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ACYLTRANSFERASES AND USES THEREOF
IN FATTY ACID PRODUCTION

RELATED APPLICATIONS

[0001] This application is a divisional application of U.S.
application Ser. No. 13/806,269 filed Dec. 21, 2012, which is
a national stage application (under 35 U.S.C. §371) of PCT/
EP2011/060315, filed Jun. 21, 2011 which claims benefit of
European Application No. 10167342 .4 filed Jun. 25, 2010,
and U.S. Provisional Application No. 61/358,431, filed Jun.
25,2010. The entire contents of each of these applications are
hereby incorporated by reference herein in their entirety.

SUBMISSION OF SEQUENCE LISTING

[0002] The Sequence Listing associated with this applica-
tion is filed in electronic format via EFS-Web and hereby
incorporated by reference into the specification in its entirety.
The name of the text file containing the Sequence Listing is
Sequence_Listing_074021_0214_01. The size of the text file
is 216 KB and the text file was created on May 19, 2016.

[0003] The present invention relates to the recombinant
manufacture of polyunsaturated fatty acids. Specifically, it
relates to acyltransferase polypeptides, polynucleotides
encoding said acyltransferase polypeptides as well to vectors,
host cells, non-human transgenic organisms containing said
polynucleotides. Moreover, the present invention contem-
plates methods for the manufacture of polyunsaturated fatty
acids as well as oils obtained by such methods.

[0004] Fatty acids and triacylglycerides have a various
applications in the food industry, in animal feed, supplement
nutrition, and in the cosmetic and pharmacological and phar-
maceutical field. The individual applications may either
require free fatty acids or triacylglycerides. In both cases,
however, polyunsaturated fatty acids either free or esterified
are of pivotal interest for many of the aforementioned appli-
cations. In particular, polyunsaturated omega-3-fatty acids
and omega-6-fatty acids are important constituents in animal
and human food. These fatty acids are supposed to have
beneficial effects on the overall health and, in particular, on
the central nervous system, the cardiovascular system, the
immune system, and the general metabolism. Within tradi-
tional food, the polyunsaturated omega-3-fatty acids are
mainly found in fish and plant oils. However, in comparison
with the needs of the industry and the need for a beneficial
diet, this source is rather limited.

[0005] The various polyunsaturated fatty acids (PUFA) and
PUFA-containing triglycerides are also mainly obtained from
microorganisms such as Mortierella and Schizochytrium or
from oil-producing plants such as soybean or oilseed rape,
algae such as Crypthecodinium or Phaeodactylum and others,
where they are usually obtained in the form of their triacylg-
lycerides. The free PUFA are usually prepared from the tria-
cylglycerides by hydrolysis. However, long chain polyun-
saturated fatty acids (LCPUFA) having a C-18, C20, C-22 or
C-24 fatty acid body, such as docosahexaenoic acid (DHA),
eicosapentaenoic acid (EPA), arachidonic acid (ARA),
dihomo-gamma-linolenic acid or docosapentaenoic acid
(DPA) can not be efficiently isolated from natural oil crop
plants such as oilseed rape, soybean, sunflower or safflower.
Conventional natural sources of these fatty acids are, thus,
merely fish, such as herring, salmon, sardine, redfish, eel,
carp, trout, halibut, mackerel, zander or tuna, or from algae.
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[0006] Especially suitable microorganisms for the produc-
tion of PUFA in industrial scale are microalgae such as
Phaeodactylum tricornutum, Porphoridium species, Thraus-
tochytrium species, Nannochloropsis species,
Schizochytrium species or Crypthecodinium species, ciliates
such as Stylonychia or Colpidium, fungi such as Mortierella,
Entomophthora or Mucor and/or mosses such as Physcomi-
trella, Ceratodon and Marchantia (Vazhappilly 1998,
Botanica Marina 41: 553-558; Totani 1987, Lipids 22: 1060-
1062; Akimoto 1998, Appl. Biochemistry and Biotechnology
73:269-278). Strain selection has resulted in the development
of'a number of mutant strains of the microorganisms in ques-
tion which produce a series of desirable compounds including
PUFA. However, the mutation and selection of strains with an
improved production of a particular molecule such as the
polyunsaturated fatty acids is a time-consuming and difficult
process. This is why recombinant methods as described above
are preferred whenever possible. However, only limited
amounts of the desired PUFA or LCPUFA and, in particular,
DHA or EPA, can be produced with the aid of the above
mentioned microorganisms, and, depending on the microor-
ganism used, these are generally obtained as fatty acid mix-
tures of, for example, EPA, DPA and DHA.

[0007] Many attempts in the past have been made to make
available genes which are involved in the synthesis of fatty
acids or triglycerides for the production of oils in various
organisms. Various desaturases have been described in the art;
see, e.g., documents WO 91/13972, WO 93/11245, WO
94/11516, EP-A-0 550 162, WO 94/18337, WO 97/30582,
WO 97/21340, WO 95/18222, EP-A-0 794 250, Stukey 1990,
J. Biol. Chem., 265: 20144-20149, Wada 1990, Nature 347:
200-203, Huang 1999, Lipids 34: 649-659, WO 93/06712,
U.S. Pat. No. 5,614,393, WO 96/21022, WO 00/21557, WO
99/27111, WO 98/46763, WO 98/46764, WO 98/46765, WO
99/64616 or WO 98/46776. These enzymes can be used for
the production of unsaturated fatty acids. Thus, due to modern
molecular biology, it has become possible to increase at least
to some extent the content of the desired polyunsaturated fatty
acids and, in particular, the PUFA or LCPUFA in a given
organism. Elongases for the production of fatty acids are
disclosed in the document W0O2009/016202.

[0008] The biosynthesis of LCPUFA and the incorporation
of LCPUFA into membrane lipids or triacylglycerides pro-
ceeds via various metabolic pathways (Abbadi 2001, Euro-
pean Journal of Lipid Science & Technology 103:106-113).
In bacteria such as Vibrio, and microalgae, such as
Schizochytrium, malonyl-CoA is converted into LCPUFA via
an LCPUFA-producing polyketide synthase (Metz 2001, Sci-
ence 293: 290-293; WO 00/42195; WO 98/27203; WO
98/55625). In microalgae, such as Phaeodactylum, and
mosses, such as Physcomitrella, unsaturated fatty acids such
as linoleic acid or linolenic acid are converted in a plurality of
desaturation and elongation steps to give LCPUFA (Zank
2000, Biochemical Society Transactions 28: 654-658).
Desaturation takes place either on acyl groups bound to Coen-
zyme A (acyl-CoA) or on acyl groups of membrane lipids,
whereas elongation is biochemically restricted to acyl chains
bound to CoA. In mammals, the biosynthesis of DHA com-
prises a chain shortening via beta-oxidation, in addition to
desaturation and elongation steps. In microorganisms and
lower plants, LCPUFA are present either exclusively in the
form of membrane lipids, as is the case in Physcomitrella and
Phaeodactylum, or in membrane lipids and triacylglycerides,
as is the case in Schizochytrium and Mortierella. Incorpora-
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tion of LCPUFA into lipids and oils, as well as the transfer of
the fatty acid moiety (acyl group) between lipids and other
molecular species such as acyl-CoA, is catalyzed by various
acyltransferases and transacylases. These enzymes are,
known to carry out the incorporation or interexchange of
saturated and unsaturated fatty acids (Slabas 2001, J. Plant
Physiology 158: 505-513, Frentzen 1998, Fett/Lipid 100:
161-166, Cases 1998, Proc. Nat. Acad. Sci. USA 95: 13018-
13023). One group of acyltransferases having three distinct
enzymatic activities are enzymes of the “Kennedy pathway”,
which are located on the cytoplasmic side of the membrane
system of the endoplasmic reticulum (ER). The ER-bound
acyltransferases in the microsomal fraction use acyl-CoA as
the activated form of fatty acids. Glycerol-3-phosphate acyl-
transferase (GPAT) catalyzes the incorporation of acyl groups
atthe sn-1 position of glycerol-3-phosphate. 1-Acylglycerol-
3-phosphate acyltransferase, also known as lysophosphatidic
acid acyltransferase (LPAAT), catalyze the incorporation of
acyl groups at the sn-2 position of lysophosphatidic acid
(LPA). After dephosphorylation of phosphatidic acid by
phosphatidic acid phosphatase (PAP), diacylglycerol acyl-
transferase (DGAT) catalyzes the incorporation of acyl
groups at the sn-3 position of diacylglycerols. Further
enzymes directly involved in TAG biosynthesis—apart from
the said Kennedy pathway enzymes—are the phospholipid
diacylglycerol acyltransferase (PDAT), an enzyme that trans-
fers acyl groups from the sn-2 position of membrane lipids to
the sn-3 position of diacylglycerols, and diacylglyceroldia-
cylglycerol transacylase (DDAT), an enzyme that transfers
acylgroups from the sn-2 position of one diacylglycerol-mol-
ecule to the sn-3 position of another diacylglycerol-molecule.
Lysophospholipid acyltransferase (LPLAT) represents a
class of acyltransferases that are capable of incorporating
activated acyl groups from acyl-CoA to membrane lipids, and
possibly catalyze also the reverse reaction. More specifically,
LPLATs can have activity as lysophosphophatidylethanola-
mine acyltransferase (LPEAT) and lysophosphatidylcholine
acyltransferase (LPCAT). Further enzymes, such as lecithin
cholesterol acyltransferase (LCAT) can be involved in the
transfer of acyl groups from membrane lipids into triacylg-
lycerides, as well.

[0009] The documents WO 98/54302 and WO 98/54303
disclose a human LPAAT and its potential use for the therapy
of diseases, as a diagnostic, and a method for identifying
modulators of the human LPAAT. Moreover, a variety of
acyltransferases with a wide range of enzymatic functions
have been described in the documents WO 98/55632, WO
98/55631, WO 94/13814, WO 96/24674, WO 95/27791, WO
00/18889, WO 00/18889, WO 93/10241, Akermoun 2000,
Biochemical Society Transactions 28: 713-715, Tumaney
1999, Biochimica et Biophysica Acta 1439: 47-56, Fraser
2000, Biochemical Society Transactions 28: 715-7718,
Stymne 1984, Biochem. J. 223: 305-314, Yamashita 2001,
Journal of Biological Chemistry 276: 26745-26752, and WO
00/18889.

[0010] Higher plants comprise PUFA, such as linoleic acid
and linolenic acid. However, the LCPUFA ARA, EPA and
DHA are not present in the seed oils of higher plants or only
in traces (Ucciani: Nouveau Dictionnaire des Huiles Vég-
étales. Technique & Documentation-Lavoisier, 1995. ISBN:
2-7430-0009-0). It is nevertheless highly desirable to produce
LCPUFA in higher plants, preferably in oil seeds such as
oilseed rape, linseed, sunflower and soybean, since large
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amounts of high-quality LCPUFA for the various aforemen-

tioned applications may be obtained thereby at low costs.

[0011] However, one drawback of using transgenic plants

expressing various of the aforementioned desaturases and

elongases involved in the synthesis of PUFA and LCPUFA is
that the latter are not efliciently incorporated into triacylglyc-
erides, but rather into membranes. Furthermore, efficient pro-
cessing of a given acyl molecule-substrate, e.g. linoleic acid,
by a plurality of desaturation and elongation steps towards the
desired LCPUFA, e.g. ARA, EPA and/or DHA, is hindered by
the requirement to transfer the acyl molecule and its deriva-
tives generated by the elongation and desaturation reactions
back and forth between membrane lipids and acyl-CoA. For
this reason, intermediates towards desired LCPUFA are
incorporated into oil before the synthesis of the desired
LCPUFA is complete. These two problems are undesired for
the following reasons: First, the main lipid fraction in oil
seeds are triacylglycerides. This is why, for economical rea-
sons, it is necessary to concentrate LCPUFA in triacylglyc-
erides. Second, LCPUFA which are incorporated into mem-
branes can modify the physical characteristics of the
membranes and thus have harmful effects on the integrity and
transport characteristics of the membranes and on the stress
tolerance of plants. Third, for efficient LCPUFA synthesis, it
is desirable to increase the flux of intermediate-LCPUFA
between the two sites of biosynthesis—that are membrane
lipids and acyl-CoA—and/or decrease the flux of intermedi-
ate-PUFA/-LCPUFA into oil. Transgenic plants which com-
prise and express genes coding for enzymes of LCPUFA
biosynthesis and produce LCPUFA have been described, e.g.,
in DE 102 19 203 or W0O2004/087902. However, these plants
produce LCPUFA in amounts which require further optimi-
zation for processing the oils present in said plants. Moreover,
it was proposed that delta 6 desaturated fatty acids may be
shifted into the acyl-CoA pool for increasing efficiency of
fatty acid elongation in plants (Singh 2005, Curr. Opin. Plant

Biol., 8: 197-203). Another publication demonstrated in Ara-

bidopsis, that the additional expression of RecDGAT2 from

Ricinus communis increase the storage of hydroxyfatty acids

produced by a Ricinus communis fatty acid hydroxylase 12

(FAH12) from 17% to 30% in the seed oil.

