simple notation system of "X::Y::Z", wherein
X describes the promoter fragment, Y describes the gene coding region fragment, and Z describes the terminator
fragment, which are all operably linked to one another.

Transformation and Cultivation of Yarrowia lipolytica:

[0263] Yarrowia lipolytica strains with ATCC Accession Nos. #20362, #76982 and #90812 were purchased from the
American Type Culture Collection (Rockville, MD). Yarrowia lipolytica strains were typically grown at 28-30 °C in several
media, according to the recipes shown below.. Agar plates were prepared as required by addition of 20 g/L agar to each
liqguid media, according to standard methodology.

[0264] YPD agar medium (per liter): 10 g of yeast extract [Difco], 20 g of Bacto peptone [Difco]; and 20 g of glucose.
[0265] Basic Minimal Media (MM) (per liter): 20 g glucose; 1.7 g yeast nitrogen base without amino acids; 1.0 g proline;
and pH 6.1 (not adjusted).

[0266] Minimal Media + Uracil (MM-+uracil or MMU) (per liter): Prepare MM media as above and add 0.1 g uracil and
0.1 g uridine.

[0267] Minimal Media + Uracil + Sulfonylurea (MMU+SU) (per liter): Prepare MMU media as above and add 280 mg
sulfonylurea.

[0268] MinimalMedia + Leucine (MM+leucine or MMLeu) (per liter): Prepare MM media as above and add 0.1 g leucine.
[0269] Minimal Media + Leucine + Uracil (MMLeuUra) (per liter): Prepare MM media as above and add 0.1 g leucine,
0.1 g uracil and 0.1 g uridine.

[0270] Minimal Media + Leucine + Lysine (MMLeulys) (per liter): Prepare MM media as above and add 0.1 g lysine,
0.1 g leucine.

[0271] Minimal Media + 5-Fluoroorotic Acid (MM + 5-FOA) (per liter): 20 g glucose, 6.7 g Yeast Nitrogen base, 75 mg
uracil, 75 mg uridine and appropriate amount of FOA (Zymo Research Corp., Orange, CA), based on FOA activity testing
against a range of concentrations from 100 mg/L to 1000 mg/L (since variation occurs within each batch received from
the supplier).

[0272] High Glucose Media (HGM) (per liter): 80 glucose, 2.58 g KH,PO, and 5.36 g K,HPO,, pH 7.5 (do not need
to adjust).

[0273] Transformation of Yarrowia lipolytica was performed according to the method of Chen, D. C. et al. (Appl.
Microbiol. Biotechnol. 48(2):232-235 (1997)), unless otherwise noted. Briefly, Yarrowia was streaked onto a YPD plate
and grown at 30 °C for approximately 18 h. Several large loopfuls of cells were scraped from the plate and resuspended
in 1 mL of transformation buffer, comprising: 2.25 mL of 50% PEG, average MW 3350; 0.125 mL of 2 M lithium acetate,
pH 6.0; 0.125 mL of 2 M DTT; and (optionally) 50 g sheared salmon sperm DNA. Then, approximately 500 ng of
linearized plasmid DNA were incubated in 100 pL of resuspended cells and maintained at 39 °C for 1 hr with vortex
mixing at 15 minintervals. The cells were plated onto selection media plates, whichwere maintained at 30 °C for 2 to 3days.

Fatty Acid Analysis of Yarrowia lipolytica:

[0274] For fatty acid analysis, cells were collected by centrifugation and lipids were extracted as described in Bligh,
E. G. & Dyer, W. J. (Can. J. Biochem. Physiol. 37:911-917 (1959)). Fatty acid methyl esters were prepared by transes-
terification of the lipid extract with sodium methoxide (Roughan, G. and Nishida |., Arch Biochem Biophys. 276(1):38-46
(1990)) and subsequently analyzed with a Hewlett-Packard 6890 GC fitted with a 30 m X 0.25 mm (i.d.) HP-INNOWAX
(Hewlett-Packard) column. The oven temperature was from 170 °C (25 min hold) to 185 °C at 3.5 °C/min.

[0275] For direct base transesterification, Yarrowia culture (3 mL) was harvested, washed once in distilled water, and
dried under vacuum in a Speed-Vac for 5-10 min. Sodium methoxide (100 pL of 1%) was added to the sample, which
was then vortexed and rocked for 20 min. After adding 3 drops of 1 M NaCl and 400 p.L hexane, the sample was vortexed
and spun. The upper layer was removed and analyzed by GC as described above.

Construction Of Yarrowia lipolytica Strain Y4305U3:

[0276] Y. lipolytica strain Y4305U3 was used as the host in Examples 52, 53 and 54, infra. The following description
is a summary of the construction of strain Y4305U3, derived from Yarrowia lipolytica ATCC #20362. Strain Y4305U3 is
capable of producing about 53.2% EPA relative to the total lipids via expression of a delta-9 elongase/ delta-8 desaturase
pathway (FIG. 44).
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[0277] The development of strain Y4305U3 required the construction of strain Y2224 (a FOA resistant mutant from
an autonomous mutation of the Ura3 gene of wildtype Yarrowia strain ATCC #20362), strain Y4001 (producing 17%
EDA with a Leu-phenotype), strain Y4001U1 (producing 17% EDA with a Leu- and Ura- phenotype), strain Y4036
(producing 18% DGLA with a Leu- phenotype), strain Y4036U (producing 18% DGLA with a Leu- and Ura- phenotype),
strain Y4070 (producing 12% ARA with a Ura- phenotype), strain Y4086 (producing 14% EPA), strain Y4086U1 (Ura3-),
strain Y4128 (producing 37% EPA), strain Y4128U3 (Ura-), strain Y4217 (producing 42% EPA), strain Y4217U2 (Ura-),
strain Y4259 (producing 46.5% EPA) and strain Y4259U2 (Ura-).

[0278] Generation Of Strain Y2224: Strain Y2224 was isolated in the following manner: Yarrowia lipolytica ATCC
#20362 cells from a YPD agar plate were streaked onto a MM plate (75 mg/L each of uracil and uridine, 6.7 g/L YNB
with ammonia sulfate, without amino acids, and 20 g/L glucose) containing 250 mg/L 5-FOA (Zymo Research). Plates
were incubated at 28 °C, and four of the resulting colonies were patched separately onto MM plates containing 200
mg/mL 5-FOA and MM plates lacking uracil and uridine. This was done to confirm uracil Ura3 auxotrophy.

[0279] Generation Of Strain Y4001 To Produce About 17% EDA Of Total Lipids: Strain Y4001 was created via
integration of construct pZKLeuN-29E3 (FIG. 45A). This construct, comprising four chimeric genes (i.e., a delta-12
desaturase, a C44/1g €longase, and two delta-9 elongases), was integrated into the Leu2 loci of strain Y2224 to thereby
enable production of EDA.

[0280] Construct pZKLeuN-29E3 contained the components shown below in Table 8.

TABLE 8

Description of Plasmid pZKLeuN-29E3 (SEQ ID NO:315)

RE Sites And Nucleotides Within | Description Of Fragment And Chimeric Gene Components
SEQ ID NO:315

BsiW I[Asc | (7797-7002) 788 bp 3’ portion of Yarrowia Leu2 gene (GenBank Accession No. A260230)
Sph VPac | (4302-3591) 703 bp 5’ portion of Yarrowia Leu2 gene (GenBank Accession No. AF260230)
Sy [/BsiW | (10533-7797) GPD::FmD12::Pex20, comprising:

» GPD: Yarrowia lipolytica GPD promoter (; U.S. Patent 7,259,255);
* FmD12: Fusarium moniliforme delta-12 desaturase gene (SEQ ID NO:316)
(labeled as "F.D12" in Figure; PCT Publication No. WO 2005/047485);

» Pex20: Pex20 terminator sequence from Yarrowia Pex20 gene (GenBank
Accession No. AF054613)

Bgl ll/Swa | (12559-10533) EXP1::EgD9eS::Lip1, comprising:

* EXP1: Yarrowia lipolytica export protein (EXP 1) promoter (labeled as "Exp pro"
in Figure; U.S. Patent Publication No.US 2006/0115881);

» EgD9eS: codon-optimized delta-9 elongase (SEQ ID NO:318), derived from
Euglena gracilis (labeled as "EgDQE" in Figure; PCT Publication No. WO
2007/061742);

* Lip1: Lip1 terminator sequence from Yarrowia Lip1 gene (GenBank Accession
No. Z50020)

Pme l/Cla | (12577-1) FBAINm::EgD9eS::Lip2, comprising:

* FBAINm: Yarrowia lipolytica FBAINm promoter (U.S. Patent 7,202,356);

» EgD9eS: codon-optimized delta-9 elongase gene (SEQ ID NO:318), derived
from Euglena gracilis (labeled as "EgD9ES" in Figure; PCT Publication No. WO
2007/061742);

* Lip2: Lip2 terminator sequence from Yarrowia Lip2 gene (GenBank Accession
No. AJ012632)

Cla I[EcoR | (1-1736) LoxP::Ura3::.LoxP, comprising:

* LoxP sequence (SEQ ID NO:320);

* Yarrowia Ura3 gene (GenBank Accession No. AJ306421);
* LoxP sequence (SEQ ID NO:320)
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(continued)

Description of Plasmid pZKLeuN-29E3 (SEQ ID NO:315)

RE Sites And Nucleotides Within | Description Of Fragment And Chimeric Gene Components
SEQ ID NO:315

EcoR I/Pac | (1736-3591) YAT1::ME3S::Pex16, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent
Publication No. U.S. 2006/0094102-A1);

* ME3S: codon-optimized C4/15 €longase gene (SEQ ID NO:321), derived from
M. alpina (PCT Publication No. WO 2007/046817);

» Pex16: Pex16 terminator sequence of Yarrowia Pex 16 gene (GenBank
Accession No. U75433)

[0281] Plasmid pZKLeuN-29E3 was digested with Ascl/Sphl and then used for transformation of Y. lipolytica strain
Y2224 (i.e., ATCC #20362 Ura3-) according to the General Methods. The transformed cells were plated onto MMLeu
media plates, and plates were maintained at 30 °C for 2 to 3 days. The colonies were picked and streaked onto MM and
MMLeu selection plates. The colonies that could grow on MMLeu plates but not on MM plates were selected as Leu-
strains. Single colonies of Leu- strains were used to inoculate liquid MMLeu, and the liquid cultures were shaken at 250
rpm/min for 2 days at 30 °C. The cells were collected by centrifugation, and lipids were extracted. Fatty acid methyl
esters were prepared by trans-esterification and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0282] GC analyses showed the presence of EDA in the transformants containing the 4 chimeric genes of pZKLeuN-
29E3, but not in the Yarrowia Y2224 control strain. Most of the selected 36 Leu- strains produced about 12 to 16.9%
EDA of total lipids. Three strains, designated as strains Y4001, Y4002, and Y4003, produced about 174%, 17%, and
17.5% EDA of total lipids, respectively.

[0283] Single colonies of Y4001, Y4002, and Y4003 strains were used to inoculate liquid MMLeu, and the liquid cultures
were shaken at 250 rpm/min for 2 days at 30 °C. The cells were collected by centrifugation, resuspended in HGM, and
then shaken at 250 rpm/min for 5 days. The cells were collected by centrifugation, and lipids were extracted. Fatty acid
methyl esters were prepared by trans-esterification and subsequently analyzed with a Hewlett-Packard 6890 GC. GC
analyses showed that the Y4001, Y4002, and Y4003 strains produced about 24% EDA of total lipids.

[0284] Generation Of Strain Y4001U (Leu-, Ura-): Strain Y4001U was created via temporary expression of the Cre
recombinase enzyme in plasmid pY 116 (FIG. 45B) within strain Y4001 to produce a Leu-and Ura- phenotype. Construct
pY116 contained the following components:

TABLE 9

Description of Plasmid pY116 (SEQ ID NO:323)

RE Sites And Nucleotides Within Description Of Fragment And Chimeric Gene Components
SEQ ID NO:323

1328-448 ColE1 plasmid origin of replication

2258-1398 Ampicillin-resistance gene (AmpR) for selection in E. coli

3157-4461 Yarrowia autonomous replication sequence (ARS18; GenBank Accession No.
A17608)

Swal/Pacl 6667-4504 Yarrowia Leu2 gene (GenBank Accession No. AF260230)

Swa |/Pme | (6667-218) GPAT::Cre::XPR2, comprising:

* GPAT: Yarrowia lipolytica GPAT promoter (U.S. Patent 7,264,949);

* Cre: Enterobactecia phage P1 Cre gene for recombinase protein (GenBank
Accession No. X03453);

* XPR2:~100 bp of the 3’ region of the Yarrowia Xprgene (GenBank Accession

No. M17741)

[0285] Plasmid pY116 was used for transformation of freshly grown Y4001 cells according to the General Methods.
The transformed cells were plated onto MMLeuUra plates containing 280 wg/mL sulfonylurea (chlorimuron ethyl, E. I.
duPont de Nemours & Co., Inc., Wilmington, DE), and plates were maintained at 30 °C for 3 to 4 days. Four colonies
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were picked and then used to inoculate 3 mL liquid YPD. The liquid cultures were shaken at 250 rpm/min for 1 day at
30 °C. The cultures were diluted to 1:50,000 with liquid MMLeuUra media, and 100 pL were plated onto new YPD plates.
The plates were maintained at 30 °C for 2 days. Colonies were picked and streaked onto MMLeu and MMLeuUra
selection plates. The colonies that could grow on MMLeuUra plates but not on MMLeu plates were selected and analyzed
by GC to confirm the presence of C20:2 (EDA). Several strains, each having a Leu- and Ura- phenotype, produced
about 17% EDA of total lipids and collectively, were designated as Y4001U. One of these strains was designated as
Y4001 U1.

Generation Of Y4036 Strain To Produce About 18% DGLA Of Total

[0286] Lipids: Construct pKO2UF8289 (FIG. 46A; SEQ ID NO:324) was generated to integrate four chimeric genes

(comprising a delta-12 desaturase, one delta-9 elongase, and two mutant delta-8 desaturases) into the delta-12 loci of

strain Y4001U1, to thereby enable production of DGLA. Construct pKO2UF8289 contained the following components:
TABLE 10

Description of Plasmid pKO2UF8289 (SEQ ID NO:324)

RE Sites And Nucleotides Description Of Fragment And Chimeric Gene Components
Within SEQ ID NO:324

Ascl/BsiW1 (10337-9600) 5’ portion of Yarrowia delta-12 desaturase gene (SEQ ID NO:325) (labeled as "YLD12-
N" in Figure; U.S. Patent 7,214,491)

EcoRI/Sphl 3’ portion of Yarrowia delta-12 desaturase gene (SEQ ID NO:325) (labeled as "YL12-
(13601-13045) C" in Figure; PCT Publication No. WO 2004/104167; U.S. Patent 7,214,491)

Swal/BsiWI (7088-9600) FBAINm::EgD8M::Pex20, comprising:

* FBAINm: Yarrowia lipolytica FBAINm promoter (PCT Publication No. WO
2005/049805; U.S. Patent 7,202,356);

* EgD8M: Synthetic mutant delta-8 desaturase (SEQ ID NO:327) (labeled as "D8S-23"
in Figure; U.S. Patent Publication No.US 2008/0138868), derived from Euglena gracilis
("EgD8S"; U.S. Patent 7,256,033);

» Pex20: Pex20 terminator sequence from Yarrowia Pex20 gene (GenBank Accession
No. AF054613)

Swal/Pmel (7088-4581) YAT1::FmD12::0CT, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent
Publication No. US 2006/0094102-A1);

* FmD12: Fusarium moniliforme delta-12 desaturase gene (SEQ ID NO:316) (labeled
as "F.D12" in Figure; PCT Publication No. WO 2005/047485);

» OCT: OCT terminator sequence of Yarrowia OCT gene (GenBank Accession No.
X69988)

Pmel/Pacl (4581-2124) EXP1:: EgD8M::Pex16, comprising:

* EXP1: Yarrowia lipolytica export protein (EXP1) promoter (PCT Publication No. WO
2006/052870 and U.S. Patent Publication No.US 2006/0115881);

* EgD8M: Synthetic mutant delta-8 desaturase (SEQ ID NO:327) (labeled as "D8-23"
in Figure; U.S. Patent Publication No.US 2008/0138868), derived from Euglena gracilis
("EgD8S"; PCT Publication No. WO 2006/012326; U.S. Patent 7,256,033);

* Pex16: Pex16 terminator sequence from Yarrowia Pex16 gene (GenBank Accession
No. U75433)

Pmel/Clal (2038-1) GPAT::EgD9e::Lip2, comprising:

* GPAT: Yarrowia lipolytica GPAT promoter (PCT Publication No. WO 2006/031937;
U.S. Patent 7,264,949);

* EgDQe: Euglena gracilis delta-9 elongase gene (SEQ ID NO:329) (labeled as "EgD9E"
in Figure; PCT Publication No. WO 2007/061742);

* Lip2: Lip2 terminator sequence from Yarrowia Lip2 gene (GenBank Accession No.

AJ012632)
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(continued)

Description of Plasmid pKO2UF8289 (SEQ ID NO:324)

RE Sites And Nucleotides | Description Of Fragment And Chimeric Gene Components
Within SEQ ID NO:324

Clal/EcoRI (13601-1) LoxP::Ura3::.LoxP, comprising:
* LoxP sequence (SEQ ID NO:320);
* Yarrowia Ura3 gene (GenBank Accession No. AJ306421);

* LoxP sequence (SEQ ID NO:320)

[0287] The pKO2UF8289 plasmid was digested with Ascl/Sphl and then used for transformation of strain Y4001 U1
according to the General Methods. The transformed cells were plated onto MMLeu plates, and plates were maintained
at 30 °C for 2 to 3 days. The colonies were picked and streaked onto MMLeu selection plates at 30 °C for 2 days. These
cells were then used to inoculate liquid MMLeu media, and liquid cultures were shaken at 250 rpm/min for 2 days at 30
°C. The cells were collected by centrifugation, and lipids were extracted. Fatty acid methyl esters were prepared by
trans-esterification and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0288] GC analyses showed the presence of DGLA in the transformants containing the 4 chimeric genes of
pKO2UF8289, but not in the parent Y4001 U1 strain. Most of the selected 96 strains produced between 7% and 13%
DGLA of total lipids. Six strains, designated as Y4034, Y4035, Y4036, Y4037, Y4038, and Y4039, produced about 15%,
13.8%, 18.2%, 13.1%, 15.6%, and 13.9% DGLA of total lipids, respectively.

[0289] Generation Of Strain Y4036U (Leu-, Ura3-): Construct pY116 (FIG. 45B; SEQ ID NO:323) was utilized to
temporarily express a Cre recombinase enzyme in strain Y4036. This released the LoxP sandwiched Ura3 gene from
the genome.

[0290] PlasmidpY116was used to transform strain Y4036 according to the General Methods. Following transformation,
the cells were plated onto MMLeuUra plates, and plates were maintained at 30 °C for 2 to 3 days. The individual colonies
grown on MMLeuUra plates were picked and streaked into YPD liquid media. Liquid cultures were shaken at 250 rpm/min
for 1 day at 30 °C to cure the pY 116 plasmid. Cells from the grown cultures were streaked on MMLeuUra plates. After
two days at 30 °C, the individual colonies were re-streaked on MMLeuUra, MMU and MMLeu plates. Those colonies
that could grow on MMLeuUra, but noton MMU or MMLeu plates, were selected. One strain with Leu-and Ura- phenotypes
was designated as Y4036U (Ura-, Leu-).

[0291] Generation Of Y4069 And Y4070 Strains To Produce About 12% ARA Of Total Lipids: Construct pZKSL-
555R (FIG. 46B; SEQ ID NO:331) was generated to integrate three delta-5 desaturase genes into the Lys loci of strain
Y4036U, to thereby enable production of ARA. The pZKSL-555R plasmid contained the following components:

TABLE 11
Description of Plasmid pZKSL-555R (SEQ ID NO:331)
RE Sites And Description Of Fragment And Chimeric Gene Components
Nucleotides Within
SEQ ID NO:331
Ascl/BsiW| 720 bp 5’ portion of Yarrowia Lys5 gene (GenBank Accession No. M34929)

(3321-2601)

Pacl/Sphl (6716-6029) | 687 bp 3’ portion of Yarrowia Lys5 gene (GenBank Accession No. M34929)

Bgll/BsiW| (15-2601) EXP1::EgD5S::Pex20, comprising:

*« EXP1: Yarrowia lipolytica export protein (EXP1) promoter (labeled as "EXP" in Figure;
U.S. Patent Publication No.US 200610115881);

» EgD5S: codon-optimized delta-5 desaturase (SEQ ID NO:332), derived from Euglena
gracilis (Patent Publication US 2007-0292924-A1);

* Pex20:; Pex20 terminator sequence from Yarrowia Pex20 gene (GenBank Accession No.
AF054613)
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(continued)

Description of Plasmid pZKSL-555R (SEQ ID NO:331)

RE Sites And Description Of Fragment And Chimeric Gene Components
Nucleotides Within
SEQ ID NO:331

Clal/Pmel (11243-1) YAT1::RD5S::OCT, comprising:
* YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent Publication
US 2006/0094102-A1);

» RD5S: codon-optimized delta-5 desaturase (SEQ ID NO:334), derived from Peridinium
sp.CCMP626 (labeled as "RD5S(626)" in Figure; Patent Publication US 2007-0271632-A1);
* OCT: OCT terminator sequence of Yarrowia OCT gene (GenBank Accession No. X69988)

EcoRl/Pacl FBAIN::EgD5::Aco, comprising:

(9500-6716)  FBAIN: Yarrowia lipolytica FBAIN promoter (U.S. Patent 7,202,356);

* EgD5: Euglena gracilis delta-5 desaturase (SEQ ID NO:336) (labeled as "EgD5WT" in
Figure; Patent Publication US 2007-0292924-A1) with elimination of internal EcoRlI, Bg/ll,
Hindlll and Ncol restriction enzyme sites [mutations labeled as "M.EI", "M.BII", "M.H" and
"M.N", respectively];

» Aco: Aco terminator sequence from Yarrowia Aco gene (GenBank Accession No.
AJ001300)

EcoRI/Clal Yarrowia Leu2 gene (GenBank Accession No. M37309)
(9500-11243)

[0292] The pZKSL-555R plasmid was digested with Ascl/Sphl and then used for transformation of strain Y4036U
according to the General Methods. The transformed cells were plated onto MMLeuLys plates, and plates were maintained
at 30 °C for 2 to 3 days. Single colonies were then re-streaked onto MMLeuLys plates, and the resulting colonies were
used to inoculate liquid MMLeulLys. Liquid cultures were then shaken at 250 rpm/min for 2 days at 30 °C. The cells were
collected by centrifugation, and lipids were extracted. Fatty acid methyl esters were prepared by trans-esterification and
subsequently analyzed with a Hewlett-Packard 6890 GC.

[0293] GC analyses showed the presence of ARA in the transformants containing the 3 chimeric genes of pZKSL-
555R, but not in the parent Y4036U strain. Most of the selected 96 strains produced ~10% ARA of total lipids. Four
strains, designated as Y4068, Y4069, Y4070, and Y4071, produced about 11.7%, 11.8%, 11.9% and 11.7% ARA of
total lipids, respectively. Further analyses showed that the three chimeric genes of pZKSL-555R were not integrated
into the Lys5 site in the Y4068, Y4069, Y4070 and Y4071 strains. All strains possessed a Lys+ phenotype.

[0294] Thefinal genotype of strain Y4070, with respectto wildtype Yarrowia lipolytica ATCC #20362, was Ura-, unknown
1-, unknown 3-, Leu+, Lys+, GPD::FmD12::Pex20, YAT1::FmD12::0CT, YAT1::ME3S::Pex16, GPAT::EgD9%e::Lip2,
EXP1::EgD9eS::Lip1, FBAINm::EgD9eS::Lip2, FBAINm::EgD8M::Pex20, EXP1::EgDBM::Pex16, FBAIN::EgD5::Aco,
EXP1::EgD5S::Pex20, YAT1::RD5S:.:OCT.

Generation Of Y4086 Strain To Produce About 14% EPA Of Total Lipids:

[0295] Construct pZP3-Pa777U (FIG. 47A; SEQ ID NO:338) was generated to integrate three delta-17 desaturase
genes into the Pox3 loci (GenBank Accession No. AJ001301) of strain Y4070, to thereby enable production of EPA.
The pZP3-Pa777U plasmid contained the following components:

TABLE 12

Description of Plasmid pZP3-Pa777U (SEQ ID NO:338)

RE Sites And Nucleotides Within Description Of Fragment And Chimeric Gene Components
SEQ ID NO:338

Ascl/BsiW| (3527-4297) 770 bp 5’ portion of Yarrowia Pox3 gene (GenBank Accession No. AJ001301)

Pacl/Sphl (1-827) 827 bp 3’ portion of Yarrowia Pox3 gene (GenBank Accession No. AJ0O01301)
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(continued)

Description of Plasmid pZP3-Pa777U (SEQ ID NO:338)

RE Sites And Nucleotides Within Description Of Fragment And Chimeric Gene Components
SEQ ID NO:338

Clal/SwaW!| (6624-4457) YAT1::PaD17S::Lip1, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent
Publication US 2006/0094102-A1);

» PaD17S: codon-optimized delta-17 desaturase (SEQ ID NO:339), derived
from Pythium aphanidermatum (U.S. Patent Publication No.US
2008/0125326);

«Lip1:Lip1terminator sequence from Yarrowia Lip1gene (GenBank Accession
No. Z50020)

EcoRI/Pmel (8359-10611) EXP1::PaD17::Pex16, comprising:

*« EXP1: Yarrowia lipolytica export protein (EXP1) promoter (labeled as "Exp"
in Figure; U.S. Patent Publication No.US 2006/0115881);

» PaD17: Pythium aphanidermatum delta-17 desaturase gene (SEQ ID
NO:341) (labeled as "PaD17WT" in Figure; U.S. Patent Publication No.US
2008/0125326);

» Pex16: Pex16 terminator sequence from Yarrowia Pex16 gene
(GenBankAccession No. U75433)

Pmel/Pacl (10611-1) FBAINm::PaD17::Aco, comprising:

* FBAINm: Yarrowia lipolytica FBAINm promoter (WO 2005/049805; U.S.
Patent 7,202,356);

» PaD17: Pythium aphanidermatum delta-17 desaturase gene (SEQ ID
NO:341) (labeled as "PaD17WT" in Figure; U.S. Patent Publication No. US
2008/01253286);

* Aco: Aco terminator sequence from Yarrowia Aco gene (GenBank Accession
No. AJO01300)

Clal/EcoRI (6624-8359) LoxP::Ura3::LoxP, comprising:

* LoxP sequence (SEQ ID NO:320);

* Yarrowia Ura3 gene (GenBank Accession No. AJ306421);
* LoxP sequence (SEQ ID NO:320)

[0296] The pZP3-Pa777U plasmid was digested with Ascl/Sphl and then used for transformation of strain Y4070
according to the General Methods. The transformed cells were plated onto MM plates, and plates were maintained at
30 °C for 2 to 3 days. Single colonies were then re-streaked onto MM plates, and the resulting colonies were used to
inoculate liquid MMLeuLys. Liquid cultures were shaken at 250 rpm/min for 2 days at 30 °C. The cells were collected
by centrifugation, and lipids were extracted. Fatty acid methyl esters were prepared by trans-esterification and subse-
quently analyzed with a Hewlett-Packard 6890 GC.

[0297] GC analyses showed the presence of EPA in the transformants containing the 3 chimeric genes of pZP3-
Pa777U, but not in the parent Y4070 strain. Most of the selected 96 strains produced 10-13% EPA of total lipids. Two
strains, designated as Y4085 and Y4086, produced about 14.2% and 13.8% EPA of total lipids, respectively.

[0298] The final genotype of strain Y4086, with respect to wildtype Yarrowia lipolytica ATCC #20362, was Ura3+,
Leu+, Lyst, unknown 1-, unknown 2-, YALIOF24167g-, GPD:FmD12::Pex20, YAT1.:FmD12::0CT,
YAT1::ME3S::Pex16, GPAT::EgD9e::Lip2, EXP1::EgD9eS::Lip1, FBAINm::EgD9eS::Lip2, FBAINm::EgD8M::Pex20,
EXP1::EgD8M::Pex16, FBAIN::EgD5::Aco, EXP1:EgD5S::Pex20, YAT1::RD5S:OCT, YAT1:PaD17S:Lip1,
EXP1::PaD17::Pex16, FBAINm::PaD17::Aco.

[0299] Generation Of Strain Y4086U1 (Ura3-): Strain Y4086U1 was created via temporary expression of the Cre
recombinase enzyme in construct pY117 (FIG. 47B; SEQ ID NO:343) within strain Y4086 to produce a Ura- phenotype.
This released the LoxP sandwiched Ura3 gene from the genome. The mutated Yarrowia AHAS enzyme in plasmid
pY117 conferred SUR, which was used as a positive screening marker.

[0300] Plasmid pY117 was derived from plasmid pY116 (described supra, and in U.S. Patent Publication No.US
2008/0138868) by inserting the mutant AHAS gene flanked by Pacl-Swal sites into Pacl-Swal digested pY 116, thereby
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replacing the LEU selectable marker with the sulfonylurea marker. Construct pY117 thereby contained the following
components:

TABLE 13

Description of Plasmid pY117 (SEQ ID NO:343)

RE Sites And Nucleotides Description Of Fragment And Chimeric Gene Components
Within SEQ ID NO:343

1328-448 ColE1 plasmid origin of replication

2258-1398 Ampicilllin-resistance gene (AmpR) for selection in E. coli

2438-2838 E. coli f1 origin of replication

3157-4461 Yarrowia autonomous replication sequence (ARS18; GenBank Accession No.
A17608)

Pacl/Swal 4504-7498 Yarrowia lipolytica AHAS gene (GenBank Accession No. XP_501277) comprising a
W497L mutation (SEQ ID NO: 344; PCT Publication No. WO 2006/052870)

Swal/Pmel 7498-218 GPAT::Cre::XPR, comprising:

* GPAT: Yarrowia lipolytica GPAT promoter (PCT Publication No. WO 2006/031937;
U.S. Patent 7,264,949);

Cre: Enterobacteria phage P1 Cre gene forrecombinase protein (GenBank Accession
No. X03453) except for single base change (T4G) resulting in a single amino acid
change (S2A) to create a Ncol site for cloning convenience;

* XPR: ~100 bp of the 3’ region of the Yarrowia Xpr gene (GenBank Accession No.
M17741)

[0301] Plasmid pY117 was used to transform strain Y4086 according to the General Methods. Following transformation,
the cells were plated onto MMU+SU (280 pg/mL sulfonylurea; also known as chlorimuron ethyl, E. I. duPont de Nemours
& Co., Inc., Wilmington, DE) plates, and plates were maintained at 30 °C for 2 to 3 days. The individual SUR colonies
grown on MMU+SU plates were picked and streaked into YPD liquid media, and liquid cultures were shaken at 250
rpm/min for 1 day at 30 °C to cure the pY117 plasmid. Cells from the grown cultures were streaked onto MMU plates.
After two days at 30 °C, the individual colonies were re-streaked onto MM and MMU plates. Those colonies that could
grow on MMU, but not on MM plates were selected. Two of these strains with Ura- phenotypes were designated as
Y4086U1 and Y4086U2 (Ura-).

Generation Of Y4128 Strain To Produce About 37% EPA Of Total Lipids:

[0302] Construct pZP2-2988 (FIG. 48A; SEQ ID NO:345) was generated to integrate one delta-12 desaturase gene,
two delta-8 desaturase genes, and one delta-9 elongase gene into the Pox2 loci ((GenBank Accession No. AJ001300)
of strain Y4086U1, to thereby enable higher level production of EPA. The pZP2-2988 plasmid contained the following
components:

TABLE 14

Description of Plasmid pZP2-2988 (SEQ ID NQ:345)

RE Sites And Description Of Fragment And Chimeric Gene Components
Nucleotides Within
SEQ ID NO:345

Ascl/BiWI (3083-2273) | 803 bp 5’ portion of Yarrowia Pox2 gene (GenBank Accession No. AJ001300)

Pacl/Sphl (6446-5791) | 649 bp 3’ portion of Yarrowia Pox2 gene (GenBank Accession No. AJ001300)
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(continued)

Description of Plasmid pZP2-2988 (SEQ ID NO:345)

RE Sites And Description Of Fragment And Chimeric Gene Components

Nucleotides Within

SEQ ID NO:345

Pmel/BsiWI FBA::EgD9eS::Pex20, comprising:

(347-2273) « FBA: Yarrowia lipolytica FBA promoter (PCT Publication No. WO 2005/049805; U.S.

Patent 7,202,356);

» EgD9eS: codon-optimized delta-9 elongase (SEQ ID NO:318), derived from Euglena
gracilis (PCT Publication No. WO 2007/061742);

* Pex20: Pex20 terminator sequence from Yarrowia Pex20 gene (GenBank Accession No.
AF054613)

Clal/Pmel (13318-347) | GPM/FBAIN::FmD12S::OCT, comprising:

« GPM/FBAIN: chimeric Yarrowia lipolytica GPM/FBAIN promoter (separately labeled as
"GPM" and "FBA intron" in Figure) (PCT Publication No. WO 2005/049805; U.S. Patent
7,202,356);

* FmD12S: codon-optimized delta-12 desaturase (SEQ ID NO:346), derived from Fusarium
moniliforme (labeled as "F.D12S" in Figure; PCT Publication No. WO 2005/047485);

* OCT: OCT terminator sequence of Yarrowia OCT gene (GenBank Accession No. X69988)

Clal/EcoRl LoxP::Ura3::LoxP, comprising:

(13318-11581) » LoxP sequence (SEQ ID NO:320);

 Yarrowia Ura3 gene (GenBank Accession No. AJ306421);
» LoxP sequence (SEQ ID NO:320)

EcoRIl/Swal GPDIN::EgD8M::Lip1, comprising:

(11581-8884) + GPDIN: Yarrowia lipolytica GPDIN promoter (Patent Publication US 2006/0019297-A1);
* EgD8M: Synthetic mutant delta-8 desaturase (SEQ ID NO:327; U.S. Patent Publication
No. US 2008/0138868), derived from Euglena gracilis ("EgD8S"; U.S. Patent 7,256,033);
«Lip1:Lip1terminator sequence from Yarrowia Lip1gene (GenBank Accession No.Z50020)

Swal/Pacl YAT1::EgD8M::ACO, comprising:

(8884-6446) + YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent Publication
US 2006/0094102-A1);

* EgD8M: Synthetic mutant delta-8 desaturase (SEQ ID NO:327; U.S. Patent Publication
No.US 2008/0138868), derived from Euglena gracilis ("EgD8S"; U.S. Patent 7,256,033);
* Aco: Aco terminator sequence from Yarrowia Aco gene (GenBank Accession No.

AJ001300)

[0303] The pZP2-2988 plasmid was digested with Ascl/Sphl and then used for transformation of strain Y4086U1
according to the General Methods. The transformed cells were plated onto MM plates, and plates were maintained at
30 °C for 2 to 3 days. Single colonies were re-streaked onto MM plates, and the resulting colonies were used to inoculate
liquid MMLeulLys. Liquid cultures were shaken at 250 rpm/min for 2 days at 30 °C. The cells were collected by centrif-
ugation, resuspended in HGM, and then shaken at 250 rpm/min for 5 days. The cells were collected by centrifugation,
and lipids were extracted. Fatty acid methyl esters were prepared by trans-esterification and subsequently analyzed
with a Hewlett-Packard 6890 GC.

[0304] GC analyses showed that most of the selected 96 strains produced 12-15.6% EPA of total lipids. Two strains,
designated as Y4128 and Y4129, produced about 37.6% and 16.3% EPA of total lipids, respectively.

[0305] The final genotype of strain Y4128, with respect to wildtype Yarrowia lipolytica ATCC #20362, was:
YALIOF24167g-, Pex10-, unknown 1-, unknown 2-, GPD::FmD12::Pex20, YAT1::FmD12::0CT,
GPM/FBAIN::FmD12S::OCT, YAT1::ME3S::Pex16, GPAT::EgD9e::Lip2, EXP1::EgD%eS::Lip1,
FBAINm::EgD9eS::Lip2, FBA::EgD%eS::Pex20, FBAINm::EgD8M::Pex20, EXP1::EgD8M::Pex16, GP-
DIN::EgD8M::Lip1, YAT1::EgD8M::Aco, FBAIN::EgD5::Aco, EXP1::EgD5S::Pex20, YAT1::RD5S::0OCT,
YAT1::PaD17S::Lip1, EXP1::PaD17::Pex16, FBAINm::PaD17::Aco. Yarrowia lipolytica strain Y4128 was deposited with
the American Type Culture Collection on August 23, 2007 and bears the designation ATCC PTA-8614.
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[0306] Generation Of Y4128U Strains: In order to disrupt the Ura3 gene in strain Y4128, construct pZKUES3S (FIG.
48B; SEQ ID NO:351) was created to integrate a EXP1::ME3S::Pex20 chimeric gene into the Ura3 gene of strain Y4128.
Plasmid pZKUE3S contained the following components:

TABLE 15

Description of Plasmid pZKUE3S(SEQ ID NO:351)

RE Sites And Nucleotides Within | Description Of Fragment And Chimeric Gene Components
SEQ ID NO:351

BsiWl/Pacl (318-1038) 721 bp 5’ portion of Yarrowia Ura3 gene (GenBank Accession No. AJ306421)
Sphl/Pmel (3915-4594) 729 bp 3’ portion of Yarrowia Ura3 gene (GenBank Accession No. AJ306421)
EcoRI/BsiW! (4628-318) EXP1::ME3S::Pex20, comprising:

* EXP1: Yarrowia lipolytica export protein (EXP1) promoter (labeled as "Exp" in
Figure; U.S. Patent Publication No. US 200610115881);

* ME3S: codon-optimized C4g/14 €longase gene (SEQID NO:321), derived from
Mortierella alpina (PCT Publication No. WO 2007/046817);

» Pex20: Pex20 terminator sequence of Yarrowia

Pex20 gene (GenBank Accession No. AF054613)

2149-1269 ColE1 plasmid origin of replication
3079-2219 ampicillin-resistance gene (AmpR) for selection in E. coli
3659-3259 f1 origin

[0307] Plasmid pZKUE3S was digested with Sphl/Pacl and then used to transform strain Y4128 according to the
General Methods. Following transformation, cells were plated onto MM + 5-FOA selection plates, and plates were
maintained at 30 °C for 2 to 3 days.

[0308] A total of 24 transformants grown on MM + 5-FOA selection plates were picked and re-streaked onto fresh MM
+ 5-FOA plates. The cells were stripped from the plates, and lipids were extracted. Fatty acid methyl esters were prepared
by trans-esterification and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0309] GC analyses showed the presence of between 10-15% EPA in all of the transformants with pZKUE3S from
plates. The strains designated as Y4128U1, Y4128U2, Y4128U3, Y4128U4, Y4128U5, and Y4128U6 produced 12.9%,
14.4%, 15.2%, 15.4%, 14%, and 10.9% EPA, respectively (collectively, Y4128U).

[0310] The discrepancy in the % EPA quantified in Y4128 (37.6%) versus Y4128U (average 13.8%) is based on
differing growth conditions. Specifically, the former culture was analyzed following two days of growth in liquid culture,
while the latter culture was analyzed after growth on an agar plate. The Applicants have observed a 2-3 fold increase
in % EPA, when comparing results from agar plates to those in liquid culture. Thus, although results are not directly
comparable, both Y4128 and Y4128U strains demonstrate high production of EPA.

Generation Of Y4217 Strain To Produce About 42% EPA Of Total Lipids:

[0311] Construct pZKL2-5U89GC (FIG. 49A; SEQ ID NO:348) was generated to integrate one delta-9 elongase gene,
one delta-8 desaturase gene, one delta-5 desaturase gene, and one Yarrowia lipolytica diacylglycerol cholinephospho-
transferase gene (CPT1) into the Lip2 loci (GenBank Accession No. AJ012632) of strain Y4128U3 to thereby enable
higher level production of EPA. The pZKL2-5U89GC plasmid contained the following components:

TABLE 16
Description of Plasmid pZKL2-5U89GC (SEQ ID.NO:348)

RE Sites And Nucleotides Description Of Fragment And Chimeric Gene Components
Within SEQ ID NO:348

Ascl/BsiWI (730-1) 722 bp 5’ portion of Yarrowia Lip2 gene (labeled as "Lip2.5N" in Figure; (GenBank
Accession No. A012632)

Pacl/Sphl (4141-3438) 697 bp 3’ portion of Yarrowia Lip2 gene (labeled as "Lip2.3N" in Figure; GenBank
Accession No. AJ012632)
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(continued)

Description of Plasmid pZKL2-5U89GC (SEQ ID.NO:348)

RE Sites And Nucleotides Description Of Fragment And Chimeric Gene Components
Within SEQ ID NO:348
Swal/BsiWI (13382-1) YAT1::YICPT1::Aco, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent
Publication US 2006/0094102-A1);

* YICPTA1: Yarrowia lipolytica diacylglycerol cholinephosphotransferase gene (SEQ
ID NO:349) (labeled as "CPT1" in Figure; PCT Publication No. WO 2006/052870);
« Aco: Aco terminator sequence from Yarrowia Aco gene (GenBank Accession No.
AJ001300)

Pmel/Swal (10745-13382) FBAIN::EgD8M::Lip1 comprising:

* FBAIN: Yarrowia lipolytica FBAIN promoter (U.S. Patent 7,202,356);

« EgD8M: Synthetic mutant delta-8 desaturase (SEQ ID NO:327) (labeled as "D8S-
23" in Figure; U.S. Patent Publication No.US 2008/0138868), derived from Euglena
gracilis ("EgD8S"; U.S. Patent 7,256,033);

* Lip1: Lip1 terminator sequence from Yarrowia Lip1 gene (GenBank Accession No.
Z50020)

Pmel/Clal (10745-8650) GPD::EgD9eS::Lip2, comprising:

* GPD: Yarrowia lipolytica GPD promoter (labeled as "GPD Pro" in Figure; U.S.
Patent 7,259,255);

» EgD9eS: codon-optimized delta-9 elongase gene (SEQ ID NO:318), derived from
Euglena gracilis (labeled as "EgDOES" in Figure; PCT Publication No. WO
2007/061742);

* Lip2: Lip2 terminator sequence from Yarrowia Lip2 . gene (GenBank Accession
No. AJ012632)

Clal/EcoRI (8650-6581) Yarrowia Ura3 gene (GenBank Accession No. AJ306421)

EcoRI/Pacl (6581-4141) YAT1::EgDD5S::ACO, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent
Publication US 2006/0094102-A1);

* EgD5S: codon-optimized delta-5 desaturase (SEQ ID NO:332), derived from
Euglena gracilis (Patent Publication US 2007-0292924-A1);

» Aco: Aco terminator sequence from Yarrowia Aco gene (GenBank Accession No.
AJ001300)

[0312] The pZKL2-5U89GC plasmid was digested with Ascl/Sphl and then used for transformation of strain Y4128U3
according to the General Methods. The transformed cells were plated onto MM plates, and plates were maintained at
30 °C for 3 to 4 days. Single colonies were re-streaked onto MM plates, and the resulting colonies were then used to
inoculate liquid MM. Liquid cultures were shaken at 250 rpm/min for 2 days at 30 °C. The cells were collected by
centrifugation, resuspended in HGM, and then shaken at 250 rpm/min for 5 days. The cells were collected by centrifu-
gation, and lipids were extracted. Fatty acid methyl esters were prepared by trans-esterification and subsequently an-
alyzed with a Hewlett-Packard 6890 GC.

[0313] GC analyses showed that most of the selected 96 strains produced 32-39.9% EPA of total lipids. Six strains,
designated as Y4215, Y4216, Y4217, Y4218, Y4219 and Y4220, produced about 41.1%, 41.8%, 41.7%, 41.1%, 41%
and 41.1% EPA of total lipids, respectively. The final genotype of each strain, with respect to wild type Yarrowia lipolytica
ATCC #20362, was: YALIOC18711g-, Pex10-, YALIOF24167g-, unknown 1-, unknown 3-, GPD:FmD12::Pex20,
YAT1::FmD12::0CT, GPM/FBAIN::FmD12S::0OCT, YAT1:ME3S::Pex16, EXP1:: ME3S::Pex20, GPAT::EgD%e::Lip2,
EXP1::EgD9eS::Lip1, FBAINm::EgD9eS::Lip2, FBA::EgD9eS::Pex20, GPD::EgD9%eS::Lip2, FBAINm::EgD8M::Pex20,
FBAIN::EgD8M::Lip1, EXP1:.EgD8M::Pex16, GPDIN:EgD8M::Lip1, YAT1:EgD8M::Aco, FBAIN:EgD5::Aco,
EXP1::EgD5S::Pex20, YAT1:EgD5S::Aco, YAT1::RD5S::OCT, YAT1:PaD17S:Lip1, EXP1::PaD17::Pex16,
FBAINm::PaD17::Aco, YAT1::YICPT1::ACO.

[0314] Generation Of Strain Y4217U2 (Ura3-): In order todisrupt the Ura3 gene in strain Y4217, construct pZKUE3S
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(FIG. 48B; SEQ ID-NO:351) was used to integrate a chimeric EXP1::ME3S::Pex20 gene into the Ura3 gene of strain
Y4217. Following transformation, cells were plated onto MM + 5-FOA selection plates, and plates were maintained at
30 °C for 3 to 4 days.

[0315] A total of 6 transformants grown on MM + 5-FOA plates were picked and re-streaked onto MM plates and MM
+ 5-FOA plates. All 6 strains had a Ura-phenotype (i.e., cells could grow on MM + 5-FOA plates, but not on MM plates).
The cells were scraped from the MM + 5-FOA plates, and lipids were extracted. Fatty acid methyl esters were prepared
by trans-esterification and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0316] GC analyses showed the presence of 18.7% to 28.6% EPA in all of the transformants with pZKUE3S grown
on MM + 5-FOA plates. Two strains, designated as strains Y4217U1 and Y4217U2, produced 22.5% and 28.6% EPA,
respectively.

Generation Of Y4259 Strain To Produce About 46.5% EPA Of Total Lipids:

[0317] Construct pZKL1-2SP98C (FIG. 49B; SEQ ID NO:352) was generated to integrate one delta-9 elongase gene,
one delta-8 desaturase gene, one delta-12 desaturase gene, and one Yarrowia lipolytica diacylglycerol cholinephos-
photransferase gene (CPT1) into the Lip7 loci (GenBank Accession No. Z50020) of strain Y4217U2, to thereby enable
higher level production of EPA. The pZKL1-2SP98C plasmid contained the following components:

TABLE 17

Description of Plasmid pZKL1-2SP98C (SEQ ID NO:352)

RE Sites And Nucleotides Within | Description Of Fragment And Chimeric Gene Components
SEQ ID NO:352

Ascl/BsiW| (3474-2658) 809 bp 5’ portion of Yarrowia Lip1 gene (labeled as "Lip1-5’N"in Figure; GenBank
Accession No. Z50020)

Pacl/Sphl (6951-6182) 763 bp 3’ portion of Yarrowia Lip1gene (labeled as "Lip1.3N" in Figure; GenBank
Accession No. Z50020)

Swal/BsiW| (1-2658) GPD::YICPT1::Aco, comprising:

* GPD: Yarrowia lipolytica GPD promoter (U.S. Patent 7,259,255);

* YICPT1: Yarrowia lipolytica diacylglycerol cholinephosphotransferase gene
(SEQ ID NO:349) (labeled as "CPT1" in Figure; PCT Publication No. WO
2006/052870);

* Aco: Aco terminator sequence from Yarrowia Aco gene (GenBank Accession
No. AJO01300)

Pmel/Swal (13241-1) FBAIN::EgD8M::Lip1 comprising:

* FBAIN: Yarrowia lipolytica FBAIN promoter (U.S. Patent 7,202,356);

» EgD8M: Synthetic mutant delta-8 desaturase (SEQ ID NO:327; U.S. Patent
Publication No. US 2008/0138868), derived from Euglena gracilis ("EgD8S"; U.S.
Patent 7,256,033);

* Lip1: Lip1 terminator sequence from Yarrowia Lip1 gene (GenBank Accession
No. Z50020)

Pmel/Clal (13241-11385) YAT1::EgD9eS::Lip2, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent
Publication US 2006/0094102-A1);

» EgD9eS: codon-optimized delta-9 elongase gene (SEQ ID NO:318), derived
from Euglena gracilis (labeled as "EgD9ES" in Figure; PCT Publication No. WO
2007/061742);

* Lip2: Lip2 terminator sequence from Yarrowia Lip2 gene (GenBank Accession
No. AJ012632)

Clal/EcoRI (11385-9648) LoxP::Ura3:LoxP, comprising:
» LoxP sequence (SEQ ID NO:320);
* Yarrowia Ura3 gene (GenBank Accession No. AJ306421);

» LoxP sequence (SEQ ID NO:320)
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(continued)

Description of Plasmid pZKL1-2SP98C (SEQ ID NO:352)

RE Sites And Nucleotides Within | Description Of Fragment And Chimeric Gene Components
SEQ ID NO:352

EcoRl/Pacl (9648-6951) EXP1::FmD12S::ACO, comprising:

* EXP 1: Yarrowia lipolytica export protein (EXP1) promoter (labeled as "Exp" in
Figure; U.S. Patent Publication No:US 2006/0115881);

* FmMD128S: codon-optimized delta-12 elongase (SEQ ID NO:346), derived from
Fusarium moniliforme (labeled as "FD12S" in Figure; PCT Publication No. WO
2005/047485);

» Aco: Aco terminator sequence from Yarrowia Aco gene (GenBank Accession
No. AJO01300)

[0318] The pZKL1-28SP98C plasmid was digested with Ascl/Sphl and then used for transformation of strain Y4217U2
according to the General Methods. The transformed cells were plated onto MM plates, and plates were maintained at
30 °C for 3 to 4 days. Single colonies were re-streaked onto MM plates, and the resulting colonies were then used to
inoculate liquid MM. The liquid cultures were then shaken at 250 rpm/min for 2 days at 30 °C. The cells were collected
by centrifugation, resuspended in HGM, and then shaken at 250 rpm/min for 5 days. The cells were collected by cen-
trifugation, and lipids were extracted. Fatty acid methyl esters were prepared by trans-esterification and subsequently
analyzed with a Hewlett-Packard 6890 GC.

[0319] GC analyses showed that most of the selected 72 strains produced 40-44% EPA of total lipids. Six strains,
designated as Y4259, Y4260, Y4261, Y4262, Y4263, and Y4264, produced about 46.5%, 44.5%,44.5%,44.8%, 44.5%,
and 44.3% EPA of total lipids, respectively.

[0320] The final genotype of strain Y4259 with respect to wild type Yarrowia lipolytica ATCC #20362 was:
YALIOC18711g-, Pex10-, YALIOF24167g-, unknown 1-, unknown 3-, unknown 8-, GPD:FmD12::Pex20,
YAT1::FmD12::0CT, GPM/FBAIN::FmD12S::0CT, EXP1::FmD12S::Aco, YAT1::ME3S::Pex16, EXP1::ME3S::Pex20
(2  copies), GPAT:EgD9e::Lip2, EXP1::EgD9eS::Lip1, FBAINm::EgD9eS::Lip2, FBA::EgD9eS::Pex20,
GPD::EgD9eS::Lip2, YAT1::EgD9eS::Lip2, FBAINm::EgD8M::Pex20, FBAIN::EgD8M::Lip1 (2 copies),
EXP1::EgD8M::Pex16, GPDIN::EgD8M::Lip1, YAT1:EgD8M:Aco, FBAIN::EgD5:Aco, EXP1:EgD5S::Pex20,
YAT1::EgD5S::Aco, YAT1::RD5S:.OCT, YAT1:.:PaD17S:.Lip1, EXP1:.:PaD17::Pex16, FBAINm::PaD17::Aco,
YAT1:YICPT1::ACO, GPD::YICPT1::ACO.

[0321] Generation Of Strain Y4259U2 (Ura3-): In order to disrupt the Ura3 gene in Y4259 strain, construct pZKUM
(FIG. 50A; SEQ ID NO:353) was used to integrate a Ura3 mutant gene into the Ura3 gene of strain Y4259. The plasmid
pZKUM contained the following components:

TABLE 18

Description of Plasmid pZKUM (SEQ ID NO:353)

RE Sites And Nucleotides Description Of Fragment And Chimeric Gene Components
Within SEQ ID NO:353
Sall/lPacl (32845-1) Synthetic mutant Ura3 gene (SEQ ID NO:354, wherein the 1459 bp DNA fragment

contains a 33 bp deletion from +21 to +53, a 1 bp deletion at +376 and a 3 bp deletion
from +400 to +403 of the Yarrowia Ura3 coding region (GenBank Accession No.

AJ306421))
1112-232 ColE1 plasmid origin of replication
2042-1182 Ampicillin-resistance gene (AmpR) for selection in E. coli

[0322] A total of 3 transformants grown on MM + 5-FOA plates were picked and re-streaked onto MM plates and MM
+ 5-FOA plates. All 3 strains had a Ura-phenotype (i.e., cells could grow on MM + 5-FOA plates, but not on MM plates).
The cells were scraped from the MM + 5-FOA plates, and lipids were extracted. Fatty acid methyl esters were prepared
by trans-esterification and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0323] GC analyses showed the presence of 31.4%, 31% and 31.3% EPA in the #1, #2 and #3 transformants with
pZKUM grown on MM + 5-FOA plates. These three strains were designated as strains Y4259U1, Y4259U2 and Y4259U3,
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Generation Of Y4305 Strain To Produce About 53% EPA Of Total Lipids:

[0324] Construct pZKD2-5U89A2 (FIG. 50B; SEQ ID NO:355) was generated to integrate one delta-9 elongase gene,
one delta-5 desaturase gene, one delta-8 desaturase gene, and one delta-12 desaturase gene into the diacylglycerol
acyltransferase (DGAT2) loci of strain Y4259U2, to thereby enable higher level production of EPA. The pZKD2-5U89A2
plasmid contained the following components:

TABLE 19

Description of Plasmid pZKD2-5U89A2 (SEQ ID NO:355)

RE Sites And Nucleotides Within
SEQ ID NO:355

Description Of Fragment And Chimeric Gene Components

Ascl/BsiWI (1-736)

728 bp 5’ portion of Yarrowia DGAT2 gene (SEQ ID NO:356) (labeled as
"YLDGAT5" in Figure; U.S. Patent 7,267,976)

Pacl/Sphl (4164-3444)

714 bp 3’ portion of Yarrowia DGATZ2 gene (SEQ ID NO:356) (labeled as
"YLDGAT3" in Figure; U.S. Patent 7,267,976)

Swal/BsiWI (13377-1)

YAT1::FmD12S::Lip2, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent
Publication US 2006/0094102-A1);

* FmD12S: codon-optimized delta-12 elongase (SEQ ID NO:346), derived from
Fusarium moniliforme (labeled as "F.D12S" in Figure; PCT Publication No. WO
2005/047485);

* Lip2: Lip2 terminator sequence from Yarrowia Lip2 gene (GenBank Accession
No. AJ012632)

Pmel/Swal (10740-13377)

FBAIN::EgD8M::Lip1 comprising:

* FBAIN: Yarrowia lipolytica FBAIN promoter (U.S. Patent 7,202,356);

» EgD8M: Synthetic mutant delta-8 desaturase (SEQ ID NO:327; U.S. Patent
Publication No. US 2008/0138868), derived from Euglena gracilis ("EgD8S"; U.S.
Patent 7,256,033);

* Lip1: Lip1 terminator sequence from Yarrowia Lip1 gene (GenBank Accession
No. Z50020)

Clal/Pmel (8846-10740)

YAT1::E389D9eS::OCT, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (labeled as "YAT" in Figure; Patent
Publication US 2006/0094102-A1);

» E389D9%eS: codon-optimized delta-9 elongase (SEQ ID NO:358), derived from
Eutreptiella sp. CCMP389 (labeled as "D9ES-389" in Figure; PCT Publication
No. WO 2007/061742);

* OCT: OCT terminator sequence from Yarrowia OCT gene (GenBank Accession
No. X69988)

Clal/EcoRI (8846-6777)

Yarrowia Ura3 gene (GenBank Accession No. AJ306421)

EcoRIl/Pacl (6777-4164)

EXP1::EgD5S::ACO, comprising:

* EXP1: Yarrowia lipolytica export protein (EXP1) promoter (labeled as "Exp" in
Figure; U.S. Patent Publication No.US 2006/0115881);

* EgD5S: codon-optimized delta-5 desaturase (SEQ ID NO:332), derived from
Euglena gracilis (Patent Publication US 2007-0292924-A1);

* Aco: Aco terminator sequence from Yarrowia Aco gene (GenBank Accession
No. AJO01300)

[0325] The pZKD2-5U89A2 plasmid was digested with Ascl/Sphl and then used for transformation of strain Y4259U2
according to the General Methods. The transformed cells were plated onto MM plates, and plates were maintained at
30 °Cfor 3 to 4 days. Single colonies were re-streaked onto MM plates, and the resulting colonies were used to inoculate
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liquid MM. Liquid cultures were shaken at 250 rpm/min for 2 days at 30 °C. The cells were collected by centrifugation,
resuspended in HGM, and then shaken at 250 rpm/min for 5 days. The cells were collected by centrifugation, and lipids
were extracted. Fatty acid methyl esters were prepared by trans-esterification and subsequently analyzed with a Hewlett-
Packard 6890 GC.

[0326] GC analyses showed that most of the selected 96 strains produced 40-46% EPA of total lipids. Four strains,
designated as Y4305, Y4306, Y4307 and Y4308, produced about 53.2%, 46.4%, 46.8 %, and 47.8% EPA of total lipids,
respectively. The complete lipid profile of Y4305 is as follows: 16:0 (2.8%), 16:1 (0.7%), 18:0 (1.3%), 18:1 (4.9%), 18:2
(17.6%), ALA (2.3%), EDA (3.4%), DGLA (2.0%), ARA (0.6%), ETA (1.7%), and EPA (53.2%). The total lipid % dry cell
weight (dcw) was 27.5.

[0327] The final genotype of strain Y4305 with respect to wild type Yarrowia lipolytica ATCC #20362 was SCP2-
(YALIOE01298g), YALIOC18711g-, Pex10-, YALIOF24167g-, unknown 1-, unknown 3-, unknown 8-,
GPD::FmD12::Pex20, YAT1::FmD12::0OCT, GPM/FBAIN::FmD12S::OCT, EXP1::FmD12S::Aco, YAT1::FrpD12S::Lip2,
YAT1::ME3S::Pex16, EXP1::ME3S::Pex20 3 copies), GPAT::EgD%e:.Lip2, EXP1::EgD%eS::Lip1,
FBAINmM:EgD9eS::Lip2, FBA::EgD9eS::Pex20, GPD::EgD9eS::Lip2, YAT1::EgD9eS::Lip2, YAT1::E389D9eS::OCT,
FBAINm::EgD8M::Pex20, FBAIN::EgD8M::Lip1 (2 copies), EXP1:EgD8M:Pex16, GPDIN::EgD8M::Lip1,
YAT1::EgD8M::Aco, FBAIN::EgD5::Aco, EXP1::EgD5S::Pex20, YAT1::EgD5S::Aco, EXP1::EgD5S::ACO,
YAT1::RD5S::OCT, YAT1:PaD17S:Lip1, EXP1:PaD17::Pex16, FBAINm:PaD17::Aco, YAT1.YICPT1:ACO,
GPD::YICPT1::ACO.

[0328] Generation Of Strain Y4305U3 (Ura3-): In order to disrupt the Ura3 gene in strain Y4305, construct pZKUM
(FIG. 50A; SEQ ID NO:353) was used to integrate a Ura3 mutant gene into the Ura3 gene of strain Y4305. A total of 8
transformants grown on MM + 5-FOA plates were picked and re-streaked onto MM plates and MM + 5-FOA plates,
separately. All 8 strains had a Ura- phenotype (i.e., cells could grow on MM + 5-FOA plates, but not on MM plates). The
cells were scraped from the MM + 5-FOA plates, and lipids were extracted. Fatty acid methyl esters were prepared by
trans-esterification and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0329] GC analyses showed the presence of 37.6%, 37.3% and 36.5% EPA in pZKUM transformants #1, #6 and #7
grown on MM + 5-FOA plates. These three strains were designated as strains Y4305U1, Y4305U2 and Y4305U3,
respectively (collectively, Y4305U).

Construction Of Yarrowia lipolytica Strain Y4184U

[0330] Y. /ipolytica strain Y4184U was used as the host in Examples 32, 33, 34 and 51, infra. Strain Y4184U was
derived from Y. lipolytica ATCC #20362, and is capable of producing about 31% EPA relative to the total lipids via
expression of a delta-9 elongase/ delta-8 desaturase pathway.

[0331] The development of strain Y4184U required the construction of strain Y2224, strain Y4001, strain Y4001U,
strain Y4036, strain Y4036U and strain Y4069 (supra). Further development of strain Y4184U (diagrammed in FIG. 51A)
required construction of strain Y4084 (producing 14% EPA), strain Y4084U1 (Ura-), strain Y4127 (producing 18% EPA),
strain Y4127U2 (Ura-), strain Y4158 (producing 25% EPA), strain Y4158U1 (Ura-), and strain 4184 (producing 30.7%
EPA). Although the details concerning transformation and selection of the EPA-producing strains developed after strain
Y4069 will not be elaborated herein, the methodology used for isolation of strain Y4084, strain Y4084U1. strain Y4127,
strain Y4127U2, strain Y4158, strain Y4158U1, strain Y4184, and strain Y4184U was as described during construction
of strain Y4305, supra.

[0332] Briefly, construct pZP3-Pa777U (FIG. 47A; SEQ ID NO:338) was utilized to integrate three delta-17 desaturase
genes into the Pox3 loci (GenBank Accession No. AJ001301) of strain Y4069, thereby resulting in isolation of strain
Y4084 (producing 14% EPA). Strain Y4084U1 was created via temporary expression of the Cre recombinase enzyme
in construct pY117 (FIG. 47B; SEQ ID NO:343) within strain Y4084 to produce a Ura- phenotype. Construct pZP2-2988
(FIG. 48A; SEQ ID NO:345) was then utilized to integrate one delta-12 desaturase gene, two delta-8 desaturase genes,
and one delta-9 elongase gene into the Pox2 loci (GenBank Accession No. AJO01300) of strain Y4084U1, thereby
resulting in isolation of strain Y4127 (producing 18% EPA). Yarrowia lipolytica strain Y4127 was deposited with the
American Type Culture Collection on November 29, 2007 and bears the designation ATCC PTA-8802.

[0333] Strain Y4127U2 was created by disrupting the Ura3 gene in strain Y4127 via construct pZKUE3S (FIG. 48B;
SEQIDNO:351), comprising a chimericEXP1::ME3S::Pex20 gene targeted for the Ura3gene. Construct pZKL1-2SP98C
(FIG. 49B; SEQ ID NO:352) was utilized to integrate one delta-9 elongase gene, one delta-8 desaturase gene, one
delta-12 desaturase gene, and one Yarrowia lipolytica diacylglycerol cholinephosphotransferase gene (CPT1) into the
Lip1 loci (GenBank Accession No. Z50020) of strain Y4127U2, thereby resulting in isolation of strain Y4158 (producing
25% EPA). A Ura- derivative (i.e., strain Y4158U1) was then created, via transformation with construct pZKUE3S (FIG.
48B; SEQ ID NO:351), comprising a chimeric EXP1::ME3S::Pex20 gene targeted for the Ura3 gene. Finally, construct
pZKL2-5U89GC (FIG. 49A; SEQ ID NO:348) was utilizes to integrate one delta-9 elongase gene, one delta-8 desaturase
gene, one delta-5 desaturase gene, and one Yarrowia lipolytica CPT1 into the Lip2 loci (GenBank Accession No.
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AJ012632) of Y4158U1, thereby resulting in isolation of strain Y4184.

[0334] The complete lipid profile of strain Y4184 is as follows: 16:0 (3.1%), 16:1 (1.5%), 18:0 (1.8%), 18:1 (8.7%),
18:2 (31.5%), ALA (4.9%), EDA (5.6%), DGLA (2.9%), ARA (0.6%), ETA (2.4%), and EPA (28.9%). The total lipid %
dry cell weight (dew) was 23.9.

[0335] The final genotype of strain Y4184 with respect to wildtype Yarrowia lipolytica ATCC #20362 was unknown 1-,
unknown 2-, unknown 4-, unknown 5-, unknown 6-, unknown 7-, YAT1::ME3S::Pex16, EXP1::ME3S::Pex20 (2 copies),
GPAT::EgD%e::Lip2, FBAINm::EgD9eS:.Lip2, EXP1:EgD9eS::Lip1, FBA:EgD9eS::Pex20, YAT1:EgD9eS:Lip2,
GPD::EgD9eS:.Lip2, GPDIN::EgD8M::Lip1, YAT1:EgD8M::Aco, EXP1:..EgD8M::Pex16, FBAINm:EgD8M::Pex20,
FBAIN::EgD8M::Lip1 (2 copies), GPM/FBAIN::FmD12S::Oct, EXP1:FmD12S::Aco, YAT1:FmD12::Oct,
GPD::FmD12::Pex20, EXP1::EgD5S::Pex20, YAT1::EgD5S::Aco, YAT1::Rd5S::Oct, FBAIN::EgD5::Aco,
FBAINm::PaD17::Aco, EXP1::PaD17::Pex16, YAT1::PaD17S::Lip1, YAT1::YICPT1::Aco, GPD::YICPT1::Aco.

[0336] In order to disrupt the Ura3 gene in strain Y4184, construct pZKUM (FIG. 50A; SEQ ID NO:353) was used to
integrate a Ura3 mutant gene into the Ura3 gene of strain Y4184.

[0337] Atotal of 11 transformants grown on MM + 5-FOA plates were picked and re-streaked onto MM plates and MM
+ 5-FOA plates, separately. All 11 strains had a Ura- phenotype (i.e., cells could grow on MM + 5-FOA plates, but not
on MM plates). The cells were scraped from the MM + 5-FOA plates; lipids were extracted; and fatty acid methyl esters
were prepared by trans-esterification and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0338] GC analyses showed the presence of 11.2%, 10.6%, and 15.5% EPA in the #7, #8 and #10 transformants with
pZKUM grown on MM + 5-FOA plates. These three strains were designated as strains Y4184U 1, Y4184U2 and Y4184U4,
respectively (collectively, Y4184U).

EXAMPLE 1

Euglena gracilis Growth Conditions, Lipid Profile and mRNA Isolation

[0339] Euglena gracilis was obtained from Dr. Richard Triemer’s lab at Michigan State University (East Lansing, Ml).
From 10 mL of actively growing culture, a 1 mL aliquot was transferred into 250 mL of Euglena gracilis (Eg) Medium in
a 500 mL glass bottle. Eg medium was made by combining 1 g of sodium acetate, 1 g of beef extract (Cat. No. U126-01,
Difco Laboratories, Detroit, Ml), 2 g of Bacto® tryptone (0123-17-3, Difco Laboratories), and 2 g of Bacto® yeast extract
(Cat. No. 0127-17-9, Difco Laboratories) in 970 mL of water. After filter sterilizing, 30 mL of soil-water supernatant (Cat.
No. 15-3790, Carolina Biological Supply Company, Burlington, NC) were aseptically added to produce the final Eg
medium. Euglena gracilis cultures were grown at 23 °C with a 16 h light, 8 h dark cycle for 2 weeks with no agitation.
[0340] After 2 weeks, 10 mL of culture were removed for lipid analysis and centrifuged at 1,800 x g for 5 min. The
pelletwas washed once with water and re-centrifuged. The resulting pellet was dried for 5 min undervacuum, resuspended
in 100 pL of trimethylsulfonium hydroxide (TMSH), and incubated at room temperature for 15 min with shaking. After
this, 0.5 mL of hexane were added, and the vials were incubated for 15 min at room temperature with shaking. Fatty
acid methyl esters (5 pL injected from hexane layer) were separated and quantified using a Hewlett-Packard 6890 Gas
Chromatograph fitted with an Omegawax 320 fused silica capillary column (Supelco Inc., Cat. No. 24152). The oven
temperature was programmed to hold at 220 °C for 2.7 min, increase to 240 °C at 20 °C /min, and then hold for an
additional 2.3 min. Carrier gas was supplied by a Whatman hydrogen generator. Retention times were compared to
those for methyl esters of standards commercially available (Nu-Chek Prep, Inc. Cat. No. U-99-A), and the resulting
chromatogram is shown in FIG. 27.

[0341] The remaining 2 week culture (240 mL) was pelleted by centrifugation at 1,800 x g for 10 min, washed once
with water, and re-centrifuged. Total RNA was extracted from the resulting pellet using the RNA STAT-60™ reagent
(TEL-TEST, Inc., Friendswood, TX) and following the manufacturer’s protocol provided (use 5 mL of reagent, dissolved
RNA in 0.5 mL of water). In this way, 1 mg of total RNA (2 mg/mL) was obtained from the pellet. The mRNA was isolated
from 1 mg of total RNA using the mRNA Purification Kit (Amersham Biosciences, Piscataway, NJ) following the manu-
facturer’s protocol provided. In this way, 85 g of mMRNA were obtained.

EXAMPLE 2

Euglena gracilis cDNA Synthesis, Library Construction and Sequencing

[0342] A cDNA library was generated using the Cloneminer™ cDNA Library Construction Kit (Cat. No. 18249-029,
Invitrogen Corporation, Carlsbad, CA) and following the manufacturer’s protocol provided (Version B, 25-0608). Using
the non-radiolabeling method, cDNA was synthesized from 3.2 g of mRNA (described above) using the Biotin-aftB2-
Oligo(dT) primer. After synthesis of the first and second strand, the attB1 adapter was added; ligation was performed;
and the cDNA was size fractionated using column chromatography. DNA from fractions 7 and 8 (size ranging from
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~800-1500 bp) were concentrated, recombined into pPDONR™222, and transformed into E. coli ElectroMAX™ DH10B™
T1 Phage-Resistant cells (Invitrogen Corporation). The Euglena gracilis library was named eeg1c.

[0343] For sequencing, clones first were recovered from archived glycerol cultures grown/frozen in 384-well freezing
media plates. Using an automatic QPix colony picker (Genetix), cells were picked and then used to inoculate 96-well
deep-well plates containing LB + 50 pg/mL kanamycin. After growing 20 h at 37 °C, cells were pelleted by centrifugation
and stored at-20 °C. Plasmids then were isolated on an Eppendorf 5Prime robot, using a modified 96-well format alkaline
lysis miniprep method (Eppendorf PerfectPrep). Briefly, a filter and vacuum manifold were used to facilitate removal of
cellular debris after acetate precipitation. Plasmid DNA was then bound on a second filter plate directly from the filtrate,
washed, dried, and eluted.

[0344] Plasmids were end-sequenced in 384-well plates, using vector-primed M13F Universal primer (SEQ ID NO:1)
and the ABI BigDye version 3 Prism sequencing kit. For the sequencing reaction, 100-200 ng of template and 6.4 pmol
of primer were used, and the following reaction conditions were repeated 25 times: 96 °C for 10 sec, 50 °C for 5 sec
and 60 °C for 4 min. After ethanol-based cleanup, cycle sequencing reaction products were resolved and detected on
Perkin-Elmer ABI 3700 automated sequencers.

EXAMPLE 3

Identification of C20-PUFA Elongating Enzyme Homologs from Euglena gracilis cDNA Library eegic

[0345] cDNA clones encoding C20-PUFA elongating enzyme homologs (i.e., "C20-PUFA Elo") were identified by
conducting BLAST (Basic Local Alignment Search Tool; Altschul et al., J. Mol. Biol. 215:403-410 (1993)) searches for
similarity to sequences contained in the BLAST "nr" database (comprising all non-redundant GenBank CDS translations,
sequences derived from the 3-dimensional structure Brookhaven Protein Data Bank, the last majorrelease of the SWISS-
PROT protein sequence database, EMBL and DDBJ databases). The cDNA sequences obtained in Example 2 were
analyzed for similarity to all publicly available DNA sequences contained in the "nr" database using the BLASTN algorithm
provided by the National Center for Biotechnology Information (NCBI). The DNA sequences were translated in all reading
frames and compared for similarity to all publicly available protein sequences contained in the "nr" database using the
BLASTX algorithm (Gish and States, Nat. Genet. 3:266-272 (1993)) provided by the (NCBI. For convenience, the P-
value (probability) of observing a match of a cDNA sequence to a sequence contained in the searched databases merely
by chance as calculated by BLAST are reported herein as "pLog" values, which represent the negative of the logarithm
of the reported P-value. Accordingly, the greater the pLog value, the greater the likelihood that the cDNA sequence and
the BLAST "hit" represent homologous proteins.

[0346] The BLASTX search using the nucleotide sequences from clone eeg1c.pk005.p14:f revealed similarity of the
protein encoded by the cDNA to the C20-PUFA Elo from Paviova sp. CCMP459 (SEQ ID NO:2) (NCBI Accession No.
AAV33630 (Gl 54307108), locus AAV33630, CDS AY630573; Pereira et al., Biochem. J. 384:357-366 (2004)). The
sequence of a portion of the cDNA insert from clone eeg1c.pk005.p14.fis shown in SEQ ID NO:3 (5’ end of cDNA insert).
Subsequently, the fullinsert sequence (i.e., eeg1c.pk005.p14.f:fis) was obtained and is shown in SEQ ID NO:4. Sequence
forthe coding sequence (CDS) is shown in SEQ ID NO:5. Sequence for the corresponding deduced amino acid sequence
is shown in SEQ ID NO:6.

[0347] Full insert sequencing (FIS) was carried out using a modified transposition protocol. Clones identified for FIS
were recovered from archived glycerol stocks as single colonies, and plasmid DNA was isolated via alkaline lysis. Plasmid
templates were transposed via the Template Generation System (TGS II) transposition kit (Finnzymes Oy, Espoo,
Finland), following the manufacturer's protocol. The transposed DNA was transformed into EH10B electro-competent
cells (Edge BioSystems, Gaithersburg, MD) via electroporation. Multiple transformants were randomly selected from
each transposition reaction, plasmid DNA was prepared, and templates were sequenced as above (ABI BigDye v3.1)
outward from the transposition event site, utilizing unique primers SeqE (SEQ ID NO:7) and SeqW (SEQ ID NO:8).
[0348] Sequence data was collected (ABI Prism Collections software) and assembled using the Phrap sequence
assembly program (P. Green, University of Washington, Seattle). Assemblies were viewed by the Consed sequence
editor (D. Gordon, University of Washington, Seattle) for final editing.

[0349] The amino acid sequence set forth in SEQ ID NO:6 was evaluated by BLASTP, yielding a pLog value of 61.22
(E value of 6e-62) versus the Paviova sp. CCMP459 C20-PUFA Elo (SEQ ID NO:2). The amino acid sequence set forth
in SEQ ID NO:6 is 45.1% identical to the Paviova sp. CCMP459 C20-PUFA Elo sequence (SEQ ID NO:2) using the
Jotun Hein method. Sequence percent identity calculations performed by the Jotun Hein method (Hein, J. J., Meth. Enz.
183:626-645 (1990)) were done using the MegAlign™ v6.1 program of the LASERGENE bicinformatics computing suite
(DNASTAR Inc., Madison, W) with the default parameters for pairwise alignment (KTUPLE=2). The amino acid sequence
set forth in SEQ ID NO:6 is 40.4% identical to the Paviova sp. CCMP459 C20-PUFA Elo sequence (SEQ ID NO:2) using
the Clustal V method. Sequence percent identity calculations performed by the Clustal V method (Higgins, D.G. and
Sharp, P.M., Comput. Appl. Biosci. 5:151-153 (1989); Higgins et al., Comput. Appl. Biosci. 8:189-191 (1992)) were done

74



10

15

20

25

30

35

40

45

50

55

EP 2129 777 B1

using the MegAlign™ v6.1 program of the LASERGENE bioinformatics computing suite (supra) with the default param-
eters for pairwise alignment (KTUPLE=1, GAP PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5 and GAP
LENGTH PENALTY=10). BLAST scores and probabilities indicate that the instant nucleic acid fragment (SEQ ID NO:5)
encodes an entire Euglena gracilis C20-PUFA Elo gene, hereby named EgC20elo1.

[0350] FIG. 25 summarizes BLASTP and percent identity values for EgC20elo1 (Example 3), EgDHAsyn1 (Example
4, infra), and EgDHAsyn2 (Example 5, infra).

EXAMPLE 4

Identification of DHA synthase 1 (EgDHAsyn1) from Euglena gracilis cDNA Library eegic

[0351] cDNA clones encoding additional C20-PUFA Elo homologs were identified by conducting BLAST searches for
similarity to sequences contained in the BLAST "nr" database as described in Example 3.

[0352] The BLASTX search using the nucleotide sequences from clone eeg1c.pk016.e6.f (also called pKR1049)
revealed similarity of the protein encoded by the cDNA to the C20-PUFA Elo from Paviova sp. CCMP459 (SEQ ID NO:2)
(NCBI Accession No. AAV33630 (Gl 54307108), locus AAV33630, CDS AY630573; Pereira et al., Biochem. J.
384:357-366 (2004)). The sequence of a portion of the cDNA insert from clone eeg1c.pk016.€6.f is shown in SEQ ID
NO:9 (5’ end of cDNA insert). Subsequently, the full insert sequence (eeg1c.pk016.e6.f:fis) was obtained as described
in Example 3 and is shown in SEQ ID NO:10. The coding sequence is shown in SEQ ID NO:11; the corresponding
deduced amino acid sequence is shown in SEQ ID NO:12.

[0353] The amino acid sequence set forth in SEQ ID NO:12 was evaluated by BLASTP as described in Example 3.
Interestingly, SEQ ID NO:12 was found to be similar to both C20-PUFA Elo and delta-4 fatty acid desaturase. The N-
terminus of SEQ ID NO:12 (from approximately amino acids 16-268) yields a pLog value of 60.30 (E value of 5e-61;
124/258 identical amino acids; 48% identity) versus the Paviova sp. CCMP459 C20-PUFA Elo (SEQ ID NO:2). The C-
terminus of SEQ ID NO:12 (from approximately amino acids 253-793) yields an E value of 0.0 (535/541 identical amino
acids; 98% identity), versus the delta-4 fatty acid desaturase from Euglena gracilis (SEQ ID NO:13) (NCBI Accession
No. AAQ19605 (G1 33466346), locus AAQ19605, CDS AY278558; Meyer et al., Biochemistry 42(32):9779-9788 (2003)).
BLAST scores and probabilities indicate thatthe instant nucleic acid fragment (SEQ ID NO:11) encodes an entire Euglena
gracilis C20-PUFA Elo/delta-4 fatty acid desaturase fusion gene, hereby named Euglena gracilis DHA synthase 1
(EgDHAsyn1).

[0354] The amino acid sequence of EgDHAsyn1 (SEQ ID NO:12) is 47.8% identical to the C20-PUFA Elo from Paviova
sp. CCMP459 (SEQ ID NO:2) and 98.9% identical to the delta-4 fatty acid desaturase from Euglena gracilis (SEQ ID
NO:13), using the Jotun Hein method as described in Example 3. The amino acid sequence of EgDHAsyn1 (SEQ ID
NO:12) is 41.2% identical to the C20-PUFA Elo from Paviova sp. CCMP459 (SEQ ID NO:2) and 98.9% identical to the
delta-4 fatty acid desaturase from Euglena gracilis (SEQ ID NO:13), using the Clustal V method as described in Example 3.
[0355] FIG 27 summarizes BLASTP and percent identity values for EQDHAsyn1 (Example 4), EgC20elo1 (Example
3, supra) and EgDHAsyn2 (Example 5, infra).

EXAMPLE 5

Identification of DHA synthase 2 (EgDHAsyn2) from Euglena gracilis cDNA Library eegic

[0356] Approximately 17,000 clones of the Euglena gracilis cDNA library eeg1c were plated onto three large square
(24 cm x 24 cm) petri plates (Corning, Corning, NY) each containing LB + 50 pg/mL kanamycin agar media. Cells were
grown overnight at 37 °C, and plates were then cooled to room temperature.

Colony Lifts:

[0357] Biodyne B 0.45 um membrane (Cat. No. 60207, Pall Corporation, Pensacola, FL) was trimmed to approximately
22 cm x 22 cm, and the membrane was carefully laid on top of the agar to avoid air bubbles. After incubation for 2 min
at room temperature, the membrane was marked for orientation, lifted off with tweezers, and placed colony-side up on
filter paper soaked with 0.5 M sodium hydroxide and 1:5 M sodium chloride. After denaturation for 4 min, the sodium
hydroxide was neutralized by placing the membrane on filter paper soaked with 0.5 M Tris-HCL (pH 7.5) and 1.5 M
sodium chloride for 4 min. This step was repeated, and the membrane was rinsed briefly in 2X SSC buffer (20X SSC is
3M sodium chloride, 0.3 M sodium citrate; pH 7.0) and air dried on filter paper.
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Hybridization:

[0358] Membranes were pre-hybridized at 65 °C in 200 mL hybridization solution for 2 hr. Hybridization solution
contained 6X SSPE (20X SSPE is 3 M sodium chloride, 0.2 M sodium phosphate, 20 mM EDTA; pH 7.4), 5X Denhardt’s
reagent (100X Denhardt’s reagent is 2%(w/v) Ficoll, 2% (w/v) polyvinylpyrrolidone, 2% (w/v) acetylated bovine serum
albumin), 0.5% sodium dodecyl sulfate (SDS), 100 pg/mL sheared salmon sperm DNA, and 5% dextran sulfate.
[0359] A DNA probe was made using an agarose gel purified Ncol/Notl DNA fragment, containing EgDHAsyn1*, from
pY141 (described in Example 10 herein) labeled with P32 dCTP using the RadPrime DNA Labeling System (Cat. No.
18428-011, Invitrogen, Carlsbad, CA), following the manufacturer’s instructions. Unincorporated P32 dCTP was sepa-
rated using a NICK column (Cat. No. 17-0855-02, Amersham Biosciences, Piscataway, NJ), following the manufacturer’s
instructions. The probe was denatured for 5 min at 100 °C and placed on ice for 3 min; then, half was added to the
hybridization solution.

[0360] The membrane was hybridized with the probe overnight at 65 °C with gentle shaking and then washed the
following day twice with 2X SSC containing 0.5% SDS (5 min each) and twice with 0.2X SSC containing 0.1% SDS (15
min each). After washing, hyperfilm (Cat. No. RPN30K, Amersham Biosciences) was exposed to the membrane overnight
at-80 °C.

[0361] Based on alignment of plates with the exposed hyperfilm, positive colonies were picked using the blunt end of
a Pasteur pipette into 1 mL of water and then vortexed. Several dilutions were made and plated onto small round Petri
dishes (82 mm) containing LB media plus 50 pg/mL kanamycin to obtain around 100 well isolated colonies on a single
plate. Lifts were done as described above except NytranN membrane circles (Cat, No. 10416116, Schleicher & Schuell,
Keene, NH) were used, and hybridization was carried out in 100 mL using the remaining radiolabeled probe. In this way,
one positive clone was identified (designated eeg1c-1). The plasmid from eeg1c-1 may also be referred to as pLF116.
[0362] The individual positive clone was grown at 37 °C in LB + 50 pg/mL kanamyecin liquid media, and plasmid was
purified using the QIAprep® Spin Miniprep Kit (Qiagen Inc., Valencia, CA) following the manufacturer’s protocol. The
plasmid insert was sequenced as described in Example 2, with the ABI BigDye version 3 Prism sequencing kit using
vector-primed M13F Universal primer (SEQ ID NO: 1), vector-primed M13rev primer (SEQ ID NO:14), and the poly(A)
tail-primed WobbleT oligonucleotides. Briefly, the WobbleT primer is an equimolar mix of 21 mer poly(T)A, poly(T)C,
and poly(T)G, used to sequence the 3’ end of cDNA clones. Based on initial sequence data, additional internal fragment
sequence was obtained in a similar way using oligonucleotides oEUGel4-1 (SEQ ID NO:15), EgEloD4Mut-5 (SEQ ID
NO:16), oEUGel4-2 (SEQ ID NO:17), EgDHAsyn5’ (SEQ ID NO:18), and EgDHAsyn3’ (SEQ ID NO:19). In this way, the
full insert sequence of eeg1c-1 was obtained and is shown in SEQ ID NO:20. The coding sequence is shown as SEQ
ID NO:21, while the corresponding deduced amino acid sequence is shown as SEQ ID NO:22.

[0363] The amino acid sequence set forth in SEQ ID NO:22 was evaluated by BLASTP as described in Example 3.
As was the case for EgDHAsyn1, SEQ ID NO:22 was also found to be similar to both C20-PUFA Elo and delta-4 fatty
acid desaturase. The N-terminus of SEQ ID NO:22 (from approximately amino acids 41-268) yields a pLog value of 61.0
(E value of 1 e-61; 118/231 identical amino acids; 51% identity) versus the Paviova sp. CCMP459 C20-PUFA Elo (SEQ
ID NO:2). The C-terminus of SEQ ID NO:22 (from approximately amino acids 253-793) yields an E value of 0.0 (541/541
identical amino acids; 100% identity), versus the amino acid sequence of delta-4 fatty acid desaturase from Euglena
gracilis (SEQ ID NO:13). BLAST scores and probabilities indicate that the instant nucleic acid fragment (SEQ ID NO:21)
encodes an entire Euglena gracilis C20-PUFA Elo/delta-4 fatty acid desaturase fusion gene, hereby named Euglena
gracilis DHA synthase 2 (EgDHAsyn2).

[0364] Theaminoacid sequence of EgDHAsyn2 (SEQ ID NO:22) is 48.2% identical to the C20-PUFA Elo from Paviova
sp. CCMP459 (SEQ ID NO:2) and 100% identical to the delta-4 fatty acid desaturase from Euglena gracilis (SEQ ID
NO:13), using the Jotun Hein method as described in Example 3. The amino acid sequence of EgDHAsyn2 (SEQ ID
NO:22) is 41.2% identical to the C20-PUFA Elo from Paviova sp. CCMP459 (SEQ ID NO:2) and 100% identical to the
delta-4 fatty acid desaturase from Euglena gracilis (SEQ ID NO:13), using the Clustal V method as described in Example 3.
[0365] FIG. 25 summarizes BLASTP and percent identity values for EgDHAsyn2 (Example 5), EgC20elo1 (Example
3, supra) and EgDHAsyn1 (Example 4, supra).

EXAMPLE 6

Primay Structure Analysis of EQC20elo1, EgDHAsyn1 and EgDHAsyn2

[0366] Given the 100% amino acid identity between the C-terminus of EgDHAsyn2 (SEQ ID NO:22) and the Euglena
gracilis delta-4 desaturase (SEQ ID NO:13), a nucleotide sequence alighment was carried out between the coding
sequence of EgDHAsyn2 (SEQ ID NO:21), the cDNA sequence of the Euglena gracilis delta-4 desaturase (SEQ ID
NO:23) (NCBI Accession No. AY278558 (Gl 33466345), locus AY278558, Meyer et al., Biochemistry 42(32):9779-9788
(2003)), and the coding sequence of the Euglena gracilis delta-4 desaturase (SEQ ID NO:24) (Meyer et al., supra).
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Sequence alignment was performed by the Clustal W method (using the MegAlign™ v6.1 program of the LASERGENE
bioinformatics computing suite (DNASTAR Inc.) with the default parameters for multiple alignment (GAP PENALTY=10,
GAP LENGTHPENALTY=0.2, Delay Divergen Seqs(%)=30, DNA Transition Weight=0.5, Protein Weight Matrix=Gonnet
Series, DNA Weight Matrix=IUB). The alignment is shown in FIG. 2. The Euglena gracilis delta-4 desaturase coding
sequence is hamed EgD4_CDS (SEQ ID NO:24); the Euglena gracilis delta-4 desaturase cDNA sequence is named
EgD4_cDNA (SEQ ID NO:23); and the Euglena gracilis DHA synthase 2 coding sequence is named EgDHAsyn2_CDS
(SEQ ID NO:21).

[0367] The 5 end (where the sequences are divergent) and the 3’ end (where the sequences are identical) of the
alignment are truncated in order to fit the alignmenton one page. FIG. 2 illustrates that the sequences are highly divergent
from the start of the Euglena gracilis delta-4 desaturase cDNA to 83 bp upstream of the coding sequence (CDS) start
site. It is clear from the alignment that the nucleotide sequences for EgD4_cDNA and EgDHAsyn2_CDS are identical
from 83 bp upstream of the CDS start site of the Euglena gracilis delta-4 desaturase cDNA sequence (SEQ ID NO:23),
which is equivalent to nucleotide 674 of the EgDHAsyn2_CDS (SEQ ID NO:21), through to the end of the sequences.
At the exact point of divergence, a Notl site can be found in the Euglena gracilis cDNA sequence (nucleotides 656-663
of SEQ ID NO:23), and since Notl linkers were used in the original cloning of the Euglena gracilis delta-4 desaturase
cDNA (see Meyer et al., supra), it is likely that what was cloned was an incomplete, not full-length, transcript for
EgDHAsyn2.

[0368] The amino acid sequence EgDHAsyn1 (SEQ ID NO:12) was compared to EgDHAsyn2 (SEQ ID NO:22) and
EgC20elo1 (SEQ ID NO:6) using the Clustal W method as described above, and the alignment is shown in FIGs. 3A
and 3B. Compared to EgDHAsyn1 and EgDHAsyn2, EgC20elo1 has a deletion of 7 amino acids (i.e., ALD L A[V/I]L)
and 2 other amino acid substitutions (i.e., W47R, T48l; based on numbering for EgDHAsyn1) at the N-terminus. After
amino acid 289 of EgC20elo1, the sequences are very different when compared to the DHA synthases. EgDHAsyn1
and EgDHAsyn2 have an additional 498 amino acids at their C-terminal ends with homology to delta-4 fatty acid desat-
urases, while EgC20elo1 ends after only 9 additional amino acids. The amino acid sequences of EgDHAsyn1 (SEQ ID
NO:12) and EgDHAsyn2 (SEQ ID NO:22) have 8 amino acid differences between the 2 sequences (i.e., V25|, G54V,
A305T, L310P, V380I, S491 N, 1744T, R747P; based on numbering for EQDHAsyn1). The last four differences occur in
the delta-4 desaturase domain.

[0369] FIGs. 4A and 4B show the Clustal W alignment of the N-terminus of EQDHAsyn1 (SEQ ID NO:12) and the N-
terminus of EgDHAsyn2 (SEQ ID NO:22) with EgC20elo1 (SEQ ID NO:6), Paviova sp. CCMP459 C20-PUFA Elo (SEQ
ID NO:2), Ostreococcus tauri PUFA elongase 2 (SEQ ID NO:25) (NCBI Accession No. AAV67798 (Gl 55852396), locus
AAV67798, CDS AY591336; Meyer et al., J. Lipid Res. 45(10):1899-1909 (2004)), and Thalassiosira pseudonana PUFA
elongase 2 (SEQ ID NO:26) (NCBI Accession No. AAV67800 (Gl 55852441), locus AAV67800, CDS AY591338; Meyer
et al., J. Lipid Res., supra). In FIGs. 4A and 4B, the Pavlova, Ostreococcus, and Thalassiosira proteins are labeled as
PavC20elo, OtPUFAelo2, and TpPUFAelo2, respectively.

[0370] FIGs. 5A, 5B, 5C, and 5D show the Clustal W alighment of the C-terminus of EgDHAsyn1 (EgOHAsyn1_CT,;
amino acids 253-793 of SEQ ID NO:12; the N-terminus of EgDHAsyn1 is not shown and is indicated by "...") and the C-
terminus of EgDHAsyn2 (EgDHAsyn2_CT; amino acids 253-793 of SEQ ID NO:22, the N-terminus of EgDHAsyn2 is
not shown and is indicated by "...") with Euglena gracilis delta-4 fatty acid desaturase (SEQ ID NO:13), Thraustochytrium
aureum delta-4 desaturase (SEQ ID NO:27) (NCBI Accession No. AAN75707(G| 25956288), locus AAN75707, CDS
AF391543), Schizochytrium aggregatum delta-4 desaturase (SEQ ID NO:28) (PCT Publication No. WO 2002/090493),
Thalassiosira pseudonana delta-4 desaturase (SEQ ID NO:29) (NCBI Accession No. AAX14506 (Gl 60173017), locus
AAX14506, CDS AY817156; Tonon et al.,, FEBS J. 272 (13):3401-3412 (2005)), and Isochrysis galbana delta-4 desat-
urase (SEQ ID NO:30) (NCBI Accession No. AAV33631 (Gl 54307110), locus AAV33631, CDS AY630574; Pereira et
al., Biochem. J. 384(2),:357-366 (2004) and PCT Publication No. WO 2002/090493). In FIGs. 5A, 5B, 5C, and 5D, the
Euglena, Thraustochytrium, Thalassiosira, and Isochrysis proteins are labeled as EgD4, TaD4, TpD4, and IgD4, respec-
tively.

[0371] FIG. 6 shows an alignment of interior fragments of EgDHAsyn1 (labeled as "EgDHAsyn1_ NCT.pro"; amino
acids 253-365 of SEQ ID NO:12) and EgDHAsyn2 (labeled as "EgDHAsyn2_NCT.pro"; amino acids 253-365 of SEQ
ID NO:22), spanning both the C20 elongase region and the delta-4 desaturase domain (based on homology), with the
C-termini of C20 elongases (EgC20elo1_CT.pro, amino acids 246-298 of SEQ ID NO:6; PavC20e)o_CT.pro, amino
acids 240-277 of SEQ ID NO:2; OtPUFAelo2_CT.pro, amino acids 256-300 of SEQ ID NO:25; TpPUFAelo2_CT.pro,
amino acids 279-358 of SEQ ID NO:26) and the N-termini of delta-4 desaturases (EgD4_NT.pro, amino acids 1-116 of
SEQ ID NO:13; TaD4_NT.pro, amino acids 1-47 of SEQ ID NO:27; SaD4_NT.pro, amino acids 1-47 of SEQ ID NO:28;
TpD4_NT.pro, amino acids 1-82 of SEQ ID NO:29; IgD4_NT.pro, amino acids 1-43 of SEQ ID NO:30) is shown. A
conserved motif at the C-terminus of all the C20 elongase domains (i.e., VLFXXFYXXXY (SEQ ID NO:180)) is also
present at the N-terminus of EgD4 and further supports EgD4 being an incomplete DHA synthase.

[0372] At the C-terminus of the C20 elongase domain for each of EgDHAsyn1, EQDHAsyn2, and EgC20elo1, there
is a repeated sequence containing an NG motif (i.e., KNGK (SEQ ID NO:186), PENGA (SEQ ID NO:187), PENGA (SEQ
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ID NO:187), and PCENGTV (SEQ ID NO:191); called NG repeats and indicated in FIG. 6 with lines under the sequence).
Although the pattern occurs with a high probability of occurrence, a scan of the NG repeated region using Prosite shows
the lastNG motif (i.e., NGTV) in thisregion as a potential N-glycosylation site. After the NG repeatregion, both EgDHAsyn1
and EgDHAsyn2 contain a proline-rich region (labeled "Proline-rich linker" in FIG. 6), which may act as a linker between
the C20 elongase and delta-4 desaturase domains. The linker may play a role in keeping the C20 elongase and delta-
4 desaturase domains in the proper structural orientation to allow efficient conversion of EPA to DHA. Although the
proline-rich linker is shown in FIG. 6 as extending from P304 to V321 (based on numbering for EgDHAsyn1), the NG
repeat region is also somewhat proline-rich and may also play a role in this linker function.

[0373] The nucleotide and corresponding amino acid sequences for the proline-rich linker of EQDHAsyn1, as defined
in FIG. 6, are set forth in SEQ ID NO:197 and SEQ ID NO:198, respectively. The nucleotide and corresponding amino
acid sequences for the proline-rich linker of EQDHAsyn2, as defined in FIG. 6, are set forth in SEQ ID NO:199 and SEQ
ID NO:200, respectively.

[0374] The nucleotide and corresponding amino acid sequences for the EgDHAsyn1 C20 elongase domain from
EgOHAsyn1 are setforth in SEQ ID NO:201 and SEQ ID NO:202, respectively. The nucleotide and corresponding amino
acid sequences for the EgDHAsyn2 C20 elongase domain are set forth in SEQ ID NO:203 and SEQ ID NO:204, respec-
tively.

EXAMPLE 7

Construction of pPDMW263

[0375] PlasmidpY5-30 (whichwas previously described in U.S. Patent7,259,255) is a shuttle plasmid that can replicate
both in E. coli and Yarrowia lipolytica. Plasmid pY5-30 contains the following: a Yarrowia autonomous replication se-
quence (ARS18); a ColE1 plasmid origin of replication; an ampicillin-resistance gene (AmpR), for selection in E. coli; a
Yarrowia LIEU2 gene, for selection in Yarrowia; and a chimeric TEF::GUS::XPR gene. Plasmid pDMW263 (SEQ ID
NO:31) was created from pY5-30, by replacing the TEF promoter with the Yarrowia lipolytica FBAINm promoter (U.S.
Patent 7,202,356), using techniques well known to one skilled in the art. Briefly, the FBAIN promoter is located in the 5’
upstream untranslated region in front of the ’ATG’ translation initiation codon of the fructose-bisphosphate aldolase
enzyme (E.C. 4.1.2.13), encoded by the fba? gene. This promoter is necessary for expression and includes a portion
of 5’ coding region that has an intron. The modified promoter, FBAINm, has a 52 bp deletion between the ATG translation
initiation codon and the intron of the FBAIN promoter (thereby including only 22 amino acids of the N-terminus) and a
new translation consensus motif after the intron. Table 20 summarizes the components of pPDMW263 (SEQ ID NO:31;
also described in PCT Publication No. WO 2007/061845).

TABLE 20

Components of Plasmid pDMW263

RE Sites and Nucleotides Within - . .
SEQ ID NO:31 Description of Fragment and Chimeric Gene Components
4992-4296 ARS18 sequence (GenBank Accession No. A17608)
SalllSacll (8505-2014) FBAINm::GUS::XPR, comprising:

*« FBAINm: FBAINm promoter (PCT Publication No. WO 2005/049805; U.S.
Patent 7,202,356)
» GUS: E. coli gene encoding -glucuronidase (Jefferson, R.A. Nature.
14:342:837-838 (1989)
* XPR: ~100 bp of the 3’ region of the Yarrowia Xpr gene (GenBank Accession
No. M17741)

6303-8505 Yarrowia Leu2 gene (GenBank Accession No. AF260230)

EXAMPLE 8

Construction of Yarrowia lipolytica Expression Vector pY 115 and Gatewa® Destination Vectors pBY1 and pY159

[0376] The Ncol/Sall DNA fragment from pDMW263 (SEQ ID NO:31) (see construction in Example 7), containing the
Yarrowia lipolytica FBAINm promoter, was cloned into the Ncol/Sall DNA fragment of pDMW237 (SEQ ID NO:32),
previously described in PCT Publication No. WO 2006/012325. pDMW237contains a synthetic delta-9 elongase gene
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derived from Isochrysis galbana and codon-optimized for expression in Yarrowia lipolytica (IgD9e). In this way, plasmid
pY115 (SEQ ID NO:33; FIG. 7A) was produced. In FIG. 7A, the modified FBAINm promoter is called FBA1 + Intron. The
modified FBAINm promoter is referred to in other figures as either FBA1 + Intron or YAR FBA1 PRO + Intron; these
terms are used interchangeably with FBAINm.

[0377] Plasmid pY115 (SEQ ID NO:33) was digested with Ncol/Notl, and the resulting DNA ends were filled using
Klenow. After filling to form blunt ends, the DNA fragments were treated with calf intestinal alkaline phosphatase and
separated using agarose gel electrophoresis. The 6989 bp fragment containing the Yarrowia lipolytica FBAINm promoter
was excised from the agarose gel and purified using the QIAquick® Gel Extraction Kit (Qiagen Inc., Valencia, CA),
following the manufacturer’s protocol. The purified 6989 bp fragment was ligated with cassette rfA using the Gateway
Vector Conversion System (Cat. No. 11823-029, Invitrogen Corporation), following the manufacturer’s protocol, to form
Yarrowia lipolytica Gateway® destination vector pBY1 (SEQ ID NO:34; FIG. 7B).

[0378] In constructing pBY1, the filled Ncol site provides an ATG start for translation initiation. Thus, genes transferred
to this expression vector are expressed as fusion proteins and must be in the correct frame after Gateway® cloning.
Also, 5’ untranslated sequence results in additional amino acids being added to the N-terminus of the resulting protein.
Forthisreason, a second Gateway® destination vector was made which had the vector-derived ATG start codon removed,
thus allowing for translational start from the gene inserted.

[0379] The FBAINm promoter was amplified from plasmid pY115 (SEQ ID NO:33), using PCR with oligonucleotide
primers oYFBA1 (SEQ ID NO:35) and oYFBA1-6 (SEQ ID NO:36). Primer oYFBA1 (SEQ ID NO:35) was designed to
introduce a Bgl/ll site at the 5’ end of the promoter, and primer oYFBA1-6 (SEQ ID NO:36) was designed to introduce a
Notl site at the 3’ end of the promoter while removing the Ncol site and thus, the ATG start codon. The resulting PCR
fragment was digested with Bg/ll and Notfl and cloned into the Bglll/Notl fragment of pY115, containing the vector
backbone, to form pY158 (SEQ ID NO:37).

[0380] Plasmid pY158 (SEQ ID NO:37) was digested with Notl, and the resulting DNA ends were filled. After filling to
form blunt ends, the DNA fragments were treated with calf intestinal alkaline phosphatase and separated using agarose
gel electrophoresis. The 6992 bp fragment containing the Yarrowia lipolytica FBAINm promoter was excised from the
agarose gel and purified using the QIAquick® Gel Extraction Kit (Qiagen Inc., Valencia, CA), following the manufacturer’s
protocol. The purified 6992 bp fragment was ligated with cassette rfA using the Gateway Vector Conversion System
(Cat. No. 11823-029, Invitrogen Corporation), following the manufacturer’s protocol, to form Yarrowia lipolytica Gateway®
destination vector pY159 (SEQ ID NO:38; FIG. 7C).

EXAMPLE 9

Construction of Yarrowia lipolytica Expression Vectors pBY-EgC20elo1 (EgC20elo1), pY132 (EgDHAsyn1), pY161
(EgDHAsyn1) and pY164 (EqDHAsyn2)

[0381] Plasmid was purified from clones eeg1c.pk005.p14.f (Example 3), eeg1c.pk016.e6.f (Example 4), and eeg1c-
1 (Example 5) using the QIAprep® Spin Miniprep Kit (Qiagen Inc., Valencia, CA), following the manufacturer’s protocol.
Using the Gateway® LR Clonase™ Il enzyme mix (Cat. No. 11791-020, Invitrogen Corporation) and following the man-
ufacturer’s protocol, the cDNA inserts from eeg1c.pk001.p14.f (comprising EgC20elo1) and eeg1c.pk016.e6.f (compris-
ing EgDHAsyn1) were transferred to pBY1 (SEQ ID NO:34; FIG. 7B) to form pBY-EgC20elo1 (SEQ ID NO:39, FIG. 7D)
and pY132 (SEQ ID NO:40; FIG. 8A), respectively. The cDNA insert from eeg1c-1 (comprising EgDHAsyn2) was not
transferred to pBY1, because it would have resulted in the wrong translation frame being expressed.

[0382] Using the Gateway® LR Clonase™ Il enzyme mix (Cat. No. 11791-020, Invitrogen Corporation) and following
the manufacturer’s protocol, the cDNA inserts from eeg1c.pk016.e6.f and eeg1c-1 were transferred to pY159 (SEQ ID
NO:38; Example 8) to form pY161 (SEQ ID NO:41, FIG. 8B) and pY164 (SEQ ID NO:42; FIG. 8C), respectively.

EXAMPLE 10

Construction of Yarrowia lipolytica Expression Vectors pY141 (EgDHAsyn1*), pY143 (EgDHAsyn1*C20EloDom1) and
pY 149 (EgDHAsyn1*C20EloDom2Linker)

[0383] EgDHAsyn1 was amplified from clone eeg1c.pk001.e6.f with oligonucleotide primers EQEPAEloDom-5 (SEQ
ID NO:43) and oEUG el4-3 (SEQ ID NO:44), using the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F553S,
Finnzymes Oy, Finland) following the manufacturer’s protocol. The resulting DNA fragment was cloned into the pCR-
Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s
protocol, to produce pKR1062 (SEQ ID NO:45).

[0384] An internal Ncol site at nucleotides 619-624 was removed from EgDHAsyn1 in pKR1062 using the Quick-
change® Site Directed Mutagenesis kit (Cat. No. 200518, Stratagene, La Jolla, CA), with oligonucleotides EgEloD4Mut-
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5(SEQID NO:46) and EgEloD4Mut-3 (SEQID NO:47), following the manufacturer’s protocol. After extensive sequencing,
a clone with the Ncol site removed (i.e., a ccatgg to ccttgg mutation) and no further nucleotide changes made was
chosen for further study. This clone was designated pLF115-7 (SEQ ID NO:48). The nucleotide sequence for EgDHAsyn1
having the Ncol site removed (EgDHAsyn1*) is set forth in SEQ ID NO:205. The corresponding amino acid sequence
is identical to SEQ ID NO:12.

[0385] Construction Of Plasmid pY141, Expressing EgDHAsyn1*: The Ncol/Notl DNA fragment from pLF115-7 (SEQ
ID NO:48), containing EgDHAsyn1 (SEQ ID NO:205; without the internal Ncol site; at nt 621 of the EgDHAsyn1 CDS;
ccatgg to ccttgg), was cloned into the Ncol/Notl DNA fragment from pY115, containing the Yarrowia lipolytica FBAINm
promoter, to produce pY141 (SEQ ID NO:49; FIG. 8D). Thus. plasmid pY 141 contains the full length EQDHAsyn1* gene
(labeled as "EgDHAsyn1(-Ncol)" in FIG.), under control of the Yarrowia lipolytica FBAINm promoter (PCT Publication
No. WO 2005/049805; U.S. Patent 7,202,356; labeled as "Fba1+Intron" in FIG.), and the Pex20 terminator sequence
from Yarrowia Pex20 gene (GenBank Accession No. AF054613).

[0386] Construction Of Plasmid pY143, Expressing EgDHAsyn1-C20EloDom1: The nucleotide sequence for the
EgDHAsyn1* C20 elongase domain (EgDHAsyn1C20EloDom1) in pY141 is set forth in SEQ ID NO:206 (identical to
SEQ ID NO:201 but Ncol site removed). The corresponding amino acid sequence is identical to SEQ ID NO:202.
[0387] The EgDHAsyn1C20EloDom1 (SEQ ID NO:206) was amplified from pLF115-7 with oligonucleotide primers
EgEPAEloDom-5 (SEQ ID NO:43) and EgDPAEloDom-3 (SEQ ID NO:50) using the Phusion™ High-Fidelity DNA
Polymerase (Cat. No. F553S, Finnzymes Oy, Finland) following the manufacturer’s protocol. The resulting DNA fragment
was cloned into the pCR-Blurit® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following
the manufacturer’s protocol, to produce pHD16 (SEQ ID NO:51).

[0388] The Ncol/Notl DNA fragment from pHD16 (SEQ ID NO:51), containing the EgDHAsyn1C20EloDom1 (without
the internal Ncol site), was cloned into the Ncol/Notl DNA fragment from pY115, containing the Yarrowia lipolytica
FBAINm promoter, to produce pY143 (SEQ ID NO:52; FIG. 9A). Plasmid pY143 contains the N-terminal domain of
EgDHAsyn1* (EgDHAsyn1C20EloDom1) and does not include the proline-rich linker or delta-4 desaturase domain.
[0389] Construction Of Plasmid pY 149, Expressing EQDHAsyn1-C20EloDom2Linker: The EgDHAsyn1* C20 elongase
domain (SEQ ID NO:206) and proline-rich linker (SEQ ID NO:197), were amplified from pLF115-7 (SEQ ID NO:48) with
oligonucleotide primers EQEPAElIoDom-5 (SEQ ID NO:43) and oEUGsyn6-2 (SEQ ID NO:53) using the Phusion™ High-
Fidelity DNA Polymerase (Cat. No. F553S, Finnzymes Oy, Finland) following the manufacturer’s protocol. The resulting
DNA fragment was cloned into the pCR-Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Cor-
poration), following the manufacturer’s protocol, to produce pKR1071 (SEQ ID NO:54).

[0390] The Ncol/Ecl/13211 DNA fragment from pKR1071 (SEQ ID NO:54) was cloned into the Ncol/Notl DNA fragment
from pY115 (where the Notl site had been filled in), containing the Yarrowia lipolytica FBAINm promoter, to produce
pY149 (SEQ ID NO:55; FIG. 9B). Plasmid pY 149 contains the EgDHAsyn1C20EloDom1/proline-rich linker fusion gene
(i.e., EQDHAsyn1C20EloDom2Linker; SEQ ID NO:207), but does not contain the delta-4 desaturase domain. The amino
acid sequence of EgDHAsyn1C20EloDom2Linker is set forth in SEQ ID NO:208. In addition to the amino acids from
EgDHAsyn1* C20 elongase domain and proline-rich linker, an additional 4 amino acids (i.e., SCRT) were added after
the linker region as a result of how the fragment was synthesized and cloned.

EXAMPLE 11

Construction of Yarrowia lipolytica Expression Vectors for Generation of Novel C20 Elongase/Delta-4 Desaturase Fusion
Proteins

[0391] In order to synthesize novel C20 elongase/delta-4 desaturase fusion proteins, a unique Sbhfl site was added to
the 3 end of the C20 elongase domain of EgDHAsyn1* after the proline-rich linker region
(EgDHAsyn1C20EloDom3Linker). EQDHAsyn1C20EloDom3 was amplified from pLF115-7 (SEQ ID NO:48) with oligo-
nucleotide primers EGEPAEloDom-5 (SEQ ID NO:43) and ocEUGsyn6-3 (SEQ ID NO:56) using the Phusion™ High-
Fidelity DNA Polymerase (Cat. No. F553S, Finnzymes Oy, Finland) following the manufacturer’s protocol. The resulting
DNA fragment was cloned into the pCR-Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Cor-
poration), following the manufacturer’s protocol, to produce pKR1091 (SEQ ID NO:57).

[0392] The Ncol/Ec/1361I DNA fragment from pKR1091 (SEQ ID NO:57), containing EgDHAsyn1 C20EloDom3Linker,
was cloned into the Ncol/Notl DNA fragment from pY115 (where the Notl was filled to form a blunt end), containing the
Yarrowia lipolytica FBAINm promoter, to produce pY 155 (SEQ ID NO:58).

[0393] In order to synthesize novel C20 elongase/delta-4 desaturase fusion proteins, a unique Sbhfl site was added to
the 5’ end of various delta-4 desaturases. In each case, the Sbfl site is located after the ATG start site of each coding
sequence and resulted in the addition and/or replacement of a few amino acids at the N-terminus of the delta-4 desaturase
coded for by the genes.