[0012] Accordingly, means for increasing the content of

PUFA or LCPUFA, such as EPA and DHA, in triglycerides in,

e.g., plant seed oils, are still highly desirable.

[0013] Thus, the present invention relates to a polynucle-

otide comprising a nucleic acid sequence elected from the

group consisting of:

[0014] a) a nucleic acid sequence having a nucleotide
sequence as shown in any one of SEQ ID NOs: 52, 1,4, 7,
10,13, 16,19, 22,25, 28,31, 34,37, 40,43, 46,49, and 55;

[0015] b) a nucleic acid sequence encoding a polypeptide
having an amino acid sequence as shown in any one of SEQ
IDNOs: 53,2,5,8,11,14,17,20,23,26,29,32,35,38,41,
44,47, 50, and 56;

[0016] c)a nucleic acid sequence being at least 40% iden-
tical to the nucleic acid sequence of a) or b), wherein said
nucleic acid sequence encodes a polypeptide having acyl-
transferase activity;

[0017] d) a nucleic acid sequence encoding a polypeptide
having acyltransferase activity and having an amino acid
sequence which is at least 45% identical to the amino acid
sequence of b); and

[0018] e) a nucleic acid sequence which is capable of
hybridizing under one of the following sets of conditions to
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any one of a) to d), wherein said nucleic acid sequence
encodes a polypeptide having acyltransferase activity:

[0019] f) hybridization in 50 mM Tris, pH 7.6, 6xSSC,
SxDenhardt’s, 1.0% sodium dodecyl sulfat (SDS) 100 pg
denaturated calfthymus DNA at 34° C. overnight and wash
twice with 2xSSC, 0.5% SDS at room temperature for 15
min each, repeat twice with 0.2xSSC, 0.5% SDS at room
temperature for 15 min each and then repeat twice with 0.2
SSC, 0.5% SDS at 50° C. for 15 min;

[0020] g) hybridization in 6xSSPE (Sodium chloride
Sodium Phosphate-EDTA), SxDenhardt’s solution, 0.5%
SDS 100 pg denaturated calf thymus DNA at 34° C. over-
night and wash twice with 2xSSC, 0.5% SDS at room
temperature for 15 min each, repeat twice with 0.2xSSC,
0.5% SDS at room temperature for 15 min each and then
repeat twice with 0.2 SSC, 0.5% SDS at 50° C. for 15 min;

[0021] h) hybridization in 20-30% formamide, 5xSSPE,
S5xDenhardt’s solution, 1% SDS 100 pg denaturated
salmon sperm DNA at 34° C. overnight and wash twice
with 2xSSPE, 0.2% SDS at 42° C. for 15 min each, repeat
twice with 2xSSPE, 0.2% SDS at 55° C. for 30 min each
and repeat twice with 0.2 SSC, 0.5% SDS at 50° C. for 15
min;

[0022] 1) hybridization in 7% SDS, 0.5 M NaPO4, 1 mM
EDTA at 50° C. overnight and wash in 2xSSC, 0.1% SDS
at 50° C.or 65° C.;

[0023] j) hybridization in 7% SDS, 0.5 M NaPO4, 1 mM
EDTA at 50° C. overnight and wash in 1xSSC, 0.1% SDS
at 50° C.or 65° C.; or

[0024] k) hybridization in 7% SDS, 0.5 M NaPO4, 1 mM
EDTA at 50° C. overnight and wash in 0.1xSSC, 0.1% SDS
at 50° C. or 65° C.

[0025] The term “polynucleotide” as used in accordance

with the present invention relates to a polynucleotide com-

prising a nucleic acid sequence which encodes a polypeptide
having acyltransferase activity. Preferably, the polypeptide
encoded by the polynucleotide of the present invention hav-
ing acyltransferase activity upon expression in a plant shall be
capable of increasing the amount of PUFA and, in particular,
LCPUFA esterified to triglycerides in, e.g., seed oils or the
entire plant or parts thereof. Such an increase is, preferably,
statistically significant when compared to a LCPUFA produc-
ing transgenic control plant which expresses the minimal set
of desaturases and elongases required for LCPUFA synthesis
but does not express the polynucleotide of the present inven-
tion. Such a transgenic plant may, preferably, express desatu-
rases and elongases comprised by the vector LIB765 listed in
table 11 of example 5 in WO2009/016202 or a similar set of
desaturases and elongases required for DHA synthesis.

Whether an increase is significant can be determined by sta-

tistical tests well known in the art including, e.g., Student’s

t-test. More preferably, the increase is an increase of the
amount of triglycerides containing LCPUFA of at least 5%, at
least 10%, at least 15%, at least 20%, at least 25%, at least

30%, at least 35%, at least 40%, at least 45% or at least 50%

compared to the said control. Preferably, the LCPUFA

referred to before is a polyunsaturated fatty acid having a

C-20, C-22 or C24 fatty acid body, more preferably, EPA or

DHA, most preferably, DHA. Suitable assays for measuring

the activities mentioned before are described in the accom-

panying Examples.

[0026] The term “acyltransferase activity” or “acyltrans-

ferase” as used herein encompasses all enymatic activities

and enzymes which are capable of transferring or are involved
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in the transfer of PUFA and, in particular; LCPUFA from the
acyl-CoA pool or the membrane phospholipids to the triglyc-
erides, from the acyl-CoA pool to membrane lipids and from
membrane lipids to the acyl-CoA pool by a transesterification
process. It will be understood that this acyltransferase activity
will result in an increase of the LCPUFA esterified to triglyc-
eridesin, e.g., seed oils. In particular, it is envisaged that these
acyltransferases are capable of producing triglycerides hav-
ing esterified EPA or even DHA, or that these acyltransferases
are capable of enhancing synthesis of desired PUFA by
increasing the flux for specific intermediates of the desired
PUFA between the acyl-CoA pool (the site of elongation) and
membrane lipids (the predominant site of desaturation). Spe-
cifically, acyltransferase activity as used herein relates to
lysophospholipid acyltransferase (LPLAT) activity, prefer-
ably, lysophosphatidylcholine acyltransferase (LPCAT) or
Lysophosphophatidylethanolamine acyltransferase (LPEAT)
activity, lysophosphosphatidic acid acyltransferase (LPAAT)
activity, glycerol-3-phosphate acyltransferase (GPAT) activ-
ity or diacylglycerol acyltransferase (DGAT), and, more pref-
erably, to LPLAT, LPAAT, DGAT or GPAT activity.

[0027] More preferably, polynucleotides having a nucleic
acid sequence as shown in SEQ ID NOs: 1,4, and 7, encoding
polypeptides having amino acid sequences as shown in SEQ
ID NOs: 2, 5, and 8 or variants thereof, preferably, exhibit
LPLAT activity. Polynucleotides having a nucleic acid
sequence as shown in SEQ ID NOs: 10, and 13, encoding
polypeptides having amino acid sequences as shown in SEQ
ID NOs: 11, and 14 or variants thereof, preferably, exhibit
LPAAT activity. Polynucleotides having a nucleic acid
sequence as shown in SEQID NOs: 16, 19, 22, 25, 28,31, 34,
37,40, 43, 46, 49, 52, and 55, encoding polypeptides having
amino acid sequences as shown in SEQ ID NOs: 17, 20, 23,
26, 29, 32, 35, 38, 41, 44, 47, 50, 53, and 56 or variants
thereof, preferably, exhibit DGAT activity. A polynucleotide
having a nucleic acid sequence as shown in SEQ ID NO: 55,
encoding a polypeptide having amino acid sequences as
shown in SEQ ID NO: 56 or variants thereof, preferably,
exhibit GPAT activity.

[0028] A polynucleotide encoding a polypeptide having a
acyltransferase activity as specified above has been obtained
in accordance with the present invention, preferably, from
Nannochlovopsis oculata and/or Thraustochytrium aureum.
However, orthologs, paralogs or other homologs may be iden-
tified from other species.

[0029] Thus, the term “polynucleotide” as used in accor-
dance with the present invention further encompasses vari-
ants of the aforementioned specific polynucleotides repre-
senting orthologs, paralogs or other homologs of the
polynucleotide of the present invention. Moreover, variants
of the polynucleotide of the present invention also include
artificially generated muteins. Said muteins include, e.g.,
enzymes which are generated by mutagenesis techniques and
which exhibit improved or altered substrate specificity, or
codon optimized polynucleotides. The polynucleotide vari-
ants, preferably, comprise a nucleic acid sequence character-
ized in that the sequence can be derived from the aforemen-
tioned specific nucleic acid sequences shown in any one of
SEQIDNOs: 52,1,4,7,10,13, 16,19, 22, 25,28,31, 34,37,
40, 43, 46, 49, and 55 or by a polynucleotide encoding a
polypeptide having an amino acid sequence as shown in any
one of SEQIDNOs: 53,2, 5,8, 11, 14,17, 20, 23, 26, 29, 32,
35, 38, 41, 44, 47, 50, and 56 by at least one nucleotide
substitution, addition and/or deletion, whereby the variant
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nucleic acid sequence shall still encode a polypeptide having
a acyltransferase activity as specified above. Variants also
encompass polynucleotides comprising a nucleic acid
sequence which is capable of hybridizing to the aforemen-
tioned specific nucleic acid sequences, preferably, under
stringent hybridization conditions. These stringent condi-
tions are known to the skilled artisan and can be found in
Current Protocols in Molecular Biology, John Wiley & Sons,
N.Y. (1989), 6.3.1-6.3.6. A preferred example for stringent
hybridization conditions are hybridization conditions in 6x
sodium chloride/sodium citrate (=SSC) at approximately 45°
C., followed by one or more wash steps in 0.2xSSC, 0.1%
SDS at 50 to 65° C. The skilled artisan knows that these
hybridization conditions differ depending on the type of
nucleic acid and, for example when organic solvents are
present, with regard to the temperature and concentration of
the buffer. For example, under “standard hybridization con-
ditions” the temperature differs depending on the type of
nucleic acid between 42° C. and 58° C. in aqueous buffer with
a concentration 0of0.1 to 6xSSC (pH 7.2). If organic solvent is
present in the abovementioned buffer, for example 50% for-
mamide, the temperature under standard conditions is
approximately 42° C. The hybridization conditions for DNA:
DNA hybrids are, preferably, 0.1xSSC and 20° C. to 45° C.,
preferably between 30° C. and 45° C. and more preferably
between 45° C. and 65° C. The hybridization conditions for
DNA:RNA hybrids are, more preferably, 0.1xSSC and 30° C.
to 55° C., most preferably between 45° C. and 65° C. The
abovementioned hybridization temperatures are determined
for example for a nucleic acid with approximately 100 bp
(=base pairs) in length and a G+C content of 50% in the
absence of formamide. The skilled artisan knows how to
determine the hybridization conditions required by referring
to textbooks such as the textbook mentioned above, or the
following textbooks: Sambrook et al., “Molecular Cloning”,
Cold Spring Harbor Laboratory, 1989; Hames and Higgins
(Ed.) 1985, “Nucleic Acids Hybridization: A Practical
Approach”, IRL Press at Oxford University Press, Oxford;
Brown (Ed.) 1991, “Essential Molecular Biology: A Practical
Approach”, IRL Press at Oxford University Press, Oxford.