[0394] Construction Of Plasmid pY 156, Expressing EgDHAsyn1-C20EloDom3-1iD4*: The Isochrysis galbana delta-4
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desaturase (SEQ ID NO:209; IgD4) was amplified from pRIG6 (previously described in PCT Publication No. WO
2002/090493) with oligonucleotides oRIG6-1 (SEQ ID NO:59) and oRIG6-2 (SEQ ID. NO:60) using the Phusion™ High-
Fidelity DNA Polymerase (Cat. No. F5538) following the manufacturer’s protocol. The resulting DNA fragment, which
contains the IgD4 CDS and is identical to SEQ ID NO:209 except that an Sbhfl site was added at the 5’ end after the start
codon (IgD4*; SEQ ID NO:210), was cloned into the pCR-Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit
(Invitrogen Corporation), following the manufacturer’s protocol, to produce pKR1067 (SEQ ID NO:61). The amino acid
sequence for IgD4* from pKR1067 is set forth in SEQ ID NO:211 and is identical to that to IgD4 (SEQ ID NO:30) except
that the first 4 amino acids (i.e., MCNA) have been changed to MALQ due to the addition of the Shfl site in the nucleotide
sequence.

[0395] The Ncol/Notl DNA fragment from pKR1067 (SEQ ID NO:61), containing IgD4*, was cloned into the Ncol/Not|
DNA fragment from pY115, containing the Yarrowia lipolytica FBAINm promoter, to produce pY150 (SEQ ID NO:62;
FIG. 9C). In FIG. 9C, IgD4* is labeled as "Ig d4 DS". In this way, IgD4* could be expressed alone in Yarrowia.

[0396] The Xbal/Sbl DNA fragment from pKR1091 (SEQ ID NO:57; supra), containing
EgDHAsyn1C20EloDom3Linker, was cloned into the Xbal/Sbfl DNA fragment from pKR1067 (SEQ ID NO:61), containing
IgD4*, to produce pKR1097 (SEQ ID NO:63). Thus, an in-frame fusion was made between
EgDHAsyn1C20EloDom3Linker and IgD4*, separated by the proline-rich linker region (called EgDHAsyn1C20EloDom3-
IgD4; SEQ ID NO:212). The amino acid sequence for EQDHAsyn1C20EloDom3-IgD4 is set forth in SEQ ID NO:213.
[0397] The Ncol/Notl DNA fragment from pKR1097 (SEQ ID NO:63), containing the EgDHAsyn1 C20EloDom3-IgD4,
was cloned into the Ncol/Notl DNA fragmentfrom pY 115, containing the Yarrowia lipolytica FBAINm promoter, to produce
pY156 (SEQ ID NO:64; FIG. 9D). In FIG. 9D, the EgDHAsyn1C20EloDom3-IgD4 is labeled as "EGel-1Gd4".

[0398] Construction Of Plasmid pY152, Expressing EQDHAsyn1-D4Dom1*: Aregion of the C-terminus of EgDHAsyn1*
(SEQ ID NO:205) containing the delta-4 desaturase domain (EgDHAsyn1D4Dom1; SEQ ID NO:214; corresponding
amino acid sequence for EgDHAsyn1D4Dom1 is set forth in SEQ ID NO:215), starting just after the end of the proline-
rich linker region, was amplified from pLF115-7 (as described in Example 10) with oligonucleotides oEGsIne6-1 (SEQ
ID NO:65) and oEUGel4-3 (SEQ ID NO:44) using the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F553S)
following the manufacturer’s protocol. Oligonucleotide oEGsIne6-1 (SEQ ID NO:65) introduced an ATG start codon at
the 5’ end of the PCR product followed by an Sbfl site. The resulting DNA fragment was cloned into the pCR-Blunt®
cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s protocol, to
produce pKR1069 (SEQ ID NO:66). The new CDS and amino acid sequences containing EgDHAsyn1D4Dom1 from
pKR1069 (i.e., EgDHAsyn1D4Dom1*) are set forth in SEQ ID NO:216 and SEQ ID NO:217, respectively. The amino
acid sequence for EgDHAsyn1D4Dom1* (SEQ ID NO:217) is identical to that of EgDHAsyn1D4Dom1 (SEQ ID NO:215),
exceptthatthe first 2 amino acids (i.e., SG) have been.changed to MAL due to the addition of the Shfl site in the nucleotide
sequence.

[0399] The Ncol/Notl DNAfragment from pKR1069 (SEQ ID NO:66), containing the EgDHAsyn1D4Dom1*, was cloned
into the Ncol/Notl DNA fragment frompY 115, containing the Yarrowia lipolytica FBAINm promoter, to produce pY152
(SEQ ID NO:67; FIG. 10A). In FIG. 10A, the EgDHAsyn1D4Dom1* is labeled as "EUG d4 (fustest)". In this way, the
EgDHAsyn1D4Dom1* could be expressed alone in Yarrowia.

[0400] Construction Of Plasmid pY 157, Expressing EQDHAsyn1-C20EloDom3-EgD4Dom1: The Xbal/SbAl DNA frag-
ment from pKR1091 (SEQ ID NO:57), containing EgDHAsyn1C20EloDom3-Linker, was cloned into the Xbal/Sbfl DNA
fragment from pKR1069, containing the EgDHAsyn1D4Dom1*, to produce pKR1099 (SEQ ID NO:68). In this way, an
in-frame fusion was made between the EgDHAsyn1C20EloDom and the EgDHAsyn1D4Dom1*, separated by the proline-
rich linker region (called EgDHAsyn1C20EloDom3-.EgD4Dom1; SEQ ID NO:218). The amino acid sequence of EgDHA-
syn1C20EloDom3-EgD4Dom1 (SEQ ID NO:219) is almost identical to EQDHAsyn1 except one amino acid (i.e., G323L
based on numbering for EQDHAsyn1) was changed due to the Sbfl cloning site and fusion junction.

[0401] The Ncol/Notl DNA fragment from pKR1099 (SEQ ID NO:68), containing the EgDHAsyn1C20EloDom3-
EgD4Dom1, was cloned into the Ncol/Notl DNA fragment from pY115, containing the Yarrowia lipolytica FBAINm pro-
moter, to produce pY 157 (SEQ ID NO:69; FIG. 10B). In FIG. 10B, the EgDHAsyn1C20EloDom3-EgD4Dom1 is labeled
as "EGel-EGd4 fus".

[0402] Construction Of Plasmid pY 153, Expressing EQDHAsyn1*D4Dom2: A region of the C-terminus of EgDHAsyn1
containing the delta-4 desaturase domain and some of the C20 elongase domain (EgDHAsyn1D4Dom2; SEQID NO:220;
corresponding amino acid sequence for EQDHAsyn1 D4Domz2 is set forth in SEQ ID NO:221), which corresponds to the
amino acid sequence identified as EgD4 (SEQ ID NO:13; Meyer et al., Biochemistry 42(32):9779-9788 (2003)), was
amplified from pLF115-7 (described in Example 10) with oligonucleotides oEUGel4-4 (SEQ ID NO:70) and oEUGel4-3
(SEQ ID NO:44) using the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F5538) following the manufacturer’s
protocol. The resulting DNA fragment was cloned into the pCR-Blunt® cloning vector using the Zero Blunt® PCR Cloning
Kit (Invitrogen Corporation), following the manufacturer’s protocol, to produce pKR1073 (SEQ ID NO:71).

[0403] The Pcil/Notl DNA fragment from pKR1073 (SEQ ID NO:71), containing the EQOHAsyn1 D4Dom2, was cloned
into the Ncol/Notl DNA fragment from pY115, containing the Yarrowia lipolytica FBAINm promoter, to produce pY153
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(SEQ ID NO:72; FIG. 10C). In FIG. 10C, the EgDHAsyn1D4Dom2 is labeled as EUG d4 (HZ). In this way, the
EgDHAsynD4Dom2 could be expressed alone in Yarrowia.

[0404] Construction Of Plasmid pY 160, Expressing EQDHAsyn1-C20EloDom3-SaD4*: The Schizochytrium aggrega-
tum delta-4 desaturase (SEQ ID NO:222; SaD4) was amplified from pRSA-1 (previously described in PCT Publication
No. WO 2002/090493) with oligonucleotides oRSA1-1 (SEQ ID NO:73) and oRSA1-2 (SEQ ID NO:74) using the Phu-
sion™ High-Fidelity DNA Polymerase (Cat. No. F5538S) following the manufacturer’s protocol. The resulting DNA frag-
ment, which contains the SaD4 CDS and is identical to SEQ ID NO:222, except that an Sbfl site was added at the &’
end after the start codon (SaD4*; SEQ ID NO:223), was cloned into the pCR-Blunt® cloning vector using the Zero Blunt®
PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s protocol, to produce pKR1068 (SEQ ID NO:75).
The amino sequence for SaD4* from pKR1068 is set forth in SEQ ID NO:224 and is identical to that to SaD4 (SEQ ID
NO:28) except that the first 3 amino acids (i.e., MTV) have been changed to MALQ due to the addition of the ShAl site
in the nucleotide sequence.

[0405] The Ncol/Notl DNAfragmentfrom pKR1068 (SEQ ID NO:75) (partial digestto avoid internal Ncol site), containing
the SaD4*, was cloned into the Ncol/Notl DNA fragmentfrom pY 115, containing the Yarrowia lipolytica FBAINm promoter,
to produce pY151 (SEQ ID NO:76; FIG. 10D). In FIG. 10D, the SaD4* is labeled as "RSA d4 DS". In this way, the SaD4*
could be expressed alone in Yarrowia.

[0406] The Shfl/Notl DNA fragmentfrom pKR1068 (SEQ ID NO:75), containing the SaD4*, was cloned into the Shl/Not|
DNA fragment from pY157 (SEQ ID NO:69), containing the EgDHAsyn1C20EloDom3Linker, to produce pY160 (SEQ
ID NO:77; FIG. 11). In this way, an in-frame fusion was made between the EgDHAsyn1C20EloDom3 and the SaD4*,
separated by the proline-rich linker region (i.e., EQDHAsyn1C20EloDom3-SaD4; SEQ ID NO:225). The amino acid
sequence for EgDHAsyn1C20EloDom3-SaD4 is set forth in SEQ ID NO:226.

EXAMPLE 12

Euglena anabaena Growth Conditions, Lipid Profile and mRNA Isolation

[0407] Euglena anabaena was obtained from Dr. Richard Triemer’s lab at Michigan State University (East Lansing,
MI). Approximately 2 mL of culture were removed for lipid analysis and centrifuged at 1,800 x g for 5 min. The pellet
was washed once with water and re-centrifuged. The resulting pellet was dried for 5 min under vacuum, resuspended
in 100 L of trimethylsulfonium hydroxide (TMSH), and incubated at room temperature for 15 min with shaking. After
this, 0.5 mL of hexane were added, and the vials were incubated for 15 min at room temperature with shaking. Fatty
acid methyl esters (5 pL injected from hexane layer) were separated and quantified using a Hewlett-Packard 6890 Gas
Chromatograph fitted with an Omegawax 320 fused silica capillary column (Supelco Inc., Cat. No. 24152). The oven
temperature was programmed to hold at 170 °C for 1.0 min, increase to 240 °C at 5 °C/min, and then hold for an additional
1.0 min. Carrier gas was supplied by a Whatman hydrogen generator. Retention times were compared to those for
methyl esters of standards commercially available (Nu-Chek Prep, Inc. Cat. No. U-99-A), and the resulting chromatogram
is shown in FIG. 12. The presence of EPA and DHA in the fatty acid profile suggested that Euglena anabaena would
be agood source for long-chain PUFA biosynthetic genes such as, but not limited to, C20 elongases, delta-4 desaturases,
and/or DHA synthases.

[0408] The remaining 5 mL of an actively growing culture was transferred into 25 mL of AF-6 Medium (Watanabe &
Hiroki, NIES-Collection List of Strains, 5th ed., National Institute for Environmental Studies, Tsukuba, 127 pp (2004)) in
a 125 mL glass flask. Euglena anabaena cultures were grown at 22 °C with a 16 hr light, 8 hr dark cycle for 2 weeks
with very gentle agitation.

[0409] After 2 weeks, the culture (25 mL) was transferred to 100 mL of AF-6 medium in a 500 mL glass bottle, and
the culture was grown for 1 month as described above. After this time, two 50 mL aliquots were transferred into two
separate 500 mL glass bottles containing 250 mL of AF-6 medium, and the cultures were grown for two months as
described above (giving a total of ~600 mL of culture). After this, the cultures were pelleted by centrifugation at 1,800 x
g for 10 min, washed once with water, and re-centrifuged. Total RNA was extracted from one of the resulting pellets
using the RNA STAT-60™ reagent (TEL-TEST, Inc., Friendswood, TX) and following the manufacturer’s protocol (use
5 mL of reagent, dissolved RNA in 0.5 mL of water). In this way, 340 n.g of total RNA (680 ug/mL) were obtained from
the pellet. The remaining pellet was frozen in liquid nitrogen and stored at -80 °C. The mRNA was isolated from all 340
g of total RNA using the mRNA Purification Kit (Amersham Biosciences, Piscataway, NJ), following the manufacturer’s
protocol. In this way, 9.0 pg of mMRNA were obtained.

82



10

15

20

25

30

35

40

45

50

55

EP 2129 777 B1
EXAMPLE 13

Euglena anabaena cDNA Synthesis, Library Construction and Identifcation of DHA Synthases from cDNA Library eugic

[0410] A cDNA library was generated using the Cloneminer™ cDNA Library Construction Kit (Cat. No.18249-029,
Invitrogen Corporation, Carlsbad, CA), following the manufacturer’s protocol (Version B, 25-0608). Using the non-radi-
olabeling method, cDNA was synthesized from 5.12 g of mMRNA (Example 12) using the Biotin-attB2-Oligo(dT) primer.
After synthesis of the first and second strand, the affB1 adapter was added; ligation was performed; and the cDNA was
size fractionated using column chromatography. DNA from fractions were concentrated, recombined into pPDONR™222,
and transformed into E. coli ElectroMAX™ DH10B™ T1 Phage-Resistant cells (Invitrogen Corporation). The Euglena
anabaena library was named eugic.

[0411] Approximately 17,000 clones of cDNA library eug1c were plated onto 3 large square (24 cm x 24 cm) petri
plates (Corning, Corning, NY), each containing LB + 50 pg/mL kanamycin agar media. Cells were grown, transferred
to Biodyne B membrane, and hybridized with a labeled Ncol/Notl DNA fragment, containing EgDHAsyn1*, from pY141,
exactly as described in Example 5. In this way, 11 positive clones were identified (designated as eug1c-1 to euglc-11).
[0412] The positive clones were grown, and DNA was purified and sequenced as described in Example 2 using vector-
primed M13F Universal primer (SEQ ID NO:1), vector-primed M13-28Rev primer (SEQ ID NO:14), and the poly(A) tail-
primed WobbleT oligonucleotides. Based on initial sequence data, additional internal fragment sequence was obtained
in a similar way using oligonucleotides EaDHAsyn5’ (SEQ ID NO:78), EaDHAsyn5’2 (SEQ ID NO:79), EaDHAsyn5’3
(SEQ ID NO:80), EaDHAsyn5'4 (SEQ ID NO:81), EaDHAsyn3’ (SEQ ID NO:82), EaDHAsyn3’2 (SEQ ID NO:83),
EaDHAsyn3’'3 (SEQ ID NO:84), EaDHAsyn3’4 (SEQ ID NO:85), and EaDHAsyn3’5 (SEQ ID NO:86). In this way, the
full insert sequences of the eug1c clones were obtained.

[0413] Sequences were aligned and compared using Sequencher™ (Version 4.2, Gene Codes Corporation, Ann Arbor,
MI), and in this way, the clones could be categorized into one of four distinct groups based on insert sequence (identified
as EaDHAsyn1 to EaDHAsyn4). Representative clones containing the cDNA for each class of sequence were chosen
for further study, and sequences for each representative plasmid (i.e., pLF117-1, pLF117-2, pLF117-3 and pLF117-4)
are shown as SEQ ID NO: 87, SEQ ID NO:88, SEQ ID NO:89, and SEQ ID NO:90, respectively. The sequence of
pLF117-1 shown by a string of NNNN’s represents a region of the polyA tail which was not sequenced. The coding
sequences for EaDHAsyn1, EaDHAsyn2, EaDHAsyn3, and EaDHAsyn4 are shown as SEQ ID NO:91, SEQ ID NO:92,
SEQIDNO:93, and SEQIDNO:94, respectively. The corresponding amino acid sequences for EaDHAsyn1, EaDHAsyn2,
EaDHAsyn3, and EaDHAsyn4 are shown as SEQ ID NO:95, SEQ ID NO:96, SEQ ID NO:97, and SEQ ID NO:98,
respectively.

[0414] The amino acid sequences for EaDHAsyn1 (SEQ ID NO:95), EaDHAsyn2 (SEQ ID NO:96), EaDHAsyn3 (SEQ
ID NO:97), and EaDHAsyn4 (SEQ ID NO:98) were evaluated by BLASTP as described in Example 3 and, as was the
case for EQDHAsyn1 (SEQ ID NO:12) and EgDHAsyn2 (SEQ ID NO:22), all four EaDHAsyn sequences were also found
to be similar to both C20-PUFA Elo and delta-4 fatty acid desaturases. The N-termini of EaDHAsyn1 (SEQ ID NO:95),
EaDHAsyn2 (SEQ ID NO:96), EaDHAsyn3 (SEQ ID NO:97), and EaDHAsyn4 (SEQ ID NO:98) each yielded a pLog
value of 58.5 (E value of 3e-59; 114/247 identical amino acids; 46% identity) versus the Paviova sp. CCMP459 C20-
PUFA Elo (SEQ ID NO:2). The C-termini of EaDHAsyn1 (SEQ ID NO:95), EaDHAsyn2 (SEQ ID NO:96), EaDHAsyn3
(SEQ ID NO:97), and EaDHAsyn4 (SEQ ID NO:98) yielded E values of 0.0 (378/538 identical amino acids; 70% identity),
0.0 (378/538 identical amino acids; 70% identity), 0.0 (379/538 identical amino acids; 70% identity), and 0.0 (368/522
identical amino acids; 70% identity), respectively, versus the amino acid sequence of delta-4 fatty acid desaturase from
Euglena gracilis (SEQ ID NO:13). BLAST scores and probabilities indicate that the instant nucleic acid fragments encode
entire Euglena anabaena C20-PUFA Elo/delta-4 fatty acid desaturases.

[0415] The amino acid sequences for EaDHAsyn1 (SEQ ID NO:95), EaDHAsyn2 (SEQ ID NO:96), EaDHAsyn3 (SEQ
ID NO:97), and EaDHAsyn4 (SEQ ID NO:98) were compared using the Clustal W method as described in Example 6,
and the alignment is shown in FIGs. 13A, 13B, and 13C. Interestingly, due to a single bp deletion in the nucleotide
sequence, the C-terminus of the resulting amino acid sequence for EaDHAsyn4 (approximately last 35 amino acids) is
highly divergent and smaller than the other three EaDHAsyn proteins.

[0416] When compared to the amino acid sequence of EgDHAsyn1 (SEQ ID NO:12) using BLASTP, the amino acid
sequences of EaDHAsyn1 (SEQ ID NO:95), EaDHAsyn2 (SEQ ID NO:96), EaDHAsyn3 (SEQ ID NO:97), and
EaDHAsyn4 (SEQ ID NO:98) were 70% (558/791). 70% (558/791), 70% (559/791) and 70% (548/775) identical, respec-
tively.

[0417] As was the case for EgDHAsyn1 (SEQ ID NO:12) and EgDHAsyn2 (SEQ ID NO:22), all four EaDHAsyn
sequences have a proline-rich linker region (from approximately P300 to T332 based on numbering for EaDHAsyn1).
The linker appears to be slightly longer than that for EgDHAsyn1 (SEQ ID NO:12) or EgDHAsyn2 (SEQ ID NO:22). All
four EaDHAsyn sequences also lack the NG repeat motif found upstream of the proline-rich motif of EgDHAsyn1 and
EgDHAsyn2; but, this region, as was the case for EQDHAsyn1 and EgDHAsyn2, is also slightly proline-rich in all four
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EaDHAsyn sequences and may play a role in the linker function.

[0418] The nucleotide sequences for the C20 elongase domains of EaDHAsyn1, EaDHAsyn2, EaDHAsyn3, and
EaDHAsyn4 are set forth in SEQ ID NO:227, SEQ ID NO:228, SEQ ID NO:229, and SEQ ID NO:230, respectively. The
amino acid sequences for the C20 elongase domains of EaDHAsyn1, EaDHAsyn2, and EaDHAsyn3 are set forth in
SEQ ID NO:231, SEQ ID NO:232, and SEQ ID NO:233, respectively. The amino acid sequence of the C20 elongase
domain of EaDHAsyn4 is identical to that for EaDHAsyn1.

[0419] The nucleotide and amino acid sequences for the proline-rich linker of EaDHAsyn1 are set forth in SEQ ID
NO:234 and SEQ ID NO:235, respectively. The nucleotide and amino acid sequences for the proline-rich linkers of
EaDHAsyn2, EaDHAsyn3, and EaDHAsyn4 are identical to that for EaDHAsyn1.

[0420] The nucleotide sequences for the delta-4 desaturase domain 1 of each of EaDHAsyn1, EaDHAsyn2, and
EaDHAsyn4 are set forth in SEQ ID NO:236, SEQ ID NO:237, and SEQ ID NO:238, respectively. The amino acid
sequences for the delta-4 desaturase domains of EaDHAsyn1, EaDHAsyn2, and EaDHAsyn4 are set forth in SEQ ID
NO:239, SEQ ID NO:240, and SEQ ID NO:241, respectively. The nucleotide and amino acid sequence of the delta-4
desaturase domain 1 of EaDHAsyn3 is identical to that of EaDHAsyn1.

[0421] The nucleotide.sequences for the delta-4 desaturase domain 2 of EaDHAsyn1, EaDHAsyn2, EaDHAsyn3, and
EaDHAsyn4, including the proline-rich linker and a portion of the 3’ end of the C20 elongase domain, are set forth in
SEQ ID NO:242, SEQ ID NO:243, SEQ ID NO:244, and SEQ ID NO:245, respectively. The amino acid sequences for
the delta-4 desaturase domains of EaDHAsyn1, EaDHAsyn2, EaDHAsyn3, and EaDHAsyn4 are set forth in SEQ ID
NO:246, SEQ ID NO:247, SEQ ID NO:248, and SEQ ID NO:249, respectively.

[0422] FIG. 292 summarizes the Euglena anabaena DHA synthase domain sequences.

EXAMPLE 14

Construction of Yarrowia lipolytica Expression Vectors pY 165, pY166, pY167 and pY168

[0423] Using the Gateway® LR Clonase™ Il enzyme mix (Cat. No. 11791-020, Invitrogen Corporation) and following
the manufacturer’s protocol, the cDNA inserts from pLF117-1 (SEQ ID NO:87), pLF117-2 (SEQ ID NO:88), pLF117-3
(SEQ ID NO:89), and pLF117-4 (SEQ ID NO:90) were transferred to pY159 (SEQ ID NO:38; Example 8) to form pY165
(SEQ ID NO:99, FIG. 14A), pY166 (SEQ ID NO:100; FIG. 14B), pY167 (SEQ ID NO:101; FIG. 14C), and pY168 (SEQ
ID NO:102; FIG. 14D), respectively. Thus, each plasmid contains the full length EaDHAsyn gene, under control of the
Yarrowia lipolytica FBAINm promoter (PCT Publication No. WO 2005/049805; U.S. Patent 7,202,356; labeled as "Yar
Fba1 Pro+Intron" in FIG.), and the Pex20 terminator sequence from Yarrowia Pex20 gene (GenBank Accession No.
AF054613).

EXAMPLE 15

Construction of Soybean Expression Vector pKR1061 For Co-Expression of the Euglena gracilis DHA Synthase 1

(EgDHAsyn1) With the Saprolegnia diclina Delta-17 Desaturase (SdD17)

[0424] The present Example describes construction of a soybean vector for co-expression of EQDHAsyn1 (SEQ ID
NO:12) with SdD17 and a hygromycin phosphotransferase selectable marker (hpt).

[0425] EgDHAsyn1 was amplified from pKR1049 (clone eeg1c.pk016.e6.f) with oligonucleotide primers oEGel2-1
(SEQ ID NO:103) and oEUG el4-3 (SEQ ID NO:44), using the Phusion™ High-Fidelity DNA Polymerase (Cat. No.
F553S, Finnzymes Oy, Finland) following the manufacturer’s protocol. The resulting DNA fragment was cloned into the
pCR-BIun® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s
protocol, to produce pKR1055 (SEQ ID NO:104).

[0426] A starting plasmid pKR72 (ATCC Accession No. PTA-6019; SEQ ID NO:105 7085 bp sequence), a derivative
of pKS123 which was previously described in PCT Publication No. WO 2002/008269, contains the hygromycin B phos-
photransferase gene (HPT) (Gritz, L. and Davies, J., Gene 25:179-188 (1983)), flanked by the T7 promoter and tran-
scription terminator (T7prom/HPT/T7term cassette), and a bacterial origin of replication (ori) for selection and replication
in bacteria (e.g., E. coli). In addition, pKR72 also contains HPT, flanked by the 35S promoter (Odell et al., Nature
313:810-812 (1985)) and NOS 3’ transcription terminator (Depicker et al., J. Mol. Appl. Genet. 1:561-570 (1982))
(35S/HPT/NOS3’ cassette), for selection in plants such as soybean. pKR72 also contains a Nofl restriction site, flanked
by the promoter for the o subunit of -conglycinin (Beachy et al., EMBO J. 4:3047-3053 (1985)) and the 3’ transcription
termination region of the phaseolin gene (Doyle et al., J. Biol. Chem. 261:9228-9238 (1986)), thus allowing for strong
tissue-specific expression in the seeds of soybean of genes cloned into the Nofl site.

[0427] The Bcon/Notl/Phas3’ cassette in plasmid pKR72 (SEQ ID NO:105, having ATCC Accession No. PTA-6019)
was amplified using oligonucleotide primers oCon-1 (SEQ ID NO:106) and oCon-2 (SEQ ID NO:107) using the VentR®
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DNA Polymerase (Catalog No. M0254S, New England Biolabs Inc., Beverly, MA) following the manufacturer’s protocol.
The resulting DNA fragment was digested with Xbal and cloned into the Xbal site of pUC19, to produce pKR179 (SEQ
ID NO:108).

[0428] EgDHAsyn1 was released from pKR1055 (SEQ ID NO:104) by digestion with Notl and was cloned into the Notl
site of plasmid pKR179 (SEQ ID NO:108) to produce pKR1057 (SEQ ID NO:109).

[0429] The Shflfragmentof pKR1057 (SEQ ID NO:109), containing the fcon/EgDHAsyn1/Phas3’ cassette was cloned
into the Sbfl site of pKR328 (SEQ ID NO:110; which is described in PCT Publication No. WO 2004/071467), containing
SdD17, to produce vector pKR1061 (SEQ ID NO:111). A schematic depiction of pKR1061 is shown in FIG. 15A.

EXAMPLE 16

Construction of Soybean Expression Vector pKR973 For Co-Expression of the Paviova lutheri Delta-8 Desaturase
(PavD8) With the Euglena gracilis Delta-9 Elongase EgD9elo) and the Mortierella alpina Delta-5 Desaturase (MaD5)

Euglena gracilis delta-9 elongase (EgD9elo):

[0430] A clone from the Euglena cDNA library (eeg1c), called eeg1c.pk001.n5f, containing the Euglena gracilis delta-
9 elongase (EgD%elo; SEQ ID NO:112; which is described in U.S. Publication No. US 2007/0118929 (filed November
16, 2006, which published on May 24, 2007; Attorney Docket No. BB-1562)) was used as template to amplify EgD9elo
with oligonucleotide primers oEugEL1-1 (SEQ ID NO:113) and oEugEL1-2 (SEQ ID NO:114) using the VentR® DNA
Polymerase (Cat. No. M0254S, New England Biolabs Inc., Beverly, MA) following the manufacturer’s protocol. The
resulting DNA fragment was cloned into the pCR-Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen
Corporation), following the manufacturer’s protocol, to produce pKR906 (SEQ ID NO:115).

[0431] Plasmid pKR906 was digested with Notl, and the fragment containing the Euglena gracilis delta-9 elongase
was cloned into plasmid pKR132 (SEQ ID NO:116; which is described in PCT Publication No. WO 2004/071467) to
produce pKR953 (SEQ ID NO:117).

Mortierella alpina delta-5 desaturase (MaD5):

[0432] Vector pKR287 (SEQ ID NO:118; which is described in PCT Publication No. WO 2004/071467, published
August 26, 2004) contains the Mortierella alpina delta-5 desaturase (MaD5; SEQ ID NO:119, which is described in U.S.
Patent No. 6,075,183 and PCT Publication Nos. WO 2004/071467 and WO 2005/047479), flanked by the soybean
glycinin Gy1 promoter and the pea leguminA2 3’ termination region (Gy1/MaD5/legA2 cassette). Vector pKR287 was
digested with SbA/Bs/WI, and the fragment containing the Gy1/MaD5/legA2 cassette was cloned into the Shfl/BsiWI
fragment of pKR277 (SEQ ID NO:120; which is described in PCT Publication No. WO 2004/071467) to produce pK952
(SEQ ID NO:121).

[0433] Vector pKR457 (SEQ ID NO:122), which was previously described in PCT Publication No. WO 2005/047479,
contains a Notl site flanked by the Kunitz soybean Trypsin Inhibitor (KTi) promoter (Jofuku et al., Plant Cell 1:1079-1093
(1989)) and the KTi 3’ termination region, the isolation of which is described in U.S. Patent No. 6,372,965, followed by
the soy albumin transcription terminator, which was previously described in PCT Publication No. WO 2004/071467
(Kti/Notl/Kti3’Salb3’ cassette). Through a number of sub-cloning steps, sequences containing Asp718 restriction sites
were added to the 5’ and 3’ ends of the Kti/Notl/Kti3’Salb3’ cassette to produce SEQ ID NO:123.

Pavlova lutheri delta-8 desaturase (PavD8):

[0434] Paviova lutheri (CCMP459) was obtained from the Culture of Marine Phytoplankton (CCMP, West Boothbay
Harbor, ME) and grown in 250 mL flasks containing 50 mL of F/2-Si medium (made using F/2 Family Medium Kit-KIT20F2
and Filtered Seqwater-SEA2 from CCMP) at 26 °C with shaking at 150 rpm. Cultures were transferred to new medium
on a weekly basis using a 1:4 (old culture:new medium) dilution.

[0435] Cultures from 28 flasks (1400 mL) were combined, and cells were pelleted by centrifugation at 1,800 x g for
10 min, washed once with water, and re-centrifuged. Total RNA was extracted from the resulting pellet using the RNA
STAT-60™ reagent (TEL-TEST, Inc., Friendswood, TX), following the manufacturer’s protocol. In this way, 2.6 mg of
total RNA (2.6 mg/mL) were obtained from the pellet. The mRNA was isolated from 1.25 mg of total RNA using the
mRNA Purification Kit (Amersham Biosciences, Piscataway, NJ), following the manufacturer’s protocol. In this way, 112
wg of mMRNA were obtained.

[0436] cDNA was synthesized from 224 ng of mRNA using the superscript™ First-Strand Synthesis System for RT-
PCRKit(Invitrogen™ Life Technologies, Carlsbad, CA) with the provided oligo(dT) primer, according to the manufacturer’s
protocol. After RNase H treatment as per the protocol, the Pavlova lutheri delta-8 desaturase (PavD8; SEQ ID NO:124;
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which is described in U.S. Patent Publication No. US 2008/0118623 (filed April 20, 2007; Attorney Docket No. BB-1566))
was amplified from the resulting cDNA with oligonucleotide primers PvDES5'Not-1 (SEQ ID NO:125) and PvDES3’Not-
1 (SEQ ID NO:126) using the conditions described below.

[0437] cDNA(2 pL)from the reaction described above was combined with 50 pmol of PvDES5’Not-1 (SEQ ID NO:125),
50 pmol of PvDES3’'Not-1 (SEQ ID NO:126), 1 nL of PCR nucleotide mix (10 mM, Promega, Madison, WI), 5 pL of 10X
PCR buffer (Invitrogen Corporation), 1.5 uL of MgCl, (50 mM, Invitrogen Corporation), 0.5 uL of Taq polymerase
(Invitrogen Corporation), and water to 50 pL. The reaction conditions were 94 °C for 3 min followed by 35 cycles of 94
°C for 45 sec, 55 °C for 45 sec, and 72 °C for 1 min. The PCR was finished at 72 °C for 7 min, and then held at 4 °C.
The PCR reaction was analyzed by agarose gel electrophoresis on 5 L, and a DNA band with molecular weight around
1.3 kb was observed. The remaining product was separated by agarose gel electrophoresis, and the DNA was purified
using the Zymoclean™ Gel DNA Recovery Kit (Zymo Research, Orange, CA), following the manufacturer’s protocol.
[0438] The PavD8, flanked by Notl sites, was cloned into the Notl site of the modified Kti/Notl/Kti3’Salb3’ cassette
(SEQ ID NO:123), and then the DNA fragment was digested with Asp718 and cloned into the Shfl site of pKR952 (SEQ
ID NO:121) to produce pKR970 (SEQ ID NO:127).

[0439] Plasmid pKR953 (SEQ ID NO:117) was digested with Pstl, and the fragment containing the Euglena gracilis
delta-9 elongase was cloned into the Sbhfl site of pKR970 (SEQ ID NO:127) to produce pKR973 (SEQ ID NO:128, FIG.
15B).

[0440] In this way, the Paviova lutheri delta-8 desaturase could be co-expressed with the Mortierella alpina delta-5
desaturase and the Euglena gracilis delta-9 elongase behind strong, seed-specific promoters.

EXAMPLE 17

Construction of Soybean Expression Vector pKR1064 For Co-Expression of the Euglena gracilis DHA Synthase 1
(EgDHAsyn1) With the Saprolegnia diclina Delta-17 Desaturase (SdD17)

[0441] The present Example describes construction of a soybean vector for co-expression of EgDHAsyn1 with SdD17
and the acetolactate synthase (ALS) selectable marker.

[0442] The Pstl fragment, containing the Ann/Sdd17/BD30 cassette from pKR271 (SEQ ID NO:129; which is described
in PCT Publication No. WO 2004/071467), was cloned into the Sbfl site of pKR226 (SEQ ID NO:130; which is also
described in PCT Publication No. WO 2004/071467) to produce vector pKR886r (SEQ ID NO:131). In this way, the
Saprolegnia diclina delta-17 desaturase (SdD17) was cloned behind the annexin promoter which is strong and seed
specific.

[0443] The Shfl fragmentof pKR1057 (SEQ ID NO:109), containing the fcon/EgDHAsyn1/Phas3’ cassette, was cloned
into the Sbfl site of pKR886r (SEQ ID NO:131), containing SdD17, to produce vector pKR1064 (SEQ ID NO:132). A
schematic depiction of pKR1064 is shown in FIG. 15C.

EXAMPLE 18
Construction of Soybean Expression Vector pKR1133 For Co-Expression of the Euglena gracilis DHA Synthase 1

(EgDHAsyn1) With the Euglena gracilis Delta-9 Elongase (EgD9elo) and the Mortierella alpina Delta-5 Desaturase
(MaD5)

[0444] The glycinin Gy1 promoter was PCR amplified from pZBL119 (SEQ ID NO:133; which is described in PCT
Publication No. WO 2004/071467) using primers oSGly-2 (SEQ ID NO:134) and 0SGly-3 (SEQ ID NO:135). The resulting
PCR fragment was subcloned into the intermediate cloning vector pCR-Script AMP SK(+) (Stratagene), according to
the manufacturer’s protocol, to produce plasmid pPSgly32 (SEQ ID NO: 136).

[0445] The Pstl/Notl fragment of plasmid pSGly32 (SEQ ID NO:136), containing the Gy1 promoter, was cloned into
the Pstl/Notl fragment from plasmid pKR142 (SEQ ID NO:137; which is described in PCT Publication No. WO
2004/071467), containing the leguminA2 3’ transcription termination region, an ampicillin resistance gene, and bacterial
ori, to produce pKR264 (SEQ ID NO:138). Thus, vector pKR264 contains a Notl site flanked by the promoter for the
glycinin Gy1 gene and the leguminA2 3’ transcription termination region (Gy1/Notl/legA2 cassette).

[0446] EgDHAsyn1 was released from pKR1055 (SEQ ID NO:104; Example 15) by digestion with Notl and was cloned
into the Notl site of plasmid pKR264 (SEQ ID NO:138), to produce pKR1128 (SEQ ID NO:139).

[0447] The Notl fragment of pKS129 (SEQ ID NO:140; which is described in PCT Publication No. WO 2004/071467),
containing the MaD5 was cloned into the Notl site of pKR457 (SEQ ID NO:122; Example 16), to produce pKR606 (SEQ
ID NO:141).

[0448] Vector pKR606 (SEQ ID NO:141) was digested with BsiWI| and after filling to blunt the ends, the fragment
containing the Gy1/MaD5/legA2 cassette was cloned into the filled NgoMI site of pKR277 (SEQ ID NO:120) to produce
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pKR804 (SEQ ID NO:142).

[0449] The BsiWI fragment from pKR1128 (SEQ ID NO:139), containing the Gy1/EgDHAsyn1/legA2 cassette, was
cloned into the BsiWI site of pKR804 (SEQ ID NO:142) to produce pKR1130 (SEQ ID NO:143).

[0450] Plasmid pKR953 (SEQ ID NO:117) was digested with BsiWI; ends were blunted by filling; and pKR953 was
then digested with BamH|. The filled BsiW|/BamH]| fragment of pKR953, containing the Salb/EgD9Elo/Phas3’ cassette,
was cloned into the Pmel/BamH]| sites of pPNEB193 (New England Biolabs, Ipswich, MA) to produce pKR1131 (SEQ ID
NO:144).

[0451] Plasmid pKR1131 (SEQ ID NO:144) was digested with Psfl and the fragment containing the Euglena gracilis
delta-9 elongase was cloned into the Sbhfl site of pKR1130 (SEQ ID NO:143) to produce pKR1133 (SEQ ID NO:145,
FIG. 15D).

[0452] In this way, the Euglena gracilis DHA synthase 1 could be co-expressed with the Mortierella alpina delta-5
desaturase and the Euglena gracilis delta-9 elongase behind strong, seed-specific promoters.

EXAMPLE 19

Construction of Soybean Expression Vector pKR1105 For Co-Expression of the Euglena gracilis DHA Synthase 1 C20
Elongase Domain (EgDHAsyn1C20EloDom1) with the Schizochytrium aggregatum Delta-4 Desaturase (SaD4)

[0453] The Bcon/Notl/Phas cassette was PCR amplified from pKS123 (SEQ ID NO:146; which is described in PCT
Publication No. WO 2004/071467) using primers oKti5 (SEQ ID NO:147) and oKti6 (SEQ ID NO:148). The resulting
PCR fragment was digested with BsiW| and cloned into the BsiWI site of pKR124 (SEQ ID NO:149; which is described
in PCT Publication No. WO 2004/071467), containing the bacterial origin of replication and selection, to produce plasmid
pKR193 (SEQ ID NO:150).

[0454] EgDHAsyn1C20Elodom1 was released from pHD16 (SEQ ID NO:51; Example 10) by digestion with Not/ and
was cloned into the Not! site of plasmid pKR193 (SEQ ID NO:150) to produce pKR1103 (SEQ ID NO:151).

[0455] The BsiWI fragment, containing the EgDHAsyn1C20Elodom1, was released from pKR1103 (SEQ ID NO:151)
and was cloned into the BsiWI site of pKR226 (SEQ ID NO:130; Example 17) to produce vector pKR1104 (SEQ ID
NO:152).

[0456] Vector pKR300 (SEQ ID NO:153; which is described in PCT Publication No. WO 2004/071467, published
August 26, 2004), contains the Schizochytrium aggregatum delta-4 desaturase (SaD4), which is described in U.S. Patent
No. 7,045,683 and PCT Publication No WO 02/090493), flanked by the Notl restriction sites. The Ascl site present within
the SaD4 was removed without affecting the corresponding amino acid sequence to produce a new sequence (SEQ ID
NO:154) which remains flanked by the Nofl sites. The Notl fragment (SEQ ID NO:154) was cloned into the Notl site of
plasmid pKR457 (SEQ ID NO:122; Example 16) to produce pKR1102 (SEQ ID NO:155).

[0457] Plasmid pKR1102 (SEQ ID NO:155) was digested with Pstl, and the fragment containing the SaD4 was cloned
into the Sbhfl site of pKR1104 (SEQ ID NO:152) to produce pKR1105 (SEQ ID NO:156; FIG. 16A). In this way, the
Euglena. gracilis DHA synthase 1 C20 elongase domain could be co-expressed with the Schizochytrium aggregatum
delta-4 desaturase behind strong, seed-specific promoters.

EXAMPLE 20

Construction of Soybean Expression Vector pKR1134 For Expression of the Euglena gracilis DHA Synthase 1 C20
Elongase Domain/Schizochytrium aggregatum Delta-4 Desaturase Fusion (EgDHAsyn1C20EloDom3-SaD4)

[0458] EgDHAsyn1C20EloDom3 was amplified from pKR1091 with oligonucleotide primers EQEPAEloDom-5 (SEQ
ID NO:43) and oEUGsyn6-4 (SEQ ID NO:157) using the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F553S,
Finnzymes Oy, Finland) following the manufacturer’s protocol. The resulting DNA fragment was cloned into the pCR-
Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s
protocol, to produce pKR1107 (SEQ ID NO:158).

[0459] Plasmid pKR1107 (SEQ ID NO:158) was digested with Nofl, and the fragment containing the
EgDHAsyn1C20EloDom3 was religated to form pKR1112 (SEQ ID NO:159).

[0460] The Xbal/Pstl DNA fragment from pKR1112 (SEQ ID NO:159), containing EgDHAsyn1C20EloDom3, was
cloned into the Xbal/Shfl DNA fragment from pKR1068 (SEQ ID NO:75; Example 11), containing the SaD4, to produce
pKR1115 (SEQ ID NO:160). In this way, the EgQDHAsyn1C20Elodom3-SaD4 was re-created without an internal Sbhfl
site but codes for an identical amino acid sequence as that described in Example 11.

[0461] EgDHAsyn1C20Elodom3-SaD4 was released from pKR1115 (SEQ ID NO:160) by digestion with Nofl and was
cloned into the Notl site of plasmid pKR1104 (SEQ ID NO:152), containing an ALS selectable marker, to produce
pKR1134 (SEQ ID NO:161; FIG. 16B).
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EXAMPLE 21

Construction of Soybean Expression Vector pKR1095 For Co-Expression of the Tetruetreptia pomquetensis CCMP 1491
Delta-8 Desaturase (TpomD8) With the Saprolegnia diclina Delta-17 Desaturase (SdD17)

[0462] The present Example describes construction of a soybean vector for co-expression of TpomD8 with SdD17
and a hygromycin phosphotransferase selectable marker (hpt).

[0463] Tetruetreptia pomquetensis CCMP1491 cells (from 1 liter of culture) were purchased from the Provasoli-Guillard
National Center for Culture of Marine Phytoplakton (CCMP) (Bigelow Laboratory for Ocean Sciences, West Boothbay
Harbor, Maine). Total RNA was isolated using the trizol reagent (Invitrogen, Carlsbad, CA), according to the manufac-
turer’s protocol. The cell pellet was resuspended in 0.75 mL of trizol reagent, mixed with 0.5 mL of 0.5 mm glass beads,
and homogenized in a Biospec mini beadbeater (Bartlesville, OK) at the highest setting for 3 min. The mixture was
centrifuged in an Eppendorf centrifuge for 30 sec at 14,000 rpm to remove debri and glass beads. supernatant was
extracted with 150 pL of 24:1 chloroform:isoamy alcohol. The upper aqueous phase was used for RNA isolation.
[0464] For RNA isolation, the aqueous phase was mixed with 0.375 mL of isopropyl alcohol and allowed to incubate
at room temperature for 5 min. Precipitated RNA was collected by centrifugation at 8,000 rpm and kept at 4 °C for 5
min. The pellet was washed once with 0.7 mL of 80% ethanol and air dried. Thus, 95 pg of total RNA were obtained
from Tetruetreptia pomquetensis CCMP1491.

[0465] Total RNA (0.95 pg of total RNA in 1 pL) was used as template to synthesize double stranded cDNA. The
creator™ SMART™ cDNA Library Construction Kit from BD Bioscience Clontech (Palo Alto, CA) was used. Total RNA
(1 pL) was mixed with 1 nL of SMART IV oligonucleotide (SEQ ID NO:181) 1 pL of the Adaptor Primer from Invitrogen
3-RACE kit (SEQ ID NO:182). and 2 L of water. The mixture was heated to 75 °C for 5 min and then cooled on ice for
5 min. To the mixture was added: 2 pL of 5X first strand buffer, 1 uL 20 mM DTT, 1 pL of dNTP mix (10 mM each of
dATP, dCTP, dGTP and dTTP), and 1 uL of PowerScript reverse transcriptase. The sample was incubated at 42 °C for
1 h. The resulting first strand cDNAs were then used as templates for amplification.

[0466] The Tetruetreptia pomquetensis CCMP1491 delta-8 desaturase (TpomD8; SEQ ID NO:162; which is described
in U.S. Patent Publication No. US 2008/0095915 (filed October 22, 2007; Attorney Docket No. BB-1574)) was amplified
from the cDNA with oligonucleotide primers TpomNot-5 (SEQ ID NO:163) and TpomNot-3 (SEQ ID NO:164) using Tag
polymerase (Invitrogen Corporation) following the manufacturer’s protocol.

[0467] Tetruetreptia pomquetensis CCMP1491 cDNA (1 nL) was combined with 50 pmol of TpomNot-5 (SEQ ID
NO:163), 50 pmol of TpomNot-3 (SEQ ID NO:164), 1 OulL of PCR nucleotide mix (10 mM, Promega, Madison, WI), 5
pL of 10X PCR buffer (Invitrogen Corporation), 1.5 uL of MgCl, (50 mM, Invitrogen Corporation), 0.5 pl of Taq polymerase
(Invitrogen Corporation) and water to 50 pL. The reaction conditions were 94 °C for 3 min followed by 35 cycles of 94
°C for 45 sec, 55 °C for 45 sec and 72 °C for 1 min. The PCR was finished at 72 °C for 7 min and then held at 4 °C. 5
wL of the PCR reaction were analyzed by agarose gel electrophoresis, and a DNA band with molecular weight around
1.3 kb was observed.

[0468] The remaining product was separated by agarose gel electrophoresis, and the DNA was purified using the
Zymoclean™ Gel DNA Recovery Kit (Zymo Research, Orange, CA), following the manufacturer’s protocol. The resulting
DNA was cloned into the pPGEM®-T Easy Vector (Promega), following the manufacturer’s protocol, to produce pLF114-10
(SEQ ID NO:165).

[0469] TpomD8 was released from pLF114-10 (SEQ ID NO:165) by digestion with Notl and was cloned into the Notl
site of plasmid pKR179 (SEQ ID NO:108; Example 15) to produce pKR1002 (SEQ ID NO:166).

[0470] The Pstl fragment of pKR1002 (SEQ ID NO:166), containing the fcon/TpomD8/Phas3’ cassette was cloned
into the Shfl site of pKR328 (SEQ ID NO:110; Example 15), containing the SdD17, to produce vector pKR1095 (SEQ
ID NO:167). A schematic depiction of pKR1095 is shown in FIG. 16C.

EXAMPLE 22
Construction of Soybean Expression Vector pKR1132 For Co-Expression of the Tetruetreptia pomquetensis CCMP 1491

Delta-8 Desaturase (TpomD8) with the Euglena gracilis Delta-9 Elongase (EgD9elo) and the Mortierella alpina Delta-5
Desaturase (MaD5)

[0471] TPomD8 was released from pLF114-10 (SEQ ID NO:165; Example 21) by digestion with Notl and was cloned
into the Notl site of plasmid pKR264 (SEQ ID NO:138; Example 18) to produce pKR1127 (SEQ ID NO:168).

[0472] The BsiWIfragmentfrom pKR1127 (SEQ ID NO:168), containing the Gy1/TPomD8/legA2 cassette, was cloned
into the BsiW| site of pKR804 (SEQ ID NO:142; Example 18) to produce pKR1129 (SEQ ID NO:169).

[0473] Plasmid pKR1131 (SEQ ID NO:144; Example 18) was digested with Pstl, and the fragment containing the
Euglena gracilis delta-9 elongase was cloned into the Shfl site of pKR1129 (SEQ ID NO:169) to produce pKR1132 (SEQ
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ID NO:170, FIG. 16D). In this way, the Tetruetreptia pomquetensis delta-8 desaturase could be co-expressed with the
Mortierella alpina delta-5 desaturase and the Euglena gracilis delta-9 elongase behind strong, seed-specific promoters.

EXAMPLE 23

Construction of Soybean Expression Vector KS373 For Expression of a Euglena gracilis Delta-9: Elongase/Euglena
gracilis DHA Synthase 1 Linker/Paviova lutheri Delta-8 Desaturase Fusion (EgD9elo-EgDHAsyn1Link-PavD8)

[0474] An in-frame fusion between the Euglena gracilis delta-9 elongase (EgD9elo; Example 16; SEQ ID NO:112),
the Euglena gracilis DHA synthase 1 proline-rich linker (EgDHAsyn1Link; SEQ ID NO:171; described in Example 6 and
shown in FIG. 6), and the Pavlova lutheri delta-8 desaturase (PavD8; Example 16; SEQ ID NO:124) was constructed
using the conditions described below.

[0475] Aninitial in-frame fusion between the EgD9elo and the EgDHAsyn1Link (EgD9elo-EgDHAsyn1Link) was made,
flanked by a Ncol site at the 5’end and a Nofl site at the 3’ end, by PCR amplification. EgD9elo (SEQ ID NO:112) was
amplified with oligonucleotides MWG507 (SEQ ID NO:172) and MWG509 (SEQ ID NO:173); using the Phusion™ High-
Fidelity DNA Polymerase (Cat. No. F553S, Finnzymes Oy, Finland), following the manufacturer’s protocol.
EgDHAsyn1Link (SEQ ID NO:171) was amplified in a similar way with oligonucleotides MWG510 (SEQ ID NO:174) and
MWG511 (SEQ ID NO:175). The two resulting PCR products were combined and re-amplifed using MWG507 (SEQ ID
NO:172) and MWG511 (SEQ ID NO:175) to form EgD9elo-EgDHAsyn1Link. The sequence of the EgD9elo-
EgDHAsyn1Link is shown in SEQ ID NO:176. EgD9elo-EgDHAsyn1 Link does not contain an in-frame stop codon
upstream of the Notl site at the 3’ end, and therefore, a DNA fragment cloned into the Notl site can give rise to an in-
frame fusion with the EgD9elo-EgDHAsyn1Link.

[0476] Plasmid KS366 (SEQ ID NO:177) contains unique Ncol and Notl restriction sites, flanked by the promoter for
the o’ subunit of $-conglycinin (Beachy et al., EMBO J. 4:3047-3053 (1985)) and the 3’ transcription termination region
of the phaseolin gene (Doyle et al., J. Biol. Chem. 261:9228-9238 (1986)). Other than the replacement of the unique
Notl site in pKR72 (SEQ ID NO:105) with a unique Ncol/Notl multiple cloning site, the Bcon/NcolNotl/Phas3’ cassette
in KS366 is identical to that found in pKR72 (SEQ ID NO:105) except that the flanking Hindlll sites were replaced by
BamH| sites. The Bcon/NcolNotl/Phas3’ cassette of KS366 was cloned into the BamH] site of pBluescript || SK(+) vector
(Stratagene).

[0477] The Ncol/Notl DNA fragment, containing EgD9elo-EgDHAsyn1Link (SEQ In NO:176), was cloned into the
Ncol/Notl DNA fragment from KS366 (SEQ ID NO:177), containing the promoter for the o’ subunit of §-conglycinin, to
produce KS366-EgD9elo-EgDHAsyn1Link (SEQ ID NO:178).

[0478] The Notl fragment containing PavD8 (generated as described in Example 16) was cloned into the Nofl fragment
of KS366-EgD9elo-EgDHAsyn1Link (SEQ ID NO:178) to produce KS373 (SEQ ID NO:179; FIG. 17).

EXAMPLE 24
Construction of Alternate Soybean Expression Vectors For Expression of DHA Synthases, C20 Elongase Domains,

Delta-4 Desaturase Domains, Synthetic C20 Elongase/Delta-4 Desaturase Fusion Proteins and Other Synthetic Elon-
gase/Desaturase Fusion Proteins

[0479] In addition to the genes, promoters, terminators and gene cassettes described herein, one skilled in the art can
appreciate that other promoter/gene/terminator cassette combinations can be synthesized in a way similar to, but not
limited to, that described herein for expression of EgQDHAsyn1. Similarly, it may be desirable to express other PUFA
genes (such as those described in Table 23), for co-expression with any of the DHA synthases of the present invention
or DHA synthase domains (i.e., C20 elongase domain or delta-4 desaturase domain expressed individually). Additionally,
synthetic fusions between an elongase domain and a desaturase domain separated by a suitable linker region could be
made and expressed. For instance, a synthetic fusion between a C20 elongase (or C20 elongase domain from a DHA
synthase) and a suitable delta-4 desaturase (or delta-4 desaturase domain from a DHA synthase) could be made and
expressed. Alternatively, other elongases or desaturases could be used such as, but not limited to, the synthetic fusion
described herein between a delta-9 elongase and delta-8 desaturase separated by a linker from a DHA synthase (i.e.,
Example 23).

[0480] Forinstance, PCT Publication Nos. WO 2004/071467 and WO 2004/071178 describe the isolation of a number
of promoter and transcription terminator sequences for use in embryo-specific expression in soybean. Furthermore,
PCT Publication Nos. WO 2004/071467, WO 2005/047479 and WO 2006/012325 describe the synthesis of multiple
promoter/gene/terminator cassette combinations by ligating individual promoters, genes, and transcription terminators
together in unique combinations. Generally, a Notl site flanked by the suitable promoter (such as those listed in, but not
limited to, Table 21) and a transcription terminator (such as those listed in, but not limited to, Table 22) is used to clone
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the desired gene. Notl sites can be added to a gene of interest such as those listed in, but not limited to, Table 23 using
PCR amplification with oligonucleotides designed to introduce Notl sites at the 5’ and 3’ ends of the gene. The resulting
PCR product is then digested with Notl and cloned into a suitable promoter/Nofl/terminator cassette.

[0481] In addition, PCT Publication Nos. WO 2004/071467, WO 2005/047479 and WO 2006/012325 describe the
further linking together of individual gene cassettes in unique combinations, along with suitable selectable marker cas-
settes, in order to obtain the desired phenotypic expression. Although this is done mainly using different restriction
enzymes sites, one skilled in the art can appreciate that a number of techniques can be utilized to achieve the desired
promoter/gene/transcription terminator combination. In so doing, any combination of embryo-specific promot-
er/gene/transcription terminator cassettes can be achieved. One skilled in the art can also appreciate that these cassettes
can be located on individual DNA fragments or on multiple fragments where co-expression of genes is the outcome of
co-transformation of multiple DNA fragments.