[0030] In detail variants of polynucleotides still encode a
polypeptide having a acyltransferase activity as specified
above comprising a nucleic acid sequence which is capable of
hybridizing preferably under conditions equivalent to hybrid-
ization in 50 mM Tris, pH 7.6, 6xSSC, 5xDenhardt’s, 1.0%
sodium dodecyl sulfat (SDS) 100 pg denaturated calf thymus
DNA at 34° C. overnight, followed by washing twice with
2xSSC, 0.5% SDS at room temperature for 15 min each, then
wash twice with 0.2xSSC, 0.5% SDS at room temperature for
15 min each and then wash twice with 0.2 SSC, 0.5% SDS at
50° C. for 15 min each to a nucleic acid described by any one
of SEQID NOs: 52, 1,4,7,10, 13, 16, 19, 22, 25, 28,31, 34,
37,40, 43, 46, 49, and 55 or the complement thereof.

[0031] More preferably, said variants of polynucleotides
comprising a nucleic acid sequence which is capable of
hybridizing under conditions equivalent to hybridization in
6xSSPE  (Sodium chloride Sodium Phosphate-EDTA),
S5xDenhardt’s solution, 0.5% sodium dodecyl sulfat (SDS)
100 pg denaturated calf thymus DNA at 34° C. overnight,
followed by washing twice with 2xSSC, 0.5% SDS at room
temperature for 15 min each, then wash twice with 0.2xSSC,
0.5% SDS at room temperature for 15 min each and then wash
twice with 0.2 SSC, 0.5% SDS at 50° C. for 15 min each to a

Sep. 22, 2016

nucleic acid described by any one of SEQ ID NOs: 52, 1,4, 7,
10,13, 16,19, 22,25,28,31,34,37, 40, 43, 46, 49, and 55 or
the complement thereof.

[0032] Most preferably, said variants of polynucleotides
comprising a nucleic acid sequence which is capable of
hybridizing under conditions equivalent to hybridization in
20-30% formamide, 5xSSPE (Sodium chloride Sodium
Phosphate-EDTA), 5xDenhardt’s solution, 1% sodium dode-
cyl sulfat (SDS) 100 pg denaturated salmon sperm DNA at
34° C. overnight, followed by washing twice with 2xSSPE,
0.2% SDS at 42° C. for 15 min each, then wash twice with
2xSSPE, 0.2% SDS at 55° C. for 30 min each and then wash
twice with 0.2 SSC, 0.5% SDS at 50° C. for 15 min each to a
nucleic acid described by any one of SEQ ID NOs: 52, 1,4, 7,
10,13, 16, 19, 22,25, 28,31, 34,37, 40, 43, 46, 49, and 55 or
the complement thereof.

[0033] In another preferred embodiment aforementioned
variants of polynucleotides still encode a polypeptide having
a acyltransferase activity as specified above comprising a
nucleic acid sequence which is capable of hybridizing under
conditions equivalent to hybridization in 7% sodium dodecyl
sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50° C. overnight
with washing in 2xSSC, 0.1% SDS at 50° C. or 65° C.,
preferably 65° C. to a nucleic acid described by any one of
SEQIDNOs: 52,1,4,7,10,13, 16,19, 22, 25,28,31, 34,37,
40, 43, 46, 49, and 55 or the complement thereof. In still
another preferred embodiment, said variants of polynucle-
otides comprising a nucleic acid sequence which is capable of
hybridizing under conditions equivalent to hybridization in
7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM
EDTA at 50° C. overnight with washing in 1xSSC, 0.1% SDS
at50° C. or 65° C., preferably 65° C. to a nucleotide sequence
described by any one of SEQ ID NOs: 52, 1, 4,7, 10, 13, 16,
19, 22, 25, 28, 31, 34, 37, 40, 43, 46, 49, and 55 or or the
complement thereof, most preferably, said variants of poly-
nucleotides comprising a nucleic acid sequence which is
capable of hybridizing under conditions equivalent to hybrid-
ization in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1
mM EDTA at 50° C. overnight with washing in 0.1xSSC,
0.1% SDS at 50° C. or 65° C., preferably 65° C. to a nucleic
acid sequence described by any one of SEQ ID NOs: 52, 1, 4,
7,10, 13,16, 19,22,25,28,31, 34,37, 40, 43, 46,49, and 55
or the complement thereof.

[0034] The term “hybridization” as used herein includes
“any process by which a strand of nucleic acid molecule joins
with a complementary strand through base pairing.” (J.
Coombs (1994) Dictionary of Biotechnology, Stockton Press,
New York). Hybridization and the strength of hybridization
(i.e., the strength of the association between the nucleic acid
molecules) is impacted by such factors as the degree of
complementarity between the nucleic acid molecules, strin-
gency of the conditions involved, the Tm of the formed
hybrid, and the G:C ratio within the nucleic acid molecules.
As used herein, the term “Tm” is used in reference to the
“melting temperature.” The melting temperature is the tem-
perature at which a population of double-stranded nucleic
acid molecules becomes half dissociated into single strands.
The equation for calculating the Tm of nucleic acid molecules
is well known in the art. As indicated by standard references,
a simple estimate of the Tm value may be calculated by the
equation: Tm=81.5+0.41 (% G+C), when a nucleic acid mol-
ecule is in aqueous solution at 1 M NaCl [see e.g., Anderson
and Young, Quantitative Filter Hybridization, in Nucleic Acid
Hybridization (1985)]. Other references include more sophis-
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ticated computations, which take structural as well as
sequence characteristics into account for the calculation of
Tm. Stringent conditions, are known to those skilled in the art
and can be found in Current Protocols in Molecular Biology,
John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6.

[0035] A “complement” of a nucleic acid sequence as used
herein refers to a nucleotide sequence whose nucleic acid
molecules show total complementarity to the nucleic acid
molecules of the nucleic acid sequence.

[0036] The term “Complementary” or “complementarity”
refers to two nucleotide sequences which comprise antipar-
allel nucleotide sequences capable of pairing with one
another (by the base-pairing rules) upon formation of hydro-
gen bonds between the complementary base residues in the
antiparallel nucleotide sequences. For example, the sequence
5'-AGT-3" is complementary to the sequence 5'-ACT-3".
Complementarity can be “partial” or “total.” ‘“Partial”
complementarity is where one or more nucleic acid bases are
not matched according to the base pairing rules. “Total” or
“complete” complementarity between nucleic acid mol-
ecules is where each and every nucleic acid base is matched
with another base under the base pairing rules. The degree of
complementarity between nucleic acid molecule strands has
significant effects on the efficiency and strength of hybridiza-
tion between nucleic acid molecule strands.

[0037] Alternatively, polynucleotide variants are obtain-
able by PCR-based techniques such as mixed oligonucleotide
primer-based amplification of DNA, i.e. using degenerated
primers against conserved domains of the polypeptides of the
present invention. Conserved domains of the polypeptide of
the present invention may be identified by a sequence com-
parison of the nucleic acid sequences of the polynucleotides
or the amino acid sequences of the polypeptides of the present
invention. Oligonucleotides suitable as PCR primers as well
as suitable PCR conditions are described in the accompany-
ing Examples. As a template, DNA or cDNA from bacteria,
fungi, plants or animals may be used.

[0038] Further, variants include polynucleotides compris-
ing nucleic acid sequences which are at least up to 40%, at
least 45%, at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98% or
at least 99% identical to the nucleic acid sequences shown in
any one of SEQIDNOs: 52, 1,4, 7, 10, 13,16, 19, 22, 25, 28,
31, 34, 37, 40, 43, 46, 49, and 55, preferably, encoding
polypeptides retaining a acyltransferase activity as specified
above.

[0039] Moreover, also encompassed are polynucleotides
(derivatives) which comprise nucleic acid sequences encod-
ing a polypeptide having an amino acid sequences which are
at least up to 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least
98% or at least 99% identical to the amino acid sequences
shown in any one of SEQ ID NOs: 53,2, 5,8, 11, 14, 17, 20,
23, 26, 29, 32, 35, 38, 41, 44, 47, 50, and 56, wherein the
polypeptide, preferably, retains acyltransferase activity as
specified above. The percent identity values are, preferably,
calculated over the entire amino acid or nucleic acid sequence
region. A series of programs based on a variety of algorithms
is available to the skilled artisan for comparing different
sequences. In a preferred embodiment, the percent identity
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between two amino acid sequences is determined using the
Needleman and Wunsch algorithm (Needleman 1970, J. Mol.
Biol. (48):444-453) which has been incorporated into the
needle program in the EMBOSS software package (EM-
BOSS: The European Molecular Biology Open Software
Suite, Rice, P., Longden, 1., and Bleasby, A, Trends in Genet-
ics 16(6), 276-277, 2000), using either a BLOSUM 45 or
PAM250 scoring matrix for distantly related proteins, or
either a BLOSUM 62 or PAM 160 scoring matrix for closer
related proteins, and a gap opening penalty of 16, 14, 12, 10,
8, 6, or 4 and a gap extension penalty 0f0.5,1, 2,3, 4, 5, or 6.
Guides for local installation of the EMBOSS package as well
as links to WEB-Services can be found at http://emboss.
sourceforge.net. A preferred, non-limiting example of param-
eters to be used for aligning two amino acid sequences using
the needle program are the default parameters, including the
EBLOSUMBS62 scoring matrix, a gap opening penalty of 10
and a gap extension penalty of 0.5. In yet another preferred
embodiment, the percent identity between two nucleotide
sequences is determined using the needle program in the
EMBOSS software package (EMBOSS: The FEuropean
Molecular Biology Open Software Suite, Rice, P., Longden,
1., and Bleasby, A, Trends in Genetics 16(6), 276-277,2000),
using the EDNAFULL scoring matrix and a gap opening
penalty of 16, 14,12, 10,8, 6, or 4 and a gap extension penalty
0f0.5,1,2,3,4,5, or 6. A preferred, non-limiting example of
parameters to be used in conjunction for aligning two amino
acid sequences using the needle program are the default
parameters, including the EDNAFULL scoring matrix, a gap
opening penalty of 10 and a gap extension penalty of 0.5. The
nucleic acid and protein sequences of the present invention
can further be used as a “query sequence” to perform a search
against public databases to, for example, identify other family
members or related sequences. Such searches can be per-
formed using the BLAST series of programs (version 2.2) of
Altschul et al. (Altschul 1990, J. Mol. Biol. 215:403-10).
BLAST using acyltransferase nucleic acid sequences of the
invention as query sequence can be performed with the
BLASTn, BLASTx or the tBLASTx program using default
parameters to obtain either nucleotide sequences (BLASTn,
tBLASTX) or amino acid sequences (BLASTx) homologous
to acyltransferase sequences of the invention. BLAST using
acyltransferase protein sequences of the invention as query
sequence can be performed with the BLASTp or the
tBLASTn program using default parameters to obtain either
amino acid sequences (BLASTp) or nucleic acid sequences
(tBLASTn) homologous to acyltransferase sequences of the
invention. To obtain gapped alignments for comparison pur-
poses, Gapped BLAST using default parameters can be uti-
lized as described in Altschul et al. (Altschul 1997, Nucleic
Acids Res. 25(17):3389-3402).

TABLE 1

Relation of sequence types of querry and hit sequences for
various BLASt programs

Input query Converted Converted Actual
sequence Query Algorithm Hit Database
DNA BLASTn DNA
PRT BLASTp PRT
DNA PRT BLASTx PRT
PRT tBLASTn PRT DNA
DNA PRT tBLASTx PRT DNA
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[0040] A polynucleotide comprising a fragment of any of
the aforementioned nucleic acid sequences is also encom-
passed as a polynucleotide of the present invention. The frag-
ment shall encode a polypeptide which still has acyltrans-
ferase activity as specified above. Accordingly, the
polypeptide may comprise or consist of the domains of the
polypeptide of the present invention conferring the said bio-
logical activity. A fragment as meant herein, preferably, com-
prises at least 50, at least 100, at least 250 or at least 500
consecutive nucleotides of any one of the aforementioned
nucleic acid sequences or encodes an amino acid sequence
comprising at least 20, at least 30, at least 50, at least 80, at
least 100 or at least 150 consecutive amino acids of any one of
the aforementioned amino acid sequences.