TABLE 21
Seed-specific Promoters
Promoter Organism Promoter Reference
B-conglycinin o’-subunit soybean Beachy et al., EMBO J. 4:3047-3053 (1985)
kunitz trypsin inhibitor soybean Jofuku et al., Plant Cell 1:1079-1093 (1989)
Annexin soybean WO 2004/071467
glycinin Gy1 soybean WO 2004/071467
albumin 28 soybean U.S. Patent No. 6,177,613
legumin A1 pea Rerie etal., Mol. Gen. Genet. 225:148-157 (1991)
B-conglycinin B-subunit soybean WO 2004/071467
BD30 (also called P34) soybean WO 2004/071467
legumin A2 pea Rerie etal., Mol. Gen. Genet. 225:148-157 (1991)
TABLE 22

Transcription Terminators

Transcription Terminator | Organism Reference
phaseolin 3’ bean WO 2004/071467

kunitz trypsin inhibitor 3’ soybean WO 2004/071467

BD30 (also called P34) 3’ soybean WO 2004/071467

legumin A2 3’ pea WO 2004/071467
albumen 2S 3’ soybean WO 2004/071467
TABLE 23

PUFA Biosynthetic Pathway Genes

Gene Organism References
delta-6 desaturase Saprolegnia diclina WO 2002/081668
delta-6 desaturase Mortierella alpina U.S. Patent No. 5,968,809

elongase Mortierella alpina WO 2000/12720
U.S. Patent No. 6,403,349
delta-5 desaturase Mortierella alpina U.S. Patent No. 6,075,183
delta-5 desaturase Saprolegnia diclina WO 2002/081668
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(continued)

PUFA Biosynthetic Pathway Genes

Gene

Organism

References

delta-5 desaturase

Peridinium sp.

U.S. Patent Publication No. US 2007/0271632

delta-5 desaturase

Euglena gracilis

U.S. Patent Publication No. US 2007/0292924

delta-15 desaturase

Fusarium moniliforme

WO 2005/047479

delta-17 desaturase

Saprolegnia diclina

WO 2002/081668

elongase Thraustochytrium aureum WO 2002/08401
U.S. Patent No. 6,677,145
elongase Pavlova sp. Pereira et al., Biochem. J. 384:357-366 (2004)
delta-4 desaturase Schizochytrium aggregatum WO 2002/090493
U.S. Patent No. 7,045,683
delta-4 desaturase Isochrysis galbana WO 2002/090493
U.S. Patent No. 7,045,683
delta-4 desaturase Thraustochytrium aureum WO 2002/090493

U.S. Patent No. 7,045,683

delta-4 desaturase

Euglena gracilis

U.S. Patent Publication No. US 2006/0218668

delta-9 elongase

Isochrysis galbana

WO 2002/077213

delta-9 elongase

Euglena gracilis

U.S. Patent Publication No. US 2007/0118929

delta-9 elongase

Eutreptiella sp. CCMP389

U.S. Patent Publication No. US 2007/0117190

delta-9 elongase

Euglena anabaena

Pending

delta-8 desaturase

Euglena gracilis

WO 2000/34439

U.S. Patent No. 6,825,017
WO 2004/057001
WO 2006/012325

delta-8 desaturase

Acanthamoeba castellanii

Sayanova et al., FEBS Lett. 580:1946-1952 (2006)

delta-8 desaturase

Pavlova salina

WO 2005/103253

delta-8 desaturase

Paviova lutheri

U.S. Patent Publication No. US 2008/0118623

delta-8 desaturase | Tetruetreptia pomquetensis CCMP 1491 U.S. Patent Publication No. US 2008/0095915

delta-8 desaturase Eutreptiella sp. CCMP389 U.S. Patent Publication No. US 2008/0095915

delta-8 desaturase | Eutreptiella cf8gymnastica CCMP 1594 U.S. Patent Publication No. US 2008/0095915

delta-8 desaturase Euglena anabaena Pending

EXAMPLE 25

Production and Model System Transformation of Somatic Soybean Embryo Cultures with Soybean Expression Vectors

Culture Conditions:

[0482] Soybean embryogenic suspension cultures (cv. Jack) are maintained in 35 mL liquid medium SB196 (infra) on
a rotary shaker, 150 rpm, 26 °C with cool white fluorescent lights on 16:8 hr day/night photoperiod at light intensity of
60-85 wE/m2/s. Cultures are subcultured every 7 days to two weeks by inoculating approximately 35 mg of tissue into
35 mL of fresh liquid SB196 (the preferred subculture interval is every 7 days).

[0483] Soybean embryogenic suspension cultures are transformed with the soybean expression plasmids by the
method of particle gun bombardment (Klein et al., Nature 327:70 (1987)) using a DuPont Biolistic PDS1000/HE instrument
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(helium retrofit) for all transformations.

Soybean Embryogenic Suspension Culture Initiation:

[0484] Soybean cultures are initiated twice each month with 5-7 days between each initiation. Pods with immature
seeds from available soybean plants are picked 45-55 days after planting. Seeds are removed from the pods and placed
into a sterilized magenta box. The soybean seeds are sterilized by shaking them for 15 min in a 5% Clorox solution with
1 drop of Ivory soap (i.e., 95 mL of autoclaved distilled water plus 5 mL Clorox and 1 drop of soap, mixed well). Seeds
are rinsed using 2 1-liter bottles of sterile distilled water and those less than 4 mm are placed on individual microscope
slides. The small end of the seed is cut and the cotyledons are pressed out of the seed coat. When cultures are being
prepared for production transformation, cotyledons are transferred to plates containing SB1 medium (25-30 cotyledons
per plate). Plates are wrapped with fiber tape and are maintained at 26 °C with cool white fluorescent lights on 16:8 h
day/night photoperiod at light intensity of 60-80 wE/m2/s for eight weeks, with a media change after 4 weeks. When
cultures are being prepared for model system experiments, cotyledons are transferred to plates containing SB199
medium (25-30 cotyledons per plate) for 2 weeks, and then transferred to SB1 for 2-4 weeks. Light and temperature
conditions are the same as described above. After incubation on SB1 medium, secondary embryos are cut and placed
into SB196 liquid media for 7 days.

Preparation of DNA for Bombardment:

[0485] Either an intact plasmid or a DNA plasmid fragment containing the genes of interest and the selectable marker
gene are used for bombardment. Fragments from soybean expression plasmids, the construction of which is described
herein, are obtained by gel isolation of digested plasmids. In each case, 100 ng of plasmid DNA is used in 0.5 mL of
the specific enzyme mix described below. Plasmids are digested with Ascl (100 units) in NEBuffer 4 (20 mM Tris-acetate,
10 mM magnesium acetate, 50 mM potassium acetate, 1 mM dithiothreitol, pH 7.9), 100. ng/mL BSA, and 5 mM beta-
mercaptoethanol at 37 °C for 1.5 hr. The resulting DNA fragments are separated by gel electrophoresis on 1% SeaPlaque
GTG agarose (BioWhitaker Molecular Applications), and the DNA fragments containing gene cassettes are cut from the
agarose gel. DNAis purified from the agarose using the GELase digesting enzyme following the manufacturer’s protocol.
[0486] A 50 pL aliquot of sterile distilled water containing 3 mg of gold particles (3 mg gold) is added to 30 pL of a 10
ng/wL DNA solution (either intact plasmid or DNA fragment prepared as described herein), 25 uL 5M CaCl,, and 20 pL
of 0.1 M spermidine. The mixture is shaken 3 min on level 3 of a vortex shaker and spun for 10 sec in a bench microfuge.
The supernatant is removed, followed by a wash with 400 p.L 100% ethanol and another brief centrifugation. The 400
wl ethanol is removed, and the pellet is resuspended in 40 pL of 100% ethanol. Five u.L of DNA suspension is dispensed
to each flying disk of the Biolistic PDS1000/HE instrument disk. Each 5 pL aliquot contains approximately 0.375 mg
gold per bombardment (e.g., per disk).

[0487] For model system transformations, the protocol is identical except for a few minor changes (i.e., 1 mg of gold
particles is added to 5 pL of a 1 nwg/uL DNA solution; 50 uL of a 2.5M CaCl, is used; and the pellet is ultimately
resuspended in 85 pL of 100% ethanol thus providing 0.058 mg of gold particles per bombardment).

Tissue Preparation and Bombardment with DNA:

[0488] Approximately 150-200 mg of seven day old embryogenic suspension cultures is placed in an empty, sterile
60 x 15 mm petri dish, and the dish is covered with plastic mesh. The chamber is evacuated to a vacuum of 27-28 inches
of mercury, and tissue is bombarded one or two shots per plate with membrane rupture pressure set at 1100 PSI. Tissue
is placed approximately 3.5 inches from the retaining /stopping screen. Model system transformation conditions are
identical except 100-150 mg of embryogenic tissue is used; rupture pressure is set at 650 PSI; and tissue is placed
approximately 2.5 inches from the retaining screen.

Selection of Transformed Embryos:

[0489] Transformed embryos are selected either using hygromycin (when the hygromycin B phosphotransferase (HPT)
gene is used as the selectable marker) or chlorsulfuron (when the acetolactate synthase (ALS) gene is used as the
selectable marker).

[0490] Following bombardment, the tissue is placed into fresh SB196 media and cultured as described above. Six to
eight days post-bombardment, the SB196 is exchanged with fresh SB196 containing either 30 mg/L hygromycin or 100
ng/mL chlorsulfuron, depending on the selectable marker used. The selection media is refreshed weekly. Four to six
weeks post-selection, green, transformed tissue is observed growing from untransformed, necrotic embryogenic clusters.
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Embryo Maturation:

[0491] Forproduction transformations, isolated, green tissue isremoved and inoculated into multiwell plates togenerate
new, clonally propagated, transformed embryogenic suspension cultures. Transformed embryogenic clusters are cul-
tured for four-six weeks in multiwell plates at 26 °C in SB196 under cool white fluorescent (Phillips cool white Econowatt
F40/CW/RS/EW) and Agro (Phillips F40 Agro) bulbs (40 watt) on a 16:8 hr photoperiod with light intensity of 90-120
wE/m2s. After this time, embryo clusters are removed to a solid agar media, SB166, for one-two weeks and then sub-
cultured to SB103 medium for 3-4 weeks to mature embryos. After maturation on plates in SB103, individual embryos
are removed from the clusters, dried, and screened for alterations in their fatty acid compositions as described supra.
[0492] For model system transformations, embryos are matured in soybean histodifferentiation and maturation liquid
medium (SHaM liquid media; Schmidtet al., Cell Biology and Morphogenesis 24:393 (2005)), using a modified procedure.
Briefly, after 4 weeks of selection in SB196, as described above, embryo clusters are removed to 35 mL of SB228 (SHaM
liquid media) in a 250 mL Erlenmeyer flask. Tissue is maintained in SHaM liquid media on a rotary shaker at 130 rpm
and 26 °C, with cool white fluorescent lights on a 16:8 hr day/night photoperiod at a light intensity of 60-85 wE/m2/s for
2 weeks as embryos matured. Embryos grown for 2 weeks in SHaM liquid media are equivalent in size and fatty acid
content to embryos cultured on SB166/SB103 for 5-8 weeks.

[0493] After maturation in SHaM liquid media, individual embryos are removed from the clusters, dried, and screened
for alterations in their fatty acid compositions as described supra. Media Recipes:

SB 196 - FN Lite Liguid Proliferation Medium (per liter)

[0494]
MS FeEDTA - 100x Stock 1 10 mL
MS Sulfate - 100x Stock 2 10 mL
FN Lite Halides - 100x Stock 3 10 mL
FN Lite P, B, Mo - 100x Stock 4 10 mL
B5 vitamins (1 mL/L) 1.0 mL
2,4-D (10mg/L final concentration) 1.0 mL
KNO4 2.83 gum
(NH4),80, 0.463 gm
asparagine 1.0gm
sucrose (1%) 10 gm
pH 5.8
EN Lite Stock Solutions
[0495]
Stock Number 1000 mL 500 mL
1 MS Fe EDTA 100x Stock
Na, EDTA* 3.724 g 1.862 g
FeSO, - 7TH,O 2784 g 1.392¢

Add first, dissolve in dark bottle while stirring

2 MS Sulfate 100x stock

MgSO, - 7H,0 3709 185g¢
MnSO, - Hy,O 169g  0.845¢g
ZnSO, - 7TH,0 086g 043¢
CuSO, - 5H20 0.0025g 0.00125g

3 FN Lite Halides 100x Stock
CaCl, - 2H,0 30.09 15.0¢9
Kl 0.083 g 0.0715¢g
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(continued)

Stock Number 1000 mL
CoCl, - 6H,0 0.0025¢g

4 FNLite P, B, Mo 100x Stock

KH,PO, 1859
H4BO;, 062g
Na,MoO, - 2H,0 0.025 g

10

SB1 Solid Medium (per liter)

[0496]
15
1 package MS salts (Gibco/ BRL - Cat. No. 11117-066)
1 mL B5 vitamins 1000X stock
31.5 g glucose
2 mL 2,4-D (20 mg/L final concentration)
pH 5.7
89 TC agar

20

SB199 Solid Medium (per liter)

25 [0497]
1 package MS salts (Gibco/ BRL - Cat. No. 11117-066)
1 mL B5 vitamins 1000X stock

30g Sucrose

4 ml 2,4-D (40 mg/L final concentration)

pH 7.0

2 gm Gelrite

30

SB 166 Solid Medium (per liter)

35
[0498]

1 package MS salts (Gibco/ BRL - Cat. No. 11117-066)
1 mL B5 vitamins 1000X stock

60 g maltose

750 mg MgCl, hexahydrate

5 g activated charcoal

pH 5.7

2 g gelrite

40

45
Sub 103 Solid Medium (per liter)

[0499]

1 package MS salts (Gibco/ BRL - Cat. No. 11117-066)
1mL B5 vitamins 1000X stock

60 g maltose

750 mg MgCI2 hexahydrate

pH 5.7

2 g gelrite

50

55
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500 mL
0.00125¢

9.25¢g
0.31g
0.0125g
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SB 71-4 Solid Medium (per liter)

[0500]

1 bottle Gamborg’s B5 salts w/ sucrose (Gibco/ BRL - Cat. No. 21153-036)

pH 5.7
59 TC agar

2.4-D Stock

[0501] Obtain premade from Phytotech Cat. No. D 295 - concentration 1 mg/mL

B5 Vitamins Stock (per 100 mL)

[0502] Store aliquots at -20 °C

10 g myo-inositol

100 mg nicotinic acid
100 mg pyridoxine HCI
1 g thiamine

[0503] If the solution does not dissolve quickly enough, apply a low level of heat via the hot stir plate.

SB 228- Soybean Histodifferentiation & Maturation (SHaM) (per liter)

[0504]

DDI H,0O 600 mL
FN-Lite Macro Salts for SHaM 10X 100 mL
MS Micro Salts 1000x 1 mL
MS FeEDTA 100x 10 mL
CaCl 100x 6.82 mL
B5 Vitamins 1000x 1 mL
L-Methionine 0.149 ¢
Sucrose 309
Sorbitol 309

[0505] Adjust volume to 900 mL

pH 5.8
Autoclave

Add to cooled media (<30 °C):

*Glutamine (final concentration 30 mM) 4% 110 mL
*Note: Final volume will be 1010 mL after glutamine, addition.

Since glutamine degrades relatively rapidly, it may be preferable to add immediately prior to using media. Expiration

2 weeks after glutamine is added; base media can be kept longer without glutamine.

EN-lite Macro for SHAM 10X- Stock #1 (per liter)

[0506]

(NH4),80,4 (ammonium sulfate)

KNOj; (potassium nitrate)

MgS0,*7H,0 (magnesium sulfate heptahydrate)
KH,PO, (potassium phosphate, monobasic)

95

463¢g
283¢g
3.7¢

1.85¢9g
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Bring to volume
Autoclave

MS Micro 1000X- Stock #2 (per 1 liter)

[0507]
H3BO4 (boric acid) 6.29g
MnSO,*H,O (manganese sulfate monohydrate) 16.9g
ZnS04*7H,0 (zinc sulfate heptahydrate) 864¢
Nay;MoO4*2H,0 (sodium molybdate dihydrate) 0.25¢
CuS0O,*5H,0 (copper sulfate pentahydrate) 0.025¢
CoCl,*6H,0 (cobalt chloride hexahydrate) 0.025¢g
Kl (potassium iodide) 0.8300 g

Bring to volume
Autoclave

FeEDTA 100X- Stock #3 (per liter)

[0508]
Na,EDTA* (sodium EDTA) 3.73g
FeSO,*7H,0 (iron sulfate heptahydrate) 2.78¢
*EDTA must be completely dissolved before adding
iron.

Bring to Volume
Solution is photosensitive. Bottle(s) should be wrapped in foil to omit light.
Autoclave

Ca 100X- Stock #4 (per liter)

[0509] CaCl,*2H,0- (calcium chloride dihydrate) 44 g
Bring to Volume
Autoclave

B5 Vitamin 1000X- Stock #5 (per liter)

[0510]

Thiamine*HCI 10 g
Nicotinic Acid 19
Pyridoxine*HCI 19
Myo-Inositol 100 g

Bring to Volume
Store frozen

4% Glutamine- Stock #6 (per liter)

[0511]

DDlwaterheatedto30°C 900 mL
L-Glutamine .. 409
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Gradually add while stirring and applying low heat.

Do not exceed 35 °C.

Bring to Volume

Filter Sterilize

Store frozen*

*Note: Warm thawed stock in 31 °C bath to fully dissolve crystals.

EXAMPLE 26

Chlorsulfuron Selection (ALS) and Plant Regeneration

Chlorsulfuron (ALS) selection:

[0512] Following bombardment, the tissue is divided between 2 flasks with fresh SB196 media and cultured as described
in Example 25. Six to seven days post-bombardment, the SB196 is exchanged with fresh SB196 containing selection
agent of 100 ng/mL chlorsulfuron (chlorsulfuron stock is 1 mg/mL in 0.01 N ammonium hydroxide). The selection media
is refreshed weekly. Four to six weeks post selection, green, transformed tissue may be observed growing from untrans-
formed, necrotic embryogenic clusters. Isolated, green tissue is removed and inoculated into multiwell plates containing
SB196, and embryos are matured as described in Example 25.

Regeneration of Soybean Somatic Embryos Into Plants:

[0513] Inordertoobtain whole plants from embryogenic suspension cultures, the tissue must be regenerated. Embryos
are matured as described in Example 25. After subculturing on medium SB103 for 3 weeks, individual embryos can be
removed from the clusters and screened for alterations in their fatty acid compositions as described herein. It should be
noted that any detectable phenotype, resulting from the expression of the genes of interest, could be screened at this
stage. This would include, but not be limited to, alterations in fatty acid profile, protein profile and content, carbohydrate
content, growth rate, viability, or the ability to develop normally into a soybean plant.

[0514] Matured individual embryos are desiccated by placing them into an empty, small petri dish (35 x 10 mm) for
approximately 4 to 7 days. The plates are sealed with fiber tape (creating a small humidity chamber). Desiccated embryos
are planted into SB71-4 medium where they are left to germinate under the same culture conditions described above.
Germinated plantlets are removed from germination medium and rinsed thoroughly with water and then are planted in
Redi-Earth in 24-cell pack tray, covered with clear plastic dome. After 2 weeks the dome is removed, and plants are
hardened off for a further week. If plantlets look hardy, they are transplanted to 10" pot of Redi-Earth with up to 3 plantlets
per pot. After 10 to 16 weeks, mature seeds are harvested, chipped, and analyzed for fatty acids.

EXAMPLE 27

Functional Analysis of the Euglena gracilis and Euglena anabaena DHA Synthases in Yarrowia lipolytica

[0515] Each of the expression vectors described below in Table 24 was transformed into Yarrow/a lipolytica strain
Y2224 (a uracil ura3 auxotrophic strain of Yarrowia lipolytica) as described in the General Methods above.

[0516] Single colonies of transformant Yarrowia lipolytica containing an appropriate Yarrowia expression vector (see
Table 24) were grown in 3 mL MM lacking uracil supplemented with 0.2% tergitol at 30 °C for 1 day. After this, 0.05 mL
was transferred to 3 mL of the same medium supplemented with either no fatty acid or EPA to 0.175 mM. These were
incubated for 16 hr at 30 °C, 250 rpm and then pellets were obtained by centrifugation. Cells were washed once with
water, pelleted by centrifugation and air dried. Pellets were transesterified (Roughan, G. and Nishida, I., Arch. Biochem.
Biophys. 276(1):38-46 (1990)) with 500 pL of 1% sodium methoxide for 30 min at 50 °C after which 500 pL of 1 M
sodium chloride and 100 pL of heptane were added. After thorough mixing and centrifugation, fatty acid methyl esters
(FAMESs) were analyzed by GC as described supra (see General Methods).
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TABLE 24
Summary of Vectors Transformed Into Yarrowia lipolytica
SE
Vector Vector GeneExpressed Ex. FIG. IDQ Comments
Backbone (SEQ ID NO3) No. No. NO:

pBY- pBY1 EgC20elo1 9 7D 39 EgC20elo1 expressed as fusion protein

EgC20elo1 (SEQ ID NO:5)

pY132 pBY1 EgDHAsyn1 9 8A 40 EgDHAsyn1 expressed as fusion protein
(SEQ ID NO:11)

pY161 pY159 EgDHAsyn1 9 8B 41 EgDHAsyn1 expressed from gene’s
(SEQ ID NO:11) translational start site

pY164 pY159 EgDHAsyn2 9 8C 42 EgDHAsyn2 expressed from gene’s
(SEQ ID NO:21) translational start site

pY141 pY115 EgDHAsyn1* 10 8D 49 Internal Ncol site of EQDHAsyn1 was

(SEQID removed to yield EgDHAsyn1*; no
NO:205) further nucleotide changes made

pY165 pY159 EaDHAsyn1 14 14A 99 EaDHAsyn1 expressed from gene’s
(SEQ ID NO:91) translational start site

pY 166 pY159 EaDHAsyn2 14 14B 100 EaDHAsyn2 expressed from gene’s
(SEQ ID NO:92) translational start site

pY167 pY159 EaDHAsyn3 14 14C 101 EaDHAsyn3 expressed from gene’s
(SEQ ID NO:93) translational start site

pY168 pY159 EaDHAsyn4 14 14D 102 EaDHAsyn4 expressed from gene’s
(SEQ ID NO:94) translational start site

[0517] The fatty acid profile for Yarrowia expressing pBY-EgC20elo1 showed no elongation of EPA to DPA. The fatty
acid profiles, calculated % elongation and calculated % desaturation for the remaining clones are shown in FIG. 18.
Percent C20 elongation (% C20 Elong) was calculated by dividing the sum of the weight percent (wt. %) for DPA and
DHA by the sum of the wt. % for EPA, DPA and DHA and multiplying by 100 to express as a %. Similarly, percent delta-
4 desaturation (% D4 Desat) was calculated by dividing the wt. % for DHA by the sum of the wt. % for DPA and DHA
and multiplying by 100 to express as a %. Averages are indicated by Ave. followed by appropriate header.

[0518] In summary of FIG. 18, all of the DHA synthases except for EaDHAsyn4 functioned as both C20 elongases
(elongating EPA to DPA) and as delta-4 desaturases (desaturating DPA to DHA) in Yarrowia. EaDHAsyn4, which
contained a substantially different amino acid sequence at the C-terminus due to a frameshift in the nucleotide sequence,
had considerably lower elongation function and no desaturase activity was detected. Expressing EgDHAsyn1 in pY132
consistently resulted in higher activity in Yarrowia when compared to the other EgDHAsyn1 constructs, likely due to the
fact that EQDHAsyn1 was expressed as an in-frame fusion between some vector sequence, the 5° UTR of EgDHAsyn1
and the EgDHAsyn1 coding sequence. The resulting fusion created may lead to enhanced activity because of enhanced
expression in Yarrowia or because of an inherent increase in activity to the enzyme itself. When only the coding sequence
of EgDHAsyn1* is expressed (i.e., with no 5’UTR; see pY141), the activity is higher than when the 5’UTR is present but
not translated as a fusion (i.e., see pY161). This observation is likely due to a decrease in expression of EQDHAsyn1
due to the presence of the 5UTR.

EXAMPLE 28

Functional Analysis of EaDHAsyn1 Independent C20 Elongase and Delta-4 Desaturase Domains and Comparison with
Heterologous Fusions

[0519] Each of the expression vectors described below in Table 25 (and a vector only control) was transformed into
Yarrowia lipolytica strain Y2224, as described in Example 27. EPA and/or DPA was fed to the transformed Yarrowia
cells. A schematic showing the relative domain structure for each construct in Table 25 is shown in FIG. 21.
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TABLE 25

Summary of Vectors Expressed in Yarrowia lipolytica

GeneExpressed(SEQID | Ex. FIG. SEQ
Vector NO:) No No ID Comments
' ' ' NO:
pY141 EgDHAsyn1* (SEQ ID 10 8D 49 internal Ncol site of EgDHAsyn1 wasremoved to yield
NO:205) EgDHAsyn1*; no further nucleotide changes made
pY143 EgDHAsyn1C 10 9A 52 contains the N-terminal domain of EQDHAsyn1*
20EloDom1 (SEQ ID (EgDHAsyn1C20EloDom1) and does not include the
NO:206) proline-rich linker or delta_4 desaturase domain
pY149 EgDHAsyn1C 10 9B 55 contains the N-terminal domain of EQDHAsyn1* as
20EloDom2Lin ker (SEQ wellas the proline-rich linker, but does not contain the
ID NO:207) delta-4 desaturase domain; also contains 4 additional

amino acids (i.e., SCRT) after the linker region

pY150 IgD4* (SEQ ID NO:210) 11 9C 62 Isochrysis galbana delta-4 desaturase with Sbfl site
at the 5’ end after the start codon

pY156 EgDHAsyn1C 11 9D 64 contains in-frame fusion between the
20EloDom3-IgD4 EgDHAsyn1C20EloDom3Linker and IgD4*,
("IgFus") (SEQ ID separated by the proline-rich linker region
NO:211)
pY152 EgDHAsyn1D 4Dom1 11 10A 67 contains the C-terminal domain of EQDHAsyn1* (i.e.,
("EgD4Dom1") (SEQ ID the delta-4 desaturase domain, starting just after the
NO:216) end of the proline-rich linker region); also contains an

ATG start codon at the 5’ end of the PCR product
followed by an Shfl site

pY157 EgDHAsyn1C 1M 10B 69 contains an in-frame fusion between
20EloDom3-EgD4Dom1 EgDHAsyn1C20EloDom and EgDHAsyn1 D4Dom1,
("EgFus") (SEQ ID separated by the proline-rich linker region (called
NO:218) EgDHAsyn C20EloDom3-EgD4Dom1); almost

identical to EQDHAsyn1 except one amino acid (i.e.,
G323L) is changed due to the Shfl cloning site and
fusion junction

PY153 EgDHAsyn1D 4Dom2 11 10C 72 contains region of the C-terminus of EgDHAsyn1
(SEQ ID NO:220) containing the delta-4 desaturase domain and some
"EgD4Dom?2" of the C20 elongase domain

pY151 SaD4* (SEQ ID NO:223) 1 10D 76 Schizochytrium aggregatum delta-4 desaturase with
Shfl site at the 5’ end after the start codon

pY160 EgDHAsyn1C 11 11 77 contains in-frame fusion between
20EloDom3-SaD4 EgDHAsyn1C20EloDom3 and SaD4, separated by
("SaFus") (SEQ ID the proline-rich linker region
NO:225)

Fatty acid profiles of the transformant cells were subsequently analyzed as described in Example 27.

[0520] The results for feeding EPA to a vector only control, pY141, pY143, pY149, pY156, pY157 and pY160 are
shown in FIG. 19. The fatty acid profiles for Yarrowia expressing pY150, pY151, pY152 and pY 153 showed no elongation
of EPA to DPA and are not shown in FIG. 19.

[0521] The results for feeding DPA to a vector only control, pY141, pY150, pY151, pY152, pY153, pY156, pY157 and
pY 160 are shown in FIG. 20. The fatty acid profiles for Yarrowia expressing pY 143 and pY149 showed no desaturation
of DPA to DHA and are not shown in FIG. 20.

[0522] PercentC20elongation (% C20 Elong), percentdelta-4 desaturation (% D4 Desat) and averages were calculated
as described in Example 27.
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[0523] In summary of FIG. 19 and FIG. 20, when the EgDHAsyn1C20Elo domain is expressed alone (with or without
the linker; i.e., pY143 and pY149), the average percent C20 elongation increases by about 40% compared to the native
EgDHAsyn1* (pY141; SEQ ID NO:49). The opposite occurs with the EgDHAsyn1 delta-4 desaturase domain where
there is no activity with EgDHAsyn1D4Dom1 (pY152; SEQ ID NO:67; see FIG. 20) and about 50% less with
EgDHAsyn1D4Dom2 (pY153; SEQ ID NO:72; see FIG. 20) when expressed alone compared to EgDHAsyn1* (pY141;
SEQ ID NO:49; see FIG. 20) fed DPA. The IgD4 has no delta-4 desaturase activity when expressed alone (pY150; SEQ
ID NO:62; see FIG. 20) or as a fusion (pY156; SEQ ID NO:64; see FIGs. 19 and 20) and even causes an approximately
50% decrease in elongation activity when fused to the EgDHAsyn1C20 elongase domain (pY156; SEQ ID NO:64; see
FIG. 19), possibly due to incorrect folding. In contrast, the SaD4 expressed alone (pY151; SEQ ID NO:76; see FIG. 20)
has approximately the same delta-4 desaturase activity as that for the native EQDHAsyn1* (pY141; SEQ ID NO:49; see
FIG. 20). Interestingly, the delta-4 desaturase activity of SaD4 increases approximately 2-fold when fused to the
EgDHAsyn1 C20 elongase domain (pY160; SEQ ID NO:77; see FIG. 20). When fused to EgDHAsyn1 C20 elongase
domain and fed EPA (pY160; SEQ ID NO:77; see FIG. 19), the delta-4 desaturase activity is approximately 3-fold higher
than when DPAis fed (pY160; SEQ ID NO:77; see FIG. 20) suggesting the linking of the two domains results in increased
efficiency or flux, perhaps due to substrate channeling.

EXAMPLE 29

Substrate Specificity of EQgDHAsyn1*

[0524] GLA, STA, EDA, ERA, DGLA, ETA, ARA, EPA and DPA were fed to Yarrowia cells transformed with pY141
(EgDHAsyn1*; SEQ ID NO:49) and a vector only control and fatty acid profiles were analyzed as described in Example 27.
[0525] The results for feeding EPA, ARA and DPA are shown in FIG. 22. The fatty acid profiles for Yarrowia fed with
GLA, STA, EDA, ERA, DGLA and ETA showed no elongation and are not shown in FIG. 22. Percent C20 elongation
(% C20 Elong) and percent delta-4 desaturation (% D4 Desat) and averages were calculated as described in Example
27 when fed EPA or DPA. When fed ARA, percent C20 elongation (% C20 Elong) was calculated by dividing the sum
of the wt. % for docosatetraenoic acid [DTA; 22:4 (7,10,13,16)] and omega-6 docosapentaenoic acid [DPAN-6;
22:5(4,7,10,13,16)] by the sum of the wt. % for ARA, DTA and DPAn-6 and multiplying by 100 to express as a %.
Similarly, percent delta-4 desaturation (% D4 Desat) when fed ARA was calculated by dividing the wt. % for DPANn-6 by
the sum of the wt. % for DTA and DPAN-6 and multiplying by 100 to express as a %.

[0526] In summary of FIG. 22, EgDHAsyn1* elongate both ARA and EPA although it has a slight preference (approx-
imately 40% more active) for EPA. The elongation product of ARA (i.e., DTA) is also desaturated in the delta-4 position
by EgDHAsyn1 to produce DPA-6 and the activity is approximately 40% higher for DTA than DPA.

EXAMPLE 30
Co-expression of the Euglena gracilis DHA Synthase 1 with the Paviova lutheri Delta-8 Desaturase, the Mortierella

alpina Delta-5 Desaturase, the Saprolegnia diclina Delta-17 Desaturase and the Euglena gracilis Delta-9 Elongases in
Soybean Embryos Transformed with Soybean Expression Vectors pKR973 and pKR 1064

[0527] Mature somatic soybean embryos are a good model for zygotic embryos. While in the globular embryo state
in liquid culture, somatic soybean embryos contain very low amounts of triacylglycerol or storage proteins typical of
maturing, zygotic soybean embryos. At this developmental stage, the ratio of total triacylglyceride to total polar lipid
(phospholipids and glycolipid) is about 1:4, as is typical of zygotic soybean embryos at the developmental stage from
which the somatic embryo culture was initiated. At the globular stage as well, the mRNAs for the prominent seed proteins,
o’-subunit of f-conglycinin, kunitz trypsin inhibitor 3, and seed lectin are essentially absent. Upon transfer to hormone-
free media to allow differentiation to the maturing somatic embryo state, triacylglycerol becomes the most abundant lipid
class. As well, mRNAs for o’-subunit of B-conglycinin, kunitz trypsin inhibitor 3 and seed lectin become very abundant
messages in the total MRNA population. On this basis, the somatic soybean embryo system behaves very similarly to
maturing zygotic soybean embryos in vivo, and is thus a good and rapid model system for analyzing the phenotypic
effects of modifying the expression of genes in the fatty acid biosynthesis pathway (see PCT Publication No. WO
2002/00904, Example 3). Most importantly, the model system is also predictive of the fatty acid composition of seeds
from plants derived from transgenic embryos.

Fatty Acid Analysis of Transgenic Somatic Soybean Embryos Expressing pKR973 and pKR1064:

[0528] Soybean embryogenic suspension cultures (cv. Jack) were transformed with the Ascl fragments of pKR973
and pKR1064 (fragments containing the expression cassettes), as described for production in Example 25 and as
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summarized in Table 26.

TABLE 26
Summary of Vectors Expressed in Soybean
Vector Ex. No. | FIG. No. Si%.ID Genes Expressed
pKR973 16 15B 128 Paviova lutheri delta-8 desaturase, Mortierella alpina delta-5
desaturase and Euglena gracilis delta-9 elongase
pKR1064 17 15C 132 Euglena gracilis DHA synthase 1 and Saprolegnia diclina delta-17
desaturase

[0529] A subset of soybean embryos generated from each event (ten embryos per event) were harvested and picked
into glass GC vials and fatty acid methyl esters were prepared by transesterification. For transesterification, 50 L of
trimethylsulfonium hydroxide (TMSH) and 0.5 mL of hexane were added to the embryos in glass vials and incubated for
30 min at room temperature while shaking. Fatty acid methyl esters (5 pL injected from hexane layer) were separated
and quantified using a Hewlett-Packard 6890 Gas Chromatograph fitted with an Omegawax 320 fused silica capillary
column (Cat. No. 24152, Supelco Inc.). The oven temperature was programmed to hold at 220 °C for 2.6 min, increase
to 240 °C at 20 °C/min and then hold for an additional 2.4 min. Carrier gas was supplied by a Whatman hydrogen
generator. Retention times were compared to those for methyl esters of standards commercially available (Nu-Chek
Prep, Inc.). Events having good phenotype were re-analyzed by GC using identical conditions except the oven temper-
ature held at 150 °C for 1 min and then increased to 240 °C at 5 °C.

[0530] The fatty acid profiles for individual embryos from a representative event are shown in FIG. 23. Fatty acids are
identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), 18:2(LA), GLA, 18:3 (ALA), EDA, DGLA, ARA, ERA,
JUN, EPA, 22:3(10,13,16) (docosatrienoic acid), DTA, DPA and DHA,; and, fatty acid compositions listed in FIG. 23 are
expressed as a weight percent (wt. %) of total fatty acids.

[0531] The activity of EQDHAsyn1 is expressed as percent G20 elongation (% C20 Elong) and/or percent delta-4
desaturation (% D4 Desat), calculated according to the following formula: ([product])/[substrate + product])*100.

[0532] More specifically, the percent elongation for EPA is shown as % C20 Elong, determined as: ([DPA + DHAY/[EPA
+ DPA + DHA])*100. The percent delta-4 desaturation for DPA is shown as % D4 Desat, determined as ([DHA)/[DPA +
DHAJ)*100. Other fatty acids that may be elongated or desaturated were not included in this calculation.

[0533] In addition to elongation and desaturation products for EPA and ARA, it appears that in soybean, DGLA is also
elongated by the EgDHAsyn1 as a significant amount of the fatty acid 22:3(10,13,16) was made. The fatty acid was
identified as 22:3(10,13,16) because it was found to have a mass for 22:3 by GC-MS and had an MS profile that agrees
with that for 22:3(10,13,16).

EXAMPLE 31

Expression of the Euglena gracilis Delta-9 Elongase/ Paviova lutheri Delta-8 Desaturase Fusion (EgD9elo-
EgDHAsyn1Link-PavD8) in Soybean Embryos Transformed With Soybean Expression Vectors KS373

[0534] Soybean embryogenic suspension culture (cv. Jack) was transformed with KS373 (SEQ ID NO:179; FIG. 17)
and KS120 (which is described in PCT Publication No. WO 2004/071467) as described for the model system in Example
25. KS120 contains the hygromycin selection. KS373, produced in Example 23, enabled expression of a fusion protein
comprising the Euglena gracilis delta-9 elongase and the Pavlova lutheri delta-8 desaturase, wherein the two domains
were linked with Euglena gracilis DHA Synthase 1 Linker (i.e., EgDHAsyn1Link).

[0535] The fatty acid profiles for five individual embryos from 31 events were obtained as described in Example 30.
Results from the five best elongation events are shown in FIG. 24. Fatty acids are identified as 16:0 (palmitate), 18:0
(stearic acid), 18:1 (oleic acid), 18:2 (LA), GLA, 18:3 (ALA), EDA, DGLA, ERA and ETA; and, fatty acid compositions
listed in FIG. 24 are expressed as a weight percent (wt. %) of total fatty acids.

[0536] The activity of EgD9elo-EgDHAsyn1Link-PavD8 is expressed as percent delta-9 elongation (% D9 Elong)
and/or percent delta-8 desaturation (% D8 Desat), calculated according to the following formula: ([product]/[substrate +
product])*100.

[0537] More specifically, the percent delta-9 elongation is shown as % D9 Elong, determined as: ([EDA + ERA + DGLA
+ ETA]/[LA + ALA + EDA + ERA + DGLA + ETA])*100. The percent delta-8 desaturation is shown as % D8 Desat,
determined as ([DGLA + ETA)/[EDA + ERA + DGLA + ETA])*100.
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[0538] The best % D9 Elong event had an average elongation of 22.1% with an average % D8 Desat of 92.7%.
Elongation is slightly lower than that seen when the delta-9 elongase is expressed alone in soybean embryos although
this might be due to the small numbers of events looked at. In contrast, desaturation is considerably higher when the
PavD8 is fused with the EgD9elo and EgDHAsyn1 Link than when the PavD8 is expressed alone in soybean embryos,
reaching almost 100% conversion in some events. This enhanced conversion by the delta-8 desaturase might be due
to increased efficiency or flux, perhaps due to substrate channeling.

EXAMPLE 32

Svnthesis And Functional Analysis of a Codon-Optimized C20 Elongase Gene (EgC20ES), From Euglena gracilis in
Yarrowia lipolytica

[0539] The codon usage of the C20 elongase domain of EgDHAsyn1 (EgDHAsyn1C20EloDom1) of Euglena gracilis
(i.e., corresponding to amino acids 1-303 of SEQ ID NO:12) was optimized for expression in Yarrowia lipolytica, in a
manner similar to that described in PCT Publication No. WO 2004/101753 and U.S. Patent 7,125,672. Specifically, a
codon-optimized C20 elongase gene (designated "EgC20ES" and having the nucleotide sequence as set forth in SEQ
ID NO:183 and the amino acid sequence as set forth in SEQ ID NO:184) was designed, based on the coding sequence
of the C20 elongase domain of EgDHAsyn1 (SEQ ID NO:201), according to the Yarrowia codon usage pattern (PCT
Publication No. WO 2004/101753), the consensus sequence around the 'ATG’ translation initiation codon, and the
generalrules of RNA stability (Guhaniyogi, G. and J. Brewer, Gene, 265(1-2):11-23 (2001)). In addition to the modification
of the translation initiation site, 163 bp of the 909 bp coding region were modified (17.9%) and 147 codons were optimized
(48.5%). None of the modifications in the codon-optimized gene changed the amino acid sequence of the encoded
protein (i.e.., SEQ ID NO:184 is 100% identical in sequence to amino acids 1-303 of SEQ ID NO:12). The designed
EgC20ES gene (SEQ ID NO:183) was synthesized by GenScript Corporation (Piscataway, NJ) and cloned into pUC57
(GenBank Accession No. Y14837) to generate pEgC20ES (FIG. 51B; SEQ ID NO:185).

[0540] To analyze the function of the codon-optimized EgC20ES gene, plasmid pZuFmEgC20ES (FIG. 52A; SEQ ID
NO:360) comprising a chimeric FBAINm::EgC20ES::Pex20 gene was constructed. Plasmid pZuFmEgC20ES contained
the following components:

TABLE 27
Components Of Plasmid pZuFmEqC20ES (SEQ ID NO:360)

RE Sites And Nucleotides Within Description Of Fragment And Chimeric Gene Components
SEQ ID NO:360

Swal/BsiW| (6063-318) FBAINm::EgC20ES::Pex20, comprising:

* FBAINmM: Yarrowia lipolytica FBAINm promoter (PCT Publication No. WO
2005/049805; U.S. Patent 7,202,356);

* EgC20ES: codon-optimized C20 elongase gene (SEQ ID NO:183), derived
from Euglena gracilis;

» Pex20: Pex20 terminator sequence of Yarrowia Pex20 gene (GenBank
Accession No. AF054613)

2269-1389 ColE1 plasmid origin of replication

3199-2339 Ampicillin-resistance gene (AmpR) for selection in E. cofi

4098-5402 Yarrowia autonomous replication sequence (ARS18; GenBank Accession No.
A17608)

6935-5448 Yarrowia Ura 3 gene (GenBank Accession No. AJ306421)

[0541] Plasmid pZUFmEgQC20ES was transformed into Yarrowia lipolytica strain Y4184U4, as described in the General
Methods. The transformants were selected on MM plates. After 2 days growth at 30 °C, 10 transformants grown on the
MM plates were picked and re-streaked onto fresh MM plates. Once grown, 10 strains were individually inoculated into
3 mL liquid MM at 30 °C and shaken at 250 rpm/min for 2 days. The cells were collected by centrifugation; lipids were
extracted; and fatty acid methyl esters were prepared by trans-esterification and subsequently analyzed with a Hewlett-
Packard 6890 GC.

[0542] GC analyses showed that there were about 6.2% EPA and 2.8% DPA of total lipids produced in all ten trans-
formants, wherein the conversion efficiency of EPA to DPA inthese 10 strains was determined to be about 31% (calculated
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asdescribed in Example 27). Thus, this experimental data demonstrated thatthe synthetic Euglena gracilis C20 elongase
codon-optimized for expression in Yarrowia lipolytica (i.e., EQC20ES, as set forth in SEQ ID NO:183) actively converts
EPA to DPA.
EXAMPLE 33

Synthesis And Functional Analysis of a Codon-Optimized C20 Elongase Gene (EaC20ES) From Euglena anabaena in
Yarrowia lipolytica

[0543] The codon usage of the C20 elongase domain of EaDHAsyn2 (SEQ ID NO:228) of Euglena anabaena (i.e.,
corresponding to amino acids 1-299 of SEQ ID NO:96) was optimized for expression in Yarrowia lipolytica, in a manner
similar to that described in PCT Publication No. WO 2004/101753, U.S. Patent 7,125,672 and above in Example 32.
Specifically, a codon-optimized C20 elongase gene (designated "EaC20ES" and having the nucleotide sequence as set
forth in SEQ ID NO:188 and the amino acid sequence as set forth in SEQ ID NO:189) was designed, based on the
coding sequence of the C20 elongase domain of EaDHAsyn2 (SEQ ID NO:92), according to the Yarrowia codon usage
pattern (PCT Publication No. WO 2004/101753), the consensus sequence around the ’ATG’ translation initiation codon,
and the general rules of RNA stability (Guhaniyogi, G. and J. Brewer, Gene, 265(1-2):11-23 (2001)). In addition to the
modification of the translation initiation site, 143 bp of the 897 bp coding region were modified (15.9%) and 134 codons
were optimized (44.8%). None of the modifications in the codon-optimized gene changed the amino acid sequence of
the encoded protein (i.e., SEQ ID NO:189 is 100% identical in sequence to amino acids 1-299 of SEQ ID NO:96). The
designed EaC20ES gene (SEQ ID NO:188) was synthesized by GenScript Corporation (Piscataway, NJ) and was cloned
into pUC57 (GenBank Accession No. Y14837) to generate pEaC20ES (SEQ ID NO:190).

[0544] To analyze the function of the codon-optimized EaC20ES gene, plasmid pZuFmEaC20ES (SEQ ID NO:361)
was constructed comprising a chimeric FBAINm::EaC20ES::Pex20 gene. Plasmid pZuFmEaC20ES (SEQ ID NO: 361)
was identical in construction to that of plasmid pZUFmEgC20ES (SEQ ID NO:360; FIG. 52A), with the exception that
EaC20ES (SEQ ID NO:188) was used in place of EQC20ES (SEQ ID NO:183).

[0545] Plasmid pZuFmEaC20ES (SEQ ID NO:361) was transformed into Yarrowia lipolytica strain Y4184U4, as de-
scribed in the General Methods. The transformants were selected on MM plates. After 2 days growth at 30 °C, 20
transformants grown on the MM plates were picked and re-streaked onto fresh MM plates. Once grown, 20 strains were
individually inoculated into 3 mL liquid MM at 30 °C and shaken at 250 rpm/min for 2 days. The cells were collected by
centrifugation; lipids were extracted; and fatty acid methyl esters were prepared by trans-esterification and subsequently
analyzed with a Hewlett-Packard 6890 GC.

[0546] GC analyses showed that there were about 7.4% EPA and 1% DPA of total lipids produced in all 20 transform-
ants, wherein the conversion efficiency of EPA to DPA in these 20 strains was determined to be about 11% (calculated
as described in Example 27). Thus, this experimental data demonstrated that the synthetic Euglena anabaena C20
elongase codon-optimized for expression in Yarrowia lipolytica (i.e., EaC20ES, as set forth in SEQ ID NO:188) actively
converts EPA to DPA.

EXAMPLE 34

Synthesis And Functional Analysis of a Codon-Optimized Delta-4 Desaturase Gene (EaD4S) From Euglena anabaena
in Yarrowia lipolytica

[0547] The codon usage of the delta-4 desaturase domain of EaDHAsyn2 (SEQ ID NO:243) of Euglena anabaena
(i.e., corresponding to amino acids 259-841 of SEQ ID NO:96) was optimized for expression in Yarrowia lipolytica, in a
manner similar to that described in PCT Publication No. WO 2004/101753, U.S. Patent 7,125,672 and above in Examples
32 and 33. Specifically, a codon-optimized delta-4 desaturase gene (desighated "EaD4S" and having the nucleotide
sequence as set forth in SEQ ID NO:192 and the amino acid sequence as set forth in SEQ ID NO:193) was designed,
based on the coding sequence of the delta-4 desaturase domain of EaDHAsyn2 (SEQ ID NO:92), which is also provided
as SEQ ID NO:194 (nucleotide) and SEQ ID NO:195 (amino acid). In addition to the modification of the translation
initiation site, 307 bp of the 1752 (including the TAA stop codon) bp coding region were modified (17.5%) and 285 codons
were optimized (48.8%). Additionally, a Ncol site was introduced around the translation start codon by changing the
second amino acid of the wild type delta-4 desaturase domain (i.e., amino acid residue 260 of SEQ ID NO:96 or amino
acid residue 2 of SEQ ID NO:195) from a leucine to a valine residue in the synthetic EaD4S gene; thus, the amino acid
sequence of EaD4S is set forth in SEQ ID NO:193. The designed EaD4S gene (SEQ ID NO:192) was synthesized by
GenScript Corporation (Piscataway, NJ) and was cloned into pUC57 (GenBank Accession No. Y14837) to generate
pEaD4S (SEQ ID NO:196).

[0548] To analyze the function of the codon-optimized EaD4S gene, plasmid pZKL4-220EA4 (FIG. 52B; SEQ ID
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NO:362) was constructed to integrate two chimeric C20 elongase genes and the chimeric EaD4S gene into the lipase
4 like locus (GenBank Accession No. XM_503825) of Yarrowia lipolytica strain Y4184U4. Plasmid pZKL4-220EA4
contained the following components:

TABLE 28

Components Of Plasmid pZKL4-220EA4 (SEQ ID NO:362)

RE Sites And Nucleotides Within Description of Fragment And Chimeric Gene Components
SEQ ID NO:362

Asc I/BsiW | (4875-4123) 745 bp 5’ portion of the Yarrowia Lipase 4 like gene (SEQ ID NO:363; GenBank
Accession No. XM 503825)

Pacl/Sphl (8371-7583) 782 bp 3 portion of Yarrowia Lipase 4 like gene (SEQ ID NO:363; GenBank
Accession No. XM 503825)

Swa I/BsiW | (1980-4123) FBAINm::EaC20ES::Pex20, comprising:

* FBAINm: Yarrowia lipolytica FBAINm promoter (PCT Publication No. WO
2005/049805; U.S. Patent 7,202,356);

*EaC20ES: codon-optimized C20 elongase gene (SEQID NO:188; Example
33), derived from Euglena anabaena;

» Pex20: Pex20 terminator sequence from Yarrowia Pex20 gene (GenBank
Accession No. AF054613)

Pme |/Swa | (1-1980) YAT1::EgC20ES::Lip1, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (Patent Publication No. U.S.
2006/0094102-A1);

* EgC20ES: codon-optimized C20 elongase gene (SEQID NO:183; Example
32), derived from Euglena gracilis;

* Lip1: Lip1 terminator sequence from Yarrowia Lip1 gene (GenBank
Accession No. Z50020)

Cla I/Pme | (1-10472) EXP1::EaD4S::Lip2, comprising:

* EXP1: Yarrowia lipolytica export protein promoter (PCT Publication No.
WO 2006/052870 and U.S. Patent Publication No. US 2006/0115881);

» EaD4S: codon-optimized delta-4 desaturase gene (SEQ ID NO:192),
derived from Euglena anabaena;

* Lip2: Lip2 terminator sequence from Yarrowia Lip2 gene (GenBank
Accession No. AJ012632)

Sal llEcoR | (10022-8403) * Yarrowia Ura3 gene (GenBank Accession No. AJ306421

[0549] Plasmid pZKL4-220EA4 was digested with Ascl/Sphl, and then transformed into Yarrowia lipolytica strain
Y4184U4, as described in the General Methods. The transformants were selected on MM plates. After 5 days growth
at 30 °C, 8 transformants grown on the MM plates were picked and re-streaked onto fresh MM plates. Once grown,
these strains were individually inoculated into 3 mL liquid MM at 30 °C and shaken at 250 rpm/min for 2 days. The cells
were collected by centrifugation, resuspended in HGM and then shaken at 250 rpm/min for 5 days. The cells were
collected by centrifugation, lipids were extracted, and fatty acid methyl esters were prepared by trans-esterification, and
subsequently analyzed with a Hewlett-Packard 6890 GC.

[0550] GC analyses showed that there were an average of 0.4% DHA and 10.2% DPA of total lipids produced in all
8 transformants, wherein the conversion efficiency of DPA to DHA in these 8 strains was determined to be about 4.2%
(calculated as described in Example 27). Thus, this experimental data demonstrated that the synthetic Euglena anabaena
delta-4 desaturase codon-optimized for expression in Yarrowia lipolytica (i.e., EaD4S, as set forth in SEQ ID NO:192)
is active, but functions with relatively low conversion efficiency.
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EXAMPLE 35
Co-expression of the Euglena gracilis DHA Synthase 1 C20 Elongase Domain (EgDHAsyn1C20EloDom1) with the

Schizochytrium aggreqgation Delta-4 Desaturase (SaD4) in Soybean Embryos Transformed with Soybean Expression
Vector pKR1105

[0551] The following example describes the generation of transgenic soybean events expressing
EgDHAsyn1C20EloDom1 and SaD4 that, when generated into plants, could be crossed with EPA-producing soybean
events to generate DHA-producing plants.

[0552] Soybean embryogenic suspension culture (cv. Jack) was transformed with the Ascl fragment of pKR1105 (SEQ
ID NO:156; FIG. 16A; fragment containing the expression cassette) and embryos were matured as described for pro-
duction in Example 25 but with the following change. After maturation on SB103 for 10-12 days, a single cluster of
embryos for each event was removed to 4 mL of SB148 liquid media (recipe below) containing 0.02% tergitol and 0.33
mM EPA in a six-well micro-titer plate.

SB 103 Solid Medium (per liter)

[0553]

1 package MS salts (Gibco/ BRL - Cat. No. 11117-066)
1 mL B5 vitamins 1000X stock

60 g maltose

pH 5.7

[0554] Clusters were carefully broken up to release individual embryos and micro-titer plates were shaken on a rotary
shaker at 150 rpm and 26 °C under cool white fluorescent lights on a 16:8 hr day/night photoperiod at a light intensity
of 60-85 E/m2/s for 48 hrs. After 48 hrs, embryos were rinsed with water, dried and five embryos per event were picked
into glass GC vials. Fatty acid methyl esters were prepared by transesterification with TMSH and were quantified using
a Hewlett-Packard 6890 Gas Chromatograph fitted with an Omegawax 320 fused silica capillary column (Cat. No. 24152,
Supelco Inc.) as described in Example 30. The oven temperature was programmed to hold at 150 °C for 1 min and then
was increased to 240 °C at 5 °C. Retention times were compared to those for methyl esters of standards commercially
available (Nu-Chek Prep, Inc.).

[0555] In this way, 122 events transformed with pKR1105 were analyzed. From the 122 events analyzed, 49 were
identified that elongated EPA (C20/delta-5 elongase activity) and of these, 41 were identified that desaturated DPA
(delta-4 desaturase activity) to produce DHA The events with the best C20/delta-5 elongase and delta-4 desaturase
activities were advanced and the fatty acid profiles from feeding embryos with EPA are shown in FIG. 26.

[0556] Fatty acids in FIG. 26 are identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA, EPA,
22:0 (docosanoic acid), DPA, 24:0 (tetracosanoic acid), DHA and 24:1 (nevonic acid); and, fatty acid compositions listed
in FIG. 26 are expressed as a weight percent (wt. %) of total fatty acids. The activity of the EgDHAsyn1C20EloDom1 is
expressed as percent C20/delta-5 elongation (% C20/delta-5 elong), calculated according to the following formula:
([product)/[substrate + product])*100. More specifically, the combined percent elongation for EPAis shown as "% C20/del-
ta-5 elong", determined as: ([DPA + DHAJ/[EPA + DPA + DHA])*100.

[0557] The activity of the SaD4 is expressed as percent delta-4 desaturation (% delta-4 desat), calculated according
to the following formula: ([product])/[substrate + product])*100. More specifically, the combined percent desaturation for
DPA is shown as "% delta-4 desat", determined as: (DHA/[DPA + DHA])*100.

EXAMPLE 36

Identification of a Delta-9 Elongase From Euglena anabaena UTEX 373

[0558] The present example describes the identification of delta-9 elongases from a Euglena anabaena UTEX 373
cDNA, library.

Growth of Euglena anabaena UTEX 373 and preparation of RNA

[0559] Amplified cDNA library eug1c was plated and colonies lifted as described in Example 13. A DNA probe was
made using an agarose gel purified Ncol/Notl DNA fragment containing the Euglena gracilis delta-9 elongase gene, from
pKR906 (SEQ ID NO:115; Example 16 and WO 2007/061845, which published May 31, 2007; Attorney Docket No. BB-
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1562) labeled with P32 dCTP using the RadPrime DNA Labeling System (Cat. No. 18428-011; Invitrogen, Carlsbad, CA)
following the manufacturer’s instructions.

[0560] Colony lifts were probed and positives were identified and confirmed as described in Example 13. Plasmid
DNA was isolated and sequenced exactly as described in Example 2 and sequences were alighed and compared using
Sequencher™ (Version 4.2, Gene Codes Corporation, Ann Arbor, Ml). In this way, the clones could be categorized into
one of two distinct groups based on insert sequence (designated EaD9Elo1 and EaD9Elo2). Representative clones
containing the cDNA for each class of sequence were chosen for further study, and the sequences for each representative
plasmid (pLF121-1 and pLF121-2) are shown in SEQ ID NO:250 and SEQ ID NO:251, respectively. The sequence
shown by a string of NNNN’s represents a region of the polyA tail which was not sequenced. The coding sequences for
EaD9Elo1 and EaD9Elo2 are shown in SEQ ID NO:252 and SEQ ID NO:253, respectively. The corresponding amino
acid sequences for EaD9Elo1 and EaD9Elo2 are shown in SEQ ID NO:254 and SEQ ID NO:255, respectively.

EXAMPLE 37

Identification of a Delta-5 Desaturase From Euglena anabaena UTEX 373

[0561] The present Example describes the identification of a delta-5 desaturase from Euglena anabaena UTEX 373.
[0562] Amplified cDNA library eug1c was plated and colonies lifted as described in Example 13. A DNA probe was
made using an agarose gel purified Ncol/Notl DNA fragment containing the Euglena gracilis delta-5-desaturase gene
(EgD5; SEQ ID NO:267) from pDMW367, previously described in PCT Publication No. WO 2007/136877 (published
November 29, 2007; Attorney Docket No. BB1629), labeled with P32,

[0563] Colony lifts were probed and positives were identified and confirmed as described in Example 13. Plasmid
DNA was isolated and sequenced exactly as described in Example 2, and sequences were aligned and compared using
Sequencher™ (Version 4.2, Gene Codes Corporation, Ann Arbor, MlI).

[0564] A representative clone containing a cDNA (pLF119) is shown in SEQ ID NO:256 and the gene contained within
the cDNA was called EaD5Des1. The coding sequence for EaD5Des1 is shown in SEQ ID NO:257. The corresponding
amino acid sequence for EaD5Des1 is shown in SEQ ID NO:258.

EXAMPLE 38

Construction of Soybean Expression Vector pKR1183 for Expression of a Euglena anabaena delta-9 elongase-Tetru-
etreptia pomguetensis Camp1491 Delta-8 Desaturase Fusion Gene (Hybrid1-HGLA Synthase)

[0565] An in-frame fusion between the Euglena anabaena delta-9 elongase (EaD9Elo1; SEQ ID NO:252; Example
36), the Euglena graciiis DHA synthase 1 proline-rich linker (EgDHAsyn1Link; SEQ ID NO:197; Example 6) and the
Tetruetreptia pomquetensis CCMP1491 delta-8 desaturase (TpomDB; SEQIDNO:162; Example 21; see also Applicants’
Assignee’s co-pending application having U.S. Patent Publication No. US 2008/0095915 (filed October 22, 2007; Attorney
Docket No. BB-1574)) was constructed using the conditions described below.

[0566] An initial in-frame fusion between the EaD9Elo1 and the EgDHAsyn1Link (EaD9elo-EgDHAsyn1 Link) was
made, flanked by an Ncol site at the 5’end and a Notfl site at the 3’ end, by PCR amplification. EaD9Elo1 (SEQ ID
NO:252) was amplified from pLF121-1 (SEQ ID NO:250) with oligonucleotides EaD9-5Bbs (SEQ ID NO:259) and
EaD9-3fusion (SEQ ID NO:260), using the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F553S, Finnzymes Oy,
Finland) following the manufacturer’s protocol. EgDHAsyn1Link (SEQ ID NO:197) was amplified in a similar way from
pKR1049 (Example 4) with oligonucleotides EgDHAsyn1Link-5fusion (SEQ ID NO:261) and MWG511 (SEQ ID NO:175).
The two resulting PCR products were combined and re-amplfied using EaD9-5Bbs (SEQ ID NO:259) and MWG511
(SEQ ID NO:175) to form EaD9Elo1-EgDHAsyn1Link. The sequence of the EaD9Elo1-EgDHAsyn1Link is shown in
SEQ ID NO:262. EaD9Elo1-EgDHAsyn1Link does not contain an in-frame stop codon upstream of the Notl site at the
3’ end and therefore, a DNA fragment cloned into the Notl site can give rise to an in-frame fusion with the EgD9elo1-
EgDHAsyn1Link if the correct frame is chosen. EaD9Elo1-EgDHAsyn1Link was cloned into the pCR-Blunt® cloning
vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s protocol, to produce
pLF124 (SEQ ID NO:263).

[0567] The Bbsl/Notl DNA fragment of pLF124 (SEQ ID NO:263), containing EaD9Elo1-EgDHAsyn1Link, was cloned
into the Ncol/Notl DNA fragment from KS366 (SEQ ID NO:177; Example 23), containing the promoter for the o’ subunit
of B-conglycinin, to produce pKR1177 (SEQ ID NO:264).

[0568] The BamHI DNA fragment of pKR1177 (SEQ ID NO:264), containing EaD9Elo1-EgDHAsyn1Link, was cloned
into the BamH| DNA fragment of pKR325, previously described in PCT Publication No. WO 2006/012325 to produce
pKR1179 (SEQ ID NO:265).

[0569] The Notl fragment from pLF114-10 (Example 21; SEQ ID NO:165), containing TpomD8 was cloned into the
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Notl fragment of pKR1179 (SEQ ID NO:265) to produce pKR1183 (SEQ ID NO:266; FIG. 28). In Fig. 28, the fusion gene
(Hybrid1-HGLA synthase) is called EAJ9ELONG-TPOMd8DS.

EXAMPLE 39
Construction of Soybean Expression Vector pKR1253 for Expression of a Euglena anabaena delta-9 elongase-Tetru-

etreptia pomquetensis CCMP 1491 Delta-8 Desaturase Fusion Gene (Hybrid1-HGLA Synthase) with a Euglena gracilis
delta-5 desaturase

[0570] Through a number of subcloning steps, a Nofl site was added to the 5’ end of the Euglena gracilis delta-5
desaturase (EgD5; SEQ ID NO:267) from pDMW367 and this Notl fragment containing EgD5 was cloned into the Nofl
site of pKR457 (SEQ ID NO:122; Example 16) to produce pKR1237 (SEQ ID NO:268).

[0571] The Ascl fragment of pKR1183 (SEQ ID NO:266; Example 38), containing the Hybrid1-HGLA synthase, was
cloned into the Ascl fragment of pKR277 (SEQ ID NO:120, which was previously described in PCT Publication No. WO
2004/071467 and published 8/26/2004; Attorney Docket No. BB-1538 to produce pKR1252 (SEQ ID NO:269).

[0572] The BsiWI fragment of pKR1237 (SEQ ID NO:268), containing the EgD5 gene, was cloned into the BsiW| site
of pKR1252 (SEQ ID NO:269) to produce pKR1253 (SEQ ID NO:270; FIG. 30).

EXAMPLE 40

Construction of Soybean Vector pKR1139 for Expression of a Euglena anabaena delta-5 desaturase

[0573] The present example describes the cloning of a delta-5 desaturase from Euglena anabaena UTEX 373 into a
soybean expression vector.

[0574] EaD5Des1 (SEQ ID NO:257) was amplified from pLF119 (SEQ ID NO:256, Example 37) with oEAd5-1-1 (SEQ
ID NO:271) and oEAd5-1-2 (SEQ ID NO:272), using the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F553S,
Finnzymes Oy, Finland) following the manufacturer's protocol. The resulting PCR product was cloned into the pCR-
Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s
protocol, to produce pKR1136 (SEQ ID NO:273).

[0575] The Notl fragment for pKR1136 (SEQ ID NO:273) containing the EaD5Des1 was cloned into the Noftl fragment
of pKR974, previously described in PCT Publication No. WO 2007/136877, published November 29, 2007 (Attorney
Docket No. BB-1629) to produce pKR1139 (SEQ ID NO:274).

EXAMPLE 41

Construction of Soybean Expression Vector pKR1255 for Expression of a Euglena anabaena delta-9 elongase-Tetru-
etreptia pomguetensis CCMP1491 Delta-8 Desaturase Fusion Gene (Hybrid1-HGLA Synthase) with a Euglena gracilis
delta-5 desaturase and a Euglena anabaena delta-5 desaturase

[0576] Plasmid pKR1139 (SEQ ID NO:274; Example 40) was digested with Sbfl and the fragment containing the
EaD5Des1 was cloned into the Sbfl site of pKR1253 (SEQ ID NO:270; Example 39) to produce pKR1255 (SEQ ID
NO:275; FIG. 31).

EXAMPLE 42

Construction of Soybean Expression Vector pKR1189 For Down-Regulating Expression of Soybean Fad3

[0577] The presentexample describes a soybean expression vector designed to decrease fad3 expression in soybean.
[0578] A starting vector pKR561 (SEQ ID NO:276) was assembled by inserting the BsiW| fragment of pKR268 (pre-
viously described in PCT Publication No. WO 04/071467) containing the annexin promoter into the BsiWI site of pKR145,
which is described in PCT Publication No. WO 04/071467.

[0579] Plasmid XF1, described in PCT Publication No. WO 93/11245 (which was published on June 10, 1993; also
U.S. PatentNo. 5,952,544), contains the soybean delta-15 desaturase (fad3) gene (SEQID NO:277; GenBank Accession
No. L22964; also called GmFAD3B).

[0580] A portion of the 5’ end of the fad3 gene was amplified from XF1 with the Phusion™ High-Fidelity DNA Polymerase
(Cat. No. F553S, Finnzymes Oy, Finland) following the manufacturer’s protocol, using HPfad3-1 (SEQ ID NO:278) and
HPfad3-2 (SEQ ID NO:279) to produce a DNA fragment called HPfad3AB (SEQ ID NO:280).

[0581] A portion of the 3’ end of the fad3 gene was amplified from XF1 with the Phusion™ High-Fidelity DNA Polymer-
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ase, using HPfad3-3 (SEQ ID NO:281) and HPfad3-1 (SEQ ID NO:278) to produce a DNA fragment called HPfad3A’-
2 (SEQ ID NO:282).

[0582] HPfad3AB and HPfad3A’-2 were combined and amplified using the Phusion™ High-Fidelity DNA Polymerase
with HPfad3-1 (SEQ ID NO:278) to produce HPfad3ABA’-2 (SEQ ID NO:283). HPfad3ABA™-2 (SEQ ID NO:283) has a
Notl site at both the 5’ and 3’ end of the DNA fragment. The resulting PCR product was cloned into the pCR-Blunt®
cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s protocol, to
produce pLF129 (SEQ ID NO:284).

[0583] The Notl fragment for pLF129 (SEQ ID NO:284) containing the fad3 hairpin was cloned into the Notl fragment
of pKR561 (SEQ ID NO:276) to produce pKR1189 (SEQ ID NO:285; FIG. 32). In FIG. 32, the A and A’ domains for fad3
are indicated by the designation TR1 while the B domain is indicated by TR2.

EXAMPLE 43

Construction of Soybean Expression Vector pKR1249 For Down-Regulating Soybean Fad3 and Soybean Fad3c

[0584] The Notl/HindlllfragmentofpLF129 (SEQ ID NO:284) containing the TR1 and TR2domains of fad3, as indicated
in FIG. 32, was cloned into the Notl/Hindlll backbone fragment of pLF129 (SEQ ID NO:284) to produce pKR1209 (SEQ
ID NO:286).

[0585] The coding sequence of GmFad3C (GenBank Accession No. AY204712) (Bilyeu et al., Crop Sci. 43:1833-1838
(2003); Anai et al., Plant Sci. 168:1615-1623 (2005)) is shown in SEQ ID NO:287 and the corresponding amino acid
sequence is shown in SEQ ID NO:288. A portion of the fad3c gene was amplified from the soybean cDNA library
described in PCT Publication No. WO 93/11245 (which was published on June 10, 1993; also U.S. Patent No. 5,952,544)
with the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F553S, Finnzymes Oy, Finland) following the manufacturer’s
protocol, using fad3c-5 (SEQ ID NO:289) and fad3c-3 (SEQ ID NO:290). The resulting DNA fragment was cloned into
the pCR-Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufac-
turer's protocaol, to produce pKR1213 (SEQ ID NO:291).

[0586] The EcoRV/Xhol fragment of pKR1213 (SEQ ID NO:291) containing the fragment of fad3c was cloned into the
Notl(filled)/Xhol site of pKR1209 (SEQ ID NO:286) to produce pKR1218 (SEQ ID NO:292).

[0587] The Notl/Hindlll fragment of pLF129 (SEQ ID NO:284) containing the TR1 domain only from fad3, as indicated
in FIG. 32, was cloned into the Notl/Hindlll backbone fragment of pLF129 (SEQ ID NO:284) to produce pKR1210 (SEQ
ID NO:293).

[0588] The EcoRV/Xhol fragment of pKR1213 (SEQ ID NO:291) containing the fragment of fad3c was cloned into the
Notl(filled)/Xhol site of pKR1210 (SEQ ID NO:293) to produce pKR1219 (SEQ ID NO:294).

[0589] The Xhol(flled)/Hindlll fragment of pKR1218 (SEQ ID NO:292) containing the fragment of fad3c as well as fad3
TR1 and TR2 domains was cloned into the Mlul(flled)/Hindlll site of pKR1219 (SEQ ID NO:294), containing the fragment
of fad3c as well as the fad3 TR1 only domain, to produce pKR1225 (SEQ ID NO:295). In this way, a new hairpin including
fad3 and fad3c and flanked by Notl sites was formed.

[0590] The Noftl fragment for pKR1225 (SEQ ID NO:295) containing the new hairpin including fad3 and fad3c was
cloned into the Notl fragment of pKR561 (SEQ ID NO:276; Example 42) to produce pKR1229 (SEQ ID NO:296; FIG.
33). In this way, the fad3/fad3c hairpin can be expressed from a strong, seed-specific promoter with hygromycin selection
in plants.

[0591] The BsiWI fragment for pKR1225 (SEQ ID NO:295) containing the new hairpin including fad3 and fad3c was
cloned into the BsiWI fragment of pKR226 (SEQ ID NO:130; Example 17) to produce pKR1249 (SEQ ID NO:297; FIG.
34). In FIG. 34, pKR1249 is labeled pKR1249_PHP33240. In this way, the fad3/fad3c hairpin can be expressed from a
strong, seed-specific promoter with chlorsulfuron (ALS) selection in plants.

EXAMPLE 44

Construction of Soybean Expression Vector pKR1322 for Expression of a Euglena anabaena delta-9Q elongase-Tetru-
etreptia pomquetensis CCMP1491 Delta-8 Desaturase-Euglena anabaena delta-5 Desaturase Fusion Gene (EaD9Elo1-
TpomD8-EaD5Des1 fusion)

[0592] The present example describes the construction of an in-frame fusion gene between the Euglena anabaena
delta-9 elongase (EaD9Elo1; SEQ ID NO:252, Example 36), the Tetruetreptia pomquetensis CCMP1491 delta-8 De-
saturase (TpomD8; SEQ ID NO:162; Example 21) and the Euglena anabaena delta-5 desaturase (EaD5Des1; SEQ ID
NO:257; Example 37). Each domain is separated by the EgDHAsyn1 linker (EgDHAsyn1Link; SEQ ID NO:197; Example
6).

[0593] The EaD9Elo1-EgDHAsyn1Link (SEQ ID NO:262; Example 38) was amplified from pLF124 (SEQ ID NO:263)
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with oligonucleotides cEAd9el1-1 (SEQ ID NO:298) and oLINK-1 (SEQ ID NO:299), using the Phusion™ High-Fidelity
DNA Polymerase (Cat. No. F553S, Finnzymes Oy, Finland) following the manufacturer’s protocol. EaD9Elo1-EgDHAsyn-
ILink is flanked by Nofl at the 5’ end and Eagl at the 5’ and 3’ ends and does not contain an in-frame stop codon upstream
of the Eagl site at the 3’ end. Therefore, a DNA fragment cloned into the Eagl site can give rise to an in-frame fusion
with the EgD9elo-EgDHAsyn1Link if the correct frame is chosen. The resulting DNA fragment containing EaD9Elo1-
EgDHAsyn1 Link was cloned into the pCR-Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen
Corporation), following the manufacturer’s protocol, to produce pKR1298 (SEQ ID NO:300).

[0594] Anin-frame fusion betweenthe TpomD8 and the EgDHAsyn1Link (TpomDB-EgDHAsyn1Link) was made which
contained a Nofl site at the 5’end and Eagl sites at the 5’ and 3’ ends, by PCR amplification. TpomD8 (SEQ ID NO:162)
was amplified from pLF114-10 (SEQ ID NO:165) with oligonucleotides oTPd8-1 (SEQ ID NO:301) and oTPd8fus-1 (SEQ
ID NO:302), using the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F553S, Finnzymes Oy, Finland) following the
manufacturer’s protocol. EgDHAsyn1Link (SEQ ID NO:197) was amplified in a similar way from pKR1049 (Example 4)
with oligonucleotides oLINK-2 (SEQ ID NO:303) and oLINK-1 (SEQ ID NO:304). The two resulting PCR products were
combined and re-amplifed using oTPd8-1 (SEQ ID NO:301) and oLINK-1 (SEQ ID NO:304) to form TpomD8-
EgDHAsyn1Link (SEQ ID NO:305). TpomD8-EgDHAsyn1Link was cloned into the pGR-Blunt® cloning vector using the
Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s protocol, to produce pKR1291 (SEQ
ID NO:3086).

[0595] The Eagl fragment of pKR1291, containing the TpomDB-EgDHAsyn1Link was cloned into the Nofl site of
pBluescript || SK(+) vector (Stratagene) to form either pKR1301 (SEQ ID NO:307) in one orientation or pKR1301R (SEQ
ID NO:308) in the opposite orientation.

[0596] Plasmid pKR1301 (SEQ ID NO:307 was digested with Mfel/BamH)|, the DNA fragment containing TpomD8-
EgDHAsyn1Link was completely filled in, and the resulting DNA fragment was re-ligated to form pKR1311 (SEQ ID
NO:309).

[0597] Plasmid pKR1301R (SEQ ID NO:308) was digested with EcoRl, and the fragment containing the 5" end of
TpomD8-EgDHAsyn1Link (called TPOMD8TR2) and vector backbone was re-ligated to form pKR1304 (SEQ ID NO:310).
[0598] The Eagl site of pKR1298 (SEQ ID NO:300) containing the EaD9Elo3-EgDHAsyn1 Link was cloned into the
Eagl site of pKR1304 (SEQ ID NO:310) to produce pKR1309 (SEQ ID NO:311).

[0599] The Notl site of pKR1298 (SEQ ID NO:300) containing the EaD9Elo1-EgDHAsyn1Link was cloned into the
Eagl site of pKR1304 (SEQ ID NO:310) to produce pKR1309 (SEQ ID NO:311).

[0600] The Notl fragment for pKR1136 (SEQ ID NO:273; Example 40) containing the EaD5Des1 was cloned into the
Eagl site of pKR1311 (SEQ ID NO:309) to produce pKR1313 (SEQ ID NO:312).

[0601] The Mfel/Ecl136ll fragment of pKR1313 (SEQ ID NO:312) was cloned into the EcoRV/Mfel sites of pKR1309
(SEQ ID NO:311) to produce pKR1315 (SEQ ID NO:313).

[0602] The Notl fragment of pKR1315 (SEQ ID NO:313) was cloned into the Notl site of pKR72 (SEQ ID NO:105;
Example 15) to produce pKR1322 (SEQ ID NO:314; FIG. 35).

[0603] In FIG. 35, the EaD9Elo1-TpomD8-EaD5Des1 fusion is labeled as EAd9el+TPd8ds+EAdS5ds fusion.

EXAMPLE 45

Down-regulation of the Soybean fad3 and fad3c Genes In Soybean Somatic Embryos by Transformation with pKR1189
or pKR1229

[0604] The present example describes the transformation and expression in soybean somatic embryos of pKR1189
(SEQIDNO:285, Example 42), containing a fad3 hairpin construct or pKR1229 (SEQ ID NO:296; Example 43), containing
a fad3 and fad3c hairpin construct. Both constructs also have the hygromycin phosphotransferase gene for selection
on hygromycin.

[0605] Soybean embryogenic suspension culture (cv. Jack) was transformed with pKR1189 (SEQ ID NO:285) or
pKR1229 (SEQ ID NO:296) and embryos were matured in soybean histodifferentiation and maturation liquid medium
(SHaM liquid media; Schmidt et al., Cell Biology and Morphogenesis, 24:393 (2005)) as described in Example 25 and
previously described in PCT Publication No. WO 2007/136877, published November 29, 2007.

[0606] After maturation in SHaM liquid media, individual embryos were removed from the clusters, dried and screened
for alterations in their fatty acid compositions as described in Example 1. In each case, a subset of soybean embryos
(i.e., five embryos per event) transformed with either pKR1189 (SEQ ID NO:285) or pKR1229 (SEQ ID NO:296) were
harvested and analyzed.

[0607] In this way, 41 events transformed with pKR1189 (SEQ ID NO:285; Experiment 2148) or pKR1229 (SEQ ID
NO:296; Experiment 2165) were analyzed. The fatty acid profiles for the five events having the lowest average ALA
content (average of the 5 embryos analyzed) along with an event (2148-3-8-1) having a fatty acid profile typical of wild
type embryos for this experiment, are shown in FIG. 36. In FIG. 36, fatty acids are identified as 16:0 (palmitate), 18:0
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(stearic acid), 18:1 (oleic acid), LA, and ALA. Fatty acid compositions are expressed as a weight percent (wt. %) of total
fatty acids.

[0608] ALA contentin somatic embryos expressing either a fad3 hairpin construct (event number 2148, FIG. 36) or a
fad3c hairpin construct (event number 2165, FIG. 36) showed at least a 50% reduction when compared to typical wild
type embryos (FIG. 36). This strongly indicates that either hairpin construct is functional to decrease ALA content in
soybean embryos.

EXAMPLE 46

Soybean somatic embryos transformed with pKR1183 for expression of a Euglena anabaena delta-9Q elongase-Tetru-
etreptia pomquetensis CCMP 1491 Delta-8 Desaturase Fusion Gene Hybrid1-HGLA Synthase)

[0609] The present example describes the transformation and expression in soybean somatic embryos of pKR1183
(SEQ ID NO:266; Example 38) containing the Euglena anabaena delta-9 elongase-Tatruetreptia pomquetensis
CCMP1491 delta-8 Desaturase Fusion Gene (Hybrid1-HGLA Synthase) and the hygromycin phosphotransferase gene
for selection on hygromycin.

[0610] Soybean embryogenic suspension culture (cv. Jack) was transformed with pKR1183 (SEQ ID NO:266) and
embryos were matured in soybean histodifferentiation and maturation liquid medium (SHaM liquid media; Schmidt et
al., Cell Biology and Morphogenesis, 24:393 (2005)) as described in Example 25 and previously described in PCT
Publication No. WO 2007/136877, published November 29, 2007.

[0611] After maturation in SHaM liquid media a subset of soybean embryos (i.e., four embryos per event) transformed
with pKR1183 (SEQ ID NO:266) were harvested and analyzed as described herein.

[0612] In thisway, 20 events transformed with pKR1183 (SEQ ID NO:266; Experiment 2145) were analyzed. The fatty
acid profiles for the five events having the highest average DGLA content (average of the 5 embryos analyzed) are
shown in FIG. 37. In FIG. 37, fatty acids are identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA,
EDA, ERA, DGLA and ETA. Fatty acid compositions are expressed as a weight percent (wt. %) of total fatty acids.

EXAMPLE 47
Soybean Embryos Transformed with Soybean Expression Vectors pKR1253 for Expression of a Euglena anabaena

delta-9 elongase-Tetruetreptia pomquetensis CCMP 1491 Delta-8 Desaturase Fusion Gene (Hybrid1-HGLA Synthase)
with a Euglena gracilis delta-5 desaturase and pKR1249 For Down-Regulating Soybean Fad3 and Soybean Fad3c

[0613] Soybean embryogenic suspension culture (cv. Jack) was transformed with the Ascl fragments of pKR1249
(SEQ ID NO:297; Example 43) and pKR1253 (SEQ ID NO:270; Example 39) as described in Example 25. A subset of
soybean embryos generated from each event (ten embryos per event) were harvested, picked into glass GC vials and
fatty acid methyl esters (FAMEs) were prepared by transesterification and analyzed by GC as described in Example 1.
Retention times were compared to those for methyl esters of standards commercially available (Nu-Chek Prep, Inc.).
[0614] In this way, 142 events transformed with pKR1249 (SEQ ID NO:297) and pKR1253 (SEQ ID NO:270) (exper-
iment called Heal 25) were analyzed. From the 142 events analyzed, 90 were identified that produced ARA in at least
one embryo out of ten analyzed at a relative abundance greater than 1.0% of the total fatty acids. Of these, 64 were
identified that produced ARA in at least one embryo out of ten analyzed at a relative abundance greater than 10.0% of
the total fatty acids. Of these, 44 events were identified that produced ARA in at least one embryo out of ten analyzed
at a relative abundance greater than 20.0% of the total fatty acids.

[0615] The average fatty acid profiles (Average of 10 embryos) for 20 events having the highest ARA are shown in
FIG. 38. Fatty acids are identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA, EDA, SCI, DGLA,
ARA, ERA, JUN, ETA and EPA; and fatty acid compositions listed in FIG. 38 are expressed as a weight percent (wt. %)
of total fatty acids. For FIG. 38, fatty acids listed as "others" include: 18:2 (5,9), 18:3 (5,9,12), STA, 20:0, 20:1(11), 20:2
(7,11) or 20:2 (8,11) and DPA. Each of these fatty acids is present at a relative abundance of less than 2.0% of the total
fatty acids. Average total omega-3 fatty acid (Total n-3) is the sum of the averages of all omega-3 fatty acids).

[0616] The actual fatty acid profiles for each embryo from one event (AFS 5416-8-1-1) having an average ARA content
of 17.0% and an average EPA content of 1.5% is shown in FIG. 39. Fatty acids are identified as 16:0 (palmitate), 18:0
(stearic acid), 18:1 (oleic acid), LA, ALA, EDA, SCI, DGLA, ARA, ERA, JUN, ETA and EPA; and fatty acid compositions
listed in FIG. 39 are expressed as a weight percent (wt. %) of total fatty acids. For FIG. 39, fatty acids listed as "others"
include: 18:2 (5,9), 18:3 (5,9,12), STA, 20:0, 20:1(11), 20:2 (7,11) or 20:2 (8,11) and DPA. Each of these fatty acids is
present at a relative abundance of less than 2.0% of the total fatty acids. Total omega-3 fatty acid (Total n-3) is the sum
of all omega-3 fatty acids).

[0617] Because ALA contents is generally 1.5- to 3-fold higher in soybean somatic embryos than it is in seed (i.e.,
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15%-30% in embryos (see, for example, typical wild type embryo in FIG 36), depending on maturation conditions and
time versus 7-10% in a seed (Bilyeu et al., 2005, Crop Sci. 45:1830-1836), it is expected that omega-3 contents in
general and EPA contents specifically, will be significantly lower in seed than somatic embryos.

EXAMPLE 48

Soybean Embryos Transformed with Soybean Expression Vectors pKR1255 for Expression of a Euglena anabaena
delta-9 elongase-Tetruetreptia pomqguetensis CCMP1491 Delta-8 Desaturase Fusion Gene (Hybrid1-HGLA Synthase)
with a Euglena gracilis delta-5 desaturase and a Euglena anabaena delta-5 desaturase and pKR1249 For Down-Reg-
ulating Soybean Fad3 and Soybean Fad3c

[0618] Soybean embryogenic suspension culture (cv. Jack) was transformed with the Ascl fragments of pKR1249
(SEQ ID NO:297; Example 43) and pKR1255 (SEQ ID NO:275; Example 41) as described in Example 25. A subset of
soybean embryos generated from each event (ten embryos per event) were harvested, picked into glass GC vials and
fatty acid methyl esters (FAMEs) were prepared by transesterification and analyzed by GC as described in Example 1.
Retention times were compared to those for methyl esters of standards commercially available (Nu-Chek Prep, Inc.).
[0619] In this way, 197 events transformed with pKR1249 (SEQ ID NO:297) and pKR1255 (SEQ ID NO:275) (exper-
iment called Heal 26) were analyzed. From the 197 events analyzed, 128 were identified that produced ARA in at least
one embryo out of ten analyzed at a relative abundance greater than 1.0% of the total fatty acids. Of these, 105 were
identified that produced ARA in at least one embryo out of ten analyzed at a relative abundance greater than 10.0% of
the total fatty acids. And of these, 83 events were identified that produced ARA in at least one embryo out of ten analyzed
at a relative abundance greater than 20.0% of the total fatty acids.

[0620] The average fatty acid profiles (Average of 9 or 10 embryos) for 20 events having the highest ARA are shown
in FIG. 40. Fatty acids are identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA, EDA, SCI, DGLA,
ARA, ERA, JUN, ETA and EPA; and, fatty acid compositions listed in FIG. 40 are expressed as a weight percent (wt.
%) of total fatty acids. For FIG. 40, fatty acids listed as "others" include: 18:2 (5,9), 18:3 (5,9,12), STA, 20:0, 20:1(11),
20:2 (7,11) or 20:2 (8,11) and DPA. Each of these fatty acids is present at a relative abundance of less than 2.0% of the
total fatty acids. Average total omega-3 fatty acid (Total n-3) is the sum of the averages of all omega-3 fatty acids).

EXAMPLE 49

Expression of the Euglena gracilis DHA Synthase 1 C20 Elongase Domain/Schizochytrium aggregatum Delta-4 Desat-
urase Fusion (EgDHAsyn1C20EloDom3-SaD4) Transformed with Soybean Expression Vector pKR1134

[0621] Soybean embryogenic suspension culture (cv. Jack) was transformed with the Ascl fragment of pKR1134 (SEQ
ID NO:161; Example 20; fragment containing the expression cassette) and embryos were matured as described for
production in Example 25. Substrate feeding of EPA and analysis was carried out as described in Example 35.

[0622] In this way, 198 events transformed with pKR1134 (Experiment called Heal24) where analyzed. From the 198
events analyzed, 193 were identified that elongated EPA (C20/delta-5 elongase activity) and all of these desaturated
DPA (delta-4 desaturase activity) to produce DHA to some extent. The events with the best C20/delta-5 elongase and
delta-4 desaturase activities were advanced and the fatty acid profiles from feeding embryos with EPA are shown in
FIG. 41.

[0623] Fatty acids in FIG. 41 are identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA, EPA,
22:0 (docosanoic acid), DPA, 240 (tetracosanoic acid), DHA and 24:1 (nevonic acid); and fatty acid compositions listed
in FIG. 41 are expressed as a weight percent (wt. %) of total fatty acids. The activity of the EgDHAsyn1C20EloDom1 is
expressed as percent C20/delta-5 elongation (% C20/delta-5 elong), calculated according to the following formula:

([product)/[substrate +.product])*100. More specifically, the combined percent

elongation for EPA is shown as “% C20/delta-5 elong”, determined as: ([DPA +
DHAJ/[EPA + DPA + DHA])*100. -

[0624] The activity of the SaD4 is expressed as percent delta-4 desaturation (% delta-4 desat), calculated according
to the following formula: ([product)/[substrate + product])*100. More specifically, the combined percent desaturation for
DPA is shown as "% delta-4 desat", determined as: (DHA/[DPA + DHA])*100.

[0625] In addition to the 122 events analyzed for soy transformed with pKR1105 (Experiment called Heal23) as de-
scribed in Example 35, 20 more events were analyzed since the Example 35 was written bringing the total analyzed to
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142 events. From the 20 new events analyzed, 18 were identified that elongated EPA (C20/delta-5 elongase activity)
and 17 of these also desaturated DPA (delta-4 desaturase activity) to produce DHA to some extent. The events with
the best C20/delta-5 elongase and delta-4 desaturase activities from the 20 new events analyzed for soy transformed
with pKR1105 were advanced and the fatty acid profiles from feeding embryos with EPA are shown in FIG. 42.

[0626] Relative activities of events transformed with either pKR1105 (C20 elongase and delta-4 desaturase expressed
individually) or pKR1134 (C20 elongase and delta-4 desaturase expressed as a fusion) are compared by plotting %DHA
(wt. %) vs. %DPA (wt. %) for all events where embryos were fed EPA. The results are plotted in FIG. 43. In FIG. 43,
heal23 is the name of the experiment where pKR1105 was transformed and Heal24 is the experiment where pKR1134
was transformed. From FIG. 43, it is clear that overall, DHA concentrations have increased while DPA concentrations
have decreased (to as low as undetectable), when the C20 elongase is fused to the delta-4 desaturase. Thus, fusing
the 2 independent enzymes together as one fusion protein separated by a linker region increased flux from EPA to DHA.

EXAMPLE 50

Expression of a Euglena anabaena delta-9 elongase-Tetruetrebtia pomquetensis CCMP1491 Delta-8 Desaturase-Eu-
glena anabaena delta-5 Desaturase Fusion Gene (EaD9EIlo1-TpomD8-EaD5Des1 fusion)

[0627] Soybean embryogenic suspension culture (cv. Jack) is transformed with pKR1322 (SEQ ID NO:314) and
embryos are matured and analyzed for fatty acid profiles as described herein.

[0628] Soybean somatic embryos transformed with pKR1322 (SEQ ID NO:314) will elongate LA to EDA, EDA will be
desaturated to DGLA, and DGLA will be further desaturated to ARA. Because wild-type soybean also contains ALA,
some ALA will be elongated to ERA, ERA will be desaturated to ETA, and ETA will be further desaturated to EPA.
[0629] Soybean plants expressing the fusion gene from pKR1322 can be regenerated from embryos as described in
Example 26 and seeds can be obtained.

[0630] In backgrounds that contain high ALA, or where a delta-15 desaturase and or delta-17 desaturase has been
co-expressed, EPA will predominate. Conversely, ARA can be enriched by using a background low in ALA (for example
by crossing to alow ALA or low lin plant) or by knocking outthe endogenous fad3 gene(s) asdescribed herein. Intermediate
fatty acids (i.e., EDA and DGLA or ERA and ETA) will be lower when the fusion is used than when individual activities
are transformed independently (i.e., not a fusion).

[0631] Other gene combinations (including linker combinations) can be fused together in a similar way as described
in Example 24. Similarly, other promoter/gene fusion/terminator combinations can be made.

EXAMPLE 51

Determination Of The Functional Domain In The Synthetic Delta-4 Desaturase Derived From Euglena anabaena And
Codon-Optimized For Expression In Yarrowia lipolytica (EaD4S)

[0632] As schematically diagrammed in FIG. 52C, the C-terminal portion of the C20 elongase domain of EaDHAsyn1
(labeled as "EaC20E" in the figure) appears to overlap with the N-terminal portion of the delta-4 desaturase domain of
EaDHAsyn1 (labeled as "EaD4" in the figure). This is suggested by sequence comparison.

[0633] In order to define the functional delta-4 desaturase domain in EaD4S (SEQ ID NO:192; Example 34), three
EaD4S* mutants with different N-terminal truncations were generated. Specifically, pZuFmEaD4S (SEQ ID NO:364)
was constructed by replacing the Ncol/Notl fragment of pZuFmIgD9ES (SEQ ID NO:365) with the Ncol/Notl EaD4S
fragment of pEaD4S (SEQ ID NO:196; Example 34). A Ncol site was introduced into pZuFmEaD4S (SEQ ID NO:364)
by site-directed mutagenesis using primer pairs YL921 and YL922 (SEQ ID NOs:366 and 367, respectively), YL923 and
YL924 (SEQ ID NOs:368 and 369, respectively) and YL925 and YL926 (SEQ ID NOs:370 and 371, respectively) to
generate pZuFmEaD4S-M1 (SEQ ID NO:372), pZuFmEaD4S-M2 (SEQ ID NO:373) and pZuFmEaD4S-M3 (SEQ ID
NO:374), respectively. The pZuFmEaD4S-M1, pZuFmEaD4S-M2 and pZuFmEaD4S-M3 plasmids were digested with
Ncol, and then self-ligated to generate pZuFmEaD4S-1 (SEQ ID NO:375), pZuFmEaD4S-2 (SEQ ID NO:376) and
pZuFmEaD4S-3 (SEQ ID NO:377) constructs. The Ncol/Notl fragments containing different truncations of EaD4S from
pZuFmEaD4S-1, pZuFmEaD4S-2, pZuFmEaD4S-3 were used to produce pZKL4-220EA4-1 (SEQ ID NO:378),
pZKL4-220EA4-2 (SEQ ID NO:379) and pZKL4-220EA4-3 (SEQ ID NO:380) constructs. These three constructs were
exactly the same as pZKL4-220EA4 (SEQ ID NO:362 and FIG. 52B, as described in Table 28 of Example 34), except
that the coding region of EaD4S was truncated at the N-terminal region. Specifically, instead of the 583 amino acid long
coding sequence of EaD4S (SEQ ID NO:193), the truncated EaD4S* polypeptide was 547 amino acids in length in
pZKL4-220EA4-1 (i.e., SEQ ID NO:382), 527 amino acids in length in pZKL4-220EA4-2 (i.e., SEQ ID NO:384) and 512
amino acids in length in pZKL4-220EA4-3 (i.e., SEQ ID NO:386). The N-terminal region of these polypeptides (corre-
sponding to amino acids 1-90 of SEQ ID NO:193) are aligned in FIG. 53A.
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[0634] Plasmids pZKL4-220EA4 (SEQ ID NO:362), pZKL4-220EA4-1 (SEQ ID NO:378), pZKL4-220EA4-2 (SEQ ID
NO:379) and pZKL4-220EA4-3 (SEQ ID NO:380) were digested with Ascl/Sphl, and then transformed into Yarrowia
lipolytica strain Y4184U4, as described in the General Methods. Transformants were selected on MM plates. After 5
days growth at 30 °C, 5 transformants grown on the MM plates from each construct were picked and re-streaked onto
fresh MM plates. Once grown, these strains were individually inoculated into 3 mL liquid MM at 30 °C and shaken at
250 rpm/min for 2 days. The cells were collected by centrifugation, resuspended in HGM and then shaken at 250 rpm/min
for 5 days. The cells were collected by centrifugation, lipids were extracted, and fatty acid methyl esters were prepared
by trans-esterification, and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0635] The GC results are shown below in Table 29. The composition of DPA and DHA are presented as a % of the
total fatty acids. The conversion efficiency ("Conv. Effic.") was measured according to the following formula:
([DHA)/[DPA+DHA])*100. The delta-4 desaturase activity of each truncated EaD4S* (i.e., the polypeptides of 547 amino
acids, 527 amino acids or 512 amino acids in Yarrowia transformants of pZKL4-220EA4-1, pZKL4-220EA4-2 and
pZKL4-220EA4-3, respectively) was compared to that of EaD4S (i.e., Yarrowia transformants of pZKL4-220EA4) in the
column labeled "% Delta-4 Activity".

TABLE 29
Functional Analysis Of EaD4S And Truncated Variants In Yarrowia lipolytica Strain Y4184U4
Plasmid Transformant Delta-4 Desaturase Length (SEQ DPA | DHA Conv. % Delta-4
ID NO) (%) (%) Effic. (%) Activity
pZKL4-220EA4 (SEQ ID 583 AA (SEQ ID NO:193) 10.2 0.4 4.2 100
NO:362)
pZKL4-220EA4-1 (SEQ ID 547 AA (SEQ ID NO:382) 8.0 2.2 21.5 512
NO:378)
pZKL4-220EA4-2 (SEQ ID 527 AA (SEQ ID NO:384) 11.5 1.8 13.2 314
NO:379)
pZKL4-220EA4-3 (SEQ ID 512 AA (SEQ ID NO:386) 11.0 1.3 104 248
NO:380)

[0636] These data demonstrated that the N-terminal 37 amino acids of EaD4S (i.e., amino acids 1-37 of SEQ ID
NO:193) have a negative effect on the activity of the delta-4 desaturase. Elevated delta-4 desaturase activity is measured
with respect to EaD4S in each of the EaD4S* truncated proteins, although the EaD4S* polypeptide of 547 amino acids
(SEQ ID NO:382) is superior in activity as compared to the EaD4S* polypeptides lacking additional amino acids from
their N-terminus (i.e., SEQ ID NOs:384 and 386).

Example 52

Synthesis And Functional Analysis Of A Codon-Optimized Delta-4 Desaturase Gene (EgD4S) From Euglena gracilis In
Yarrowia lipolytica

[0637] The codon usage of the delta-4 desaturase domain of EgDHAsyn1 (SEQ ID NO:221) of Euglena gracilis
(corresponding to amino acids 253-793 of SEQ ID NO:12) was optimized for expression in Yarrowia lipolytica, in a
manner similar to that described in PCT Publication No. WO 2004/101753, U.S. Patent 7,125,672, and Examples 32,
33, and 34 herein. Specifically, a codon-optimized delta-4 desaturase gene (designated "EgD4S"; SEQ ID NO:387) was
designed, based on the coding sequence of the delta-4 desaturase domain of EgDHAsyn1, according to the Yarrowia
codon usage pattern (PCT Publication No. WO 2004/101753), the consensus sequence around the 'ATG’ translation
initiation codon, and the general rules of RNA stability (Guhaniyogi, G. and J. Brewer, Gene, 265(1-2):11-23 (2001)). In
addition to the modification of the translation initiation site, 282 bp of the 1623 bp coding region were modified (17.4%)
and 270 codons were optimized (49.9%). The codon-optimized coding region of EgD4S is 1623 bp in length, thereby
encoding a polypeptide of 540 amino acids (SEQ ID NO:388). Thus, EgD4S is one amino acid shorter in length than
the wildtype delta-4 desaturase domain of EgDHAsyn1 (i.e., SEQ ID NO:221; specifically, the leucine residue corre-
sponding to amino acid position 2 of SEQ ID NO:13 was removed in EgD4S (SEQ ID NO:388). The designed EgD4S
gene (SEQ ID NO:387) was synthesized by GenScript Corporation (Piscataway, NJ) and cloned into pUC57 (GenBank
Accession No. Y14837) to generate pEgD4S (SEQ ID NO:389).

[0638] To analyze the function of the codon-optimized EgD4S gene, plasmid pZKL4-220Eg4 (SEQ ID NO:390) was
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constructed to integrate two chimeric C20 elongase genes and the chimeric EgD4S gene into the lipase 4 like locus
(GenBank Accession No. XM_503825) of Yarrowia lipolytica strain Y4305U3. Plasmid pZKL4-220Eg4 (SEQ ID NO:390)
was identical in construction to that of plasmid pZKL4-220Ea4 (SEQ ID NO:362; FIG. 52B; Table 28 of Example 34),
with the exception that EQD4S (SEQ ID NO:387) was used in place of EaD4S (SEQ ID NO:192).

[0639] Plasmid pZKL4-220Eg4 was digested with Ascl/Sphl, and then transformed into Yarrowia lipolytica strain
Y4305U3, as described in the General Methods. The transformants were selected on MM plates. After 5 days growth
at 30 °C, 14 transformants grown on the MM plates were picked and re-streaked onto fresh MM plates. Once grown,
these strains were individually inoculated into 3 mL liquid MM at 30 °C and shaken at 250 rpm/min for 2 days. The cells
were collected by centrifugation, resuspended in HGM and then shaken at 250 rpm/min for 5 days. The cells were
collected by centrifugation, lipids were extracted, and fatty acid methyl esters were prepared by trans-esterification, and
subsequently analyzed with a Hewlett-Packard 6890 GC.

[0640] GC analyses showed that there were an average of 4.9% DHA and 17.8% DPA of total lipids produced in all
14 transformants, wherein the conversion efficiency of DPA to DHA was determined to be about 21.5% (calculated as
described in Example 27). Thus, this experimental data demonstrated that the synthetic Euglena gracilis delta-4 desat-
urase codon-optimized for expression in Yarrowia lipolytica (i.e., EgD4S, as set forth in SEQ ID NO:387) was active to
convert DPA to DHA.

EXAMPLE 53

Determination Of The Functional Domain In The Synthetic Delta-4 Desaturase Derived From Euglena gracilis And
Codon-Optimized For Expression In Yarrowia lipolytica (EqD4S)

[0641] In a manner similar to that observed in EaDHAsyn1 (FIG. 52C), the C-terminal portion of the C20 elongase
domain of EgDHAsyn1 appears to overlap with the N-terminal portion of the delta-4 desaturase domain of EgDHAsyn1,
based on sequence comparison.

[0642] In order to define the functional delta-4 desaturase domain in EQD4S (SEQ ID NO:387), three EgD4S mutants
with different N-terminal truncations were generated. A Ncol site was introduced into pEgD4S (SEQ ID NO:389; Example
52) by site-directed mutagenesis using primer pairs YL935 and YL936 (SEQ ID NOs:391 and 392, respectively), YL937
and YL938 (SEQ ID NOs:393 and 394, respectively) and YL939 and YL940 (SEQ ID NOs:395 and 396, respectively)
to generate pEgD4S-M1 (SEQ ID NO:397), pEgD4S-M2 (SEQ ID NO:398) and pEgD4S-M3 (SEQ ID NO:399) constructs,
respectively. The Ncol/Notl fragments containing different truncations of EgD4S from pEgD4S-M1, pEgD4S-M2 and
pEgD4S-M3 were used to generate pZKL4-220Eg4-1 (SEQ ID NO:400), pZKL4-220Eg4-2 (SEQ ID NO:401) and pZKL4-
EgD4-3 (SEQ ID NO:402) constructs. These three constructs were exactly the same as pZKL4-220Eg4 (SEQ ID NO:390;
Example 52), except that the coding region of EQD4S was truncated at the N-terminal region. Specifically, instead of
the 540 amino acid long coding sequence of EgD4S (SEQ ID NO:388), the truncated EgD4S* polypeptide was 513
amino acids in length in pZKL4-220Eg4-1 (i.e., SEQ ID NO:404), 490 amino acids in length in pZKL4-220Eg4-2 (i.e.,
SEQ ID NO:4086) and 474 amino acids in length in pZKL4-220Eg4-3 (i.e., SEQ ID NO:408). The N-terminal region of
these polypeptides (corresponding to amino acids 1-80 of SEQ ID NO:388) are aligned in FIG. 53B.

[0643] Plasmids pZKL4-220Eg4 (SEQ ID NO:390), pZKL4-220Eg4-1 (SEQ ID NO:400), pZKL4-220Eg4-2 (SEQ ID
NO:401) and pZKL4-EgD4-3 (SEQ ID NO:402) were digested with Ascl/Sphl, and then transformed into Yarrowia lipo-
lytica strain Y4305U3 individually, as described in the General Methods. Transformants were selected on MM plates.
After 5 days growth at 30 °C, 4 transformants grown on the MM plates from each construct were picked and re-streaked
onto fresh MM plates. Once grown, these strains were individually inoculated into 3 mL liquid MM at 30 °C and shaken
at 250 rpm/min for 2 days. The cells were collected by centrifugation, resuspended in HGM and then shaken at 250
rpm/min for 5 days. The cells were collected by centrifugation, lipids were extracted, and fatty acid methyl esters were
prepared by trans-esterification, and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0644] The GC results are shown below in Table 30. The composition of DPA and DHA are presented as a % of the
total fatty acids. The conversion efficiency ("Conv. Effic.") was measured according to the following formula:
([DHA)/[DPA+DHA])*100. The delta-4 desaturase activity of each truncated EgD4S* (i.e., the polypeptides of 513 amino
acids, 490 amino acids or 474 amino acids in Yarrowia transformants of pZKL4-220Eg4-1, pZKL4-220Eg4-2 and
pZKL4-220Eg4-3, respectively) was compared to that of EgD4S (i.e., Yarrowia transformants of pZKL4-220Eg4) in the
column labeled "% Delta-4-Activity".
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TABLE 30
Functional Analysis Of EqD4S And Truncated Variants In Yarrowia lipolytica Strain Y4305U3
Plasmid Transformant Delta-4 Desaturase Length (SEQ DPA | DHA Conv. % Delta-4
ID NO) (%) (%) Effic. (%) Activity

pZKL4-220Eg4 (SEQ ID 540 AA (SEQ ID NO:388) 17.8 4.9 21.5 100
NO:390)

pZKL4-220Eg4-1 (SEQ ID 513 AA (SEQ ID NO:404) 16.5 4.6 21.6 100
NO:400)

pZKL4-220Eg4-2 (SEQ ID 490 AA (SEQ ID NO:406) 16.8 3.8 18.5 86
NO:401)

pZKL4-220Eg4-3 (SEQ ID 474 AA (SEQ ID NO:408) 24.7 2.4 8.8 41
NO:402)

[0645] These data demonstrated that the N-terminal 28 amino acids of EgD4S* are dispensable (i.e., see
pZKL4-220Eg4-1, where the first 28 amino acids of EgD4S were truncated and the truncated protein set forth as SEQ
ID NO:404 retained full delta-4 desaturase activity). Reduced delta-4 desaturase activity was measured in transformants
with pZKL4-220EgD4-2 and pZKL4-220EgD4-3, when additional amino acids were truncated from the 5’ portion of the
EgD4S protein, thereby resulting in SEQ ID NO:406 and SEQ ID NO:408.

EXAMPLE 54

Synthesis And Functional Analysis Of A Codon-Optimized EgDHAsyn1 Gene (EgDHAsyn18) From Euglena gracilis In
Yarrowia lipolytica

[0646] Plasmid pZKLY-G204 (FIG.54A; SEQ ID NO:409) was designed to integrate a chimeric gene containing a
codon-optimized EgDHAsyn1 coding region (i.e., EQDHAsyn1S, set forth as SEQ ID NOs:410 and 411) into the lipase
7 locus (GenBank Accession No. AJ549519) of Yarrowia lipolytica strain Y4305U3. In addition to the modification of the
translation initiation site, 417 bp of the 2382 bp coding region were modified (17.5%), and 391 codons of the total 794
codons were optimized (49.2%). The amino acid sequence of the codon-optimized EgDHAsyn1S (SEQ ID NO:411) is
100% identical in sequence to that of EgDHAsyn1 (SEQ ID NO:12).

[0647] Togenerate pZKLY-G204, a Kpnl site was introduced into pEgC20ES (SEQ ID NO:185; see FIG. 51B, Example
32) to generate pEgC20ES-K (SEQ ID NO:412; FIG. 54B) by site-directed mutagenesis using oligonucleotides YL973
and YL974 (SEQ ID NOs:413 and 414, respectively) as primers and pEgC20ES as template. A 732 bp Pmel/Ncol
fragment containing the YAT1 promoter (Patent Publication US 2006/0094102-A1) of pYNTGUS1-CNP (FIG. 54C; SEQ
ID NO:415), the 873 bp Ncol/Kpnl fragment of pEgC20ES-K containing the codon-optimized N-terminal portion of EgD-
HAsynIS and the 1512 bp Kpnl/Ncol fragment of pEgD4S (SEQ ID NO:389; Example 52) containing the codon-optimized
C-terminal portion of EQDHAsyn1S were isolated, and then used to replace the Pmel/Notl fragment of pZKLY (FIG. 54D;
SEQ ID NO:416) to generate pZKLY-G204 (FIG. 54A). Thus, pZKLY-G204 contained the following components:

TABLE 31
Components Of Plasmid pZKLY-G204 (SEQ ID NO:409)

RE Sites And Nucleotides Within
SEQ ID NO:409

Asc I/BsiW | (1383-489)

Description Of Fragment And Chimeric Gene Components

887 bp 5’ portion of the Yarrowia Lipase 7 gene (SEQ ID NO:417) (labeled as
"LipY-5" in Figure; GenBank Accession No. AJ549519)

Pacl / Sphl (4853-4091) 756 bp 3’ portion of Yarrowia Lipase 7 gene (SEQ ID NO:417) (labelled as "LipY-

3™ in Figure; GenBank Accession No. AJ549519)
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(continued)

Components Of Plasmid pZKLY-G204 (SEQ ID NO:409)

Pme I1BsiWi (7301-333) YAT1::EgDHAsyn1S::Lip1, comprising:

* YAT1: Yarrowia lipolytica YAT1 promoter (Patent Publication No. US
2006/0094102-A1);

* EgDHAsyn1S: codon-optimized DHA synthase (SEQ ID NO:410), derived from
Euglena gracilis;

« Lip1: Lip1 terminator sequence from Yarrowia Lip1 gene (GenBank Accession
No. Z50020)

Sal l/EcoR | (6504-4885) * Yarrowia Ura3 gene (GenBank Accession No. AJ306421)

[0648] The pZKLY-G204 plasmid was digested with Ascl/Sphl, and then transformed into Yarrowia lipolytica strain
Y4305U3, as described in the General Methods. The transformants were selected on MM plates. After 5 days growth
at 30 °C, 8 transformants grown on the MM plates were picked and re-streaked onto fresh MM plates. Once grown,
these strains were individually inoculated into 3 mL liquid MM at 30 °C and shaken at 250 rpm/min for 2 days. The cells
were collected by centrifugation, resuspended in HGM and then shaken at 250 rpm/min for 5 days. The cells were
collected by centrifugation, lipids were extracted, and fatty acid methyl esters were prepared by trans-esterification, and
subsequently analyzed with a Hewlett-Packard 6890 GC.

[0649] GC analyses showed that there were about 5.0% DHA, 13.5% DPA and 26.5% EPA of total lipids produced in
all 8 transformants. The conversion efficiency of EPA to DPA and DHA was determined to be about 41%; and, the
conversion efficiency of DPA to DHA was determined to be about 27% in these eight strains (calculated as described
in Example 27). Thus, this experimental data demonstrated that the synthetic Euglena gracilis DHA synthase codon-
optimized for expression in Yarrowia lipolytica (i.e., EQDHAsyn1S as set forth in SEQ ID NO:410) contained both C20
elongase activity and delta-4 desaturase activity. EQDHAsyn1S could use EPA as substrate to produce DHA.

EXAMPLE 55

Creation Of Delta-9 Elongase/Delta-8 Desaturase Gene Fusions For Expression In Yarrowia lipolytica

[0650] In order to improve the enzyme activity of delta-9 elongase and delta-8 desaturase in Yarrowia lipolytica, a
series of six delta-9 elongase/delta-8 gene fusions (multizymes) are created in the present Example, using two variant
linker sequences (i.e., SEQ ID NO:438 [GPARPAGLPPATYYDSLAV] and SEQ ID NO:445 [GAGPARPAGLPPATYYD-
SLAVMGS]) derived from the EgDHAsyn1 proline-rich linker (SEQ ID NO:198; PARPAGLPPATYYDSLAV).

[0651] This work required: identification of appropriate delta-9 elongases and delta-8 desaturases for expression in
Yarrowia lipolytica; and, construction of plasmid pZUFmG9G8fu (comprising a EgDOES/EgD8M gene fusion), plasmid
pZUFmG9G8fu-B (comprising a EQDOES/EgD8M gene fusion), plasmid pZUFmG9A8 (comprising a EgD9ES/EaD8S
gene fusion), plasmid pZUFmA9G8 (comprising a EaD9ES/EgD8M gene fusion), plasmid pZUFmA9A8 (comprising a
EaD9ES/EaD8S gene fusion) and plasmid pZUFmR9G8 (comprising a E389D9eS/EgD8M gene fusion). All plasmids
shared a common vector backbone and thus were distinguished only by the gene fusion that each comprised.

[0652] Functional analysis of the activity of each gene fusion is tested infra, in Example 56.