[0041] The variant polynucleotides or fragments referred to
above, preferably, encode polypeptides retaining acyltrans-
ferase activity to a significant extent, preferably, at least 10%,
at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80% or at least 90% of the acyl-
transferase activity exhibited by any ofthe polypeptide shown
in any one of SEQ ID NOs: 2, 5, 8,11, 14, 17, 20, 23, 26, 29,
32,35, 38, 41, 44, 47, 50, 53, and 56 or derivative of any of
these polypeptides. The activity may be tested as described in
the accompanying examples.

[0042] The polynucleotides of the present invention either
essentially consist of the aforementioned nucleic acid
sequences or comprise the aforementioned nucleic acid
sequences. Thus, they may contain further nucleic acid
sequences as well. Preferably, the polynucleotide of the
present invention may comprise in addition to an open read-
ing frame further untranslated sequence at the 3' and at the 5'
terminus of the coding gene region: at least 500, preferably
200, more preferably 100 nucleotides of the sequence
upstream of the 5' terminus of the coding region and at least
100, preferably 50, more preferably 20 nucleotides of the
sequence downstream of the 3' terminus of the coding gene
region. Furthermore, the polynucleotides of the present
invention may encode fusion proteins wherein one partner of
the fusion protein is a polypeptide being encoded by a nucleic
acid sequence recited above. Such fusion proteins may com-
prise as additional part other enzymes of the fatty acid or
PUFA biosynthesis pathways, polypeptides for monitoring
expression (e.g., green, yellow, blue or red fluorescent pro-
teins, alkaline phosphatase and the like) or so called “tags”
which may serve as a detectable marker or as an auxiliary
measure for purification purposes. Tags for the different pur-
poses are well known in the art and comprise FLAG-tags,
6-histidine-tags, MY C-tags and the like.

[0043] The polynucleotide of the present invention shall be
provided, preferably, either as an isolated polynucleotide (i.e.
purified or at least isolated from its natural context such as its
natural gene locus) or in genetically modified or exogenously
(i.e. artificially) manipulated form. An isolated polynucle-
otide can, for example, comprise less than approximately 5
kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide
sequences which naturally flank the nucleic acid molecule in
the genomic DNA of the cell from which the nucleic acid is
derived. The polynucleotide, preferably, is provided in the
form of double or single stranded molecule. It will be under-
stood that the present invention by referring to any of the
aforementioned polynucleotides of the invention also refers
to complementary or reverse complementary strands of the
specific sequences or variants thereof referred to before. The
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polynucleotide encompasses DNA, including ¢cDNA and
genomic DNA, or RNA polynucleotides.

[0044] However, the present invention also pertains to
polynucleotide variants which are derived from the poly-
nucleotides of the present invention and are capable of inter-
fering with the transcription or translation of the polynucle-
otides of the present invention. Such variant polynucleotides
include anti-sense nucleic acids, ribozymes, siRNA mol-
ecules, morpholino nucleic acids (phosphorodiamidate mor-
pholino oligos), triple-helix forming oligonucleotides,
inhibitory oligonucleotides, or micro RNA molecules all of
which shall specifically recognize the polynucleotide of the
invention due to the presence of complementary or substan-
tially complementary sequences. These techniques are well
known to the skilled artisan. Suitable variant polynucleotides
of the aforementioned kind can be readily designed based on
the structure of the polynucleotides of this invention.

[0045] Moreover, comprised are also chemically modified
polynucleotides including naturally occurring modified poly-
nucleotides such as glycosylated or methylated polynucle-
otides or artificial modified ones such as biotinylated poly-
nucleotides.

[0046] Advantageously, it has been found in accordance
with the present invention that the polynucleotides encoding
the above mentioned polypeptides having acyltransferase
activity and, in particular, LPLAT, LPAAT, DGAT and/or
GPAT activity, can be used for the manufacture of PUFA and,
in particular, LCPUFA when expressed in a transgenic host
organism or cell. Specifically, the aforementioned acyltrans-
ferase activities will allow for an increase of LCPUFA esteri-
fied to triglycerides in seed oils by shifting the said LCPUFA
from the acyl-CoA pool (by polypeptides having LPAAT,
DGAT or GPAT activity as specified above) and/or from the
acyl-CoA pool/phospholipid pool to the phospholipid pool/
acyl-CoA pool (by polypeptides having LPLAT as specified
above) via transesterification. Surprisingly, it was found that
the acyltransferases encoded by the polynucleotides of the
present invention are also capable of efficiently shifting rather
long and highly unsaturated LCPUFA towards the triglycer-
ide pool or between the phospholipid pool and the acyl-CoA
pool, in particular, even the long chain intermediates. More
surprisingly even, DHA which is known to be incorporated in
triglycerides only in very low amounts, if at all, can be effi-
ciently transesterified to triglycerides by the acyltransferases
of the invention.

[0047] Inparticular the LPLAT ofthe present invention can
efficiently catalyse the transesterification of 18:2n-6 from the
sn2 position of phosphatidylcholine (PC) to CoA and/or from
CoA to lysophosphatidylcholine (LPC), the transesterifica-
tion of 18:2n-6 from the sn2 position of phosphatidylethano-
lamine (PE) to CoA and/or from CoA to lysophosphatidyle-
thanolamine (LPE), the transesterfication of 18:2n-6 from the
sn2 position of phosphatidylserine (PS) to CoA and/or from
CoA to lysophosphatidylserine (LPS), the transesterfication
of'18:3n-6 from the sn2 position of phosphatidylcholine (PC)
to CoA and/or from CoA to lysophosphatidylcholine (LPC),
the transesterfication of 18:3n-6 from the sn2 position of
phosphatidylethanolamine (PE) to CoA and/or from CoA to
lysophosphatidylethanolamine (LPE), the transesterfication
of 18:3n-6 from the sn2 position of phosphatidylserine (PS)
to CoA and/or from CoA to lysophosphatidylserine (LPS),
the transesterfication of 18:3n-3 from the sn2 position of
phosphatidylcholine (PC) to CoA and/or from CoA to lyso-
phosphatidylcholine (LPC), the transesterfication of 18:3n-3
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from the sn2 position of phosphatidylethanolamine (PE) to
CoA and/or from CoA to lysophosphatidylethanolamine
(LPE), the transesterfication of 18:3n-3 from the sn2 position
of phosphatidylserine (PS) to CoA and/or from CoA to lyso-
phosphatidylserine (LPS), transesterfication of 18:4n-3 from
the sn2 position of phosphatidylcholine (PC) to CoA and/or
from CoA to lysophosphatidylcholine (LPC), the transester-
fication of 18:4n-3 from the sn2 position of phosphatidyle-
thanolamine (PE) to CoA and/or from CoA to lysophosphati-
dylethanolamine (LPE), the transesterfication of 18:4n-3
from the sn2 position of phosphatidylserine (PS) to CoA
and/or from CoA to lysophosphatidylserine (LPS), the trans-
esterfication of 20:3n-6 from the sn2 position of phosphati-
dylcholine (PC) to CoA and/or from CoA to lysophosphati-
dylcholine (LPC), the transesterfication of 20:3n-6 from the
sn2 position of phosphatidylethanolamine (PE) to CoA and/
or from CoA to lysophosphatidylethanolamine (LPE), the
transesterfication of 20:3n-6 from the sn2 position of phos-
phatidylserine (PS) to CoA and/or from CoA to lysophos-
phatidylserine (LPS), the transesterfication of 20:4n-3 from
the sn2 position of phosphatidylcholine (PC) to CoA and/or
from CoA to lysophosphatidylcholine (LPC), the transester-
fication of 20:4n-3 from the sn2 position of phosphatidyle-
thanolamine (PE) to CoA and/or from CoA to lysophosphati-
dylethanolamine (LPE), the transesterfication of 20:4n-3
from the sn2 position of phosphatidylserine (PS) to CoA
and/or from CoA to lysophosphatidylserine (LPS), the trans-
esterfication of 20:4n-6 from the sn2 position of phosphati-
dylcholine (PC) to CoA and/or from CoA to lysophosphati-
dylcholine (LPC), the transesterfication of 20:4n-6 from the
sn2 position of phosphatidylethanolamine (PE) to CoA and/
or from CoA to lysophosphatidylethanolamine (LPE), the
transesterfication of 20:4n-6 from the sn2 position of phos-
phatidylserine (PS) to CoA and/or from CoA to lysophos-
phatidylserine (LPS), the transesterfication of 20:5n-3 from
the sn2 position of phosphatidylcholine (PC) to CoA and/or
from CoA to lysophosphatidylcholine (LPC), the transester-
fication of 20:5n-3 from the sn2 position of phosphatidyle-
thanolamine (PE) to CoA and/or from CoA to lysophosphati-
dylethanolamine (LPE), the transesterfication of 20:5n-3
from the sn2 position of phosphatidylserine (PS) to CoA
and/or from CoA to lysophosphatidylserine (LPS), the trans-
esterfication of 22:5n-3 from the sn2 position of phosphati-
dylcholine (PC) to CoA and/or from CoA to lysophosphati-
dylcholine (LPC), the transesterfication of 22:5n-3 from the
sn2 position of phosphatidylethanolamine (PE) to CoA and/
or from CoA to lysophosphatidylethanolamine (LPE), the
transesterfication of 22:5n-3 from the sn2 position of phos-
phatidylserine (PS) to CoA and/or from CoA to lysophos-
phatidylserine (LPS), the transesterfication of 22:6n-3 from
the sn2 position of phosphatidylcholine (PC) to CoA and/or
from CoA to lysophosphatidylcholine (LPC), the transester-
fication of 22:6n-3 from the sn2 position of phosphatidyle-
thanolamine (PE) to CoA and/or from CoA to lysophosphati-
dylethanolamine (LPE) and/or the transesterfication of
22:6n-3 from the sn2 position of phosphatidylserine (PS) to
CoA and/or from CoA to lysophosphatidylserine (LPS).

[0048] Preferably the LPAAT of the present invention can
efficiently catalyse the transesterfication of 18:2n-6 from
CoA to the sn2 position of lysophosphatidic acid (LPA), the
transesterfication of 18:3n-6 from CoA to the sn2 position of
lysophosphatidic acid (LPA), the transesterfication of
18:3n-3 from CoA to the sn2 position of lysophosphatidic
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acid (LPA) and/or the transesterfication of 18:4n-6 from CoA
to the sn2 position of lysophosphatidic acid (LPA).

[0049] More preferably the LPAAT of'the present invention
can efficiently catalyse the transesterfication of 20:3n-6 from
CoA to the sn2 position of lysophosphatidic acid (LPA),
transesterfication of 20:4n-3 from CoA to the sn2 position of
lysophosphatidic acid (LPA) and/or the transesterfication of
22:5n-3 from CoA to the sn2 position of lysophosphatidic
acid (LPA).

[0050] Most preferably the LPAAT of the present invention
can efficiently catalyse the transesterfication of 20:4n-6 from
CoA to the sn2 position of lysophosphatidic acid (LPA), the
transesterfication of 20:5n-3 from CoA to the sn2 position of
lysophosphatidic acid (LPA) and/or the transesterfication of
22:6n-3 from CoA to the sn2 position of lysophosphatidic
acid (LPA).

[0051] Preferably the GPAT of the present invention can
efficiently catalyse the transesterfication of 18:2n-6 from
CoA to the snl position of glycerole-3-phosphate (G3P), the
transesterfication of 18:3n-6 from CoA to the snl position of
glycerole-3-phosphate  (G3P), the transesterfication of
18:3n-3 from CoA to the snl position of glycerole-3-phos-
phate (G3P) and/or the transesterfication of 18:4n-6 from
CoA to the snl position of glycerole-3-phosphate (G3P).
[0052] More preferably the GPAT of the present invention
can efficiently catalyse the transesterfication of 20:3n-6 from
CoA to the snl position of glycerole-3-phosphate (G3P), the
transesterfication of 20:4n-3 from CoA to the snl position of
glycerole-3-phosphate (G3P) and/or the transesterfication of
22:5n-3 from CoA to the snl position of glycerole-3-phos-
phate (G3P).