Description Of Synthetic Delta-9 Elongase And Delta-8 Desaturase Genes Codon-Optimized For Expression In Yarrowia

lipolytica

[0653] The Applicants have performed considerable analyses of various delta-9 elongases and delta-8 desaturases,
to determine those enzymes having optimal substrate specificity and/or substrate selectivity when expressed in Yarrowia
lipolytica. Based on these analyses, the genes described below in Table 32, and codon-optimized genes derived there
from (based on methodology of US. Patent 7,125,672), were identified as preferred for expression in Y. lipolytica. Those
genes highlighted in bold text were subsequently utilized to create delta-9 elongase/delta-8 desaturase gene fusions.
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TABLE 32

Preferred Desaturases And Elongases For Creation Of Delta-9/Delta-8 Gene Fusions In Yarrowia

ORF Organism Co-pending Patent Wildtype Codon-Optimized Mutant
Application Abbreviation Abbreviation and Abbreviation
References and SEQIDNOs SEQ ID NOs and SEQ ID NO
Delta-9 Euglena Patent Publication "EgD9e" * (SEQ | "EgD9eS"(SEQID -
Elongase gracilis US 2007-0117190 ID NO:112) NOs:318 and 319)
A1;seealsoExample
16 herein
Eutreptiella Patent Publication "E389D9%e" "E389D9eS" --
sp. CCMP389 US 2007-0117190 (SEQ ID (SEQ ID NOs:358
Al; NOs:419 and and 359)
420)
Euglena Example 36 herein "EaD9e" * (SEQ "EaD9eS" (SEQ --
anabaena ID NOs:252 and ID NOs:421 and
UTEX 373 254) 422)
Delta-8 Euglena U.S. Patent "EgD8" * (SEQ | "EgD8S"*(SEQID "EgD8M" *
Desaturase gracilis 7,256,033; U.S. IDNOs:423 and | NOs:425 and 426) (SEQID
Patent Publication 424) NOs:327 and
No. US 328)
2008/0138868
Euglena "EaD8" * (SEQ "EaD8S" (SEQ ID --
anabaena ID NOs:427 and NOs:429 and 430)
UTEX 373 428)
* Notes:

* EgD9e was described as "EgD9elo" in Example 16 herein.
» EaD9e was identified as "EaD9Elo1" in Example 36, herein.
» EgD8 was identified as "Eg5" in U.S. Patent 7,256,033.

» EgD8S was identified as "D8SF" in U.S. Patent 7,256,033.

* EgD8M was identified as "EgD8S-23" in U.S. Patent Publication No. US 2008/0138868.

[0654] The LA to EDA conversion efficiency of EgD9eS, E389D9eS and EaD9eS is reported in each of the applications
cited above. Briefly, however, when each delta-9 elongase was expressed as a chimeric gene in Yarrowia lipolytica
strain Y2224 (FIG. 44), under the control of a Yarrowia FBAINm promoter (PCT Publication No. WO 2005/049805; U.S.
Patent7,202,356) and a Pex20 terminator sequence from the Yarrowia Pex20gene (GenBank Accession No. AF054613),
the following substrate conversions were independently measured: EgD9eS (20.1%); EaD9eS (13%); and, E389D9%eS
(12%). All synthetic codon-optimized genes functioned with greater substrate conversion efficiency than the correspond-
ing wildtype gene.

[0655] U.S. Patent 7,256,033 discloses a E. gracilis delta-8 desaturase ("EgD8") able to desaturate EDA and EftrA to
DGLA and ETA, respectively, as well as a synthetic delta-8 desaturase derived from EgD8 and codon-optimized for
expression in Yarrowia lipolytica ("EgD8S"). Despite the usefulness of EgD8 and EgD8S, a synthetically engineered
mutant delta-8 desaturaseidentified herein as EgD8M (SEQ ID NOs:327 and 328) is used in more preferred embodiments
for expression in Yarrowia lipolytica. As described in U.S. Patent Publication No.US 2008/0138868 "EgD8M" (identified
therein as "EgD8S-23") was created by making multiple rounds of targeted mutations within EgD8S. The effect of each
mutation on the delta-8 desaturase activity of the resulting mutant was screened to ensure functional equivalence with
the delta-8 desaturase activity of EgD8S (SEQ ID NO:428). As a result of this work, mutant EgD8M (SEQ ID NO:328)
comprises the following 24 amino acid mutations with respect to the synthetic codon-optimized EgD8S sequence set
forth as SEQ ID NO:426: 4Sto A, 5Kt0 S, 12T to V, 16T to K, 17T to V, 66P to Q, 67Sto A, 108Sto L, 117G to A, 118Y
toF, 120L to M, 121Mto L, 125Q to H, 126Mto L, 132V to L, 133 L to V, 162L to V, 163V to L, 293L to M, 407A to S,
408V to Q, 418Ato G, 419G to A and 422L to Q. Pairwise alignment of the EgD8M and EgD8S protein sequences using
default parameters of Vector NTI®'s AlignX program (Invitrogen Corporation, Carlsbad, CA) revealed 94.3% sequence
identity and 97.9% consensus between the two proteins over a length of 422 amino acids. Average EDA to DGLA
substrate conversion by this mutant delta-8 desaturase was determined to be 37%, when EgD8M was expressed in
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Yarrowia lipolytica strain Y4001 (FIG. 44), under the control of a Yarrowia FBAINm promoter (PCT Publication No. WO
2005/049805; U.S. Patent 7,202,356) and a Pex20 terminator sequence from the Yarrowia Pex20 gene (GenBank
Accession No. AF054613).

[0656] When EaD8S was expressed in Yarrowia lipolytica strain Y4001U (FIG. 44), under the control of a Yarrowia
FBAINm promoter U.S. Patent 7,202,356) and a Pex20 terminator sequence from the Yarrowia Pex20 gene (GenBank
Accession No. AF054613), there was 41% conversion efficiency to DGLA with endogenous EDA as substrate.

Generation Of Construct pZUFmEgD9ES-Na, Comprising EQDOES

[0657] Plasmid pZuFmEgD9ES (SEQ ID NO:431), which was previously described in Patent Publication US
2007-0117190 A1, comprises a chimeric FBAINm::EgD9ES::Pex20 gene, a ColE1 plasmid origin of replication, an
ampicillin-resistance gene (AmpR) for selection in E. coli, a Yarrowia autonomous replication sequence (ARS18; GenBank
Accession No. A17608), and a Yarrowia Ura 3 gene (GenBank Accession No. AJ306421).

[0658] A Nar | site was introduced into pZUFmEgD9ES to generate pZUuFmEgD9ES-Na (SEQ ID NO:432) using oli-
gonucleotides YL989 and YL990 (SEQ ID NOs:433 and 434, respectively) as primers and pZuFmEgD9ES as template.
The introduced . Nar | site (i.e., GGCGCC) was located just before the translation stop codon of EQD9ES; therefore, the
coding region of EgDOES was extended with two additional amino acids (i.e., a glycine and an alanine).

Generation Of Construct pZUFmG9G8fu, Comprising A EQD9ES/EgD8M Gene Fusion

[0659] The N-terminal portion of EQD8M (SEQ ID NO:327) was amplified by PCR using oligonucleotides YL991 and
YL992 (SEQ ID NOs:435 and 436, respectively) as primers and pKO2UFm8A (SEQ ID NO:437) as template. Oligonu-
cleotide YL991 contained a Nar | site at its 5° end and DNA sequence encoding a modified variant of the EgDHAsyn1
proline-rich linker (i.e., GPARPAGLPPATYYDSLAYV, as set forth in SEQ ID NO:438 versus PARPAGLPPATYYDSLAYV,
as set forth in SEQ ID NO:198). This linker possessed an additional glycine at the 5’ end, with respect to the EgDHAsyn1
proline-rich linker (SEQ ID NO:198).

[0660] The Narl/Bg!/lldigested PCR product comprising the 5’ portion of EQD8M and the Bg/ [I/Not | digested fragment
of pKO2UFm8A comprising the 3’ portion of EQD8M was used to replace the Nar I/Not | fragment of pZUFmEgD9ES-
Na to generate pZUFmG9G8fu (FIG. 55A), which thereby contained the following components:

TABLE 33

Components Of Plasmid pZUFmG9G8fu (SEQ ID NO:439)

RE Sites And Description Of Fragment And Chimeric Gene Components
Nucleotides Within
SEQ ID NO:439
Swa I/BsiW | FBAINmM::EgDOES/EgD8M::Pex20, comprising:
(6067-318) + FBAINm: Yarrowia lipolytica FBAINm promoter (WO 2005/049805; U.S. Patent
7,202,356);

* EgD9ES/EgD8M: gene fusion comprising the codon-optimized Euglena gracilis delta-9
elongase (EgD9ES), a modified linker derived from EgDHAsyn1, and the synthetic mutant
delta-8 desaturase derived from Euglena gracilis (EgD8M) (EgD8M is labeled as "EgD8-23"
in the Figure) (nucleotide sequence of full-length gene fusion is setforth as SEQ ID NO:440,
while the translated amino acid sequence is set forth as SEQ ID NO:441);

» Pex20: Pex20 terminator sequence of Yarrowia Pex20 gene (GenBank Accession No.

AF054613);
1354-474 ColE1 plasmid origin of replication
2284-1424 ampicillin-resistance gene (AmpR) for selection in E. coli
3183-4487 Yarrowia autonomous replication sequence (ARS18; GenBank Accession No. A17608)
6020-4533 Yarrowia Ura 3 gene (GenBank Accession No. AJ306421)

Generation Of Construct pZUFmG9G8fu-B, Comprising A EQD9ES/EgD8M Gene Fusion

[0661] A BamH | site (i.e., GGATCC) was introduced into pZUFmG9G8fu to generate pZUFmG9G8fu-B (SEQ ID
NO:442 using oligonucleotides YL1043 and YL1044 (SEQ ID NOs:443 and 444, respectively) as primers and
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pZUFmG9G8fu as template. The BamH | site was located just after the translation start codon ATG and was in the
reading frame of EgD8M, which resulted in a two amino acid insertion (i.e., glycine and serine) between the methionine
amino acid residue and the remaining portion of the EgD8M polypeptide. This modification caused the linker region
between EgD9ES and EgD8M to become a peptide having the sequence set forth as SEQ ID NO:445 (i.e., GAGPARP-
AGLPPATYYDSLAVMGS); the nucleotide and translated amino acid sequence of the full-length EQDOES/EgD8M gene
fusion is set forth as SEQ ID NOs:446 and 447, respectively.

Generation Of Construct pZUFmG9A8, Comprising A EQDES/EaD8S Gene Fusion

[0662] Plasmid pEaD8S (SEQ ID NO:448) was created when the EaD8S gene (SEQ ID NO:429) was cloned into
pUC57 (GenBank Accession No. Y14837). Then, a BamH | site was introduced into pEaD8S using oligonucleotides
YL1059 and YL1060 (SEQ ID NOs:449 and 450, respectively) as primers and pEaD8S as template, to generate pEaD8S-
B (SEQ ID NO:451). The introduced BamH | site (i.e., GGATCC) was located just before the translation start codon of
EaD8S in pEaD8S-B, and is in the same reading frame with EaD8S.

[0663] The BamH I/Not | fragment of pEaD8S-B comprising EaD8S was used to replace the BamH |/Not | fragment
of pPZUFmG9G8fu-B (SEQ ID NO:442) to generate pZUFmG9AS8 (SEQ ID NO:452; FIG. 55B) (thereby introducing EaD8S
in place of EQD8M). The linker region between EgD9ES and EaD8S was a peptide having the sequence set forth in
SEQIDNO:445 (i.e., GAGPARPAGLPPATYYDSLAVMGS). Thus, plasmid pZUFmGSAS8 contained the EQDIES/EaD8S
gene fusion, flanked by the Yarrowia lipolytica FBAINm promoter and a Pex20 terminator (GenBank Accession No.
AF054613). The nucleotide and translated amino acid sequence of the full-length EQDIES/EaD8S gene fusion is set
forth as SEQ ID NOs:453 and 454, respectively.

Generation Of Construct pZUFmA9G8, Comprising A EaD9ES/EgD8M Gene Fusion

[0664] Plasmid pZUFmEaD9ES (SEQ ID NO:455) contained the EaDOES gene, flanked by the Yarrowia lipolytica
FBAINmM promoter and a Pex20 terminator (GenBank Accession No. AF054613). A Nar | site was introduced into the
plasmid to generate pZUFmEaD9ES-Na (SEQ ID NO:456) using oligonucleotides YL1049 and YL1050 (SEQ ID NOs:457
and 458, respectively) as primers and pZUFmEaD9ES as template. The introduced Nar | site (i.e., GGCGCC) was
located just before the translation stop codon of EaD9ES, and is in the same reading frame of EaD9ES.

[0665] The Nco I/Nar | fragment of pZUFmEaD9ES-Na (SEQ ID NO:456) comprising EaD9ES was used to replace
the Nco I/Nar | fragment of pZUFmG9G8fu-B (SEQ ID NO:442) to generate pZUFmA9GS (SEQ ID NO:459) (thereby
introducing EaD9ES in place of EgQDOES). The linker region between EaD9ES and EgD8M was a peptide having the
sequence setforth in SEQID NO:445 (i.e., GAGPARPAGLPPATYYDSLAVMGS). Thus, plasmid pZUFmA9G8 contained
the EaD9ES/EgD8M gene fusion, flanked by the Yarrowia lipolytica FBAINm promoter and a Pex20 terminator (GenBank
Accession No. AF054613). The nucleotide and translated amino acid sequence of the full-length EaD9ES/EgD8M gene
fusion is set forth as SEQ ID NOs:460 and 461, respectively.

Generation Of Construct pZUFmA9A8, Comprising A EaD9ES/EaD8S Gene Fusion

[0666] The BamH |1/Not|fragment of pPEaD8S-B (SEQ ID NO:451) comprising EaD8S was used to replace the BamH
I/Not | fragment of pZUFmA9GS8 (SEQ ID NO:459) to generate pZUFmASA8 (SEQ ID NO:462) (thereby introducing
EaD8S in place of EgD8M). The linker region between EaD9ES and EaD8S was a peptide having the sequence set
forth in SEQ ID NO:445 (i.e., GAGPARPAGLPPATYYDSLAVMGS). Thus, plasmid pZUFmA9AS8 contained the
EaD9ES/EaD8S gene fusion, flanked by the Yarrowia lipolytica FBAINm promoter and a Pex20 terminator (GenBank
Accession No. AF054613). The nucleotide and translated amino acid sequence of the full-length EaD9ES/EaD8S gene
fusion is set forth as SEQ ID NOs:463 and 464, respectively.

Generation Of Construct pZUFmR9G8, Comprising A E389DgeS/EgD8M Gene Fusion

[0667] Plasmid pE389S (SEQ ID NO:465) was created when the E389D9eS gene (SEQ ID NO:358) was cloned into
pUC57 (GenBank Accession No. Y14837). Then, a Narl site was introduced into pE389S to generate pE389S-Na (SEQ
ID NO:466) using oligonucleotides YL1051 and YL1052 (SEQ ID NOs:467 and 468, respectively) as primers and pE389S
as template. The introduced Nar | (i.e., GGCGCC) site was located just before the translation stop codon and was in
the same reading frame of E389D9%eS.

[0668] The Nco I/Nar | fragment of pE389S-Na comprising E389D9eS was used to replace the Nco I/Nar | fragment
of pZUFmG9G8fu-B comprising EQD9ES to generate pZUFmR9G8 (SEQ ID NO:469) (thereby introducing E389D9%eS
in place of EgDOES). The linker region between E389D9eS and EgD8M was a peptide having the sequence set forth
in SEQ ID NO:i445 (i.e., GAGPARPAGLPPATYYDSLAVMGS): Thus, plasmid pZUFmR9G8 contained the
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E389D9eS/EgD8M gene fusion, flanked by the Yarrowia lipolytica FBAINm. promoter and a Pex20 terminator (GenBank

Accession No. AF054613). The nucleotide and translated amino acid sequence of the full-length E389D9eS/EgD8M
gene fusion is set forth as SEQ ID NOs:470 and 471, respectively.

Example 56

Functional Analyses Of Delta-9 Elongase/Delta-8 Desaturase Gene Fusions In Yarrowia lipolytica Strain Y2224

[0669] The plasmids from Example 55 [i.e., pZUFmEgD9ES (SEQ ID NO:431), pZUFMEgD9OES-Na (SEQ ID NO:432),
pZUFMG9G8fu (SEQ ID NO:439), pZUFmG9G8fu-B (SEQ ID NO:442), pZUFmG9AS8 (SEQ ID NO:452), pZUFmA9G8
(SEQ ID NO:459), pZUFmA9A8 (SEQ ID NO:462) and pZUFmR9G8 (SEQ ID NO:469)] were transformed into Yarrowia
lipolytica strain Y2224 individually, as described in the General Methods. The transformants were selected on MM plates.
After 2 days growth at 30 °C, eight transformants from each transformation reaction were streaked out onto new MM
plates and incubated for an additional 2 days at 30 °C. Once grown, these strains were individually inoculated into 3 mL
liquid MM at 30 °C and shaken at 250 rpm/min for 2 days. The cells were collected by centrifugation, the supernatant
was removed and 3 mL of HGM was added. These strains were grown in a 30 °C incubator shaking at 250 rpm for an
additional 5 days. The cells were collected by centrifugation, lipids were extracted, and fatty acid methyl esters were
prepared by trans-esterification, and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0670] GC analyses showed thatthere were both delta-9 elongase and delta-8 desaturase activities iwall strains having
a delta-9 elongase/delta-8 desaturase gene fusion. The results are summarized below in Table 34. Delta-9 elongase
activity was calculated by dividing the sum of the weight percent (wt %) for EDA and DGLA by the sum of the wt % for
LA, EDA and DGLA and multiplying by 100 to express as a percent; similarly, delta-8 desaturase activity was calculated
by dividing the wt % for DGLA by the sum of the wt % for EDA and DGLA and multiplying by 100 to express as a percent.
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Delta-9 Elongase And Delta-8 Desaturase Activities In Yarrowia Transformed With Various Gene Fusions

[0671] In summary of Table 34, the data showed that all six fusion genes had both delta-9 elongase and delta-8
desaturase activities; thus, the fusion proteins from the fusion genes effectively permitted expression of two independent
and separable enzymatic activities. More importantly, fusing the two independent enzymes together as one fusion protein
separated by a linker region increased flux from LA to DGLA. in all cases, the fusion gene had higher activity than at
least one of the individual genes when expressed alone in Yarrowia. These data suggested that the product of delta-9
elongase may be directly channeled as substrate of delta-8 desaturase in the fusion protein.

[0672] More specifically, in the case of the EgD9ES/EgD8M gene fusion (i.e., pZuUuFmG9G8fu-B) and the
EgD9ES/EaD8S genefusion (i.e., pZUFMG9AS8), the EgDOES delta-9 elongase (21% conversion) performed in a manner
comparable to that when EQDIOES was expressed alone (20% conversion [pZuFmEgD9ES data and Example 55]). In
contrast, however, the EgD8M delta-8 desaturase activity in Yarrowia expressing pZuFmG9G8-B was about 97% more
efficient than when EgD8M was expressed alone (73% versus 37% conversion [Example 55]). Similarly, the EaD8S
delta-8 desaturase activity in Yarrowia expressing pZUFmG9A8 was about 63% more efficient than when EaD8S was
expressed alone (67% versus 41 % conversion [Example 55]).

[0673] In the case of the EaD9ES/EgD8M gene fusion (i.e., pZUFMAQG8) and the EaD9ES/EaD8S gene fusion (i.e.,
pZuFmAO9AS), the EaD9ES delta-9 elongase activity was about 15% and 38% more efficient, respectively, than when
EaD9ES was expressed alone (15% and 18% conversion, respectively, versus 13% conversion [Example 55]). Likewise,
the EgD8M delta-8 desaturase activity in Yarrowia expressing pZuFmA9G8 was about 46% more efficient than when
EgD8M was expressed alone (54% versus 37% conversion [Example 55]). Similarly, the EaD8S delta-8 desaturase
activity in Yarrowia expressing pZuFmA9A8 was about 32% more efficient than when EaD8S was expressed alone
(58% versus 41 % conversion [Example 55]).

[0674] Finally, in the case of the E389D9eS/EgD8M gene fusion (i.e., pZUFmR9G8), the E389D9eS delta-9 elongase
activity was about 50% more efficientthan when E389D9eS was expressed alone (18% versus 12% conversion [Example
55]). Likewise, the EgD8M delta-8 desaturase activity in Yarrowia expressing pZuFmR9G8 was about 89% more efficient
than when EgD8M was expressed alone (70% versus 37% conversion [Example 55]).

[0675] Table 34 also demonstrated that the modified linker GAGPARPAGLPPATYYDSLAVMGS (SEQ ID NO:445)
was preferred as opposed to the linker set forth as SEQ ID NO:438 in Yarrowia lipolytica, when fusing delta-9 elongase
and delta-8 desaturase genes together.

[0676] It will be obvious to one of skill in the art that other PUFA desaturase and elongase genes that are preferred
for expression in Yarrowia lipolytica (including, for example, any of those genes described in Tables 8-19) can be fused
together in @ manner similar to that described above and expressed in Yarrowia lipolytica. Preferred promoters and
terminators Suitable for construction of an expression cassette (wherein the ORF expressed encodes a multizyme) may
be selected from those described in Tables 8-19. It is hypothesized that increased efficiency or flux would be observed
in the fusion gene as opposed to when either (or both) individual genes are expressed alone.

EXAMPLE 57

Creation Of Delta-9 Elongase/Delta-8 Desaturase Gene Fusions For Expression in Soy

[0677] In order to characterize multizyme fusions between delta-9 elongases and delta-8 desaturases in soy, a series
of delta-9 elongase/delta-8 multizymes were created. Delta-9 elongase and delta-8 desaturase domains were separated
by the EgDHAsyn1 proline-rich linker (SEQ ID NO:198). For comparison, constructs that co-expressed individual delta-
9 elongase and delta-8 desaturase genes were also created. Delta-9 elongases used include EgD9elo (Example 16;
SEQ ID NO:112; also referred to as EgD9e and EgD9E herein, but they are identical) and EaD9elo1 (SEQ ID NO:252;
Example 36; also referred to as EaD9E and EaD9e herein, but they are all identical). Delta-8 desaturases used include
TpomD8 (SEQ ID NO:162; Example 21) and the Euglena anabaena delta-8 desaturase (EaD8Des3; SEQ ID NO:427;
also referred to as EaD8 but they are identical).

[0678] In the present Example and for Example 23, which describes the synthesis of the EgD9elo-EgDHAsyn1Link-
PavD8 fusion, additional nucleotides were added to the 3’ end of the EgDHAsyn1 proline-rich linker sequence to enable
cloning when making the fusions for all constructs. Thus, an additional 4 amino acids were included between the end
ofthe EgDHAsyn1 proline-rich linker (SEQ ID NO:198; PARPAGLPPATYYDSLAV) and the startof the delta-8 desaturase
used (i.e. SEQ ID NO:472; PARPAGLPPATYYDSLAVSGRT).

[0679] Plasmid pKR1183 (SEQ ID NO:266) comprising the Euglena anabaena delta-9 elongase-Tetruetreptia pom-
quetensis CCMP1491 delta-8 desaturase fusion (Hybrid1-HGLA Synthase; also called EaD9e/TpomD8) was described
in Example 38.

[0680] Other plasmids described in the present example include: pKR1014 (described in U.S. Patent Publication No.
US 2008/0095915 (filed October 22, 2007; Attorney Docket No. BB-1574; comprising EgD9e and TpomD8 expressed
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individually), pKR1152 (comprising an EgD9e and EaD8 expressed individually), pKR1151 (comprising an EaD9e and
TpomD8 expressed individually), pKR1150 (comprising an EaD9e and EaD8 expressed individually), pKR1184 (com-
prising a EaD9e/EaD8 gene fusion), pKR1199 (comprising a EgD9e/TpomD8 gene fusion), and pKR1200 (comprising
a EgD9e/EaD8 gene fusion). A summary of the constructs made and respective genes tested along with the SEQ ID
NOs for the nucleotide and amino acid sequences produced is shown in Table 35.

[0681] Functional analysis of the activity of each gene fusion is tested infra, in Example 60.
TABLE 35
Preferred Desaturases And Elongases For Creation Of Delta-9/Delta-8 Gene Fusions In Soy
Vector Vector Gene(s) Expressed SEQ ID NOs for nucleotide SEQ ID NOs for amino acid
SEQ ID sequence(s) sequences
NOs

pKR1014 SEQ ID EgD9%e SEQ ID NO:112 SEQ ID NO:513
NO:474 TpomD8 SEQ ID NO:162 SEQ ID NO:514

pKR1152 SEQID EgD9%e SEQ ID NO:112 SEQ ID NO:513
NO:479 EaD8 SEQ ID NO:427 SEQ ID NO:428

pKR1151 SEQID EaD9%e SEQ ID NO:252 SEQ ID NO:254
NO:484 TpomD8 SEQ ID NO:162 SEQ ID NO:514

pKR1150 SEQID EaD9e SEQ ID NO:252 SEQ ID NO:254
NO:485 EaD8 SEQ ID NO:427 SEQ ID NO:428

pKR1199 SEQ ID EgD9e/TpomD8 SEQ ID NO:492 SEQ ID NO:515
NO:488 fusion

pKR1200 SEQ ID EgD9e/EaD8 fusion SEQ ID NO:493 SEQ ID NO:516
NO:490

pKR1183 SEQ ID EaD9e/TpomD8 SEQ ID NO:494 SEQ ID NO:517
NO:266 fusion

pKR1184 SEQ ID EaD9e/EaD8 fusion SEQ ID NO:495 SEQ ID NO:518
NO:491

KS373 SEQID EgD9e/PavD8 fusion SEQ ID NO:496 SEQ ID NO:519

NO:179

Construction of pKR1014

[0682] Vector pKR123r, which was previously described in PCT Publication No. WO 2004/071467 (published August
26, 2004), contains a Notl site flanked by the Kunitz soybean Trypsin Inhibitor (KTi3) promoter (Jofuku et al., Plant Cell
1:1079-1093 (1989)) and the KTi 3’ termination region, the isolation of which is described in U.S. Patent No. 6,372,965
(KTi3/Notl/KTi3’ cassette). TpomD8 (SEQ ID NO:162; Example 21) was released from pLF114-10 (SEQ ID NO:165;
Example 21) by digestion with Notl and cloned into the Notl site of pKR123r to produce pKR1007 (SEQ ID NO:473).
[0683] Vector pKR912,whichwas previously describedin US-2007-0118929-A1 and published May 24, 2007, contains
the hygromycin B phosphotransferase gene, flanked by the 35S promoter (Odell et al., Nature 313:810-812 (1985)) and
NOS 3’ transcription terminator (Depicker et al., J. Mol. Appl. Genet. 1:561-570 (1982)) (35S/hpt/NOS3’ cassette) for
selection in plants such as soybean. Vector pKR912 also contains EgD9e (SEQ ID NO:112), flanked by the promoter
for the o subunit of B-conglycinin (Beachy et al., EMBO J. 4:3047-3053 (1985)) and the 3’ transcription termination
region of the phaseolin gene (Doyle et al., J. Biol. Chem. 261:9228-9238 (1986)), thus allowing for strong tissue-specific
expression of EgD9e in the seeds of soybean.

[0684] Plasmid pKR1007 (SEQ ID NO:473) was digested with Pstl, and the fragment containing the Tetruetreptia
pomquetensis delta-8 desaturase was cloned into the Sbfl site of pKR912, to give pKR1014 (SEQ ID NO:474). In this
way, the Tetruetreptia pomquetensis delta-8 desaturase is co-expressed with the Euglena gracilis delta-9 elongase
behind strong, seed-specific promoters. A schematic depiction of pKR1014 is shown in FIG. 56. In FIG. 56, TpomD8 is
called Tetruetreptia pomquetensis 1491 delta-8 Desaturases, and EgD%e is called eug el1.
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Construction of pKR1151

[0685] In order to introduce Notfl and Ncol restriction sites at the 5’ end of the coding sequences and a Nofl site at the
3’ end of the coding sequences, EaD8 (SEQ ID NO:427) was amplified with oligonucleotide primers EaD8-5 (SEQ ID
NO:475) and EaD8-3 (SEQ ID NO:476) using the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F553S, Finnzymes
Oy, Finland) following the manufacturer’s protocol. The resulting DNA fragment was cloned into the pCR-Blunt® cloning
vector using the Zero Blunt® PCR Cloning Kit (Invitrogen Corporation), following the manufacturer’s protocol, to produce
pLF120-3 (SEQ ID NO:477).

[0686] Vector pLF120-3 (SEQ ID NO:477), was digested with Notl, and the fragment containing EaD8 was cloned into
the Notl site of pKR457 (SEQ ID NO:122; Example 16), to produce pKR1138 (SEQ ID NO:478).

[0687] Vector pKR1138 (SEQ ID NO:478) was digested with BsiWI, and the fragment containing EaD8 was cloned
into the BsiW| site of pKR912 to give pKR1152 (SEQ ID NO:479). A schematic depiction of pKR1152 is shown in FIG.
57. In FIG. 57, EaD8 is called EaD8Des3, and EgD9e is called eug el1.

Construction of pKR1152

[0688] In order to introduce Notl and Ncol restriction sites at the 5’ end of the coding sequences and a Notl site at the
3’ end of the coding sequences, EaD%e was PCR amplified from pLF121-1 (SEQ ID NO:250; Example 36) with oligo-
nucleotide primers oEAd9el1-1 (SEQ ID NO:298; Example 44) and oEAd9el1-2 (SEQ ID NO:480) using the Phusion™
High-Fidelity DNA Polymerase (Cat. No. F5538S, Finnzymes Oy, Finland) following the manufacturer’s protocol. The
resulting DNA fragments were cloned into the pCR-Bluntd cloning vector using the Zero Blunttd PCR Cloning Kit
(Invitrogen Corporation), following the manufacturer’s protocol, to produce pKR1137 (SEQ ID NO:481).

[0689] EaD9e was released from pKR1137 (SEQ ID NO:481) by digestion with Notl and cloned into the Notl site of
pKR72 (SEQ ID NO:105; Example 15) to produce pKR1140 (SEQ ID NO:482).

[0690] TpomD8 was released from pLF114-10 (SEQ ID NO:165; Example 21) by digestion with Nofl and was cloned
into the Notl site of plasmid pKR457 (SEQ ID NO:122; Example 16) to produce pKR1145 (SEQ ID NO:483).

[0691] Vector pKR1145 (SEQ ID NO:483) was digested with BsiW| and the fragment containing TpomD8 was cloned
into the BsiWI site of pKR1140 (SEQ ID NO:482) to give pKR1151 (SEQ ID NO:484). A schematic depiction of pKR1151
is shown in FIG. 58. In FIG. 58, TpomDS8 is called Tetruetreptia pomquetensis 1491 delta-8 Desaturase, and EaD%e is
called EAd9elong.

Construction of pKR1150

[0692] Vector pKR1138 (SEQ ID NO:478) was digested with BsiWl, and the fragment containing EaD8 was cloned
into the BsiW| site of pKR1140 (SEQ ID NO:482) to give pKR1150 (SEQ ID NO:485). A schematic depiction of pKR1150
is shown in FIG. 59. In FIG. 59, EaD8 is called EaD8Des3, and EaD9e is called EAd9elong.

Construction of pKR1199

[0693] The Ncol/Notl DNA fragment of KS373 (SEQ ID NO:179; Example 23), containing EgD9elo-EgDHAsyn1Link,
was cloned into the Ncol/Notl DNA fragment from pKR1177 (SEQ ID NO:264; Example 38), containing the promoter for
the at subunit of f-conglycinin, to produce pKR1190 (SEQ ID NO:486).

[0694] The Notl fragment from pLF114-10 (SEQ ID NO:165; Example 21), containing TpomD8, was cloned into the
Notl fragment of pKR1190 (SEQ ID NO:486) to produce pKR1195 (SEQ ID NO:487).

[0695] The BamHI| DNA fragment of pKR1195 (SEQ ID NO:487), containing the EgD9e/TpomD8 fusion gene, was
cloned into the BamHI DNA fragment of pKR325, previously described in PCT Publication No. WO 2006/012325 to
produce pKR1199 (SEQ ID NO:488). A schematic depiction of pKR1199 is shown in FIG. 60. In FIG. 60, EgD9e/TpomD8
is called EGd9elong-TPOMdS8DS.

Construction of pKR1200

[0696] The Notl fragment from pLF120-3 (SEQ ID NO:477), containing EaD8 was cloned into the Notl fragment of
pKR1190 (SEQ ID NO:486) to produce pKR1196 (SEQ ID NO:489).

[0697] The BamHI DNA fragment of pKR1196 (SEQ ID NO:489), containing the EgD9e/EaD8 fusion gene, was cloned
into the BamH| DNA fragment of pKR325, previously described in PCT Publication No. WO 2006/012325 to produce
pKR1200 (SEQ ID NO:490). A schematic depiction of pKR1200 is shown in FIG. 61. In FIG. 61, EgD9e/EaD8 is called
EGd9ELONG-EAdSDS.
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Construction of pKR1184

[0698] The Notl fragment from pLF120-3 (SEQ ID NO:477), containing EaD8, was cloned into the Notl fragment of
pKR1179 (SEQ ID NO:265) to produce pKR1184 (SEQ ID NO:491). A schematic depiction of pKR1184 is shown in FIG.
62. In FIG. 62, EaD9e/EaD8 is called EAd9ELONG-EAd8DS.

EXAMPLE 58

Construction of Soybean Expression Vector pKR1321 for Expression of a Tetruetreptia pomquetensis CCMP1491 Delta-
8 Desaturase-Euglena anabaena delta-9 elongase Fusion Gene (TpomD8-EaD9Elo1 fusion)

[0699] The present example describes the construction of an in-frame fusion gene between the Tefruetreptia pom-
quetensis CCMP1491 delta-8 Desaturase (TpomD8; SEQ ID NO:162; Example 21) and the Euglena anabaena delta-
9 elongase (EaD9e; SEQ ID NO:252, Example 36). Eachdomain is separated by the EgDHAsyn1 linker with an additional
4 amino acids included between the end of the EgDHAsyn1 proline-rich linker and the start of the EaD9e, as described
in Example 57 (i.e. SEQ ID NO:472; PARPAGLPPATYYDSLAVSGRT).

[0700] Plasmid pKR1301 (SEQ ID NO:307; Example 44) was digested with EcoRI, and the DNA fragment containing
the 3’ end of TpomD8-EgDHAsyn1 Link (called TpomDB+L1TR1) was re-ligated to form pKR1303 (SEQ ID NO:497).
[0701] The Notl fragment of pKR1137 (SEQ ID NO:481; Example 57), containing the EaD9e, was cloned into the Eagl
site of pKR1303 (SEQ ID NO:497) to produce pKR1308 (SEQ ID NO:498). In this way, EaD9e was fused to the 3’ end
of TpomD8.

[0702] The Gy1/Pavelo/legA2 cassette was released from plasmid pKR336 (described in PCT Publication Nos. WO
04/071467) by digestion with Pstl/BamHI and cloned into the Pstl/BamHi site of pKR268 (described in PCT Publication
Nos. WO 04/071467) to produce pKR393 (SEQ ID NO:499). The Pavelo gene was released from pKR393 (SEQ ID
NO:499) by digestion with Notl, and the vector was re-ligated to form pKR407 (SEQ ID NO:500).

[0703] TpomD8 was released from pLF114-10 (SEQ ID NO:165; Example 21) by digestion with Nofl and was cloned
into the Notl site of plasmid pKR407 (SEQ ID NO:500) to produce pKR1018 (SEQ ID NO:501).

[0704] Plasmid pKR1018 (SEQ ID NO:501) was digested with HindllI/EcoRI, and the fragment containing the 5’ end
of the Tpomd8 was cloned into the Hindlll/EcoRI site of pKR1308 (SEQ ID NO:498) to produce pKR1312 (SEQ ID
NO:502). In this way, the TpomD88 sequence was restored, and the TpomD8/EaD9e fusion was formed.

[0705] The Notl fragment of pKR1312 (SEQ ID NO:502), containing the TpomD8/EaD9e fusion, was cloned into the
Notl site of pKR72 (SEQ ID NO:105; Example 23) to produce pKR1321 (SEQ ID NO:503). A schematic depiction of
pKR1321 is shown in FIG. 63. In FIG. 63, TpomD8/EaD9e is called TPd8ds-EAd9el fusion.

EXAMPLE 59
Construction of Soybean Expression Vector pKR1326 for Expression of a Euglena anabaena delta-9 elongase-Tetru-

etreptia pomquetensis CCMP1491 Delta-8 Desaturase Fusion Gene Using the Euglena anabaena DHAsyn1 proline-
rich linker

[0706] The present example describes the construction of an in-frame fusion gene between the Euglena anabaena
delta-9 elongase (EaD9e; SEQ ID NO:252, Example 36) and the Tetruetreptia pomquetensis CCMP 1491 delta-8 De-
saturase (TpomD8; SEQ ID NO:162; Example 21). Each domain is separated by the EaDHAsyn1 proline-rich linker
(SEQ ID NO:235), but with an additional 3 amino acids included between the end of the EaDHAsyn1 proline-rich linker
(EaDHAsyn1Link) and the start of the EaD9e (i.e. SEQ ID NO:504; PGGPGKPSEIASLPPPIRPVGNPPAAYYDALAT-
GRT). Cloning was performed as similarly described in Example 57.

[0707] An initial in-frame fusion between the EaD9e and the EaDHAsyn1 Link (EaD9elo-EgDHAsyn1Link) was made
by PCR amplification and was flanked by a Notl and Ncol site at the 5’end and a Notl site at the 3’ end. EaD%9e (SEQ
ID NO:252) was amplified from pLF121-1 (SEQ ID NO:250) with oligonucleotides oEAd9el1-1 (SEQ ID NO:298) and
EaLink1 (SEQ ID NO:505), using the Phusion™ High-Fidelity DNA Polymerase (Cat. No. F553S, Finnzymes Oy, Finland)
following the manufacturer’s protocol. EaDHAsyn1Link (SEQ ID NO:234) was amplified in a similar way from pLF117-1
(SEQ ID NO:87; Example 13) with oligonucleotides EaLink2 (SEQ ID NO:506) and EaLink3 (SEQ ID NO:507). The two
resulting PCR products were combined and re-amplified usingoEAd9el1-1 (SEQ ID NO:298) and EalLink3 (SEQ ID
NO:507) to form EaD9e-EaDHAsyn1Link. The sequence of the EaD9e-EaDHAsyn1Link is shown in SEQ ID NO:508.
EaD9e-EaDHAsyn1Link was cloned into the pCR-Blunt® cloning vector using the Zero Blunt® PCR Cloning Kit (Invitrogen
Corporation), following the manufacturer’s protocol, to produce pKR1305 (SEQ ID NO:509).

[0708] The Eagl DNA fragment of pKR1305 (SEQ ID NO:509), containing EaD9e-EaDHAsyn1Link, was cloned into
the Notl site pKR1304 (SEQ ID NO:310; Example 44) to produce pKR1317 (SEQ ID NO:510). In this way, the 5’ end of
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the TpomD8 was fused to EaD9e-EaDHAsyn1Link.

[0709] The EcoRI/Asp718 fragment of pKR1127 (SEQ ID NO:168; Example 22), containing the 3’ end of the TpomD8
was cloned into the EcoRI/Asp718 fragment of pKR1317 (SEQ ID NO:510), containing EaD9e-EaDHAsyn1Link to
produce pKR1320 (SEQ ID NO:511).

[0710] The Notl fragment from pKR1320 (SEQ ID NO:511), containing the fusion, was cloned into the Notl fragment
of pKR72 (SEQ ID NO:105; Example 15) to produce pKR1326 (SEQ ID NO:512). A schematic depiction of pKR1326 is
shown in FIG. 64. In FIG. 64, EaD9e/TpomD8 with the EaDHAsyn1 proline-rich linker is called EAd9el-TPOMd8ds
L2fusion.

EXAMPLE 60

Functional Analyses Of Delta-9 Elongase/Delta-8 Desaturase Gene Fusions In Soy

[0711] The present example describes the transformation and expression in soybean somatic embryos of pKR1014
(SEQ ID NO:474), pKR1152 (SEQ ID NO:479), pKR1151 (SEQ ID NO:484), pKR1150 (SEQ ID NO:485), pKR1199
(SEQ ID NO:488), pKR1200 (SEQ ID NO:490), and pKR1184 (SEQ ID NO:491), the syntheses of which were previously
described in Example 57. Functional analyses of pKR1183 (SEQ ID NO:266) and KS373 (SEQ ID NO:179) were pre-
viously described in Examples 46 and 31, respectively.

[0712] Soybean embryogenic suspension culture (cv. Jack) was transformed with each of the vectors above, and
embryos were matured in soybean histodifferentiation and maturation liquid medium (SHaM liquid media; Schmidt et
al., Cell Biology and Morphogenesis, 24:393 (2005)), as described in Example 25 and previously described in PCT
Publication No. WO 2007/136877, published November 29, 2007.

[0713] After maturation in SHaM liquid media, a subset of transformed soybean embryos (i.e., 5-6 embryos per event)
were harvested and analyzed as described herein.

[0714] Inthis way, approximately 30 events transformed with pKR1014 (SEQ ID NO:474), pKR1152 (SEQ ID NO:479),
pKR1151 (SEQ ID NO:484), pKR1150 (SEQ ID NO:485), pKR1199 (SEQ ID NO:488), pKR1200 (SEQ ID NO:490), or
pKR1184 (SEQ ID NO:491) were analyzed. The five events having the highest average DGLA content (average of the
5 embryos analyzed) are shown in FIGs. 65, 66, 67, 68, 69, 70, or 71, respectively. In FIGs. 65-71, fatty acids are
identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA, EDA, ERA, DGLA, and ETA. Fatty acid
compositions are expressed as a weight percent (wt. %) of total fatty acids. Table 36 summarizes the vector, genes
used, experiment number (MSE#), and corresponding FIG.

[0715] In FIGs. 65-71, elongation activity is expressed as % delta-9 elongation of C18 fatty acids (C18 % delta-9
elong), calculated according to the following formula: ([product]/[substrate + product])*100. More specifically, the com-
bined percent elongation for LA and ALA is determined as: ([DGLA + ETA + EDA + ERAJ/[LA + ALA + DGLA + ETA +
EDA + ERA])*100.

[0716] In FIGs. 65-71, the combined percent desaturation for EDA and ERA is shown as "C20 % delta-8 desat",
determined as: ([DGLA + ETAJ/[DGLA + ETA + EDA + ERA])*100. This is also referred to as the overall % desaturation.

TABLE 36
Functional analysis of Delta-9/Delta-8 Gene Fusions In Soy
Vector Gene(s) Expressed MSE Experiment FIG. # Containing Functional Analysis
pKR1014 EgD%e MSE2024 FIG. 65
TpomD8
pKR1152 EgD9%e MSE2136 FIG. 66
EaD8
pKR1151 EaD9%e MSE2131 FIG. 67
TpomD8
pKR1150 EaD9%e MSE2130 FIG. 68
EaD8
pKR1199 [ EgD9e/TpomD8 fusion MSE2153 FIG. 69
pKR1200 EgD9e/EaD8 fusion MSE2154 FIG. 70
pKR1183 | EaD9e/TpomD8 fusion | MSE2145 (Example 46)* FIG. 37
pKR1184 EaD9e/EaD8 fusion MSE2146 FIG. 71
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(continued)

Functional analysis of Delta-9/Delta-8 Gene Fusions In Soy

Vector Gene(s) Expressed MSE Experiment FIG.# Containing Functional Analysis
KS373 EgD9e/PavD8 fusion MSE2071 (Example 31) FIG. 24
*In FIG. 37, MSE2145 is listed as MSE2144

[0717] A comparison of individually expressed delta-9 elongases with delta-8 desaturases versus the equivalent delta-
9 elongase-delta-8 desaturase fusion is shown in FIG. 72. In FIG. 72, each data point represents the average %DGLA
or %EDA for 5-6 embryos (as a % of total fatty acids) for all events analyzed, and avg. %DGLA is plotted vs. avg. %
EDA. In FIG. 72A, EgTpom represents EgD9e co-expressed with TpomD8 (pKR1014), and EgTpomfus represents the
EgD9e/TpomD8 fusion (pKR1199). In FIG. 72B, EgEa represents EgD9e co-expressed with EaD8 (pKR1152), and
EgEafus represents the EgD9e/EaD8 fusion (pKR1200). In FIG. 72C, EaTpom represents EaD9e co-expressed with
TpomD8 (pKR1151), and EaTpomfus represents the EaD9e/TpomD8 fusion (pKR1183). In FIG. 72D, EaEa represents
EaD9e co-expressed with EaD8 (pKR1150), and EaEafus represents the EaD9e/EaD8 fusion (pKR1200).

EXAMPLE 61

Functional Analyses Of Delta-9 Elongase/Delta-8 Desaturase/Delta-5 Desaturase Gene Fusion

[0718] The present example describes the transformation and expression in soybean somatic embryos of pKR1322
(SEQ ID NO:314; Example 50) comprising a EaD9Elo1-TpomD8-EaD5Des1 triple fusion (also called
EaDQe/TpomD8/EaD5). Each domain is separated by the EgDHAsyn1 linker with an additional 4 amino acids (i.e. SEQ
ID NO:472; PARPAGLPPATYYDSLAVSGRT).

[0719] Soybean embryogenic suspension culture (cv. Jack) was transformed with pKR1322, and embryos were ma-
tured in soybean histodifferentiation and maturation liquid medium (SHaM liquid media; Schmidt et al., Cell Biology and
Morphogenesis, 24:393 (2005)) as described in Example 25 and previously described in PCT Publication No. WO
2007/136877, published November 29, 2007.

[0720] After maturation in SHaM liquid media, a subset of transformed soybean embryos (i.e., 5embryos per event)
were harvested and analyzed as described herein.

[0721] In this way, approximately 30 events transformed with pKR1322 (Experiment MSE2274) were analyzed, and
the five events having the highest average ARA and EPA content (average of the 5 embryos analyzed) are shown in
FIG. 73. In FIG. 73, fatty acids are identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), 18:2 (5,9), LA,
ALA, EDA, ERA, SCI, DGLA, JUN (also called JUP), ETA, ARA, and EPA. Fatty acid compositions are expressed as a
weight percent (wt. %) of total fatty acids.

[0722] In FIG. 73, elongation activity is expressed as % delta-9 elongation of C18 fatty acids (%Elo), calculated
according to the following formula: ([product)/[substrate + product])*100. More specifically, the combined percent elon-
gation for LA and ALA is determined as: ([DGLA + ETA + EDA + ERA + EPA + ARAJ/[LA + ALA + DGLA + ETA + EDA
+ ERA + EPA + ARA])*100.

[0723] In FIG. 73, the combined percent delta-8 desaturation for EDA and ERA is shown as "%D8", determined as:
([DGLA + ETA + EPA + ARAJ/[DGLA + ETA + EDA + ERA + EPA + ARA])*100. This is also referred to as the overall
% delta-8 desaturation.

[0724] In FIG. 73, the combined percent delta-5 desaturation for DGLA and ETA is shown as "%D5", determined as:
([EPA + ARAJ[DGLA + ETA + EPA + ARA])*100. This is also referred to as the overall % delta-5 desaturation.

[0725] Insummary of FIG. 73, all three domains are functional. This fusion could be referred to as either EPA synthase
or ARA synthase.

EXAMPLE 62

Functional Analyses Of Delta-9 Elongase/Delta-8 Desaturase and Delta-8 Desaturase/Delta-9 Elongase Gene Fusions

[0726] The present example describes the transformation and expression in soybean somatic embryos of either
pKR1326 (SEQ ID NO:512), comprising an EaD9Elo1-TpomD8 fusion (also called EaD9e/TpomD8) separated by the
EaDHAsyn1 linker with an additional 3 amino acids (i.e. SEQ ID NO:504; PGGPGKPSEIASLPPPIRPVGNPPAAYY-
DALATGRT), or pKR1321 (SEQ ID NO:503; Example 58), comprising TpomD8/EaD9e fusion separated by the
EgDHAsyn1 linker.
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[0727] Soybean embryogenic suspension culture (cv. Jack) was transformed with pKR1326 or pKR1321, and embryos
were matured in soybean histodifferentiation and maturation liquid medium (SHaM liquid media; Schmidt et al., Cell
Biology and Morphogenesis, 24:393 (2005)), as described in Example 25 and previously described in PCT Publication
No. WO 2007/136877, published November 29, 2007.

[0728] After maturation in SHaM liquid media, a subset of transformed soybean embryos (i.e., 5embryos per event)
were harvested and analyzed as described herein.

[0729] In this way, approximately 30 events transformed with pKR1326 (Experiment MSE2275) were analyzed, and
the five events having the highest average DGLA and ETA content (average of the 5 embryos analyzed) are shown in
FIG. 74. In FIG. 74, fatty acids are identified as 16:0 (palmitate), 18:0 (stearic acid), 18:1 (oleic acid), LA, ALA, EDA,
ERA, DGLA and DGLA, and ETA. Fatty acid compositions are expressed as a weight percent (wt. %) of total fatty acids.
[0730] In FIG. 74, elongation activity is expressed as % delta-9 elongation of C18 fatty acids (C18 % delta-9 elong),
calculated according to the following formula: ([product]/[substrate + product])*100. More specifically, the combined
percent elongation for LA and ALA is determined as: ((DGLA + ETA + EDA + ERAJ/[LA + ALA + DGLA + ETA + EDA +
ERA])*100.

[0731] InFIG. 74, the combined percent desaturation for EDA and ERA is shown as "C20 % delta-8 desat", determined
as: ([DGLA + ETAJ/[DGLA + ETA + EDA + ERA])*100. This is also referred to as the overall % desaturation.

[0732] In summary of FIG. 74, the EaDHAsyn1 linker functions similarly to the EgDHAsyn1 linker. No activity was
detected for any of the events transformed with pKR1321 where TpomD8 was fused to EaD9e with the EgDHAsyn1 linker.

Claims

1. A multizyme comprising a single polypeptide having at least two independent and separable enzymatic activities,
wherein said enzymatic activities comprise at least one fatty acid elongase linked to at least one fatty acid desaturase,
wherein said elongase is linked to a said desaturase and said link is selected from the group consisting of a SEQ
ID NO:198, SEQ ID NO:200, SEQ ID NO:235, SEQ ID NO:438, SEQ ID NO:472, SEQ ID NO:445, and SEQ ID
NO:504.

2. The multizyme of claim 1, wherein the fatty acid elongase is a Cyqy, €longase and the fatty acid desaturase is a
delta-4 desaturase.

3. The multizyme of claim 1, wherein the fatty acid elongase is a delta-9 elongase and the fatty acid desaturase is a
delta-8 desaturase.

4. Anisolated polynucleotide encoding a multizyme according to claim 1, wherein the polynucleotide comprises:

(a) a nucleotide sequence encoding a polypeptide having DHA synthase activity, wherein the polypeptide has
at least 80% amino acid identity, based on the Clustal V method of alignment, when compared to an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, or SEQ ID NO:97;
(b) anucleotide sequence encoding a polypeptide having DHA synthase activity wherein the nucleotide sequence
has at least 80% sequence identity, based on the BLASTN method of alignment, when compared to a nucleotide
sequence as set forth in SEQ ID NO:11, SEQ ID NO:205, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ
ID NO:93, or SEQ ID NO:410;

(c) a nucleotide sequence encoding a polypeptide having DHA synthase activity, wherein the nucleotide se-
quence hybridizes under stringent conditions to a nucleotide sequence as set forth in SEQ ID NO:11, SEQ ID
NO:205, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID NO:93, or SEQ ID NO:410; or

(d) a complement of the nucleotide sequence of (a), (b), or (c), wherein the complement and the nucleotide
sequence consist of the same number of nucleotides and are 100% complementary.

5. The isolated polynucleotide of claim 4, wherein said polynucleotide encodes a polypeptide having an amino acid
sequence as set forth in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96, or SEQ ID NO:97.

6. The isolated polynucleotide of claim 5, wherein said polynucleotide comprises a nucleotide sequence as set forth
inSEQIDNO:11,SEQIDNO:21,SEQIDNO:91, SEQIDNO:92, SEQIDNO:93,SEQID NO:2050r SEQIDNO: 410.

7. Anisolated polynucleotide encoding a multizyme according to claim 1, wherein the polynucleotide comprises:

(a) a nucleotide sequence encoding a polypeptide having DGLA synthase activity, wherein the polypeptide is
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set forth in SEQ ID NO:441, SEQ ID NO:447, SEQ ID NO:454, SEQ ID NO:461, SEQ ID NO:464, SEQ ID
NO:471, SEQ ID NO:515, SEQ ID NO:516, SEQ ID NO:517, SEQ ID NO:518, or SEQ ID NO:519;
(b) a nucleotide sequence encoding a polypeptide having DGLA synthase activity wherein the nucleotide se-
quence is set forth in SEQ ID NO:440, SEQ ID NO:446, SEQ ID NO:453, SEQ ID NO:460, SEQ ID NO:463,
SEQ ID NO:470, SEQ ID NO:492, SEQ ID NO:493, SEQ ID NO:494, SEQ ID NO:495, or SEQ ID NO:496;
(c) a nucleotide sequence encoding a polypeptide having DGLA synthase activity, wherein the nucleotide se-
quence hybridizes under stringent conditions to a nucleotide sequence as set forth in SEQ ID NO:440, SEQ ID
NO:446, SEQ ID NO:453, SEQ ID NO:460, SEQ ID NO:463, SEQ ID NO:470, SEQ ID NO:492, SEQ ID NO:493,
SEQ ID NO:494, SEQ ID NO:495, or SEQ ID NO:496; or
(d) a complement of the nucleotide sequence of (a), (b) or (c), wherein the complement and the nucleotide
sequence consist of the same number of nucleotides and are 100% complementary.

A recombinant construct comprising any of the isolated polynucleotides of claims 4 to 7 operably linked to at least
one regulatory sequence.

A host cell comprising in its genome the recombinant construct of claim 8.
The host cell of claim 9, wherein the host cell is a plant cell.

The host cell of claim 10, wherein the plant cell is an oilseed plant cell.

The host cell of claim 9, wherein the host cell is a yeast cell.

The host cell of claim 12, wherein the yeast cell is an oleaginous yeast cell.
The host cell of claim 13, wherein the oleaginous yeast cell is a Yarrowia sp.

A method for transforming a cell, comprising transforming a cell with the recombinant construct of claim 8 and
selecting those cells transformed with said recombinant construct.

A method for producing a transformed plant comprising transforming a plant cell with the recombinant construct of
claim 8 and regenerating a plant from the transformed plant cell.

The method of claim 16, wherein said plant is a soybean plant.

A plant comprising in its genome the recombinant construct of claim 8.
The plant of claim 18, wherein said plant is an oilseed plant.

The plant of claim 19, wherein said oilseed plant is soybean.

Seed obtained from the plant of any one of claims 18 to 20, wherein said seed comprises the recombinant construct
of claim 8.

A method for the conversion of linoleic acid to dihomo gamma-linolenic acid or a-linolenic acid to eicosatetraenoic
acid comprising:

a) providing a microbial host cell comprising the recombinant construct of claim 8 encoding a DGLA synthase
and a source of a linoleic acid or a-linolenic acid; and

b) growing the host cell of (a) under conditions whereby the dihomo gamma-linolenic acid or eicosatetraenoic
acid, is produced.

A method for the conversion of eicosapentaenoic acid to docosahexaenoic acid comprising:
a) providing a microbial host cell comprising the recombinant construct of claim 8 encoding a DHA synthase

and a source of eicosapentaenoic acid; and
b) growing the host cell of (a) under conditions whereby docosahexaenoic acid is produced.
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Patentanspriiche

1.

8.

9.