[0053] Most preferably the GPAT of the present invention
can efficiently catalyse the transesterfication of 20:4n-6 from
CoA to the snl position of glycerole-3-phosphate (G3P), the
transesterfication of 20:5n-3 from CoA to the snl position of
glycerole-3-phosphate (G3P) and/or the transesterfication of
22:6n-3 from CoA to the snl position of glycerole-3-phos-
phate (G3P).

[0054] Preferably the DGAT of the present invention can
efficiently catalyse the transesterfication of 18:2n-6 from
CoA to the sn3 position of Diacylglycerol (DAG), transester-
fication of 18:3n-6 from CoA to the sn3 position of Diacylg-
lycerol (DAG), the transesterfication of 18:3n-3 from CoA to
the sn3 position of Diacylglycerol (DAG) and/or the trans-
esterfication of 18:4n-6 from CoA to the sn3 position of
Diacylglycerol (DAG).

[0055] More preferably the DGAT of the present invention
can efficiently catalyse the transesterfication of 20:3n-6 from
CoA to the sn3 position of Diacylglycerol (DAG), the trans-
esterfication of 20:4n-3 from CoA to the sn3 position of
Diacylglycerol (DAG) and/or the transesterfication of
22:5n-3 from CoA to the sn3 position of Diacylglycerol
(DAG).

[0056] Most preferably the DGAT of the present invention
can efficiently catalyse the transesterfication of 20:4n-6 from
CoA to the sn3 position of Diacylglycerol (DAG), the trans-
esterfication of 20:5n-3 from CoA to the sn3 position of
Diacylglycerol (DAG) and/or the transesterfication of
22:6n-3 from CoA to the sn3 position of Diacylglycerol
(DAG).

[0057] Theactivity of the LPLAT, LPAAT, GPAT or DGAT
of the present invention is useful for the specificity of a fatty
acid. This fatty acid specificity is useful to generate an artifi-
cially ARA-specificity preferably. More preferably the activ-
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ity of the LPLAT, LPAAT, GPAT or DGAT of the present
invention is useful to generate an artificially EPA-specificity.
Most preferably the activity of the LPLAT, LPAAT, GPAT or
DGAT of the present invention is useful to generate an arti-
ficially DHA-specificity.

[0058] In a preferred embodiment of the polynucleotide of
the present invention, said polynucleotide further comprises
an expression control sequence operatively linked to the said
nucleic acid sequence.

[0059] The term “expression control sequence” as used
herein refers to a nucleic acid sequence which is capable of
governing, i.e. initiating and controlling, transcription of a
nucleic acid sequence of interest, in the present case the
nucleic sequences recited above. Such a sequence usually
comprises or consists of a promoter or a combination of a
promoter and enhancer sequences. Expression of a poly-
nucleotide comprises transcription of the nucleic acid mol-
ecule, preferably, into a translatable mRNA. Additional regu-
latory elements may include transcriptional as well as
translational enhancers. The following promoters and expres-
sion control sequences may be, preferably, used in an expres-
sion vector according to the present invention. The cos, tac,
trp, tet, trp-tet, Ipp, lac, Ipp-lac, laclq, T7, TS, T3, gal, trc, ara,
SP6, A-PR or A-PL promoters are, preferably, used in Gram-
negative bacteria. For Gram-positive bacteria, promoters amy
and SPO2 may be used. From yeast or fungal promoters
ADCI1, AOX1r, GAL1, MFa, AC, P-60, CYC1, GAPDH,
TEF, rp28, ADH are, preferably, used. For animal cell or
organism expression, the promoters CMV-, SV40-, RSV-pro-
moter (Rous sarcoma virus), CMV-enhancer, SV40-enhancer
are preferably used. From plants the promoters CaMV/35S
(Franck 1980, Cell 21: 285-294], PRP1 (Ward 1993, Plant.
Mol. Biol. 22), SSU, OCS, lib4, usp, STLS1, B33, nos or the
ubiquitin or phaseolin promoter. Also preferred in this context
are inducible promoters, such as the promoters described in
EP 0 388 186 Al (i.e. a benzylsulfonamide-inducible pro-
moter), Gatz 1992, Plant J. 2:397-404 (i.e. a tetracyclin-in-
ducible promoter), EP 0 335 528 Al (i.e. a abscisic-acid-
inducible promoter) or WO 93/21334 (i.e. a ethanol- or
cyclohexenol-inducible promoter). Further suitable plant
promoters are the promoter of cytosolic FBPase or the ST-LSI
promoter from potato (Stockhaus 1989, EMBO 1. 8, 2445),
the phosphoribosyl-pyrophosphate amidotransferase pro-
moter from Glycine max (Genbank accession No. U87999) or
the node-specific promoter described in EP 0 249 676 Al.
Particularly preferred are promoters which enable the expres-
sion in tissues which are involved in the biosynthesis of fatty
acids. Also particularly preferred are seed-specific promoters
such as the USP promoter in accordance with the practice, but
also other promoters such as the LeB4, DC3, phaseolin or
napin promoters. Further especially preferred promoters are
seed-specific promoters which can be used for monocotyle-
donous or dicotyledonous plants and which are described in
U.S. Pat. No. 5,608,152 (napin promoter from oilseed rape),
WO 98/45461 (oleosin promoter from Arabidopsis, U.S. Pat.
No. 5,504,200 (phaseolin promoter from Phaseolus vul-
garis), WO 91/13980 (Bce4 promoter from Brassica), by
Baeumleinetal., PlantJ., 2,2,1992:233-239 (LeB4 promoter
from a legume), these promoters being suitable for dicots.
The following promoters are suitable for monocots: Ipt-2 or
Ipt-1 promoter from barley (WO 95/15389 and WO
95/23230), hordein promoter from barley and other promot-
ers which are suitable and which are described in WO
99/16890. In principle, it is possible to use all natural pro-
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moters together with their regulatory sequences, such as those
mentioned above, for the novel process. Likewise, it is pos-
sible and advantageous to use synthetic promoters, either
additionally or alone, especially when they mediate a seed-
specific expression, such as, for example, as described in WO
99/16890. In a particular embodiment, seed-specific promot-
ers are utilized to enhance the production of the desired PUFA
or LCPUFA.

[0060] The term “operatively linked” as used herein means
that the expression control sequence and the nucleic acid of
interest are linked so that the expression of the said nucleic
acid of interest can be governed by the said expression control
sequence, i.e. the expression control sequence shall be func-
tionally linked to the said nucleic acid sequence to be
expressed. Accordingly, the expression control sequence and,
the nucleic acid sequence to be expressed may be physically
linked to each other, e.g., by inserting the expression control
sequence at the S'end of the nucleic acid sequence to be
expressed. Alternatively, the expression control sequence and
the nucleic acid to be expressed may be merely in physical
proximity so that the expression control sequence is capable
of governing the expression of at least one nucleic acid
sequence of interest. The expression control sequence and the
nucleic acid to be expressed are, preferably, separated by not
more than 500 bp, 300 bp, 100 bp, 80 bp, 60 bp, 40 bp, 20 bp,
10 bp or 5 bp.

[0061] Ina further preferred embodiment of the polynucle-
otide of the present invention, said polynucleotide further
comprises a terminator sequence operatively linked to the
nucleic acid sequence.

[0062] The term “terminator” as used herein refers to a
nucleic acid sequence which is capable of terminating tran-
scription. These sequences will cause dissociation of the tran-
scription machinery from the nucleic acid sequence to be
transcribed. Preferably, the terminator shall be active in plants
and, in particular, in plant seeds. Suitable terminators are
known in the art and, preferably, include polyadenylation
signals such as the SV40-poly-A site or the tk-poly-A site or
one of the plant specific signals indicated in Loke et al. 2005,
Plant Physiol 138, pp. 1457-1468, downstream of the nucleic
acid sequence to be expressed.

[0063] The present invention also relates to a vector com-
prising the polynucleotide of the present invention.

[0064] The term “vector”, preferably, encompasses phage,
plasmid, viral vectors as well as artificial chromosomes, such
as bacterial or yeast artificial chromosomes. Moreover, the
term also relates to targeting constructs which allow for ran-
dom or site-directed integration of the targeting construct into
genomic DNA. Such target constructs, preferably, comprise
DNA of sufficient length for either homolgous or heterolo-
gous recombination as described in detail below. The vector
encompassing the polynucleotide of the present invention,
preferably, further comprises selectable markers for propaga-
tion and/or selection in a host. The vector may be incorpo-
rated into a host cell by various techniques well known in the
art. If introduced into a host cell, the vector may reside in the
cytoplasm or may be incorporated into the genome. In the
latter case, it is to be understood that the vector may further
comprise nucleic acid sequences which allow for homolo-
gous recombination or heterologous insertion. Vectors can be
introduced into prokaryotic or eukaryotic cells via conven-
tional transformation or transfection techniques. The terms
“transformation” and “transfection”, conjugation and trans-
duction, as used in the present context, are intended to com-
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prise a multiplicity of prior-art processes for introducing for-
eign nucleic acid (for example DNA) into a host cell,
including calcium phosphate, rubidium chloride or calcium
chloride co-precipitation, DEAE-dextran-mediated transfec-
tion, lipofection, natural competence, carbon-based clusters,
chemically mediated transfer, electroporation or particle
bombardment. Suitable methods for the transformation or
transfection of host cells, including plant cells, can be found
in Sambrook et al. (Molecular Cloning: A Laboratory
Manual, 2" ed., Cold Spring Harbor Laboratory, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989)
and other laboratory manuals, such as Methods in Molecular
Biology, 1995, Vol. 44, Agrobacterium protocols, Ed.: Gart-
land and Davey, Humana Press, Totowa, N.J. Alternatively, a
plasmid vector may be introduced by heat shock or electropo-
ration techniques. Should the vector be a virus, it may be
packaged in vitro using an appropriate packaging cell line
prior to application to host cells.

[0065] Preferably, the vector referred to herein is suitable as
a cloning vector, i.e. replicable in microbial systems. Such
vectors ensure eflicient cloning in bacteria and, preferably,
yeasts or fungi and make possible the stable transformation of
plants. Those which must be mentioned are, in particular,
various binary and co-integrated vector systems which are
suitable for the T-DNA-mediated transformation. Such vector
systems are, as a rule, characterized in that they contain at
least the vir genes, which are required for the Agrobacterium-
mediated transformation, and the sequences which delimit
the T-DNA (T-DNA border). These vector systems, prefer-
ably, also comprise further cis-regulatory regions such as
promoters and terminators and/or selection markers with
which suitable transformed host cells or organisms can be
identified. While co-integrated vector systems have vir genes
and T-DNA sequences arranged on the same vector, binary
systems are based on at least two vectors, one of which bears
vir genes, but no T-DNA, while a second one bears T-DNA,
but no vir gene. As a consequence, the last-mentioned vectors
are relatively small, easy to manipulate and can be replicated
both in E. coli and in Agrobacterium. These binary vectors
include vectors from the pBIB-HYG, pPZP, pBecks, pGreen
series. Preferably used in accordance with the invention are
Binl19, pBI101, pBinAR, pGPTV and pCAMBIA. An over-
view of binary vectors and their use can be found in Hellens
etal, Trends in Plant Science (2000) 5, 446-451. Furthermore,
by using appropriate cloning vectors, the polynucleotides can
be introduced into host cells or organisms such as plants or
animals and, thus, be used in the transformation of plants,
such as those which are published, and cited, in: Plant
Molecular Biology and Biotechnology (CRC Press, Boca
Raton, Fla.), chapter 6/7, pp. 71-119 (1993); F. F. White,
Vectors for Gene Transfer in Higher Plants; in: Transgenic
Plants, vol. 1, Engineering and Utilization, Ed.: Kung and R.
Wu, Academic Press, 1993, 15-38; B. Jenes et al., Techniques
for Gene Transfer, in: Transgenic Plants, vol. 1, Engineering
and Utilization, Ed.: Kung and R. Wu, Academic Press
(1993), 128-143; Potrykus 1991, Annu. Rev. Plant Physiol.
Plant Molec. Biol. 42, 205-225.