Multizym, umfassend ein einzelnes Polypeptid mit zumindest zwei unabhangigen und trennbaren enzymatischen
Aktivitaten, wobei die enzymatischen Aktivitaten zumindest eine Fettsdureelongase, geknilipft an zumindest eine
Fettsduredesaturase, umfassen, wobei die Elongase an die Desaturase geknipft ist und die Verknlpfung aus der
Gruppe ausgewahlt ist, die besteht aus SEQ ID NO:198, SEQ ID NO:200, SEQ ID NO:235, SEQ ID NO:438, SEQ
ID NO:472, SEQ ID NO:445 und SEQ ID NO:504.

Multizym nach Anspruch 1, wobei die Fettsdureelongase eine Cogpo-Elongase ist und die Fettséuredesaturase eine
Delta-4-Desaturase ist.

Multizym nach Anspruch 1, wobei die Fettsdureelongase eine Delta-9-Elongase ist und die Fettsauredesaturase
eine Delta-8-Desaturase ist.

Isoliertes Polynukleotid, codierend firr ein Multizym nach Anspruch 1, wobei das Polynukleotid umfasst:

(a) eine Nukleotidsequenz, codierend fiir ein Polypeptid mit DHA-Synthase-Aktivitdt, wobei das Polypeptid
zumindest 80% Aminosaureidentitat, beruhend auf dem Clustal-V-Alignmentverfahren, bei Vergleich mit einer
Aminosauresequenz aufweist, wie sie in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96 oder
SEQ ID NO:97 aufgefiihrt ist;

(b) eine Nukleotidsequenz, codierend fiir ein Polypeptid mit DHA-Synthase-Aktivitat, wobei die Nukleotidse-
quenz zumindest 80% Sequenzidentitat, beruhend auf dem BLASTN-Alignmentverfahren, bei Vergleich mit
einer Nukleotidsequenz aufweist, wie sie in SEQ ID NO:11, SEQ ID NO:205, SEQ ID NO:21, SEQ ID NO:91,
SEQ ID NO:92, SEQ ID NO:93 oder SEQ ID NO:410 aufgefihrt ist;

(c) eine Nukleotidsequenz, codierend flr ein Polypeptid mit DHA-Synthase-Aktivitat, wobei die Nukleotidse-
quenz unter stringenten Bedingungen an eine Nukleotidsequenz hybridisiert, wie sie in SEQ ID NO:11, SEQ
ID NO:205, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID NO:93 oder SEQ ID NO:410 aufgefihrt
ist; oder

(d) ein Komplement der Nukleotidsequenz aus (a), (b) oder (c), wobeidas Komplementund die Nukleotidsequenz
aus der gleichen Anzahl von Nukleotiden bestehen und zu 100% komplementar sind.

Isoliertes Polynukleotid nach Anspruch 4, wobei das Polynukleotid fiir ein Polypeptid codiert, das eine Aminosau-
resequenz aufweist, wie sie in SEQ ID NO:12, SEQ ID NO:22, SEQ ID NO:95, SEQ ID NO:96 oder SEQ ID NO:97
aufgeflhrt ist.

Isoliertes Polynukleotid nach Anspruch 5, wobei das Polynukleotid eine Nukleotidsequenz umfasst, wie sie in SEQ
ID NO:11, SEQ ID NO:21, SEQ ID NO:91, SEQ ID NO:92, SEQ ID NO:93, SEQ ID NO:205 oder SEQ ID NO:410
aufgefihrt ist.

Isoliertes Polynukleotid, codierend fir ein Multizym nach Anspruch 1, wobei das Polynukleotid umfasst:

(a) eine Nukleotidsequenz, codierend fiir ein Polypeptid mit DGLA-Synthase-Aktivitat, wobei das Polypeptid
aufgefihrtistin SEQ ID NO:441, SEQ ID NO:447, SEQ ID NO:454, SEQ ID NO:461, SEQ ID NO:464, SEQ ID
NO:471, SEQ ID NO:515, SEQ ID NO:516, SEQ ID NO:517, SEQ ID NO:518 oder SEQ ID NO:519;

(b) eine Nukleotidsequenz, codierend fir ein Polypeptid mit DGLA-Synthase-Aktivitat, wobei die Nukleotidse-
quenz aufgefihrt ist in SEQ ID NO:440, SEQ ID NO:446, SEQ ID NO:453, SEQ ID NO:460, SEQ ID NO:463,
SEQ ID NO:470, SEQ ID NO:492, SEQ ID NO:493, SEQ ID NO:494, SEQ ID NO:495 oder SEQ ID NO:496;
(c) eine Nukleotidsequenz, codierend fiir ein Polypeptid mit DGLA-Synthase-Aktivitat, wobei die Nukleotidse-
quenz unter stringenten Bedingungen an eine Nukleotidsequenz hybridisiert, wie sie aufgefihrt ist in SEQ ID
NO:440, SEQ ID NO:446, SEQ ID NO:453, SEQ ID NO:460, SEQ ID NO:463, SEQ ID NO:470, SEQ ID NO:492,
SEQ ID NO:493, SEQ ID NO:494, SEQ ID NO:495 oder SEQ ID NO:496; oder

(d) ein Komplementder Nukleotidsequenz aus (a), (b) oder (c), wobei das Komplement und die Nukleotidsequenz
aus der gleichen Anzahl von Nukleotiden bestehen und zu 100% komplementar sind.

Rekombinantes Konstrukt, das eines der isolierten Polynukleotide nach Anspriichen 4 bis 7, funktionell verbunden
mit zumindest einer regulatorischen Sequenz, umfasst.

Wirtszelle, die in ihrem Genom das rekombinante Konstrukt nach Anspruch 8 umfasst.
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Wirtszelle nach Anspruch 9, wobei die Wirtszelle eine Pflanzenzelle ist.
Wirtszelle nach Anspruch 10, wobei die Pflanzenzelle eine Olsamen-Pflanzenzelle ist.
Wirtszelle nach Anspruch 9, wobei die Wirtszelle eine Hefezelle ist.
Wirtszelle nach Anspruch 12, wobei die Hefezelle eine olhaltige Hefezelle ist.
Wirtszelle nach Anspruch 13, wobei die olhaltige Hefezelle eine Yarrowia sp. ist.

Verfahren zum Transformieren einer Zelle, umfassend Transformieren einer Zelle mit dem rekombinanten Konstrukt
nach Anspruch 8 und Auswahlen jener Zellen, die mit dem rekombinanten Konstrukt transformiert sind.

Verfahren zum Produzieren einer transformierten Pflanze, umfassend Transformieren einer Pflanzenzelle mit dem
rekombinanten Konstrukt nach Anspruch 8 und Regenerieren einer Pflanze aus der transformierten Pflanzenzelle.

Verfahren nach Anspruch 16, wobei die Pflanze eine Sojabohnenpflanze ist.
Pflanze, die in ihrem Genom das rekombinante Konstrukt nach Anspruch 8 umfasst.
Pflanze nach Anspruch 18, wobei die Pflanze eine Olsamenpflanze ist.

Pflanze nach Anspruch 19, wobei die Olsamenpflanze die Sojabohne ist.

Samen, erhalten aus der Pflanze nach einem der Anspriiche 18 bis 20, wobeider Samen das rekombinante Konstrukt
nach Anspruch 8 umfasst.

Verfahren zum Umwandeln von Linolsaure zu Dihomogammalinolenséure oder von o-Linolensaure zu Eicosate-
traensaure, umfassend:

a) Bereitstellen einer mikrobiellen Wirtszelle, umfassend das rekombinante Konstrukt nach Anspruch 8, codie-
rend flr eine DGLA-Synthase, und eine Quelle einer Linolsdure oder einer o-Linolensaure; und

b) Zuchten der Wirtszelle aus (a) unter Bedingungen, durch die die Dihomogammalinolensaure oder die Eico-
satetraensaure produziert wird.

Verfahren zum Umwandeln von Eicosapentaensaure zu Docosahexaensaure, umfassend:
a) Bereitstellen einer mikrobiellen Wirtszelle, umfassend das rekombinante Konstrukt nach Anspruch 8, codie-

rend fir eine DHA-Synthase, und eine Quelle von Eicosapentaenséaure; und
b) Zuchten der Wirtszelle aus (a) unter Bedingungen, durch die Docosahexaensaure produziert wird.

Revendications

Multienzyme comprenant un seul polypeptide possédant au moins deux activités enzymatiques indépendantes et
séparables, dans laquelle lesdites activités enzymatiques comprennent au moins une élongase d’acide gras liée a
au moins une désaturase d’acide gras, dans laquelle ladite élongase est liée a ladite désaturase et ledit lien est
choisi dans le groupe constitué d’une SEQ ID NO:198, d’'une SEQ ID NO:200, d’'une SEQ ID NO:235, d’'une SEQ
ID NO:438, d’'une SEQ ID NO:472, d’'une SEQ ID NO:445 et d’'une SEQ ID NO:504.

Multienzyme selon la revendication 1, dans laquelle I'élongase d’acide gras est une Cy», élongase et la désaturase
d’acide gras est une delta-4 désaturase.

Multienzyme selon la revendication 1, dans laquelle I'élongase d’acide gras est une delta-9 élongase etla désaturase
d’acide gras est une delta-8 désaturase.

Polynucléotide isolé codant pour une multienzyme selon la revendication 1, ou le polynucléotide comprend:
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(a) une séquence de nucléotides codant pour un polypeptide ayant une activité de DHA synthase, ou le poly-
peptide a au moins 80% d’identité d’acides aminés, sur la base de la méthode d’alignement Clustal V, lorsqu’il
est comparé a une séquence d’acides aminés telle que présentée dans la SEQ ID NO:12, la SEQ ID NO:22,
la SEQ ID NO:95, la SEQ ID NO:96 ou la SEQ ID NO:97;

(b) une séquence de nucléotides codant pour un polypeptide ayant une activité de DHA synthase, ol la séquence
de nucléotides a au moins 80% d’identité de séquence, sur la base de la méthode d’alignement BLASTN,
lorsqu’elle est comparée a une séquence de nucléotides telle que présentée dans la SEQ ID NO:11, la SEQ
ID NO:205, la SEQ ID NO:21, la SEQ ID NO:91, la SEQ ID NO:92, la SEQ ID NO:93 ou la SEQ ID NO:410,
(c) une séquencede nucléotides codant pour un polypeptide ayant une activité de DHA synthase, oula séquence
de nucléotides s’hybride dans des conditions rigoureuses a une séquence de nucléotides telle que présentée
dans la SEQ ID NO:11, la SEQ ID NO:205, la SEQ ID NO:21, la SEQ ID NO:91, la SEQ ID NO:92, la SEQ ID
NO:93 ou la SEQ ID NO:410, ou

(d) un complément de la séquence de nucléotides de (a), (b) ou (c), ou le complément et la séquence de
nucléotides sont constitués du méme nombre de nucléotides et sont complémentaires a 100%.

Polynucléotide isolé selon la revendication 4, ou ledit polynucléotide code pour un polypeptide possédant une
séquence d’acides aminés telle que présentée dans la SEQ ID NO:12, la SEQ ID NO:22, la SEQ ID NO:95, la SEQ
ID NO:96 ou la SEQ ID NO:97.

Polynucléotide isolé selon la revendication 5, ou ledit polynucléotide comprend une séquence de nucléotides telle
que présentée dans la SEQ ID NO:11, la SEQ ID NO:21, la SEQ ID NO:91, la SEQ ID NO:92, la SEQ ID NO:93,
la SEQ ID NO:205 ou la SEQ ID NO:410.

Polynucléotide isolé codant pour une multienzyme selon la revendication 1, ou le polynucléotide comprend:

(a) une séquence de nucléotides codant pour un polypeptide ayant une activité de DGLA synthase, ou le
polypeptide est présenté dans la SEQ ID NO:441, la SEQ ID NO:447, la SEQ ID NO:454, |a SEQ ID NO:461,
la SEQ ID NO:464, la SEQ ID NO:471, la SEQ ID NO:515, la SEQ ID NO:516, la SEQ ID NO:517, la SEQ ID
NO:518 ou la SEQ ID NO:519;

(b) une séquence de nucléotides codant pour un polypeptide ayant une activité de DGLA synthase, ou la
séquence de nucléotides est présentée dans la SEQ ID NO:440, la SEQ ID NO:446, la SEQ ID NO:453, la
SEQ ID NO:460, la SEQ ID NO:463, la SEQ ID NO:470, la SEQ ID NO:492, la SEQ ID NO:493, la SEQ ID
NO:494, la SEQ ID NO:495 ou la SEQ ID NO:496;

(c) une séquence de nucléotides codant pour un polypeptide ayant une activité de DGLA synthase, ou la
séquence de nucléotides s’hybride dans des conditions rigoureuses a une séquence de nucléotides telle que
présentée dans la SEQ ID NO:440, la SEQ ID NO:446, la SEQ ID NO:453, la SEQ ID NO:460, la SEQ ID
NO:463, la SEQ ID NO:470, la SEQ ID NO:492, la SEQ ID NO:493, la SEQ ID NO:494, la SEQ ID NO:495 ou
la SEQ ID NO:496; ou

(d) un complément de la séquence de nucléotides de (a), (b) ou (c), ol le complément et la séquence de
nucléotides sont constitués du méme nombre de nucléotides et sont complémentaires a 100%.

Construction recombinante comprenant n’importe lequel des polynucléotides isolés selon les revendications 4 a 7
li¢ de maniere fonctionnelle @ au moins une séquence régulatrice.

Cellule héte comprenant dans son génome la construction recombinante selon la revendication 8.
Cellule héte selon la revendication 9, ou la cellule héte est une cellule de plante.

Cellule héte selon la revendication 10, ou la cellule de plante est une cellule de plante oléagineuse.
Cellule héte selon la revendication 9, ou la cellule hote est une cellule de levure.

Cellule héte selon la revendication 12, ou la cellule de levure est une cellule de levure oléagineuse.
Cellule héte selon la revendication 13, ou la cellule de levure oléagineuse est Yarrowia sp.

Méthode pour la transformation d’une cellule, comprenant la transformation d’une cellule avec la construction re-
combinante selon la revendication 8 et la sélection de ces cellules transformées avec ladite construction recombi-
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nante.
Méthode pour la production d’une plante transformée, comprenant la transformation d’une cellule de plante avec
la construction recombinante selon la revendication 8 et la régénération d’une plante a partir de la cellule de plante
transformée.
Méthode selon la revendication 16, dans laquelle ladite plante est une plante de soja.
Plante comprenant dans son génome la construction recombinante selon la revendication 8.
Plante selon la revendication 18, ou ladite plante est une plante oléagineuse.

Plante selon la revendication 19, ou ladite plante oléagineuse est du soja.

Semence obtenue a partir de la plante selon 'une quelconque des revendications 18 a 20, ou ladite semence
comprend la construction recombinante selon la revendication 8.

Méthode pour la conversion de 'acide linoléique en acide dihomo gamma-linolénique ou de 'acide a-linolénique
en acide eicosatétraénoique comprenant:

a) la fourniture d’une cellule héte microbienne comprenant la construction recombinante selon la revendication
8 codant pour une DGLA synthase et d’'une source d’acide linoléique ou d’acide a-linolénique; et

b) la croissance de la cellule hote de (a) dans des conditions par lesquelles I'acide dihomo gamma-linolénique
ou l'acide eicosatétraénoique est produit.

Méthode pour la conversion de I'acide eicosapentaénoique en acide docosahexaénoique comprenant:
a) la fourniture d’une cellule héte microbienne comprenant la construction recombinante selon la revendication
8 codant pour une DHA synthase et d’une source d’acide eicosapentaénoique; et

b) la croissance de la cellule héte de (a) dans des conditions par lesquelles 'acide docosahexaénoique est
produit.

133



EP 2129 777 B1

(vHa)

[e-o 'gizzol : ) S , S B _ o : _ A
pIoY dlouaexayesodo( . . e : - . Lol
A o o : (w13 ‘ :
aseinjesap ¢ v ﬁ : : . [e-o ‘g0zo)
v o | . pY
_@%Mmmg : _ -, Olousijesoory
ploy .
o_ocmmucmnmwoooﬁ
asebuoye 2202y’ ﬁ . .
(Vd3) (v13) {v1s) (vv)
[6-0 '5:020] - [0zl o yigol o fe-o 'e:810]
POy . _poY S ploy pIY -
o_ocmmucmn_mwoo_m . aseInjesspgvV - o_oc.mmbmu.mm..oo_m asebuoya ozely o_contmmu.w ..mwm._emmmumq Jlsjoury-o
,ﬁ asesmesop A a eseinjessp . . A mm.sammwvﬁ
uv D12 . : 1A
(vav) (v190) (w19 a 1
[g-® 'p:020] . [0 ‘€:029] . [o-®€810] - [9-® 'Z:810]
pIoY aseimesapgy PRV dlusjouls asebuoje 0817 PV ssenesspgy PRV
oluopiyoely —— . -i-owoyqg ——— alusjoury-4 +———  ojoun
asebuoja 220z : . : . .
aseinjesap
(via) eIV
(9- ‘v:222] .
povy » _m.%mwwo_ o (L:g1ol
ojousesslesodog ‘ | : . pIoY p1oYy 219|0
SSEIMESSP Y'Y @ I . Dlousipesodlg aseIniesap |
(9-uvdQ) . c 6V
[g-0*g:z20] : '
Py [0:719)] - asebuojs 9y [0:9.9] . esebuoj@swerty - [g:g10]

piov onsuipy ajejjed

134



FIG. 2

Divergent sequence

A T G G A A G A A GATCTTGATCATC®BAMAGT CTT CCHRARGAT G 6 TTCAAT.T C

G GG G C G T A A

660
654

EgDHAsyn2_CDS.seq
EgD4_cDNA.seq

T

¢ 6 ACAGCGGCCGC-GA AT

A T

T T A A C A

EgD4_CDS: seq

it

dentical st

Notl site ‘ :
T6TTTCTGTTTT
ciECG6G6cCc . C 6 Clr -

BgDHASynZ_CDS.seq
EgD4_cDNA.seq
EgD4_CDS.seq

700
691

6 G ccTCTGATCT GCTTTGT CA AGTC
GAGTCAGAGAT'C-TACCCACGGC-CTCTGACTG~CTTTGCAGTC

G & TCBARGAGA AT CTA ATCTCTC CATC

EgDHASyn2_CDS.seq -

740
731

EQD4_cDNA.seq

EgDA:CDS.séq

EP 2129 777 B1

¥ -EgD4 CDS Start = ,
6 T TCCGTGATTG G T CAATTTATGTTGGTGG.CTGTTTG G CAATTTC

G TTCGTOGATGGTCAATAT?GTTOGGTOGCTGTTTG G C

780
771
4

EgDHAsSYn2_CDS:seq

EgD4_cDNA.seq .

AATTTC

A TGTTGGTGTCTGTTTSGSGCAATTTC

EQD4_CDS.seq

135

T A TG T CAAGTCADMAMTH AT CTTCCCAAAMABMGGA ANSMN€NTLCG GG C ARG CCGGAG A

820
811
64

T AT G T C A AGCAATA AT CTT CCCAAAAMAGAABACSGG GCASAGCC GG AGA

EgDHASynZ_CDS.seq‘
EgD4_cDNA.seq

EgD4_CDS.seq

A'G C C GG A G A

A

TATGTT CAAGTCA AR RTA ATCTTCTCTCAABAS AA MG A A C G G C

2 ¢CG6GG6GAGCCACCCCTOGAMATGA AARMATCTG GG A GCGADAGTCCGCAACTCTTG

860
851
104

EgDHAsyn2 _CDS.seq
EQD4_cDNA.seq
EgD4_CDS.seq

AR C GG AG.CCSBATCCTCCTGHASGA A BATLECGGA ARG CGH A BASGT CTCGTCAA c C T TG
A CGGAGCTCACLCCTECOCT G A G A A € GGAGCGAAGTCT CGTCAATCTCTTG

CGAGAACGG G CACGTG GTGGAAA AAAGCGAGAEzGAS ATGACATCTECTG GECEC

c lG A GAACGG G CACGG GT G GAAADAGCGAGAGARTT GATCATCTCSGTCC

900

EgDHAsyn2_CDS.seq
EgD4_cDNA.seq

89y
144

EgD4_CDS.seq

€ 6 ARGAARCGGCACGGTGGARAMAAMAGCGA AGAG A AT GA CACCGTCTC

A A CG6TTOCGGT ECOCCACCTCGT CCAGT CTG®GAT CTCT CCCGCTCG

940
931
184

c

-
[e]

EgDHAsyn2_CDS.seq
EgD4_cDNA.seq
EgD4_CDS.seq

T G GA CC-C CC G CCGGTCCNA

C

A ACGTTCG-GCCCACTCTCGTTCT CAG

A ACGTTTCGGTCTCOC ACCCGTC CCAGT CTTGGA ATCTCTCTCZCGCC GG CC A

23 and

t 620-921 of SEQ ID NO

isn

D4_cDNA

21, Eg

'EgDHAsyn2_CDS is nt 620-921 of SEQ 1D NO

24.

EgD4_CDS is nt 1-164 of SEQ ID-NO



FIG. 3A

M A D S PV INTILSTM®M®WEKT PTLSTLM

M A D S

33
40
40

s

I
1
I

G HV W KO QA AGOQUO QTETG S

EgC20élol.pro

PV I

EgDHAsynl.pro

N L S T M ®Ww K P L S L M AL DTILOAV|]L GH V W KOQAZOQUOQEG S

PV INTULSTMWWE KT PTLSTLMATLTDTIL A]|I

5

L G HV WK QAQQE G §

M A D S

F V G C R WM KNI RE?PVFETIKTVYMF

F v 6 C

A Y A D S.Vv llll. P L I M S$§ V L YL S M I

EgDHAsyn2.pro
EgCZOeiol.pzo

73
80
80

K T Y M F

I
I

F E

P

P L I M sS[G]JL ¥ L S H R W M K N R E
A YA DSV ®WTTZPL

A Y A D S V W T

EgDHAsynl.pro
EgDHASyn2.pro

K T Y M F

FV 6 C R WMIKNURE P F E

M S VL Y L S M I

I

R YNLYOQTTLMNTLGC
A Y N.L Y OQTTILMNTILSC

113
120

I VL G F L. .Y Q V HA T G M R F WG S G V DR S P K G L

EyC20elol.pro
. EgDHAsynl.pro

I VLG F LY QV HAT GMZ®BRT FWG S GGV DR S P KG L

120

A Y NI Y QTTULMNTLTCECTIUVLGTFTLJYSOQVHATGM®RTETW®WGSGVDRTSZPIE KTGHL

EgDHAsyn2.pro

Egézoelol.pro

8§ F L HV Y H H 153

I

G FFIYAUHYHNI KYUVEYFDT.LFH4¥VILRIKIEKNNDQ Q

n x

(&S}

tu In

n v

oo

z 2

z =z

X o

X X

o ol

A oA

> >

= =

[ZP R Y]

R

()

aon

[N <P

= >

[2 B4

> >

tallial

X X

Z =z

Y H
Y H

I G

G
G

EgDHAsynl.pro .

F F I Y AH

Iy A H

G F F I

I

EgDHAsyn2.pro
EgC20elol .pro

EP 2129 777 B1

193
200
200

H V L MY S Y Y L L A
H VvV L MY S Y Y L L A
H VvV LMY S Y YL LA

I
1
I

S
S
S

S
S

F AV VYT FAPG®GD DG GT™W®WTF FGACTYN
AR L L.T WA WTFA AVYUV YT FA APGS GTUDGTWTFGA AT CTYN

W

A.L L T W A

EgDHAsynl.pro :

.EgDHAsyn2 .pro

o

AL LT®WAMWEAVVYTFARTPGGDG®WTF FGATCTYNS:

- EgC20elol.pro
 EqDHAsyn1.pro

233

240
240

Y P R
Y

I
I

cC G S E
‘C G 8

I
I
I

Y V W
Y VvV W
Y V. W

I
T
I

]
S
S

.

LTQLOQMVOQFGCETCET

I
I
I

S C P W K K
§$ C P W K K
§S.C P W K K

I
I
I

T F G
T-F G
T F G

136

L TQLQMUVQFCFCTFTH

L TQ1LlLQMUVQFCTFTCFT

Cc G s E I Y P R

B

EgDHAsyn2.pro

Q KNG K PEWNGATT PEHN

P LT AL QS F VMV NMILUVLFEFGNTFEFYUVKQY

£gC20elol.pro .

273
280
280

S

P
P

 EgDHAsynl.pro

P L TAL QS F VMV NMILIVILEFGNTFYV KU QYSQKNGI KUPENSGAT

P L'T AL QS FUVMUVNMILUVILTFEFGNTFYUV K Q Y

E

EE N G A T

P

S

E£gDHAsyn2.pro

Q K N G K.

M 6 R

GAKPOPCENGTUVETZ KT RERPRSVG

EgC20elol.pro

298
320
320

AR
VvV R P |{T|R

P P AT VY YDS L A

P{P P AT Y Y D S L A

pAG'Li

P A G

G T VEKRENDT A N

N

G A K POQPTCEWNGTVEZ KR RENUDTANUVR P
P QO P C E

G A K

EgDHAsynl.pro
-EgDHAsyn2.pro

298
360
360

EgC20elol.pro
EgbHAsynl.pto

VSG6Q6KESRTLTETTDEVRRHTILETDGWLELTCHEGVYV'YDVTDTELA

VSsSG606KERTLTFTTTUDEVRR RH

I

EgDHAsyn2.pro

L P TDGWIULTTCHEGV Y DV T D F L A

298
400

EQQ;Oeioi.proT

D K V M E K Y R

E S Y HPAGUR P D KV MEI KTYRI

G T

1

S Y HPAGR P

E

T LG LGRDCTI L
T L6 LG RDCTTIE

oI

"K'H P G GG V

EqDHAsynl.pro
. EgDHASYN2.pIC.

400

G T

I

K'HP GGGV



EP 2129 777 B1

£6L
€6L

862

09¢L
09¢
86¢

0ZL
oL
862

089

089

86¢

0v9

069

862

009
009

. 862

09%
09¢
862

0Zs
0zs
862

osv
08%
862

ord
ovy

‘86¢

©

(72}

©w n

@

w v

(22:0N @1 03S) 2uAsyHaB3 pue (210N a1 D3S) LuASYHABT *(

oo

U v

B

2

(5]

a

2
9

=z

2]
H

P

u
n

1
g

E+

¥
¥

©w

=
=
-

s
A

”

R

2
o]

=

A

A

N

4

a
a

oo

< N

9'0ON @I B3S) 4101202963

M
M

>

n la

o

o

%

oad*zuhsyHab3

oxd: tuAsyHaba

01d- 101202003

o01d* zuksyngba

" oad" fuAsyHaba

oad - (o1apz2b3

oxd ' zuksyHaba
oad ' TuAsyHgba
01d- 10120Z063

0a1d - zuksyngba
0ad - [uAsyngda
01d° 101202263

oad’ guAsyHaba
oad- TuAsyHaba

01d' 1012022563

01d- zuAsyHgb3
o1d - TuAsyHQb3
01d* 101302263

" 0ad’ zuAsyHQb3

oxd’ tuAsyHaba
o1d~'1o1a0z2b3

01d- zuAsyHaba
0ad - TuAsyYHab3
01d 101302263

ounumc>m<=aom

,ONa;ﬂc>mgmnom

oxd* 101202263

oad- zuAsyHaba

oxd- ruksyHabs

© oxd* 10712302963

137



EP 2129 777 B1

FIG. 4A
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FIG. 5A

L F G NF Y V KQ.Y S Q K NG

M L VL F 6 N F Y V K Q Y S Q K N G

39
39

w
(3]
-
o
o
P4
<
©
=
w
a
&~
«
(U]
z
&
a

o

K

M L V

EgDHASYnl_CT.pro
EgDHAsyn2_CT.pro

E

c

P
E NG ATUPEWNGA AZ RK®POQ?PCE

N G A T P E N G A K P ¢

E

36

G

EgD4.pro

M L VL F G NF YV KQY S QKN

TaD4.pro

EP 2129 777 B1

140

m Mmoo N N wn DS Ww O TN N~ o 0 v O
coo FfR2rr~dw 3327R8% Z32R2R2S5 988227 g8R]e2:I4oy
o o W W [:]-< > > > > > DM a @
[ ] W W Wio A X o« o e A o >
Coroa X X Xk O Wz [ R R I - > > 0
[ T} VOLLVLUYVTOU [ [P <
[ o o ol> > = [ I T - a o o
[ I I O VO ey o n'n nunon b4 -
[ w0 wnlzE o [ T T B - w Q n:lo o alo <
LI | $‘> S0 0 | LI PR B 1 } VIRV o= I 2 2]
o L B | [ R T T - | > :; = v; w [:]& H
[ =1 @ [ T I B B 7 I | & L L N N (3]

[ Wit = e = R O N A
[N clt v [ N T R I | Go [ (uitn & flu]) D> >33 aa
e |t o1x% T - Y GG N ERCIE] IR
[ I | EoX I = ) [ N N < I | [ N T B = I R | W A e
[ | [ B~ ) [ N R A AL [ R B ~ I B | X Lo S S
[ & |1 [] l IR IS S SRR (R R e I
[ | &l 1 = [ R B S - T | [ S R £ R A | > L= T BRI
S amaE(T 1 %) 5O wjh O e X T e voVvoLvlzzE <
[ R | [T I Y A | L w m’m v |wn O L I - VI N B} f W L D>
o ol 1 oa txzxzxx x| OO V= o I~ " Ry
[ S I I OO~ > aaa toe oo I TR
] all 1 o=z BB e £ | O O O » Vo fo ; O Ve lv|n
N alv o M aRooue [Qaa Ve 0 v ol<lv vl
o =z 2z xExEEoE| |eoe e ) wow o A N A
B alr 1 Lo 0V Vje & @ MR DT i oox Jeeclowa|e
[N Kl 2 0 00 oojna > > > X X e e 2lEI]a m
] >0t e eoaxx .w LU xx x|logaa oognHRkaa
LI Z ¢t oo e & B oA e O Vo S W OOV UIKIO O
LI L2 B N B | Q‘Q H|E & & < o oo 0O Q|0 a @ & Lo -V -
[ [T I R - zZ 2 2Z W o o B | O Qe LWL W oW W
[ o (- I R £ = xx (¢ ==z AR AAE> I K Xiam@n
[ 2 Z 4 0 x x |2 00a P e X XS Wa Aaaan
[ W o o & 4[] e < « VOOV VX o o e (e
Voo « @ 1o e > > > Slan [k aaluacax F [y N IS M) a a alx |
[ | ® oo et & W W {’[]« L G4 (e 3 < jal © QR A = > E
[ w0 Q o a & an o |aoae Ksl > > I LI E ]
Voo > 0 0 e+ & Ee = zj:]' OB R I3 ¥ X e LA AN A W
o T N P Wwule o oo kn ofe|e
o © (U > > - > Qoo = A ¥ X X x|x|E
[ zz= ot T aales = o >4 5 > >_S SRR )

° o o0 oo o0 o0

52 KA EE - A& iR

€85 55, 58 £ £8
000 T¥o0o0000o Efoeoooo ET o000 o0 €€ o000 o0 TS0 o0w0oo
REE ZREEIEY FRLEERY FRELELE FREL84% FREffil
Zza EZZ:izz 3Zz:ssss E32zds: Eizzzzz EfZzizz
a&% B8383&23 S8{EFER F38caé&? SFIEZER 338488



FIG.58

EP 2129 777 B1

ceort e~ ANnaN L - R - I R e =Y e i 1 ) ~ s e~ -0~ ~ T @~
S3%e=2gse LEeRyNsLs SS3880T% 332353538 JISRLTA
U}U)WU?I‘:‘U LI I B S ) ] oo oooofx & QN X O K lll’llU’l
&u(u(utu,!uhls mmmmn‘) (4] HoH H O H > =Y A A A [ T T R B - |
‘:Atnt:txt-t" D> D |- oM -] W Mo O T VULV OoOLVLLY [ N B B
vpooovovLla [Baa > VYO L»wn |Txxl0coxwn G D o
b ol o M S < Z & Z = x.x:‘-—zn»—lﬁ IR N 4 ] LI S B LI - U |
zzz@z‘zo B P B3 I Y > a o1 x X oo
O OO OOV ul [N x = v oo oln I
cocoanoolzx |(ooo « u T x om|oom|a N S N ]
mrTzx=mxm @ om o ‘=zl 3 ERREIRCE b U] 11 oo
ccooo0Q) [mxmx = 19 ¢ O PR TRV RV
o H A [LARURU] ) ‘> UL OV|E> - Z z (v o ke
v wloow K . o ot oAl ) < &« O 0
A A e > « (" A [T
(LENLENLENLERL LI L] o «“ 7] ao 4 0 0 n|>
>55>5>5>HU |O a. e ©w v o = > > >l
oo omle WO > JERE g GG ‘v v Vlw
‘Dan) (2] =) ol QQQDQ'QI y-l.-'lvt-'l ey Ll M| >
(CINUINUY E S ] = = = a. [V EE o
I L | LR R oolomz] ¥ X X e
B mk> e N BB RZEne  zzznonao lnoa xxax
u»wuw.wuol mmm'la:stn:;:. o [T _-zzw
zzzlanzs [wonwnaua W e R EReY .-.-u|>>>.:
>orlaua |daaaa|o v === v ORI 7
L e R [LENUENUENL RO L ) & A < < fo Co G o [ Qo [m
€O s ke o oo voulzEEw
Tz zlaa>cl MaAlz=s R [y = E x Rl L
A aal>lalelal e 0o aaoala N [CE Rye ot <ol O
l-'-rn'b-ZHH>"zz:] aale Ve 23 A B ARNAAR
n n m[:ﬂm O YW O~ (—.[-l.ld » t [ } Iu(ulu n—"»’ 3 >1 > N‘D:—I SR
- -~ l____._ .

MENOOna |2xxz x| Vi i aaos LN oo o WoW WM @
T mfoa o~ wwudwwq T T3 * BT [P Jo o uw VooV
t 11 X Z >t T K & |0 |Z ll|°:='u';'>‘3ﬂ'b-:| (S-S wn nlvo oo
[ Y- - IS .J.:q_::;a..:cx Ve x = .m ] > > >lewman
Ll e ae 1 & om e X | P s s wa. |loooo a A a JCRFCRE | TSRy VR Y PO
R I :zzz_zz‘z TR b b > > > mox om o m X >
Vo an > > FTawm 111 @Ox ) © 0o QR A << oo
[ N R A A h-EJm lllp-lt-'-(-ﬂl‘ aowom oo o > > >E = o
[ = a X X Py s o m o I ] v v W m.c;{mhatu>u
< 2 iz Vol =z 2 om o o oo o N P T T TR WV Vi S oy P
> > o G wmE > oo o uuu|;:¢.<[z QA a Ae
g8 S g g8 g8 2 8 g2

i B ] a a el . %

58 X 58 56 . .E§ O,
2%co0o00 0 2% 00000 2% 00000 TFRocooop E2o00000 TEEoo0o0o00
SEILREL PERE88% FRERELY FoEUEEL SSQLEIL spiftfif
Sf:sszz Sidsszss EE:zinc S3ZZiza SEicZsaa EER333%
SEE238% S¥223E8% S3FE5EY FEyddER 3SEEEEEY EREFeien

141



FIG. 5C

317

EP 2129 777 B1

T T M~ O
T T T T T T
> > D aw
LI T B = B~ -
LI N B - S -4
0w
[ B T B I &)
[ 1
LI T R N -4
[ T B T -1
Ve oz
oyt 2
b e 2
X X Xio|x|wn
X X MM L=
A A
[ARANARF A
< < oo
<<l afg
o O Ola & w
= T x|x aw
€ € <O X
[ R
o o ol> ax
QA RO T
===z =E=
o @ m|aaa
B B
de @ al> > o
a0 ou
@ @ &fT ;o
<> 5
L R
O OO o H
b oo A
v v i X
B >
[ B R Y- > ]
ll;llx
[ I T T T ™1
e W
LI R R B B = |
o o
oo
a n
[
00
[ R
- N
£ S 0000
Svov M M oMM
a n 00
§§vvvv
- N-E-E-N-]
Do 0.® o 0
(=3 ST VI

I1gb4.pro

515
509
550
430

L R[T[L 6f(N E D L T A Ww S T .
KMLS'HLRALGNEEM[ESWEKDn'pxsx

142

NN W 2w~ N N T O T o« o~
S2SSIER BRFSIRE FEA
L Emom T om O OO WYX
(5] (5] > > 5[ > > e .
— o e 1= A I A A
(> e Mo e Ne e Ne | Q o nju n > A
T X T & X I|H 333>
2 2 2 Z 2\nilz [ foe Be o2 3 I [l
A A aal e o 0z
[CNUNUNUNG OEZ > > olmon =
loooooov] > »I!I!IEI!I
U)USU)(/)U)U)U)» 222{
a3 q[m W “Lﬂ. X % xlo
T T T X T :T|> D> m
Z2Z o =2 20 a0
v-=t<<::zzzu [~ R | |
e “'!IIIII!I CILY (U0
- =3 34 a2l ER LT
[LERLENL) [ 7] € [SEES
VBV LVLO VN |vwm < T
waalzrao juouvoo ol n o
oo Kl O > > P o oM X
) = z3 = = (SRS IS RSN PG e X X
zzz%2z zla Q x X x|o m[:] =} E a
P2 P> >>l0 VUL
DLOOMO e |>> >|H > s>l 2z 22z
DUV E HVL @aw0loc j&&B
o oo oo ols < o« V-
> > >‘u L= -t HH] Y>> >
oooooda‘aaa>r:o YT
.E-‘E-'[<>>>_(n o o ald> S 0 e [ VI - VR = ¥}
555 |ae alm Joosow|z 2 jea e
. a8 &€ @ <;a: z 2z > B (LR L]
=== k_z_é-z e ¢ aler = e ===
QQQQQQ[—{‘II:‘ 5= IS IS
zzzzzzrx:,cn_zncn X @ =
- V-V FE R I S IZA;H4H Mo A
PPArVIPSIPVIPN PR PP =T
MO B D> > GV (e JXe e ]
BB HE DV { P > > >
bs R t;chdgl‘ | = = =.
X [ S I ) X X OOV O
28 28 g2
il o e o
55, 5,5, 55,
'-C‘(EOOOOO '2(200000 E“EO
soAaddAd aaddman 274
ES8zzzZz 25zzziz EEz
REIEaET ESIEEET 283

K|MIL S H

Tab4.pro

saD4.pro

o
N
[-"
T
a
<N
2]

o
1
e}
<
[=]
o
[

T|6/]x D E L K L. R A[DJR R"'K F T R A QA Y M GAASAILVDTL

544

EgDHAsynl_CT.pro
EgDHAsyn2 CT.pro

544

541

EgD4.pro

515
509
550
433

Tab4.pro

Sab4.pro

TpD4.pro

A

1gD4.pro



EP 2129 777 B1

>_m>_~owam9 vom_ n:m yqd H ‘bqe P vomm se. um_wnm_ ale suigjoid Qm\ocuo& _
pue msmoam&mc 1| Ea:&coem:muc 1 ‘eugibnz ayy (0E:ON Al DIS) Sseinjesap v.s_ou mcmsmm s1sA14o0s) pue-

(6Z:0ON QI'D3S) aseinjesap y-eyap eueuopnasd elsoisseley| “8Z:ONal cwwv mwﬁammou y-ejjep wnyebasbbe

wnuifyooziyos ‘(2Z:ON QI DIS) 8seinjesap y-eyep wnaine wnupfysojsnesy) (€| ON gl D3S) eseinjesap pioe
ey p-eyop sioesb eusibng ‘(- Aq pajesipul si pue umoys jou st ZuAsyHQ@O3 Jo snuiuwsl-N 8yl '2Z:ON al O3S

40 £6/-€6Z &€ ‘1D ZuAsyHab3) zuAsyHaB3 ‘(" Aq paledipul st-pue umoys jou si | uAsyHAB3 Jo snuLal-N oyl

‘ZL:ON QI D3S 40 £6£-€5¢ e (1D LUASYHQB3) LuASyH@B3 Jo snuiwisl-O ay) sepnjout juawiubile p1eIsniQ 8y

as ‘ol

143



EP 2129 777 B1

‘umoys s1 (0£:ON QI OIS 4o €L ee 'IN"yabi '(62:0N I D3S 40 28~} e8) LN ¥QdL (8Z°ON OI D3S 10 Lt~1 Be) IN ¥QeS ‘(LZ/ON Q103S. 10 Lt} ee)

ANTvQEL ‘(EL:ON QI DIS 10 9L1-) €8).LN" ¥ab3 "(9Z:ON QI DIS JO 85€-612 B8) LI ZoIBYINJIL '(SZ/ON il IS 0 00€-95Z €B) LD 20RY4NIO- (20N Q1-03S J0 222
‘0pC B) LD 0190Z0Aed '(9:0N G D3S 40 862-9v2.e8) LD 101202063 aw oz QI D3S JO G9E-£ST €€) LON N,;ms._omm 5 02 a1 03s s mmm.mmm ma Sz :;ms._omm

44
T8
Ly
Ly
9T
611
611
95
184
112
€8

9t

e

: 18
81
L8
06
06
96
194
1]

o oo

(]

Sbh
Sk
St
1t
Sh
St

(B A A -

oxd’ IN yabr
oxd' iN vadL
01d' N paes
oxd L8 pael

oxd' 1N $ab3

oad- LIN zuAsyHaba
5 nlw v : 0ad* LN TuAsyHOb3
11001 6 SWORPOKT . T T oiretectones
aseinesap y-ejja( :  01d-137z0TaY40430
i : : 01d* 13" zoTav4nddL

=
H I>‘

CLoooLUL
T T @ x T x
X X > K@
AR X &0

bl N A
> > > > > >+
VOUUKBam
]
A A AU LUK
VBV a A
E-N-X-E- 10"
e QA X
mnmmmmnﬂv
AR AT B Ea

VLYV OVLOLVLULVLUY
a A A & o o o
S T T 7 S
{ TPRN CVIR YRR PR TR PR )
o alkx]afe
(- = (~ [~ [+
wowYw o xo

]

]

]

)

]

]

)

1

1

]

1

]

]

t

I

SIS RN S I |

h e e 4 4 e oo e e L e e 4 e oo ool oxd 1N vabr
waolwle s v agysafoja----- - - - o ozd’ IN padL
- - - R - 16 /1 ﬂO_HlQC_—Ohm - - - - - - OuQ.hzlvomw
. R S S S 02d-IN paeL
ozd' gN vab3
0ad-yoN zuAsyHaba
oxd" LIN TuAsyHaba.
01d* ) 101202003
‘oad- 43 oT3gzIaed
.02d- 13 Z0oT3¥ANd30
I 4V 9 3§ 1 01d- 13 goTavanddL

<
N

2

> > > > >l a3
(=4

HHRE X X

H B0 W

1
1
1
'
[
1

aQla€ »n O

xeEaz2Qo0&
u:mnca:m‘t[g
[t
R AR > O
r.r:r.nn:mm'glc:
WwwwWmaana
XX Xl Ow=z
coo>>[§]z
OV UK & O
N v uEz o
i
[
d
)
|
]
<
%
a
o
o
<
B
U
u
{]
[}
L}
)
1
¢
t
)
'
]

(S SR B ot
e a
> > >
< <
Al
7]
o a
S e >

(LY OH

Lo Ee b
& naa
<z 2z 2
W W W o

LN

oL

a
-
e

e e e e e e e eim e e oxd"IN yabr
S oxd’ 1IN yadL
o1d' IN bae§
e M- - .o~ o 01d' 3N~ yaes

sjeadal ON

¥ ¥ M oM

- - - oxd' ¢N yaba
I 01d° LINT zuAsyHa63 *
o 014" 1IN [uksyHaba

[e e lNe el

o

0niC Q<
<= 2 = =
[ oM M

o oxd* 13 101902063
o o1d- 17 oTa0zIAed
I 01d' 1D 20TaVaN4a10

- 01d- 1) zoTevanddy

b4
[ (e le Je JNe ]

a«xloaoo
Z K & o a oA
cmalpbo oo
cculzz=zz=
z o ofww e
X X L0 00 O g™
x> At e e e
> > 555>

4
4
v
¥
b d
S
S

o mnxioououu
O Qx|
X
X o XioOuw vo

=
X
Y.z

Z O x XX
0 NI |l v 0 v
X a3 E|> > >
™~
lulululululu(u

O
2
>

A
x
A
A
X
b
A
L

. ‘ " Zow o$8B0I3 VANa0TH
g9 Old.

144



EP 2129 777 B1

uo 4

dqSzbg

. dqLoig
101302263-Aad

BSTAd

QE</

13100

£-0zxed - zagme o a £-0zxed e ., .. 5

uosuj + LBqQY

£-0Zxed

. a;_ﬁ_ %%ﬂ%ﬁv - (9w9) 18

. (S62) poN
asebuojs 6 wuAs eueqyet) 7 o
SN .
(1) 1oN {oved) Py ‘ <

LOId

145



EP 2129 777 B1

dq £££6

£3100 (109N-)juAsvHaba

wpon i ) .. Q

1o 4y —_igne

dq ogg6

_U T9TAd

dwy

LuhsyHaby

13190

.£-0ZXx0d zgne m

uo E
o H % dq toc6

_ NOYINI'+ONd Ivad ¥VA ¢ .

ten

- p9TAd

£-02%2d gue 9 )

uoqui + jeqd

tene

tuhsyHQb3

v

146



EP 2129 777 B1

43100
£-0z%ed

dq nm.um.. .

95TAd

 gan

- uoNW) + 1Eq4

6869) 199N

—1964) ¥as
“sn) pPOr1e93

d

duy ™
uonu| +1eqd
(6869) 105N
(vooL) ¥ys
+3190 7
£:00%ed R SQ P oI

gemn

dwy

uonu| « jeqy

S T(6869) 10N
£-07%ad -
v

€ POy, . : <

wogei20z) LuAsyHaBa

147



EP 2129 777 B1

6869) 100N
£ Thool) s

13109

£-02xed .~ sarpvsy

- N
o (oz)ioNn . .. O

uonuj + leqy

(6869) 103N

(v96.4) ¥as
13190 sn} $p93-1893

£-0Zxed

uosjuf + 18qy,

duy

Al
£-0Zxod

dq trog

F

(1) poN

[~

(351 sm) 5P ON3

g :o..:.: +1eq4
H mm\ (6869) 100N
100) as

v

148



EP 2129 777 B1

uonuj + jeqd

uO L} 6869) JOON -

dwy

. . J:xé ¥as

EILLY uoisn} ppVS-129Nn3

.m-ouxon__ _
N

(1) FoN 7 (9806) JooN

149



FIG. 12

EP 2129 777 B1

wHQ - 666'EL —

£9Uvda - 090°€) ~m———===—
72, - 9T <

\
Yd3 - bpL Ol 7
L wiE - pivoL =

’ . . L
< y'PLEL)e02. - 9800 —

VoY -6186 ~—=——1 ﬁJ
B

WLLLIT0Z, - VEL'E =

PUUd - 51078~

€8l ~S¥EL

T8I, - 6269 — ]

iELh ~SLTE —

. ZIL b - wsv

¢ “EBCY T Seett ——=
L'k, -SZ6'€ ==

' 094, -689€

oL, -98Z°T

A~

FiOT A, (030206HDW007F0701.0)

‘min

14

12 -

10

150




FIG. 13A

P V V T L Q § M W K

M A E G K S DG P V V.T L Q S M

a0
40
40
40

I L v N V R R KA F T E

P L ALMATYV DV G
WKPL‘AL'MA-DVGI

W K P L AL M AV DV G I

W

M A'E G K S D G

EaDHAsynl.pro

L V N V R R K A F T E
L VN V R R KA F T E

M AEGKSDGEPUV VY TLOQ SN

M A E G K S D G

EaDHAsyn2.pro

EaDHAsyn3.pro -
EabPHAsynd .pro

N VR R KA F T E

a L M AV DV G IULV

P L

X

M

P V VT L Q S

P F VMNULF Y L T M

F DGHSNUV

80
80

F A G C R W M

1
I
I
I

I
1
I
I

A D P V Y
A D P V Y
H § NV F A D P V Y

F DG HSNV.FADTPV Y

B

EaDHAsynl.pro
EaDHAsyn2.pro

4
P

F A G C R W M K T R E

4

H 'S N V

F. B G

W M K T R E

F VvV M NL F Y L T M

P F VM NLF Y L T M

80
80

E

F
£

F A G C R
F A G C R

EaDHASYn3.pro

F DG

#¥ M K T R E

VVGFMYEVHSTGMRTYT®W®WGS R
VVGFMYEVHSTG

P F VM N L F Y L T M

I K S Y M FA YN AVYOQTMM

I K § YMF A Y N A

EaDHAsyn4.pro

120
120
120
120

D
D
s}
D

I
I
I
I

L 1
I
I
I

F

Q T MM N F L

EaDHAsynl.pro

‘M R Y W G S R

Y

EaDHAsyn2:pro

V VG FMYEUVHSTTGMT® RY WG S R

EaDHAsyn3.pro

vV VGeFMYEUVHSTOGMEBRTYU®WGS R

I X § YMFAYNAYQTMMNTEIL

I

XK"s Y M FAYNAYOQOQTMMNTETL

EaDHAsyn4.pro
EaDHASynl.pro

EP 2129 777 B1

160

F

S
S
S
S

I
I
I
I

L R KKK N N Q
L R K K N N Q
L R K K NN Q

I
I
1

Y A H Y H N K' Y VE Y V DT L F M

I

T.5 T K 6 L .G L.G F L

160
. 160
160

Y A H

TS TKG L G L G F L I

EaDHAsyn2.pro

Y HN¥ K Y V E Y.V DT L F M

Y A HY HNK Y VEYVDTTULTFM
Y A H Y HN K YV EY V DTL F M

L 6 L G F L I

T K G L G L G F L

T ST K G

EaDHAsyn3.pro

I-L R K K. N N Q

EaDHAsyn4.pro

L.

S

151

.200
200
200
200

L L T WAWMWMAVVYVYJYWATPTGSGDA ATUWTFTGA ATCTYN

VvV ¥ H B $§ L L T W A W WAV V Y WAU®PGGDA4F G A C Y Na S

EaDHAsynl.pro

H VvV L M
H
H

I
I
I
I

F
F
F

]

S

L H V Y H H

L

L M. Y

v
v

H-

EaDHAsyn2.pro

M

B

S L L T W
S ]

H

L H VvV Y H

EaDHAsyn3.pro

A W W A V VY WAUPGGD AWV F G A C-Y N

H V L M Y

Y Y W A P G G D.-A.W F 6 A C Y N S

AW W AV

L L T

L H V Y H H

EaDHAsyn4.pro

240

K. K M LT Q L g MV Q F C F CF A B AMY V G W L G

R CPWEKE K™MILTOQLOQMVQFCEFCTFRAHRAMNMYVGE

I' R C'P W

I
I

G

k3
s Y Y L FATTFG

S Y Y L F AT

EaDHAsynl.pro-

L' G 240
240
240

W

M L T Q L Q M VQFCFCTFAHAMYUV G W L

P W oK K
R CPWKKMLTQLQMVQFCTFCTFA

F G

EaDHAsynZ.pro
"EaDHAsyn3.pro .

c

R C

S Y YLFAT

H

1

S Y Y L FATF G,

A MY V G W L G

R W. L. T AL QATF VML NMILVILFGNTFYMIEKS Y S KA S KL

EaDHAsyn4.pre

280
-+ 280

E P A

P
3

E.v ¥
H E V Y
H BE'V Y P

H

EaDHAsynl.pro

P A

W LT ALQATFUV™MILNMLYTLTFGHNTF]YHWMEKSYSKASKTLE
R-W LT A LOQATFV ML NMLVL

E V Y P-R W LT ATLOQA F VMILNMTILUVLFGNTFJYMIEKS Y S KA

R

EaDHAsyn2.pro
EaDHAsyn3.pro
EaDHAsyn4;pro

280

F Y M K S ¥ $§$ K A 8§ K L E P A

F

L E P A -280

K

S

P G K P S E

‘PG K

L A Q K P

320
320
320

A S L P PP IR v
AS L P R v
P S E T AS L PP P

I
I

ENAEKGVYKTPGG

AE

A

s
S. P A

PV
P Vv

S
S

'EaDHAsynl.pro

P
R P V G
R PV G

P P I

P S E

L AQ K PFEWNA AEKUVZKT®PGGEG
L AQ K P FENATEKTVKP GG
5. P VS P.ASLAR QIKTEPEEN-SEEKTYTEKTPGS®GZPIS GEKTZPSE

S

EaDHAsyn2. pro;

I
I

PG K

S P A S

A S L P P P

EaDHAsyn3.pro- .

320

b

EaDHAsynd,p¥o



FIG. 138

N P P AAKYYDALATSGTG 0 DR KFTMR RE V A R H

N

360
360
36C
360

v P T DG W L A C H

L
I
I
I

EabHAsynl.pro
* EaDHAsyn2.pro

v P T D G W L A C H

v P T D.G W L A C

v

S$.6 T G Q bR KFTMRE V A RH

P P A A Y Y DA IL-AT

H

H

F T M R E V A R
F T M R E V A R H

G T G Q DR K
K

D ALATSGTGO QDR

"
]

N P.P A A Y ¥Y DAL A T

. BEaDHAsyn3.pro

0O G W L A C H

T

P

P

N

EaDHAsynd .pro

G D V-’

P A A Y Y
T g F
TEFIGKHTPGGTD. V

G-V Y.D I

DGV Y DI

EaDHAsynl.pro

400
400
400

P A G R P

B
VvV E S Y H P A G R P
v E § Y B P A G R P

L V E S Y

I
b
I

§$ LGLGRTDS T
$L G L.G R D S T

1
I
1

H P G

K

G

B

L

EaDHAsyn2.pro

L

S L. G L GRDST

T E F I G K H P G G D V
S L G L G R D

D G V-Y D I

D G

EaDHAsyn3.pro
.EaDHAsyn4.pro

S

I.

7

VY DITETFIOGCIKHUHTPTGS®GHTSD

E K Y RIGTULOQREDUHRTTF FYDWQASATF Y A EL KQ RV UV OQTULIKE

D K V'H

440
440
440

EaDHAsynl.pro

I G T L O DUHRT F

D-K VvV M E K YR I G.T L Q D H R T F

K Q RV V Q T L K E

L

Y

D K v M E K Y R

EaDHAsyn?2.pro
EaDHAsyn3.pro
EaDHAsynd.pro

D W Q KSAF YAE

D W QA S AR F

E L K Q RV V Q T L K E

A

Y

Y

440

L

D K VM EE KT YT RTLIG?TTLODTHT RTTETYDWOQATSTBATFTVYAE

K Q RV V QT L K E

EP 2129 777 B1

2238 &K
AR R " n
VLY [ %]
T xx = 0n 0
> > > > €
o S Y [UIRU
£ L L < [
2z 3z = > >
[V VN oo
Gl b h; R s
nunu oL
(IO = 3
[ le N N [CIU]
B = < R
5> > R}
T =2 2= [- -
=R B ) z Z
LR oA
[T o o
'w W on o [LINT
R A B )
S o X X
_[u(.u[u(.u w n
L U
"a:n:_n:::' LRGEG
=22 wo
> > > > o=
M A z =
£ € A v
S &'¢ < oo
Mo M Q’ o
> > o> > o o
0w anv o
W= oA A ©w n
U Q [CRIC I e}
RO U] (G
R R
oMK mem
[- VR -V VI . P [N %)
[o e NN el (L)
VVLULY < o
o < Rt A A
geee 2898
araa aa
- N M = - N
5555 5§
2222 &2
5858 &4
addd 44

152

A F S K S G R L

I Q R DGNHGATFS K.S G R L N

G A S S 520
520

L a6 #w GG M DV I

R
R

N

G

H

‘D G .N

L s 1

I G

L A G S H

EaDHAsyn3.pro

I

L AG S HI G L S

G A S S

D VF G T Y P
DV F G T

L AGUWGMDUV
T AW EVYOUHVYIGHHGOYTNTILUV.SDPETFTA ATLFP
T AR W

EaDHAsyn4 .pro

560

N D P
?