[0066] More preferably, the vector of the present invention
is an expression vector. In such an expression vector, i.e. a
vector which comprises the polynucleotide of the invention
having the nucleic acid sequence operatively linked to an
expression control sequence (also called “expression cas-
sette”) allowing expression in prokaryotic or eukaryotic cells
or isolated fractions thereof. Suitable expression vectors are
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known in the art such as Okayama-Berg cDNA expression
vector pcDV1 (Pharmacia), pCDMS, pRc/CMYV, pcDNAL,
pcDNA3 (Invitrogene) or pSPORT1 (GIBCO BRL). Further
examples of typical fusion expression vectors are pGEX
(Pharmacia Biotech Inc; Smith 1988, Gene 67:31-40), pMAL
(New England Biolabs, Beverly, Mass.) and pRITS (Pharma-
cia, Piscataway, N.J.), where glutathione S-transferase
(GST), maltose E-binding protein and protein A, respectively,
are fused with the recombinant target protein. Examples of
suitable inducible non-fusion E. coli expression vectors are,
inter alis, pTrc (Amann 1988, Gene 69:301-315)and pET 11d
(Studier 1990, Methods in Enzymology 185, 60-89). The
target gene expression of the pTrc vector is based on the
transcription from a hybrid trp-lac fusion promoter by host
RNA polymerase. The target gene expression from the pET
11d vector is based on the transcription of a T7-gn10-lac
fusion promoter, which is mediated by a coexpressed viral
RNA polymerase (T7 gnl). This viral polymerase is provided
by the host strains BL21 (DE3) or HMS174 (DE3) from a
resident A-prophage which harbors a T7 gnl gene under the
transcriptional control of the lacUV 5 promoter. The skilled
artisan is familiar with other vectors which are suitable in
prokaryotic organisms; these vectors are, for example, in E.
coli, pLG338, pACYC184, the pBR series such as pBR322,
the pUC series such as pUC18 or pUC19, the M113mp series,
pKC30, pRep4, pHS1, pHS2, pPLc236, pMBL24, pLG200,
pUR290, pIN-I11113-B1, Agtll or pBdCl, in Streptomyces
plJ101, plJ364, plI702 or plI361, in Bacillus pUB110,
pC194 or pBD214, in Corynebacterium pSA77 or pAJ667.
Examples of vectors for expression in the yeast S. cerevisiae
comprise pYep Secl (Baldari 1987, Embo J. 6:229-234),
pMFa (Kurjan 1982, Cell 30:933-943), pJRYS88 (Schultz
1987, Gene 54:113-123) and pYES2 (Invitrogen Corpora-
tion, San Diego, Calif.). Vectors and processes for the con-
struction of vectors which are suitable for use in other fungi,
such as the filamentous fungi, comprise those which are
described in detail in: van den Hondel, C. A. M. J. ], & Punt,
P. J. (1991) “Gene transfer systems and vector development
for filamentous fungi, in: Applied Molecular Genetics of
fungi, J. F. Peberdy et al., Ed., pp. 1-28, Cambridge Univer-
sity Press: Cambridge, or in: More Gene Manipulations in
Fungi (J. W. Bennett & L. L. Lasure, Ed., pp. 396-428: Aca-
demic Press: San Diego). Further suitable yeast vectors are,
for example, pAG-1, YEp6, YEp13 or pEMBLYe23. As an
alternative, the polynucleotides of the present invention can
be also expressed in insect cells using baculovirus expression
vectors. Baculovirus vectors which are available for the
expression of proteins in cultured insect cells (for example
S1Y cells) comprise the pAc series (Smith 1983, Mol. Cell
Biol. 3:2156-2165) and the pVL series (Lucklow 1989, Virol-
ogy 170:31-39).

[0067] The polynucleotide of the present invention can be
expressed in single-cell plant cells (such as algae), see Fal-
ciatore 1999, Marine Biotechnology 1 (3):239-251 and the
references cited therein, and plant cells from higher plants
(for example Spermatophytes, such as arable crops) by using
plant expression vectors. Examples of plant expression vec-
tors comprise those which are described in detail in: Becker
1992, Plant Mol. Biol. 20:1195-1197; Bevan 1984, Nucl.
Acids Res. 12:8711-8721; Vectors for Gene Transfer in
Higher Plants; in: Transgenic Plants, Vol. 1, Engineering and
Utilization, Ed.: Kung and R. Wu, Academic Press, 1993, p.
15-38. A plant expression cassette, preferably, comprises
regulatory sequences which are capable of controlling the
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gene expression in plant cells and which are functionally
linked so that each sequence can fulfill its function, such as
transcriptional termination, for example polyadenylation sig-
nals. Preferred polyadenylation signals are those which are
derived from Agrobacterium tumefaciens T-DNA, such as the
gene 3 of the Ti plasmid pTiACHS, which is known as
octopine synthase (Gielen 1984, EMBO 1I. 3, 835) or func-
tional equivalents of these, but all other terminators which are
functionally active in plants are also suitable. Since plant gene
expression is very often not limited to transcriptional levels, a
plant expression cassette preferably comprises other func-
tionally linked sequences such as translation enhancers, for
example the overdrive sequence, which comprises the 5'-un-
translated tobacco mosaic virus leader sequence, which
increases the protein/RNA ratio (Gallie 1987, Nucl. Acids
Research 15:8693-8711). As described above, plant gene
expression must be functionally linked to a suitable promoter
which performs the expression of the gene in a timely, cell-
specific or tissue-specific manner. Promoters which can be
used are constitutive promoters (Benfey 1989, EMBO 1J.
8:2195-2202) such as those which are derived from plant
viruses such as 35S CAMYV (Franck 1980, Cell 21:285-294),
19S CaMV (see U.S. Pat. No. 5,352,605 and WO 84/02913)
or plant promoters such as the promoter of the Rubisco small
subunit, which is described in U.S. Pat. No. 4,962,028. Other
preferred sequences for the use in functional linkage in plant
gene expression cassettes are targeting sequences which are
required for targeting the gene product into its relevant cell
compartment (for a review, see Kermode 1996, Crit. Rev.
Plant Sci. 15, 4: 285-423 and references cited therein), for
example into the vacuole, the nucleus, all types of plastids,
such as amyloplasts, chloroplasts, chromoplasts, the extracel-
lular space, the mitochondria, the endoplasmic reticulum, oil
bodies, peroxisomes and other compartments of plant cells.
As described above, plant gene expression can also be facili-
tated via a chemically inducible promoter (for a review, see
Gatz 1997, Annu. Rev. Plant Physiol. Plant Mol. Biol., 48:89-
108). Chemically inducible promoters are particularly suit-
able if it is desired that genes are expressed in a time-specific
manner. Examples of such promoters are a salicylic-acid-
inducible promoter (WO 95/19443), a tetracyclin-inducible
promoter (Gatz 1992, Plant J. 2, 397-404) and an ethanol-
inducible promoter. Promoters which respond to biotic or
abiotic stress conditions are also suitable promoters, for
example the pathogen-induced PRP1-gene promoter (Ward
1993, Plant Mol. Biol. 22:361-366), the heat-inducible hsp80
promoter from tomato (U.S. Pat. No. 5,187,267), the cold-
inducible alpha-amylase promoter from potato (WO
96/12814) or the wound-inducible pinll promoter (EP 0 375
091 A). The promoters which are especially preferred are
those which bring about the expression of genes in tissues and
organs in which fatty acid, lipid and oil biosynthesis takes
place, in seed cells such as the cells of endosperm and of the
developing embryo.

[0068] Suitable promoters are the napin gene promoter
from oilseed rape (U.S. Pat. No. 5,608,152), the USP pro-
moter from Vicia faba (Bacumlein 1991, Mol. Gen. Genet.
225(3):459-67), the oleosin promoter from Arabidopsis (WO
98/45461), the phaseolin promoter from Phaseolus vulgaris
(U.S. Pat. No. 5,504,200), the Bce4 promoter from Brassica
(WO 91/13980) or the legumin B4 promoter (LeB4; Baeum-
lein 1992, Plant Journal, 2 (2):233-9), and promoters which
bring about the seed-specific expression in monocotyledon-
ous plants such as maize, barley, wheat, rye, rice and the like.
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Suitable promoters to be taken into consideration are the Ipt2
or Iptl gene promoter from barley (WO 95/15389 and WO
95/23230) or those which are described in WO 99/16890
(promoters from the barley hordein gene, the rice glutelin
gene, the rice oryzin gene, the rice prolamin gene, the wheat
gliadin gene, wheat glutelin gene, the maize zein gene, the oat
glutelin gene, the sorghum kasirin gene, the rye secalin gene).
Likewise, especially suitable are promoters which bring
about the plastid-specific expression since plastids are the
compartment in which the precursors and some end products
oflipid biosynthesis are synthesized. Suitable promoters such
as the viral RNA-polymerase promoter are described in WO
95/16783 and WO 97/06250, and the clpP promoter from
Arabidopsis, described in WO 99/46394.

[0069] The abovementioned vectors are only a small over-
view of vectors to be used in accordance with the present
invention. Further vectors are known to the skilled artisan and
are described, for example, in: Cloning Vectors (Ed., Pou-
wels, P. H., et al., Elsevier, Amsterdam-New York-Oxford,
1985, ISBN 0 444 904018). For further suitable expression
systems for prokaryotic and eukaryotic cells see the chapters
16 and 17 of Sambrook, loc cit.

[0070] Tt follows from the above that, preferably, said vec-
tor is an expression vector. More preferably, the said poly-
nucleotide of the present invention is under the control of a
seed-specific promoter in the vector of the present invention.
A preferred seed-specific promoter as meant herein is
selected from the group consisting of Conlinin 1, Conlinin 2,
napin, LuFad3, USP, LeB4, Arc, Fae, ACP, LuPXR, and SBP.
For details, see, e.g., US 2003-0159174.

[0071] Moreover, the present invention relates to a host cell
comprising the polynucleotide or the vector of the present
invention.

[0072] Preferably, said host cell is a plant cell and, more
preferably, a plant cell obtained from an oilseed crop. More
preferably, said oilseed crop is selected from the group con-
sisting of flax (Linum sp.), rapeseed (Brassica sp.), soybean
(Glycine and Soja sp.), sunflower (Helianthus sp.), cotton
(Gossypium sp.), corn (Zea mays), olive (Olea sp.), safflower
(Carthamus sp.), cocoa (Theobroma cacoa), peanut (Arachis
sp.), hemp, camelina, crambe, oil palm, coconuts, ground-
nuts, sesame seed, castor bean, lesquerella, tallow tree, shea-
nuts, tungnuts, kapok fruit, poppy seed, jojoba seeds and
perilla.

[0073] Also preferably, said host cell is a microorganism.
More preferably, said microorganism is a bacterium, a fungus
or algae. More preferably, it is selected from the group con-
sisting of Candida, Cryptococcus, Lipomyces, Rhodospo-
ridium, Yarrowia and Schizochytrium.

[0074] Moreover, ahost cell according to the present inven-
tion may also be an animal cell. Preferably, said animal host
cell is a host cell of a fish or a cell line obtained therefrom.
More preferably, the fish host cell is from herring, salmon,
sardine, redfish, eel, carp, trout, halibut, mackerel, zander or
tuna.