E

EaDHAsynl.pro

D P.E F A L PEND

560,

Y

Y Q HV I GH K QY TNIL V'S
G H.H Q ¥ T N L V S

B

EaDHAsSyn2 .pro
EaDHAsyn3.pro
EaDHAsyn4 .pro

560
560

L M R

N DV F 66T Y P

F A L P

D P EF AL P

I
I

T AW E Y Q HV
T AW E Y OQOHV

b P E

0 YT N L V S

o

G

DV F G T Y P L M R

F AL MT

EaDEAsynl.pro

600
600
600

s b F T F CUL A

I
I
I

I
I
I

S K V
5 K v
S K v

I

L

M H P DTGPMWEKTPHH QTLEOIHMYATF.?®

MHPDT'PYW‘KPHHQL‘Q'H“Y'A‘PPLFALMTI

M-H P DT P W KPHHOQLOTHMYA ATFT®PLFATLMT

F C L A
F C L A

K

S D F
S D F

EaDHEAsyn2.pro

EaDEAsyn3.pro

T

I
1

v

DT PWZKPHEHOQLOHMY® ATFT®PLFALMT s K

M H P

‘M G F L M Q

EaDEAsynd.pro

640
640
640

P C Y L H

V'L

LT

K

A
¢ A K
G A K
G A K

G Q M

E
s

KRR GPIDTF SARLVTEPTL
"K R RG6 P I D,F SARILVPLETG QML

__EaDQAsyhl.pro

I ¥ G F L M QI VL P C Y L-H

o)

k3

EaDHAsyn2.pro

EaDHAs

vV PLEG QML

vV PLEGQ

M QI VLZPCYTULH

M G F L

.
I

]

1
i

yn3.pro
EaDEAsynd.pro

K R.R 66 P I DF S A R

"F L M Q I VL P CY L H 640

G

L M. L F W M

K R"R G P I D F S A.R



FIG. 13C

L V S G E Y

680
680

P s s
P S §

N H 1S E SCOD Y L N
N HISES ST CDZY.TL

1
1
1
1

FI
I
I

C

L. AV

R H G L A L F I T A H
I R H G L AL F I.
I AR H G L A L F
I AH G L AL F

I

G
G
G
G

EaDHAsynl .pro

N

L v $ GE Y L AV CF

T A H
T A H

EaDHAsyn2.pro

L VS G E Y LA AUVTCF

T A HLV S GEJVYTLAVC CTFTI

680
680

E $ C D Y L N P S S

S E S C D Y L N P S S

s

I
I

EabDHAsSYNn3.pro
EaDHAsynd .pro

NOH I

N H

X

L' X 0 A E Q

‘v I A AR R T E M
VIABARTIRTEH

720
720
720
720

P
P
P

T
T
T

P
P
P
P

A K A K Q K H

o

EaDHAsynl.pro

P P N D W AA S Q V L C C V

L XK Q A E QOQFEAIKHA ATEK QO K'H

VI AARURTEWMMTLIXQAZEQE A KA K Q K H

L C C V

P PNDUWA AGBSOQVILCTCV
‘T P PP NDUWA AASOQUVY LCGCV

P P NDWAASOQV

EaDHAsyn2.pro

EaDHAsyn3.pro
EaDHAsyn4 .pro

L K Q A E Q E A KA K Q K H

A A R RTE HM

I

A

E HH L PP 8§
E B H L F P S
EHHLTFT®PS
E H H L F P S

N WRSGG Y FSNUHTLSTSTGGTELNEHQ

EaCHASynl.pro

760
760
760
760

A P V V

I
1
1

T

S H A N Y
s

I

I
I
LI

N ¥w R S G G Y F S N B L

N Y P T A P V V
S H A NY P T A P V V
P T I A P V V

A
S H A N Y

S- GG L N H @

NWRSGG Y F SNHILSGGL NHDOQ

EaDHAsyn2.pro
EaDHAsyn3.pro
_EaDHAsyn4.pro

-1

EP 2129 777 B1

I

R $ 6 6 Y F S NIHLSGGTULNH.QI

N @

D N G K

Y GM V E HL R A MG T K

§ D AT

Y.'s o

K GV CcEEVYTGLGP YK

800
800
800

E

P

=

ﬂ

_'EaDHAsynl.pro

K GV CEEJYGTL PYEKNYSQESDA[]Y GM Y EHLRAMGTK P[A]D N[D]K

K G VCEEY G L P Y K

EaDHASYnZ.pro

P E D N G K

T K

G

Y S Q F S D A I

N

EaDHAsyn3.pro
EaDHAsynd.pro

153

Y G M V EH L R A M

K[RJv CEE Y GLP YKNYSOQFSOD[L S§HMETHWWWSTSGRHWARSHEGQTTT §] 800

EaDHAsynl.pro

840
840
840

P A V AT L

C

P V'L SAAVARBARQ®PDGSTDGSA- MG

PG S L E'DVC

L A P T A|G S L E D-.v C

L AP L

Db 6 ST DG S'A A G C P A

LR PLPGSLEDVC?PVLSAAVYVYAAQ?PUDGS ST ‘D G S.AAGCPAV AT L

W R H B WAGPBPMWRTLCARS]

P VL SAA AV AA AZQ

EaDHAsynZ.pro

A T L

v

4

EaDHAsSyn3.pro
EaDHAsyn4'.pro

814

EaDHAsynl.pro

841
841

BaDHAsSyn2.pro

841
814

EaDHASyn3.pro
SaDHAsynd.pro

EaDHAsyn1 is SEQ ID NO:

95

EaDHAsyn2 is SEQ 1D-NO:96;:

97

EaDHAsyn3 is;SEQ ID NO
‘EaDHAsyn4 is SEQ ID NO:98.



EP 2129 777 B1

£-07Xed

A£-0Tx3d

dq gSrot

ten

NOMLNI + O¥d LVEd ¥VA

NOMLNI + O¥d L¥84 ¥VA

dq 6Stot

£91Ad

‘guhsyHQes -

so0zxod . zgme : <

154



EP 2129 777 B1

W31 8IV-NO
Odd 1FADATO S Jojeujuusl € A

LuhsyHab3

\nacb Bs5d
\L?HJ nss

dq o€¥vze

€€TTYNd

Jer0woud g
.¢ Boj

uuel £1
1dH Aﬁ« <———{05C01) s
o /’! -

(z89v) Isd. < (oSSot) psg
jooword ¢y xS . . Odd @TV-WO -
(2 dwe ou) zzgsd . AR —q .-

e 7/ . ojagqb3 . ) U
) psd /
[OFL- . £qe ’
Jerouioid eny
// £ By
) / \\ £23L) r.EZ .
AN

(stot EE.
10jeujuLa) .nn_c./ %

dgootu
‘uu0} Qe S

9458) BoN
oid-A6 KB 5

Odd 8TV-WO
sajowosd 2] 01) RONT
(+ dwe ou) z2dsd

(S6011) goN

£ e .‘ . m

© aiuo:_ tidsd

VNIdTV W 3SVINLYS30S VT30 ¢ gon. -

 zoaes
0Yd SWYSWD,_ :
HINS SWYSWD_ : 4L =8P BUIIp S

INOULNI SWYSWD e,

(2)$LNS SWYEWO /\A/ \
; \ O
. 7

Sv-wo (P686) g5
. Suo>-g
dqogobt . '
/ +90Tyxd
WL STV . _ LuksvH@63

CWyaL seyd ¢
.- \ .
) KON
11 enep euip g

£o0LO8 § hN - oidxeuuy kog

dg vvgzy

190TYxd

..o.o&o:. SSE
sejowoud 24

Gl Old

155



EP 2129 777 B1

Wil 8TV-Wo Jojeuruua) ¢ £au ‘ . £otass Lhenepeuip-s

aseimesag Rib® A0
16¥} sisugenbwod
endasnoniiayg

{adwe o&.«sn_w._

0Jd "xeuuy Aog

T dqutn

zZeTTWdId

mawh_...

- S60TNd

“UtEz6) Yos sajouwoi gge

OMd 8IVWO o omosa 11

D . . 3§m\u. _.seyd ¢ ' - 0

(Z)¥1Ns SWYS-WO

< (2)4LNS SWYSWO
~ NOYLNI SWVSWO

_ INOYLNI SWVYS-WO
YANS SWYS-WD -
Old SWYS-W9
R iy
WH31 81V WO
J0jeuIuLIS} £ ENM

dq 4ogot
PETTYNd

dq tzber
SorTudd

g v

U] uﬂw

9l 9OlId - : O

156



EP 2129 777 B1

.._,o,uoEo._a. zeydie 28"

157



EP 2129 777 B1

€9

€-891LAd

00 o't 00 20 vSL G6E TEZ O L' e€el
. 00 L 00 2O .88 O¥e £SZ 2l 01 29 672l |289LAd o
00 Ll 00 oL 00 20 29 SOv 612 60 L1 29 O€l|i-99LAd puksyHges
v'ol 1'g | 20 TL . 6SL 98¢ 922 O+ LI 9 O0€l[eLotAd R
S'LL 08 20 ML ..§SL LOF 042 O LI L9 ZEL[ZL9lAd.
z'Ll 0'8 Ll 0'8 Z0 L'L. €6L €0v S1Z 0L LI 09 ¥E€l|i-L9LAd. guAsvHQe3
| LSt S6 | 20 €L 6%l ¥8E GE€C LI 'L ¥9 LEL[€99LAd ‘
v'8l g6 | €0 €L ¥SL TOP ¥IZ 0L LI 09 el [299IAd - .
£9l 6 | Lvk 66 |20 €L OvL 9.6 6vZ OL 0L 99 €€l [1-991Ad ZuAsvHQea
. 821  ¥S | 20 80 21799 V€ 60 Tl ¢'9 ZEL[CGoAd -
VLl o . | oz vl 20 0L 6L L0k 21T 0+ L'V T9 2ZEL|I1-G9LAd LuAsyHQe3
86L 9§ 10 L0  8YL - T6E GEZ L'L V'L €9 LEL[evolAd
691 LS o8l 8¢ | 20 . 80 6GL SI¥ ¥0Z 60 . TL 29 L€l |ZHOLAd ZuAsyHa63
yoL - g4 20 01 -ZSL vy 602 60 LI 9 O€EL|zI9lAd
G'ol sz | ool G4 Z0 0L TSI ¥lp 20Z 60 LI §9 L€l |L-191Ad LuAsvHQB3
922 S0L | 922 SOL | ¥0O - SL g9 LBE 0ZZ 80 T S9 E£EL|I-irlAd. LUASYHQET
€'ve £ee €T €Tz | 60. . 8T 82 ZTIr v6L 80 L1 L9 €€l |LgclAd LuAsyHQA63
eseara Coo3 | jeseq  Buoiz Cvam weai ot eor © ey o _ .
o, "aAY- .voo.wwx« va% “0zo % | YHA <n_n,_.m /.xn_m ¢:8L Ligh 0:8k . . LiSL 0:9L | JOJOOA ausH

8l 'Ol

158



EP 2129 777 B1

Z2S 8r L1

€-091Ad

0’6 £€Gl Zo 0T vZL vTl 9 90}
00k 6% | 20 1T Z€L TIZL 9IS gL VL €9 80L| z-09IAd . -

L6 zsL | s €61 zZo zZ S€L 0ZL SIS &L ZL 66 80L| L-09iAd - #OeS-gwoqo|30Z01 uAsyHaB3
b9 90L | L0 &L g€l L1l 26 81 L1 289 60L| €£SLAd I X
69 Lel L0 0T €€ TPL L6y 9L €L §9 60L| Z/SLAd : _

€9 0z} Qg gLl 'O GL ZZL TZL 8% 8L L1 99 60L| Lzsiad | woQygB3a-gwogo|30eD LuASYHQB]
00 i 4 00 90 ¥¥L SLL 26 6L 2L 1’9 LLL| £-951Ad S
00 6'S 00 60 0% Gil £ZTG 61 L1 66 LLIb| Z-95iAd .

00 €S 00 6'S 00 . 20 L €2L 96§ 61 O 69 0LL| L-95iAd +Q61-ewogoI3020 LuASYHAB3
0o 99t | 00 - €z 9Ll £ZL 625 6L L'L 9 60L]| €6viAd
co 92 | 00 . 8L . SC 02 €25 8V VI 29 0k z6viAd _

00 E€vl 00 9€L | 00 . ¥Z ZSL €£0L €15 L1 UL 09 TiL| L-6viAd zwogol30ZoLuAsyHA63
00 €Zh [ 00 . vZ 9L 9LL v8r 9L SL 09 LLL| e-criad . :
00 volL | 00, €z &Ll g2Z TS 2L VI 89 60L| ZeviAd

00 6€l 00 82k | 00 . P2 G9L LEL Q09 €1 8L G9 L] LEpIAd | woQoI3020LuASYHA63
S'9 2ol L0 €l gcL 9ttt 025 LL TL-99 LWt €-LpIAd ;
0s 80l O Z1  SOL BEL 226 8L VL LZ 60L| Tiviad

S goL L's 8ol L0 24 S0L ObLk ST BL VL . 0L OLL| i-ipiAd LuAksyHQa63

00 00 0’0 00 0’0 00 OEL €CL 625 8L L't 28 L'LL adod ._.o:coo.*ouow\./

eso Buoig- . ‘ :

u...oo o«n_,m 1S3 BUOId | 1 waa wvda sl 1i8L 08t m.wv 191 0:9L | 103087 . eusn

% 'OAY % "OAY

va% 020%

6L 014

159



EP 2129 777 B1

9§ 20 82 $0 €22 2 VZ TL 9L vOL| €09lAd
6'S ZO L'E YO0 612 T LT TL 9L SOL| T-09LAd .
z9 | oz €0 €€ $0 02.026 VZ ¥IL 2TL S0l | 1-09iAd yQes-gwoqoi3020 LuUASvHG63
Lz 1’0 L€ ¥0 PIZ €26 LZ ZTL €L POL | €/SIAd v R
x> 'O  ¥E S0 €S S8F 91 G Z8 €0t | Z-L5IAd o
ze | o€ L0 Z€ S0 022 T 1T €1 t. S0L| L-/GlAd LwoQprab3-gwoqoj30z01LuAsvHA63
00 00 Vb SO0 €12 02 02 €1 GL vOL| cosiAd _ - ,
00 00 8€ 0 LZZ 815 LT €L VL GOL|eTeSIAd . A
00 00 00 ¥€ S0 91z 92 12 2L ¥ boL| 1-96iAd -$aBi-gwoQgo|30Z0 L uASYHAB3
A 1'0...LS 90 €€Z 06y 0T 9L TL L0 | Z-€ESLAd : .
€L vy 1O -.6% 90 25T T St LT 08 LOL| L-€5IAd ZwoapQ-1uASYHEb3 |
00 | 00 PE€ G0 GS1IZ 6LS ¥Z €1 TL OLL| €2ZSIAd .
00 00 €% 90 €92 LSk SL €2 28 OLL|225IAd
00 00 | 00 1€ 90 82z TOS. 1T %L -9L 20L]| L-g5LAd Lwoayg-LuAsvHa63
9z | 10 €5 90 <I¥Z O L1 8L 8L LOL[eIglAd . _ _
92 L0 €6 90 0SZ L9 Ll 61 08 80| z-IGIAd
sz zz | 10 @2z 90 96z isr SL SL 28 SOL| L-lGLAd yQes
00 | 00 6€ 90 0€ 66F 0C PiL 8L LOL|EO0SLAd
_. 00 | 00 - 9v . 90 8¥z O €L 6L Z8 10| z0SLAd
00 00 | 00 ¥¥ SO0 L€ €6v 0Z LV v. OLL| 1-051Ad vab
o€ 20 1’9 S0 L€ Vi &1 2T ¥L vOL| E-lplAd
82 | L0 €€ Y0 vIZT SIS 0T € LL ZTOL|zviAd :
o€ '€ | L0 0€ v0 912 825 2T ZL L SOL| L-lvLAd juksyHab3
00 00 | 00 8¢ 90 22z SIS 02 VL v/ £0L| Qdod |05)U0D 10}03A
.uNmQQ jesaq g ) L 3 Amv . . ] .
va ., | YHQ Vvda vd3 z:i8h 8L 0:8L .,  L9b 0:9L | J0303A auog
o -ony | YO % A R =71 _ _

0¢ Old

160



EP 2129 777 B1

161



EP 2129 777 B1

09

6's 0 2z. 00 00 90 00 '8.Z Qv gL 60 L'LL | vda elvt .
. v .40 88 00 00 Lo 00 Z82 Oty 6L L'L 8§ 8LL| vdd z-LpL
§'9 ¥'9 ¥0 4§ 00 00 L0 00 €92-Z9 6L -L'L 6§ ZLlL[ vdd Lyl uASyHOb3
00 00 09 00 00 0L. 00 292S9% 24 LI €9 £L0i| vdQ _10nuod Joj9eN
6EL 96 [00- 00 €0 . 9L 00 0B8L £0Z'88 €2 L0 S¥ OEL| wiv E-ibl o
_ :]8 A oo o000 vo g 00 Z1Z TOZT S¥E 9T 40 OF Spi| vy vt
16l 9oL | o0eL 62 | 00 00 €0 0T 00 ¥SL LOT 8L TT B0 Lv LTL| VUV -l FuAsyHQ63
_ 00 [00 00 00 00 00 [LZL 46, 0Tr TC B0 L+ 6TL| vav _ 10400 JOJOBA -
v'e 621 |.¢0- 'tz 00 00 8SL .10 L9 9S¥ Ll BO. €5 LiL| vdd eyl _
Sl e | ¥0 gz 00 00 280 .10 LLL LOV L DL 6% bZi| vd3 ZipL
€Ll .0vL | OOL £SL | €0 €2 00 .00 9€L L0 99.. 08y 9L OL ¥S ZTLL| vdI L-LpL LuAsviHa63
B I 00 - | 00 00 00 00 v9L L0 99, S¥ L1 L €5 S| vd3 3 {04U0D JOJOBA
yeseq. Buol3. : : o
va . 029 uvmnm_wm MMM_M ‘VHQ Vvda -Sw mo. via vdd wdv ZiglL L8l 08l 6 6 g, | PRV .hu.huw .euen
% "INV % "INV _ _

zz ol

HEIT IR 11

162



EP 2129 777 B1

S'vE

oL

[N

€62

6¢

..H.A.wmm;m><

029 80 2z 9§ ST ¥e Gz 10 _9b 9T 88 L0 g0z ZEL

66S 1°9€ 8'c 6t €L 144 €8 SV '€ 9'c €0 8L .8c 29 0L +e2 921 O+ 0¢ClL {0L-E-G6GL6vSHY
oy Lt | 80 €0 €0 0 6 61 61 €L L0 9§ 1 €0L S0 @vE SLL ¥YE SPL|6ESSIEPSIV
ge9 68 | £0 €0 2O zo .96 9L 49 9T .ZO v¥ ST 90L 90 6SZ L6L LT 0T |BESSIErSIV
99s 6%z | 2L €1 vo 90 €6 Lz - L¥ ZTZT L0 LVE 'L VEL 60 L'9Z O6L: LT vyl | LEGGLErSdY
zég ecv | vz v 1L e I's &g .0€ 8Z 10 S 82 68 60 6SZ TSl TV Il |IESGLEVSAY
0°0s 9 L't A% 't £e - 6°E Lz Le ST 10 L'y X4 68 80 €9 98L €V 6Vl m-m.wlm—.mvw.u_(
BY9 9zv |2+ L0 LD L 9z gL VL 60 00 L€. 04 Stk S0 L€ 91Z TV TPl | reEGLerSAY
g9s  89v | 9L Zh L1 ot €e 6L 0€ LE 10 OF SE€ 89 90 902 982 IS 61 |€ESGIErSIV
veg 89y | ZL . z0 90 6L - LZ 60 ¥v SE 00 ST ¥¥ .89 TO 6SL 6L 1S gL |TCESI6VSdY
€19 61E [ Lz g1 0L Ve TL S€ f€ TE €0 9L ¥ L¥ Ol ¥0Z €2 €Y T | 1E5GL6vSIV
«MMNM MMM_M vHaO vda via a._.mwwo: Va3 Vi3 NAT Va3 Vv V19Q Va3 el VIO Z:8L 1i8h 0:8b 0:94 | euieN eiduwes

€zold

163



¥€6 GOL | OF S0 §L €0 viZ Viv LI 02 GGk |[58L-L-LL0ZISN
$€6 €92 | 9% 90 . LIl S0 SEL SSE VEL ZP 0Tl [¢BL-Lb20ZISW
606 922 | Vv 60 86 . S0 8Ll L¥E €0L Vv L |eBL-L-LL0ZASW
. | ee6 66z |.L¥ 20 ¥IL SO €SI LYE 8LL €b €21 [2-8L-L-12023ISW
L26 1'Z2 | €26 S6L | €v L0 18 v0 ¥6L 265 68 GSZ. 8'GL |L-8L--120Z3SW

9L €9 | oo 91 L0 22T €2z 62¢ 00L. 8€ 99 |S5-GL-2-120ZaSW
vl zs | oo g b0 22T €ST LEr LL 62 L9 |rSi-2-L2023SW
00 cv | 00 S 00 9L TIE viv €6 @b LIl [e-Gi-L120ZaSIW
gl g9 | o0 81 1'0- 62 9€Z 62 €6 L€ b9l [2-6L-L-LL0Z3SW
e o9 | 61 S, | 00 0Z L0 V€ VEZ ¥iP €0F 9€ b9l |1-5i-Z-LZ02ASW

vzl €2 | 00 6+ 20 8¢ 8SZ 02¢ 6§ BZ £8l|5GL1L0Z3SN
99L k'S | 10 9L 90 L4 £0E €2 0§ 9t 691 |¥GL12023ISN
ZiEg 1S [ 10 &L L0 9L .82 vvr 9§ Ll §SL|E€GLIL0Z3SW
€1z Z9 | VO Lt .60 0T €8 62 .T9 VT LSt |ZGLILO0TISN

EP 2129 777 B1

L8l €9 | vzt  oe | 10 6L 90 L' ObZ 8L¥ 86 O€ LGl |1-6-2-1/0Z3SW
00 8v | 00 2L 00 61 €62 S2r 8S ZZ S99l |Sb-2120Z3ISW
‘00 9 |00 2z 00 ST T6Z 9LP 8S ZZ ¥OL|bl-L-1Z0ZISW
00 19 | 00 vz 00 €T ¥ZE 668 €¥ 0Z 891 |e-l-2-120Z3SW
00. Vs [ 00 02 00 0Z L'€C 6Lk 8€ 8L ¥SL|2-1-2-12023W
00 8's 00 69 00 +2 00 82 062 L6€ 1S vZ 08l |1-1-2-120ZaSN

€6 09l | Ov S0 GSZ €0 TVZ SOFV. SS 81 LGl|S691.0Z3SW
€€6 9L | VP 90 L ZO 6€Z v6E 09 6L 9l |p69-12023SN
S 8% | 6E 90 S99 €0 192 v6E ¥S 0T L6l |E69-120Z3SW
166 T6L | 8 ¥O B TO OFEC €8€ 8% O 0Ll |z6-9120Z3SN
5'€6 991 LY€6 vOL | €v. 90 S22 20 €92 8¢ 8% &L 2Ol |L691.0Z3aSN.

jesaq mcm_m . . .
- 8a 6a via w3 VIoa va3l €8l Z:8L 1184 08l 0:9) | sweN e|dwes
% lelol % iejoL .- . -

jesaq gq Buol3 6a
% ‘BAY % "BAY

¥Z Old

164



EP 2129 777 B1

((c002) 8826-6226:(ZE)Y Q&Emﬁgm “|e 12 198 '8GG8LZAY SAD 'S096L0VY SN20| (9PEIarES

?oomv 99¢-/GE-¥8E T 'Wayoolg “'|e }o esdled m\.momm>< Sao ommmm><< SnJo|

19) G096LDYY "ON UOISS320Y IGON) (€1:0ON Qf DIS) siroelb euabng woyy uwm_amw% pioe é& p-eyop =

yasipoeis 3,

Awoﬁomvm _Ov 0E9LEAVY oz uoISsady 199N) (2:ON a 039) 66¥dNDD ‘ds BAOjACd Eoc 0|3 <..5n_-owo 013020 eAojred e
144 ] i vasmoeb3 . | 00JoeNEA u (Y]
sijioe1b°3 "SA %001 . 'SA %001 ERE T4 <<zv snuIIB}-O -
, {wv | (dq (dq
013020 . 013020 lg-atjoanea3 (g9 | €64) 78¢2) | 0€9e)
S BAOIABL SA%T'Ly | eAomed SAY%ZBY -1y YV~ Snuiwa)-N 144 (¥4 (174 }-01623 ZuhsyH@ab3
.  vQsmoesb3 o
- va vQ sioeib -3 "SA 0°0 JO anjeA 3 (e6.
sijfoe1B°3 "SA %686 "SA %686 -£52 Yy~) snulwial-)
013022 {vv (dq ~ | .: (dq
. 03020 . 013020 BAOJABY 'SA 19-3G (892 | €62) 28¢2) | 0£92) ‘ ,
v BAO/AB] SA%Z' LY | BAOIABC “SA%8'LY -9} YV~) SNUILIBI-N 43 b ol ygergLond-oL6aa LuksyHQab3
(v (dq (dq o
013020 . 013022 . 013022 86¢) 168) LzEL) : . :
€ BAOJAES 'SA %b 0y | eAOjARS "SA Y%L 'GY BAOAES 'SAZFR9 | 9 S 4 y1d'goondoybae 1018 02063
. . . Hasul .
oN A URH umjor disvigen . | FHE | SO o ON owen
aidwex3 | |ejsniD eln finuapl % el Anuap) % anjea 3 ’ ’ - ONQl -.8uol) -
_ 03 | 0IS | oe A

G¢ Old

165



EP 2129 777 B1

%

€-L-6€0S

'G5 2’59 00 [} oL m.cv L4 n..mN. wAmn —w 6 €2z

z'o9 L'6E 00 80 9% S0 9z 1z 8P LVE SL €6 10T |bL-€SE0S
968 ogy 00 60 91 L0 ZZT L'b V€T 90 99 ¥'S €42 [LL-€6E0S
0004 £2€ 00 It 91 00 9Z. €2. vIT I¥ 96 €v. v0Z]8EGE0S
0001 8vz 00 01 €T 00 2 O0€ 6€ 462 65 TS 092] LL-SE0S
8'5. v'ee 00 'L ¥l ¥0 027 PZ T6Z 9€C LS’ €¥ 002 ) 4-9G6E0S
0004 1'gz 00 60 1Z 00 vE€ ZT ZST S8 6L vE €9l |eese0s-
¥0L 01§ 1oo 1 2z .. so0 L€ 91 892 9SE ¥. OF 0Ll |S€ESE0s
29y 94  Jo0 TV vZ . vl L€ 8L TPZ Le€ €L T 00z | €-€6€08
000t g€z 00 60 &1 00 LT LT §6Z I'8€ 6L 8% L/l | L-ESE0S
ovs '8'2g 60 60 0Z. L0 BZ Vi LT 89€ 89 S€ SL|1-2E0S
.Z'08 0'6€ 00 €L VL €07 L1 ST .01Z 80v 98 '€ 06k |LL8E0S
L8 v'12 00 60 S+ Z0 €T 62 22 866 €L . vy 98l |Z-9EE05
82 zoe .00 0L 0L €0 SV TZT €€ ver TL PE 9L | 1-99E0S
0ce Sy 00 ‘S§1 6L €0 VEL €T €vZ p9E §L vy €8l ] ¥yS8E0S
965 9'5¢ ‘00 90 &I S0 .¥Z 0Z .8€ zZOF B9 OF¥ T8l |E6BE0S
€45 zay 00" 01 91 - £0 VZ 6L 0T bec 298 €% 18| 6-8E05
0001 €82 00 60 41 .00 9% 2T 99 S8E 9% 6€ LBl |88E0S
0°004 '82 00 60 8L: 00 . ST €T T 8EE 69 0§ L6l | +r8cos
0004 X-T4 60 0l . 9l 00 €2 9Z ¥iZ €SE 09 GV ¥6l|Zec0s
6’19 £1e 00 90 0Z +O 62 2T €€ 1T 68 8§ 81C|8Z8Cos
£'8s v2€ 00 20 .91 S0 $Z 07 6€2 8SC S 6% 902 | 228605
e zvp g0 90 ¥lI EL LZ T 0272 ¥Ov 69 Tv 98l |€TEE0S
6L 129 00 TT 9 0 vZ 8L T6L 9§ €6 9L 96Z | ¥L-BE0S
0z £es .00 B0 80 €0 0L 60 9vZ vp 6L 8€ 2SI | -p8C0S
. 8’89 o'gt 00 LL [N 8 G0 61 gt 202 66€ 22 Tv <M | Ee1-8E0S
v oay a0 60 Ll €0 ve m..r L2 6GE 28 0s T2} 2 L-8E0S
veL L'6€ 00 7L 91 €0 'z 'z L1'ST .96 08 gv 09 | -2-9c06
j ol 72 g9t oo L'b £ S0 61 8T .o.wN Z8t I8 L'y 112 | €-2-9806
0004 £ve 00 80 61} 00 LT 9T 69k 00¢ Ok T9 €LZ| 42980
0001 9ot 00 0 vl 00 6L €€ Sz 98¢ EOL 9% a.n.— 8-£-9E05
e zes 00 60 2z VL LV 8L 80z 2TEE TL §v GTT| L€980§
082 96 00 240 §L L1 61 0T @9l L2 B9l 6 #1Z|2-Z9L06
1esap Buoja 12 VHQ O0%Z VdO 0T vd3 VW V1 8L 0:6F 091 | IueAld
-ejjep

%

S-e)8pozZd
" %

166



EP 2129 777 B1

FIG. 27
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FIG. 41

Fatty acid composition (wt.%}
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C20/delta-5 | deita-4
Event [16:0 18:0 18:1 LA ALA EPA 22:0 DPA 24:0 OHA 24:1 elong desat
5112-1-1|31.0 68 112 266 149 27 34 02 17 24 0O 492 91.9
5112-12|240 57 104 322 174 25 36 02 24 19 00| 452 89.1
541255|279 58 96 289 166 29 39 02 21 22 00 46.1 90.7 .
5113-1-2 | 296 67 108 224 192 32 31 03 20 25 00 47.1 88.0

511316276 65 110 245 174 32 42 03 21 33 00 527 926
511318330 78 158 214 107 25 31 02 17 38 00 624 94.1
5113-3-1]331 84 161 190 M2 29 34 01 20 38 00 577 96.2
5113-3-2 (261 66 134 281 149 30 31 03 17 27 00 497 906
511333325 76 125 214 149 24 34 03 21 29 00 56.2 917
511343278 63 132 246 164 28 32 02 21 33 00 55.5 932
511344 [ 239 60 125 280 181 33 30 03 20 28 00 490 914
§1134-5 (275 64 162 265 147 26 24 02 12 31 00 55.4 93.0
511349280 62 86 283 185 27 28 - 03 18 28 00| 53.0 90.8
51134-13[ 276 64 98 206 165 26 25 .03 21 26 00 530 . 885
511361271 64 96 258 191 29 36 -02 23 28 00 526 926
511361313 67 90 237 190 26 30 03 19 25 00| 525 . 891
511363287 71 90 267 178 24 30 02 20 31 00 57.9 94.1
511365277 63 127 260 167 21 28 02 20 34 00 635 94.4
511367 (279 54 92 305 187 21 .22 03 14 - 24 00 56.6 87.7
511368282 63 94 265 188 28 32 03 21 26 00 497 89.7
5113-7-7| 285 63 96 250 185 23 37 04 23 34 00 62.1 90.2
51137.9|264 63 88 287 196 23 31 03 19 26 00 54.9 909
51137-10/ 307 62 85 242 189 27 30 05 22 31 00 56.5 86.4
5116-1-3| 291 61 80 285 192 16 26 03 18 27 00 647 " 888
5116<4-2|29.2 60 82 287 197 19 22 03 15 23 00 58.1 87.8
51165-1[294 64 107 208 165 12 25 03 . 14 18 00 634 87.9
511663 [247 57 90 337 198 15 20 03 14 19 00 59.2 865
5111-24| 351 7.7 94 185 139 25 64 00 41 27 00 52.1 ©100.0
5111-3-1 324 72 143 190 129 20 48 00 .31 43 00| 686 100.0
5111-3-2 | 284 67 149 230 144 21 45 00 .30 29 00 581 100.0
5111-3-3{331 76 170 190 112- 25 43 00 20 34 00| . 579 100:0
511134 | 361 76 184 171 104 24 32 00 19 28 00 538 100.0
511136307 74 132 216 152 21 41 00 23 33 0Q 616 100.0
511137 [ 338 60 120 233 148 25 32 00 18 27 00 518 100.0
$111.7-2] 316 68 116 238 163 22 32 00 19 27 00 658 100.0
'511226(233 49 189 272 181 16 20 . 00 15 25 00 60.4 100.0
'5111-2-3[332 75 135 243 135 09 31 00 20 20 00| - 678 100.0
5111-39[ 211 61 147 341 187 10 12 02 08 21 00| 697 89.8
'5111-3-11/ 203 89 196 218 127 06 30 02 17 22 00 796 92.1

5111-314) 249 64 121 303 194 13 23 00 17 17 00| 566 100.0
'6119-4-12| 307 7.0 17.4 221 152 13 20 03 12 29 00 702 91.1
51114-13| 263 61 101 326 187 12 25- 03 15 18 00 639 86.3
'5111-54| 259. 60 96 328 187 11 25 03 17 16 00| €27 84.9
'5111-5-8| 311 70 108 279 154 12 25 04 19 18 00 64.9

82.8
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FIG. 65

EP 2129 777 B1

Fatty acid composition (wt.%) ci8 c20
. , % delta-S | % delta-8

Event [16:0 18:0 181 LA ALA EDA DGLA ERA ETA| elong | desat
2024-2111| 203 66 163 296 123 49 67 . 10 24| 263 | 607
2024-2-11-2 [ 171 48 217 287 121 48 74 Q7 2.7 27.7 64.7
2024-2-11-3 | 183 54 177 307 136 45 67 09 25 24.8 63.3 -
2024-2-11-4 | 189 .50 132 325 147 50 72 08 27 25.0 62.6
20242115 {211 59 175 201 115 54 62 - 10 23 %7 | s72
2024-2-11-6 | 195 62 17.7 297 119 57. 65 08 21 26.7 '57.0 -
Avg. 192 56 173 301 127 50 68 098 24 |. 262 60.9
2024-3-5-1 | 169 49 172 232 75 118 132 17 38 498 55.7
2024-3-52 [ 171 53 244 232 93 81 90 12 27 39.2 55.6
2024353 | 153 61 345 166 60 78 97 10 3.0 488 59.1
2024-3.54 | 174 72 245 208 65 90 107 13 25| 463 | 559
2024-3-55 |176 66 225 221 88 83 98 15 28 | 421 56.1
2024-3-56 | 170 6.7 232 198 61 107 119 14 32 512 | 555
Avg. 169 61 243 209 74 93 107 14 30 462 56.3
2024-391 (169 51 247 165 62 112 141 15 37 57.5 58.3
2024392 [ 162 52 199 200 61 115 160 13 39 556 60.8
. 2024-39:3 | 164 56 253 171 57 104 143 14 38| 567 60.5
2024-3-94 | 163 55 287 159 64 92 131 13 37 55.1 61.4
2024-3-9-5 {158 6.4 276 142 55 103 15.2 1.3 3.7 60.7 - 62.1
2024-3.96 {163 50 222 179 56 118 159 14 38 58.4 599
Avg. 16.3 55 247 169 598 107 14.8 1.4» '3.8 57.3 60.5
2024-3-11-1 | 17.9 65 243 229 79 81 91 10 23| 400 .| 555
_2024-3-11—2 16.0 62 296 205 6.4 9.4 8.3 1.2 2.3 440 - 499
2024-3-11-3 181 76 245 1898 564 97 11.9 1.1 29 51.3 579
20243114 | 163 65 270 217 67 82 98 11 25| 432 56.7
12024-3-11-5 | 160 6.4 285 198 63 83 108 1.1 28 46.8 59.3
20243116 | 172 72 291 193 54 83 99 11 25| 468  56.8
Avg. |169 67 272 205 64 87 100 11 25| 453 | 360
2024-3-151 | 16.9 43 157 289 110 69 115 11 34 36.5 65.0
2024-3-152 | 158 42 195 274 79 75 135 07 34 413 66.8
2024-3-15:3 | 193 70 193 228 91 114 65 29 17 414 36.5
2024-3-154 [ 169 37 96 302 132 74 134 20 32 375 637
2024-3-15-5 | 17.0 45 129 298 136 69 106 18 28 337 | 606
2024-3156 [ 177 55 204 252 107 54 107 10 32 36.0 68.7
Avg. 173 49 162 274 109 76 110 16 29 37.7 80.2

205




FIG. 66

EP 2129 777 B1

C20

206

Fatty acid composition (wt.%) c18 ‘
g % delta-8 | % delta-8
Event 16:0 18:0 18:1 LA ALA EDA DGLA ERA ETA elong desat
2136131 |17.7 42 120.303 120 88 102 10 31| 353 578
2136132 | 17.7 36 113 259 93 107 154 13 44 | 474 62.2
2136-1-3-3 | 178 3.8 91 252. 93 103 174 13 50 | 496 659« |-
2136134 | 189 45 82 323 206 34 75 07 21 206 702
2136-1-3-5 | 17.9 40 144 271 105 84 125 09 38 | 405 636 .
Avg. |180 40 110 282 123 83 126 10 37| 387 64.0
2136-28-1 [17.0 38 121 257 97 116 139 13 45| 469 58.8
2136282 | 171 40 97 226 75 114 223 10 44| 565 68.3
21362-8-3 | 183 36 90 259 109 106 148 15 47 | 462 61.7:
2136284 (185 35 93 251 116 97 152 15 49| 460 64.2
 2136-28-5 [ 188 39 110 246 124 84 138 13 48| 433 | 658.
Avg. {179 38 102 248 104 103 160 13 47 | 478 638 |
2136-215-1 | 167 30 147 289 96 89 129 08 42 | 411 63.7
21362152 { 165 34 120 302 123 80 125 1.0 41| 376 650
2136-2:453 [ 16.7 3.3 134 292 84 98 140 09 - 40 | 433 62.8
21362154 | 17.8 34 133 276 125 7.5 118 11 . 45| 383 855
2136-2-15-5 | 166 33 153 283 88 92 136 08 37 | 424 634
Avg. |169 32 137 289 103 87 130 09 41 [ 405 | 641
2136381 | 181 29 85 294 127 82. 133 15 50| 399 655
2136382 {201 31 66 393 282 07 06 03 04| 29 523
2136383 [ 198 33 71 279 153 72 120 17 49| 374 654
2136-384 [192 36 91 258 131 79 130 18 56 421 658
2136-38-5 [166 32 92 298 118 92 136 16 46 | 411 . 628
Avg. [187 32 -81°305 162 66 105 14 41 [ 327 62.4
2136421 (186 50 126 261 119 86 112 1.3 40| 397 60.6 .
2136422 | 168 38 94 258 96 112 157 18 53| 489 61.8
21364-2-3 [ 170 38 86 266 105 105 155 1.7 53 | 469 63.1
‘2136424 | 168 30 90 263 112 111 151 1.8 53| 470 61.3
21364-2.5 | 170 29 60 441 294 02 0.0 00 00 0.3 0.0
Avg. |172 37 91 298 145 83 115 13 40| 366 49.3




FIG. 67

EP 2129 777 B1

207

Fatty acid compasition (wt.%) Cc18 C20
% delta-9 | % delta-8
Event 16:0 18:0 18:1 LA ALA EDA DGLA ERA ETA elong desat
2131-2.9-1 | 154 40 199 277 68 85 134 08 30 27 . 63.7
2131292 {170 36 105 299 109 77 151 14 35 404 -67.1
2131-2-9-3 [ 168 37 94 262 92 87 195 14 45 40.0 70.5
2131294 | 162 37 147 292 88 80 146 09 33 414 66.9
2131-29-5 | 169 38 125 279 95 89 148 13 36 434 64.4
Avg. 165 38 134 282 90 83 155 12 36 434 66.5
21312151 | 160 39 133 201 74 86 160 1.0 4.1 44.9 67.5
213121152 [ 154 34 103 273 56 116 205 14 41 534 65.5
21312153 | 169 38 137 286 82 89 147 10 36 433 64.9
21312154 [17.3 32 66 222 103 65 241 17 73 54.9 79.3
2131-2-15-5 | 146 3.7 110 260 .60 89 223 16 52 54.2 72.4
 Avg. 16.0 36 110 266 75 89 195 13 48 50.2 1699
21312221 | 162 47 65 175 48 151 247 30 62 68.7 63.0
21312222 | 17.3 49 7.0 242 97 125 164 26 44 515 58.0
2131-222-3}17.3 51 95 207 65 146 187 24 43| 595 - 575
21312224 [ 187 52 74 185 54 123 239 20 56| 648 674 |
2131-222-5 184 50 86 180 56 111 243 20 58| " 648 696 .
Avg. . | 176 50 78 198 64 131 216 24 53 61.9 " 63.1
2131-224-1 | 170 40 53 193 81 116 216 37 80 62.1 65.9
2131-2:24-2-| 174 41 64 188 58 90 268 20 76 63.9 75.8
2131-2:24-3 | 160 42 63 230.66 168 175 38 48| 592 52.0
2131-224-4 | 180, 59. 84 172 56 79 264 17 786 657 | 780
2131-2-24-5 | 181 48 .73 180 59 81 265 21 80 65.2 771
Avg. 173 46 67 195 64 107 238 26 72 632 | 698
21316-14-1 | 175 41 173 210 78 8.1 ‘_17.4 11 50 524 70.9
21316142 | 175 47 164 264 85 83 131 1.2 31| 424 63.2
21316-14-3 | 17.2 32 123 224 91 102 181 17 54 529 66.5
21316144 | 181 36 109 246 91 77 196 .10 48 497 736
21316-14-5| 166 38 136 263 89 81 170 10 44 46.5 70.1
Avg. 174 39 141 241 87 85 174 12 46 48.8 68.8




FIG. 68

Fatty acid composition (wt.%) C18 C20

% delta-8 | % delta-8

. __Event‘ 16:0 18:.0 1811 .-LA ALA EDA DGLA ERA ETA élong desat_

T2130-129-1 | 175 34 108 237 56 174 150 22 38| 567 490

21301292 [ 169 3.9 115 241 66 153 149 20 42 | 543 525 .|
21301293 | 174 37 111 223 61 170 145 26 45| 576 49.2
21301294 | 178 38 105 218 57 171 160 24 44 584 | 511
2130-1-29-5 | 172 42 98 231 66° 159 145 29 50| 563 50.9
Avg. 174 38 107 230 61 165 150 24 44 56.8 50.5
2130-143-1 | 175 29 69 455 263 04 00 01 00 0.6 0.0
21301432 | 180 34 75 243 72 118 202 15 55 55.3 65.8
2130-143-3 | 207 55 123 238 56 112 151 12 39| 517 60.4
2130-1434| 183 40 87 236 78 121 172 19 55| 539 61.8
2130-143-5 {239 76 161 17.7 45 106. 139 13 39 57.2 59.9
Avg. 197 47 103 270 103 92 133 12 ~ 38 437 | 496

2130-1-51-1-) 174 46 98 241 72 138 157 21 43| 535 556 |

21301612 [ 187 39 94 207 60 1341 183 26 56| 604 ‘588
21301513 | 184 38 93 204 66 134° 190 23 59| 600 61.3
2130:1-514 | 17.9. 41 96 204 52 152 191 23 52| 620 | 582
2130-1-51-5 | 216 6.4 128 201 76 114 124 24 41| 523 54,5
Avg. 188 46 102 211 65 136 169 23 50| 576 57.7
 2130-1-54-1 | 164 42 135 285 69 110 146 10 37 46.1 606
2130-1-54-2 [ 181 41 108 262 69 123 159 13 39 50.3 59.4
2130-154-3 [ 175 41 119 272 73 102 . 166 08 37 47.6 64.9
2130-1544 | 167 42 109 283 73 149 123 16 32| 473 484
2130-1-54-5 | 171 43 120 270 73 . 106 156 11 4.3 47.9 62.9
 Avg. 172 42 118 215 71 118 150 12 38 479 59.2
S 2130-161-1 | 214 52 73 195 61 137 156 32 70| - 607 572
21301612 | 172 35 54 203 78 144 180 41 87 61.6 58.9
2130-161-3 [ 17.3 44 69 250 94 131 141 31 57 51.1" 55.0
21301614 [ 210 74 112 181 66 110 157 27 60 58.9 612
2130-1-61-5 | 201 43 67 199 59 147 173 33 67 61.9 - | 57.2
Avg.. | 194 49 75 206 72 134 161 33 68 58.8 57.9
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FIG. 69
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Fatty acid composition (wt.%) C18 c20
% delta-9 | % delta-
Event 16:0 18:0 18:1 LA ALA EDA DGLA ERA ETA ' elong desat
2163-1-3-1 | 164 61 275 257 7.7 53 104 05 -2.3 35.6 68.6
21563-1.3-2 | 17.2 35 155 36.1 18.6. 3.2 4.2 05 1.1 14.2 58.3
21531-3-3 {164 51 283 242 86 48 9.6 06 24 . 346 . 69.3
2153-1-34 | 16.0 39 241 269 94 66 99 08 25 35.3 62.8
2153-1-3-5 | 156 39 255 267 7.7 6.6. 11.0 0.6 2.5 37.6 65.2
Avg. 161 43 242 279 104 53 90 06 22 315 64.8
21563-1-5-1 | 174 39 169 308 117 56 106 06 25 312 67.8
21563-1-5-2 1 166 42 194 293 106 6.7 10.1 06 25 33.3 63.3
2163-1-5-3 | 172 34 149 372 174 441 39 0.6 13 15.3 52.8
2153-1-54 1175 44 188 291 107 5.1 11 08 27 329 B 704
'2153-1-5-5 | 169 45 187 288 108 58 110 07 29 34.0 682 -
Avg. 171 44 177 .310 123 55 93. 06 24 293 |- 645
21531141 17.8 35 196 306 104 58 93 06 24 30.6 64.7
21531142 | 182 37 175 320 135 5.1 74 07 20 25.1 - 621
2153-1-14-3 | 186 31 177 3_2.2" 131 53 68 07 24 252 60.8
21531144 | 185 30 146 334 125 ©.1 86 0.7 286 . 28.2 . 621
21531145 | 18.0 - 34 191 307 118 49 88 05 27| 286 . 68.0
Avg. 182 33 177 318 123 54 82 06 24 27.5 636
© 21531221 [ 169 42 201 277 98 54 14. 07 37 36.0 . T
21534-222 | 17,2 39 185 324 133 49 6.6 07 25 24.4 61.9
2153-1-22-3 | 16.3 46 225 251 84 54 12.8 07 441 40.7 733
2153-1-224 | 16.3 37 192 262 80 66 16.2 07 41 438 | 725 _
2153-122-5 | 166 3.6 -16.1 392 158 2.8 4.0 05 15 13.6 625
Avg. 16.7 40 193 301 111 50 10.0 07 32 317 68.2
2153341 | 165 28 145 346 139 66 715 1.1 25 26.8 56.5
2153-34-2 | 164 31 160 309 109 8.0 10.5 12 31 353 59.8
2153-34-3 | 156 42 195 295 110 69 9.3 1.1 30| 334 1610.3
2153-34-4 | 157 32 174 312 115 76 8.2 12 30 329 57.8
2153-34-5 | 157 26 144 348 135 6.8 8.3 11 .28 28.2 58.3
Avg. . | 160 32 163 322 122 72 8.9 1.1 29 31.3 58.5
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FIG. 70
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C18

Eatty acid composition (wt.%) Cc20
' . : % delta9 | % delta-8
Event [16:0 18:0 181 LA ALA EDA DGLA ERA ETA| elong desat
2154131 | 183 49 207 238 84 45 72 05 26| 315 64 |
2154132 [191 45 285 240 75 55 78 05 25 341 | 632
2154133 [188 44 209 322 93 67 56 06 17| 260 50.0
2154134 [172 40 216 203 91 7.7 81 06 23| 329 55.7
2154-1-35 [168 39 291 248 94 - 558 63 07 28 31.9 60.5
Avg. [180 44 260 68 87 60 71 06 24 31.3 59.2
2154181 [176 35 187 209 123 62 84 - 07 28 30.0 62.0.
2154-1-82 | 17.9 44 216 303 106 58 66 08 21| 271 | ~ 574
2154-183 | 182 34 182 308 114 73 73 08 26 30.0 54.8
2154184 | 174 37 203 330. 111 69 61 06 1.9 24.7 54.9
2154-1-8-5 [17.7 36 212 277 110 72. 80 08 29 32.8 57.9
Avg. |178 37 200 303 113 65 73 07 25| 289 57.4
2154-1-12-1 | 185 45 221 284 107 57 714 06 25| 288 60.5
2154-1-122 [18.1 34 168 31.0 142 61 ~ 67 08 28| 267 577
2154-1-12-3 [ 177 36 165 317 142 64 68 07 24| 263 6.2
2154-1124 {180 36 167 323 140 63 - 59 09 24| 252 | 536 |
2154-1-12:5 | 182 39 189°301.120 59 73 08 28 2865 | . 600
Avg. " |181 38 182 307 130 61 67 08 26| 271 | 576
2154-1-154 | 18.3 31 239 234 105 58 98 08 44 | 380 68.1
2154-1-152 [ 200. 44 108 408 235 03 01 00 00 0.7 316
2154-1-15-3 [ 182 32 179 200 123 62 86 08 3.9 32.1 64.2
21541154 (185 39 189 285 151 51 64 07 29| 258 61.5
21541155 | 187 34 17.0 289 137 56 81 09 36| 299 64.3
Avg. (187 36 17.7 301 150 46 66 06 3.0 25.3 57.9
2154-2131 [ 162 36 218 277 165 34 65 08 35| 243 70.4
21542132 | 17.3 39 214 296 138 42 66 06 26 245 65.6
2154-2133 [ 166 38 178 329 156 38 63 05 27| 215 67.4.
21542134 [ 164 55 280 253 103 44 65 07 30| 291 65.0
2154-2-13-5 [ 172 47 251 262 133 30 67 05 33 254 742
CAvg. | 168 43 228 283 139 37 06 30| 250 68.5
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FIG. 71
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5.1

Fatty acid composition (wt.% Cc18 .. C20
% delta-9 | % delta-8
Event [16:0 18:0 18:1 LA ALA EDA DGLA ERA ETA[ elong desat
2146-2-13-1 [ 197 38 116 242 116 79 135 12 65 448 686
2146-2-13-2 | 208 37 117 212 94 74 179 08 7.0 52.1 751
2146-2-13-3 | 201 30 70 243 116 76 173 11 81 4838 746
2146-2-134 [ 208 37 102 223 103 74 165 10 7.7 50.0 74.1
21462135 [ 189 33 95 250 142 64 142 12 74 427 74.0
Avg. (201 35 100 234 114 73 159 11 74 47.7 733
2146-3-2-1 | 168 32 108 263 122 62 121 10 .56 393 711
2146-3-2-2 | 191 44 136 268 149 48 101 10 53 336 7238
2146-3-2-3 | 184 4.0 147 247 122 57 127 10 65 413 74.1
2146-3-24 | 184 36 125 279 151 51 106 10 59 345 729
2146-3-2-5 | 197 4.0 135 280 135 54 101 09 48] 339 701
Avg. 185 38 130 267 136 54 111 10 56| 365 72.2
2146-3-9-1 [190 31 103 263 107 74 148 12 72 452 72.0
2146-3-92 (169 38 125 264 120 69 131 13 71 426 713
2146393 [ 195 37 115265 113 64 137 10 67| 421 740
2146-394 [17.9 39 131 264 135 67 109 14 62.| 387 67.8
2146-3:95 | 179 42 150 256 112 61 124 11 66 416 727
Avg. 182 38 125 262 117 66 130 12 67| 420 716
2146-3-13-1 [ 161 39 165 292 79 99 110 10 45| -416 58.7
2146.3-13-2 | 167 34 152 299 106 7.2 113 11 46 ar3 1 65.8
2146-3-13-3 [ 160 44 165 292 92 79 111 10 48| 392 64.1
2146-3134 [ 175 34 118 314 139 68 97 11 43| 325 641
2146-3-13-5 | 165 34 150 303 102 79 111 12 45 37.8 - 63.3
_Avg. 166 3.7 150 300 103 79 108 11 45 317 63.2
2146-3-19-1 [ 164 36 136 320 125 76 93 11 40 331 60.5 .
2146-3-19-2 | 188 38 104 303 152 54 102 11 48 | 321 69.9
2146-3-19-3 [ 169 29 97 304 103 82 148 11 57 423 - 686
2146.3-194 172 31 93 274 17 80 156 13 65| 446 706
2146-3-19-5 [ 167 33 9.9 329 113 90 114 12 44 37.0 60.8
Avg. 172 33 106 306 122 76 123 12 378 - 66.1
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FIG. 74
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214

Fatty acid composition (wt.%) Cc18 C20

% delta-9 | % delta-8

Event 16:0 -18:0 18:1 LA~ ALA EDA DGLA ERA ETA elong . desat
275111 [ 135 23 138 338 98 69 150 09 40 38.0 70.7
2275112 | 135 26 139 323 81 68 171 10 47 422 736
2275113 | 151 32 115 358 115 59 125 09 35 325 702
2275114 | 158 33 118 329 104 67 141 10 40| 373 70.1
275115 | 137 25 169 362 116 48 104 08 32 286 707
Avg. 143 28 136 342 103 62 138 09 39| 357 711
22751-21 | 138 28 165 306 76 86 145 12 44 429 66.1
2751-22 | 134 24 128 319 86 99 152 13 45 433 63.7
2275-1-2-3 | 139 29 134 330 93 97 126 13 39| 383 | 602
22751-24 | 146 32 109 318 101 91 145 13 44 41.3 . 644
2275125 | 132 26 115 324 102 90 150 14 47 413 85.5
Avg. 138 28 130 319 92 93 144 13 44 416 64.0
2275-34-1 | 165 33 167 320 97 60 120 09 30| 344 68.6
2275-34-2-117.3 37 148 349 1156 65 80 10 23 278 57.6

2275-34-3 | 17.7. 36 152 339 106 68 88 11 23| 300 582 -
2275-3-4-4 | 157 40 138 323 98 83 120 11 29| W6 | 610

2275345 | 17.8 31 105 345 108 80 1.3 12 28| 3401 607 -
Avg. - [170 35 142 335 105 714 104 11 27| 325 61.2
2275-381 | 163 39 125 329 104 58 137 13 33 35.8 70.8
275382 [ 166 51 143 304 87 77 127 13 31| 388 638
22753-83 | 160 50 148 308 85 6.8 138 11 32 38.7 68.5
2275-384 (166 45 129 303 84 74 154 11 36| 415 69.3
2753-8-5 | 176 40 120 323 106 56 131 10 37| 354 718
Avg. 166 45 133 313 93 66 138 11 34 | 384 " 68.8
275611 [ 16.0 44 190 286 85 65 122 13 36 38.8 66.9
275612 [ 152 42 194 292 90 64 121 13 32 376 66.6
275613 (161 33 154 206 96 67 142 11 41| 399 70.1
- 22756-14 [ 158 38 198 295 80 68 118 14 31 -38.1 64.7
275615 | 152 38 203 276 76 68 134 15 38 42.0 676
"Avg. 157 39 188 289 85 66 127 13 36 393 67.2
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