[0075] It will be understood that if the host cell of the
invention shall be applied for LCPUFA production, it shall be
capable of carrying out desaturation and elongation steps on
fatty acids. To produce the LCPUFA according to the inven-
tion, the C16- or C18-fatty acids must first be desaturated by
the enzymatic activity of a desaturase and subsequently be
elongated by at least two carbon atoms via an elongase. After
one elongation cycle, this enzyme activity gives C18- or
C20-fatty acids and after two or three elongation cycles C22-
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or C24-fatty acids. The activity of the desaturases and elon-
gases used in the process according to the invention prefer-
ably leads to C18-, C20-, C22- and/or C24-fatty acids, advan-
tageously with at least two double bonds in the fatty acid
molecule, preferably with three, four or five double bonds,
especially preferably to give C20- and/or C22-fatty acids with
at least two double bonds in the fatty acid molecule, prefer-
ably with three, four or five double bonds in the molecule.
After a first desaturation and the elongation have taken place,
further desaturation steps such as, for example, one in the
delta-5 position may take place. Products of the process
according to the invention which are especially preferred are
DGLA, ARA, EPA DPA and/or DHA, most preferably EPA
and/or DHA. Desaturases and elongases which are required
for this process may not always be present naturally in the
host cell. Accordingly, the present invention, preferably,
envisages a host cell which in addition to the polynucleotide
of'the present invention comprises polynucleotides encoding
such desaturases and/or elongases as required depending on
the selected organism. Preferred desaturases and/or elongases
which shall be present in the host cell are at least one enzyme
selected from the group consisting of: A-4-desaturase, A-5-
desaturase, A-5-elongase, A-6-desaturase, Al2-desaturase,
Al5-desaturase, w3-desaturase and A-6-elongase. Especially
preferred are the Dbifunctional d12d15-Desaturases
d12d15Des(Ac) from  Acanthamoeba  castellanii
(W02007042510), d12d15Des(Cp) from Claviceps pur-
purea (W02008006202) and d12d15Des(Lg)1 from Lottia
gigantea (W02009016202), the dl12-Desaturases d12Des
(Co) from Calendula officinalis (W0O200185968), d12Des
(Lb) from Laccaria bicolor (W02009016202), d12Des(Mb)
from Monosiga brevicollis (W02009016202), d12Des(Mg)
from Mycosphaerella graminicola (W02009016202),
d12Des(Nh) from Nectria haematococca (W0O2009016202),
d12Des(Ol) from Ostreococcus lucimarinus
(W02008040787), d12Des(Pb)  from  Phycomyces
blakesleeanus (W02009016202), d12Des(Ps) from Phy-
tophthora sojae (W02006100241) and d12Des(Tp) from
Thalassiosira pseudonana (W0O2006069710), the d15-De-
saturases  d15Des(Hr) from  Helobdella  robusta
(W02009016202), d15Des(Mc) from Microcoleus chthono-
plastes (W0O2009016202), d15Des(Mf) from Mycosphaer-
ella fijiensis (W02009016202), d15Des(Mg) from
Mycosphaerella graminicola (W02009016202) and d15Des
(Nh)2 from Nectria haematococca (W02009016202), the
d4-Desaturases  d4Des(Eg) from  Fuglena gracilis
(W02004090123), d4Des(Tc) from Thraustochytrium sp.
(W02002026946) and d4Des(Tp) from Thalassiosira pseud-
onana (W02006069710), the d5-Desaturases d5Des(O1)2
from Ostreococcus lucimarinus (WO2008040787), dSDes
(Pp) from Physcomitrella patens (W02004057001), d5Des
(Pt) from Phaeodactylum tricornutum (W0O2002057465),
d5Des(Tc) from Thraustochytrium sp. (W02002026946),
d5Des(Tp) from Thalassiosira pseudonana
(W02006069710) and the d6-Desaturases d6Des(Cp) from
Ceratodon purpureus (W02000075341), d6Des(Ol) from
Ostreococcus lucimarinus (WO2008040787), d6Des(Ot)
from Ostreococcus tauri (W02006069710), d6Des(Pf) from
Primula farinosa (W02003072784), d6Des(Pir)_BO from
Pythium irregulars (W02002026946), d6Des(Pir) from
Pythium irregulars (W02002026946), d6Des(Plu) from
Primula luteola (W02003072784), d6Des(Pp) from Phy-
scomitrella patens (W0200102591), d6Des(Pt) from Phaeo-
dactylum tricornutum (W02002057465), d6Des(Pv) from
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Primula vialii (W02003072784) and d6Des(Tp) from
Thalassiosira pseudonana (W02006069710), the d8-De-
saturases d8Des(Ac) from Acanthamoeba castellanii
(EP1790731), d8Des(Eg) from  Euglena gracilis
(W0200034439) and d8Des(Pm) from Perkinsus marinus
(W0O2007093776), the 03-Desaturases 03Des(Pi) from Phy-
tophthora infestans (W02005083053), o3Des(Pir) from
Pythium irregulars (W02008022963), 03Des(Pir)2 from
Pythium irregulars (WO2008022963) and 03Des(Ps) from
Phytophthora sojae (W02006100241), the bifunctional
d5d6-elongases dSd6Elo(Om)2 from Oncorhynchus mykiss
(W02005012316), d5d6Elo(Ta) from Thraustochytrium
aureum (W02005012316) and d5d6Elo(Tc) from Thraus-
tochytrium sp. (W0O2005012316), the d5-elongases d5Elo
(At) from Arabidopsis thaliana (W0O2005012316), d5Elo
(A1)2 from Arabidopsis thaliana (W02005012316), d5Elo
(Ci) from Ciona intestinalis (W02005012316), d5Elo(Ol)
from Ostreococcus lucimarinus (W0O2008040787), d5Elo
(Ot) from Ostreococcus tauri (W0O2005012316), d5Elo(Tp)
from Thalassiosira pseudonana (W02005012316) and
dSElo(X1) from Xenropus laevis (WO2005012316), the
do6-elongases d6Elo(Ol) from Ostreococcus lucimarinus
(W02008040787), d6Elo(Ot) from Ostreococcus tauri
(W02005012316), d6Elo(Pi) from Phytophthora infestans
(W02003064638), d6Elo(Pir) from Pythium irregulars
(W02009016208), d6Elo(Pp) from Physcomitrella patens
(W02001059128), d6Elo(Ps) from Phytophthora sojae
(W02006100241), d6Elo(Ps)2 from Phytophthora sojae
(W02006100241), d6Elo(Ps)3 from Phytophthora sojae
(W02006100241), d6Elo(Pt) from Phaeodactylum tricornu-
tum (WO02005012316), d6Elo(Tc) from Thraustochytrium
sp. (WO2005012316) and d6Elo(Tp) from Thalassiosira
pseudonana (W0O2005012316), the d9-elongases d9Elo(Ig)
from Isochrysis galbana (W02002077213), d9Elo(Pm) from
Perkinsus marinus (W02007093776) and d9Elo(Ro) from
Rhizopus oryzae (WO2009016208).
[0076] The present invention also relates to a cell, prefer-
ably a host cell as specified above or a cell of a non-human
organism specified elsewhere herein, said cell comprising a
polynucleotide which is obtained from the polynucleotide of
the present invention by a point mutation, a truncation, an
inversion, a deletion, an addition, a substitution and homolo-
gous recombination. How to carry out such modifications to a
polynucleotide is well known to the skilled artisan and has
been described elsewhere in this specification in detail.
[0077] The present invention furthermore relates to a
method for the manufacture of a polypeptide encoded by a
polynucleotide of any the present invention comprising
[0078] a) cultivating the host cell of the invention under
conditions which allow for the production of said polypep-
tide; and
[0079] b) obtaining the polypeptide from the host cell of
step a).
[0080] Suitable conditions which allow for expression of
the polynucleotide of the invention comprised by the host cell
depend on the host cell as well as the expression control
sequence used for governing expression of the said poly-
nucleotide. These conditions and how to select them are very
well known to those skilled in the art. The expressed polypep-
tide may be obtained, for example, by all conventional puri-
fication techniques including affinity chromatography, size
exclusion chromatography, high pressure liquid chromatog-
raphy (HPLC) and precipitation techniques including anti-
body precipitation. It is to be understood that the method
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may—although preferred—not necessarily yield an essen-
tially pure preparation of the polypeptide. It is to be under-
stood that depending on the host cell which is used for the
aforementioned method, the polypeptides produced thereby
may become posttranslationally modified or processed oth-
erwise.

[0081] The present invention encompasses a polypeptide
encoded by the polynucleotide of the present invention or
which is obtainable by the aforementioned method.

[0082] Theterm “polypeptide” as used herein encompasses
essentially purified polypeptides or polypeptide preparations
comprising other proteins in addition. Further, the term also
relates to the fusion proteins or polypeptide fragments being
atleast partially encoded by the polynucleotide of the present
invention referred to above. Moreover, it includes chemically
modified polypeptides. Such modifications may be artificial
modifications or naturally occurring modifications such as
phosphorylation, glycosylation, myristylation and the like
(Review in Mann 2003, Nat. Biotechnol. 21, 255-261, review
with focus on plants in Huber 2004, Curr. Opin. Plant Biol. 7,
318-322). Currently, more than 300 posttranslational modi-
fications are known (see full ABFRC Delta mass list at http://
www.abrf.org/index.cfm/dm.home). The polypeptide of the
present invention shall exhibit the acyltransferase activities
referred to above.

[0083] The present invention furthermore relates to an anti-
body or a fragment derived thereof as an antigen which spe-
cifically recognizes a polypeptide encoded by the nucleic acid
sequences of the invention.

[0084] Antibodies against the polypeptides of the invention
can be prepared by well known methods using a purified
polypeptide according to the invention or a suitable fragment
derived therefrom as an antigen. A fragment which is suitable
as an antigen may be identified by antigenicity determining
algorithms well known in the art. Such fragments may be
obtained either from the polypeptide of the invention by pro-
teolytic digestion or may be a synthetic peptide. Preferably,
the antibody of the present invention is a monoclonal anti-
body, a polyclonal antibody, a single chain antibody, a chi-
merized antibody or a fragment of any of these antibodies,
such as Fab, Fv or scFv fragments etc. Also comprised as
antibodies by the present invention are bispecific antibodies,
synthetic antibodies or chemically modified derivatives of
any of the aforementioned antibodies. The antibody of the
present invention shall specifically bind (i.e. does signifi-
cantly not cross react with other polypeptides or peptides) to
the polypeptide of the invention. Specific binding can be
tested by various well known techniques. Antibodies or frag-
ments thereof can be obtained by using methods which are
described, e.g., in Harlow and Lane “Antibodies, A Labora-
tory Manual”, CSH Press, Cold Spring Harbor, 1988. Mono-
clonal antibodies can be prepared by the techniques originally
described in Kohler 1975, Nature 256, 495, and Galfré 1981,
Meth. Enzymol. 73, 3, which comprise the fusion of mouse
myeloma cells to spleen cells derived from immunized mam-
mals. The antibodies can be used, for example, for the immu-
noprecipitation, immunolocalization or purification (e.g., by
affinity chromatography) of the polypeptides of the invention
as well as for the monitoring of the presence of said variant
polypeptides, for example, in recombinant organisms, and for
the identification of proteins or compounds interacting with
the proteins according to the invention.
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[0085] Moreover, the present invention contemplates a
non-human transgenic organism comprising the polynucle-
otide or the vector of the present invention.

[0086] Preferably, the non-human transgenic organism is a
microorganism, more preferably the non-human transgenic
organism is a fungus and most preferably the non-human
transgenic organism is a plant, plant part, or plant seed. Pre-
ferred plants to be used for introducing the polynucleotide or
the vector of the invention are plants which are capable of
synthesizing fatty acids, such as all dicotyledonous or mono-
cotyledonous plants, algae or mosses. It is to be understood
that host cells derived from a plant may also be used for
producing a plant according to the present invention. Pre-
ferred plants are selected from the group of the plant families
Adelotheciaceae, Anacardiaceae, Asteraceae, Apiaceae,
Betulaceae, Boraginaceae, Brassicaceae, Bromeliaceae,
Caricaceae, Cannabaceae, Convolvulaceae, Chenopodi-
aceae, Crypthecodiniaceae, Cucurbitaceae, Ditrichaceae,
Elaeagnaceae, Ericaceae, Euphorbiaceae, Fabaceae, Gerani-
aceae, Gramineae, Juglandaceae, Lauraceae, Leguminosae,
Linaceae, Prasinophyceae or vegetable plants or ornamentals
such as Tagetes. Examples which may be mentioned are the
following plants selected from the group consisting of: Ade-
lotheciaceae such as the genera Physcomitrella, such as the
genus and species Physcomitrella patens, Anacardiaceae
such as the genera Pistacia, Mangifera, Anacardium, for
example the genus and species Pistacia vera [pistachio],
Mangifer indica |[mango| or Anacardium occidentale
[cashew], Asteraceae, such as the genera Calendula, Cartha-
mus, Centaurea, Cichorium, Cynara, Helianthus, Lactuca,
Locusta, Tagetes, Valeriana, for example the genus and spe-
cies Calendula officinalis [common marigold], Carthamus
tinctorius [safflower|, Centaurea cyanus [cornflower],
Cichorium intybus [chicory], Cynara scolymus [artichoke],
Helianthus annus [sunflower|, Lactuca sativa, Lactuca
crispa, Lactuca esculents, Lactuca scarviola L. ssp. sativa,
Lactuca scariola L. var. integrate, Lactuca scariola L. var.
integrifolia, Lactuca sativa subsp. romana, Locusta commu-
nis, Valeriana locusta [salad vegetables], Tagetes lucida, Tag-
etes erecta or Tagetes tenuifolia [african or french marigold],
Apiaceae, such as the genus Daucus, for example the genus
and species Daucus carota [carrot], Betulaceae, such as the
genus Corylus, for example the genera and species Corylus
avellana or Corylus colurna [hazelnut], Boraginaceae, such
as the genus Borago, for example the genus and species
Borago officinalis [ borage], Brassicaceae, such as the genera
Brassica, Melanosinapis, Sinapis, Arabadopsis, for example
the genera and species Brassica napus, Brassica vapa ssp.
[oilseed rape], Sirnapis arvensis Brassica juncea, Brassica
Juncea var. juncea, Brassica juncea var. crispifolia, Brassica
Juncea var. foliosa, Brassica nigra, Brassica sinapioides,
Melanosinapis communis [mustard], Brassica oleracea [fod-
der beet] or Arabidopsis thaliana, Bromeliaceae, such as the
genera Anana, Bromelia (pineapple), for example the genera
and species Anana comosus, Ananas ananas or Bromelia
comosa [pineapple], Caricaceae, such as the genus Carica,
such as the genus and species Carica papaya [pawpaw],
Cannabaceae, such as the genus Cannabis, such as the genus
and species Cannabis sativa [hemp], Convolvulaceae, such
as the genera Ipomea, Convolvulus, for example the genera
and species Ipomoea batatus, Ipomoea pandurata, Convol-
vulus batatas, Convolvulus tiliaceus, Ipomoea fastigiata, Ipo-
moea tiliacea, Ipomoea triloba or Convolvulus panduratus
[sweet potato, batate], Chenopodiaceae, such as the genus
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Beta, such as the genera and species Beta vulgaris, Beta
vulgaris var. altissima, Beta vulgaris var. Vulgaris, Beta mar-
itima, Betavulgaris var. pevennis, Beta vulgaris var. conditiva
or Beta vulgaris var. esculenta [sugarbeet], Crypthecodini-
aceae, such as the genus Crypthecodinium, for example the
genus and species Cryptecodinium cohnii, Cucurbitaceae,
such as the genus Cucurbita, for example the genera and
species Cucurbita maxima, Cucurbita mixta, Cucurbita pepo
or Cucurbita moschata [pumpkin/squash]|, Cymbellaceae
such as the genera Amphora, Cymbella, Okedenia, Phaeo-
dactylum, Reimeria, for example the genus and species
Phaeodactylum tricornutum, Ditrichaceae such as the genera
Ditrichaceae, Astomiopsis, Ceratodon, Chrysoblastella,
Ditrichum, Distichium, Eccremidium, Lophidion, Philiber-
tiella, Pleuridium, Saelania, Trichodon, Skottsbergia, for
example the genera and species Ceratodon antarcticus, Cer-
atodon columbiae, Ceratodon heterophyllus, Ceratodon pur-
pureus, Ceratodon purpureus, Ceratodon purpureus ssp.
convolutus, Ceratodon, purpureus spp. stenocarpus, Cerat-
odon purpureus var. rotundifolius, Ceratodon ratodon, Cer-
atodon stenocarpus, Chrysoblastella chilensis, Ditrichum
ambiguum, Ditrichum brevisetum, Ditrichum crispatissi-
mum, Ditrichum difficile, Ditrichum falcifolium, Ditrichum
fexicaule, Ditrichum giganteum, Ditrichum heteromallum,
Ditrichum lineare, Ditrichum lineare, Ditrichum montanum,
Ditrichum montanum, Ditrichum pallidum, Ditrichum
punctulatum, Ditrichum pusillum, Ditrichum pusillum var.
tortile, Ditrichum rhynchostegium, Ditrichum schimperi,
Ditrichum tortile, Distichium capillaceum, Distichium hage-
nii, Distichium inclinatum, Distichium macounii, Eccre-
midium flovidanum, Eccremidium whiteleggei, Lophidion
strictus, Pleuridium acuminatum, Pleuridium alternifolium,
Pleuridium holdridgei, Pleuridium mexicanum, Pleuridium
ravenelii, Pleuridium subulatum, Saelania glaucescens, Tri-
chodon borealis, Trichodon cylindricus or Trichodon cylin-
dricus var. oblongus, Elaeagnaceae such as the genus Elae-
agnus, for example the genus and species Olea europaea
[olive], Ericaceae such as the genus Ka/mia, for example the
genera and species Kalmia latifolia, Kalmia angustifolia,
Kalmia microphylla, Kalmia polifolia, Kalmia occidentalis,
Cistus chamaerhodendros or Kalmia lucida [mountain lau-
rel], Euphorbiaceae such as the genera Manihot, Janipha,
Jatropha, Ricinus, for example the genera and species Mani-
hot utilissima, Janipha manihot, Jatropha manihot, Manihot
aipil, Manihot dulcis, Manihot manihot, Manihot melanoba-
sis, Manihot esculenta [manihot] or Ricinus communis [cas-
tor-oil plant], Fabaceae such as the genera Pisum, Albizia,
Cathormion, Feuillea, Inga, Pithecolobium, Acacia, Mimosa,
Medicajo, Glycine, Dolichos, Phaseolus, Soja, for example
the genera and species Pisum sativum, Pisum arvense, Pisum
humile |pea), Albizia berteriana, Albizia julibrissin, Albizia
lebbeck, Acacia berteriana, Acacia littoralis, Albizia berteri-
ana, Albizzia berteriana, Cathormion berteriana, Feuillea
berteriana, Inga fragrans, Pithecellobium berterianum, Pith-
ecellobium fragrans, Pithecolobium berterianum, Pseudal-
bizzia berteriana, Acacia julibrissin, Acacia nemu, Albizia
nemu, Feuilleea julibrissin, Mimosa julibrissin, Mimosa spe-
ciosa, Sericanrda julibrissin, Acacia lebbeck, Acacia macro-
phylla, Albizia lebbek, Feuilleea lebbeck, Mimosa lebbeck,
Mimosa speciosa [silk tree], Medicago sativa, Medicago fal-
cata, Medicago varia [alfalfa], Glycine max Dolichos soja,
Glycine gracilis, Glycine hispida, Phaseolus max, Soja his-
pida or Soja max [soybean], Funariaceae such as the genera
Aphanorrhegma, FEntosthodon, Funaria, Physcomitrella,
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Physcomitrium, for example the genera and species Aphan-
orrhegma serratum, Entosthodon attenuatus, Entosthodon
bolanderi, Entosthodon bonplandii, Entosthodon californi-
cus, Entosthodon drummondii, Entosthodon jamesonii,
Entosthodon leibergii, Entosthodon neoscoticus, Entosth-
odon rubrisetus, Entosthodon spathulifolius, Entosthodon
tucsoni, Funaria americana, Funaria bolanderi, Funaria
calcarea, Funaria californica, Funaria calvescens, Funaria
convoluta, Funaria flavicans, Funaria groutiana, Funaria
hygrometrica, Funaria hygrometrica var. arctica, Funaria
hygrometrica var. calvescens, Funaria hygrometrica var.
convoluta, Funaria hygrometrica var. muralis, Funaria
hygrometrica var. utahensis, Funaria microstoma, Funaria
microstoma var. obtusifolia, Funaria muhlenbergii, Funaria
orcuttii, Funaria plano-convexa, Funaria polaris, Funaria
ravenelii, Funaria rubriseta, Funaria serrata, Funaria sono-
rae, Funaria sublimbatus, Funaria tucsoni, Physcomitrella
californica, Physcomitrella patens, Physcomitrella readeri,
Physcomitrium australe, Physcomitrium californicum, Phy-
scomitrium collenchymatum, Physcomitrium coloradense,
Physcomitrium cupuliferum, Physcomitrium drummondii,
Physcomitrium eurystomum, Physcomitrium flexifolium,
Physcomitrium hookeri, Physcomitrium hookeri var. serra-
tum, Physcomitrium immersum, Physcomitrium kellermanii,
Physcomitrium megalocarpum, Physcomitrium pyriforme,
Physcomitrium pyriforme var. serratum, Physcomitrium
rufipes, Physcomitrium sandbergii, Physcomitrium sub-
sphaericum, Physcomitrium washingtoniense, Geraniaceae,
such as the genera Pelargonium, Cocos, Oleum, for example
the genera and species Cocos nucifera, Pelargonium grossu-
larioides or Oleum cocois [coconut], Gramineae, such as the
genus Saccharum, for example the genus and species Saccha-
rum officinarum, Juglandaceae, such as the genera Juglans,
Wallia, for example the genera and species Juglans regia,
Juglans ailanthifolia, Juglans sieboldiana, Juglans cinerea,
Wallia cinerea, Juglans bixbyi, Juglans californica, Juglans
hindsii, Juglans intermedia, Juglans jamaicensis, Juglans
major, Juglans microcarpa, Juglans nigra or Wallia nigra
[walnut], Lauraceae, such as the genera Persea, Laurus, for
example the genera and species Laurus nobilis [bay|, Persea
americana, Persea gratissima or Persea persea [avocado],
Leguminosae, such as the genus Arachis, for example the
genus and species Arachis hypogaea [peanut], Linaceae, such
as the genera Linum, Adenolinum, for example the genera and
species Linum usitatissimum, Linum humile, Linum austri-
acum, Linum bienne, Linum angustifolium, Linum catharti-
cum, Linum flavum, Linum grandiflorum, Adenolinum gran-
diflorum, Linum lewisii, Linum narbonense, Linum perenne,
Linum perenne var. lewisii, Linum pratense or Linum trigy-
num [linseed], Lythrarieae, such as the genus Punica, for
example the genus and species Punica granatum [pomegran-
ate], Malvaceae, such as the genus Gossypium, for example
the genera and species Gossypium hirsutum, Gossypium
arboreum, Gossypium barbadense, Gossypium herbaceum or
Gossypium thurberi [cotton], Marchantiaceae, such as the
genus Marchantia, for example the genera and species
Marchantia berteroana, Marchantia foliacea, Marchantia
macropora, Musaceae, such as the genus Musa, for example
the genera and species Musa nana, Musa acuminate, Musa
paradisiaca, Musa spp. [banana], Onagraceae, such as the
genera Camissonia, Oenothera, for example the genera and
species Oenothera biennis or Camissonia brevipes [evening
primrose], Palmae, such as the genus Elacis, for example the
genus and species Elaeis guineensis [oil palm], Papaver-
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aceae, such as the genus Papaver, for example the genera and
species Papaver orientale, Papaver vhoeas, Papaver dubium
[poppyl, Pedaliaceae, such as the genus Sesamum, for
example the genus and species Sesamum indicum [sesame],
Piperaceae, such as the genera Piper, Artanthe, Peperomia,
Steffensia, for example the genera and species Piper adun-
cum, Piper amalago, Piper angustifolium, Piper auritum,
Piper betel, Piper cubeba, Piper longum, Piper nigrum,
Piper retrofractum, Artanthe adunca, Artanthe elongata,
Peperomia elongata, Piper elongatum, Steffensia elongata
[cayenne pepper], Poaceae, such as the genera Hordeum,
Secale, Avena, Sorghum, Andropogon, Holcus, Panicum,
Oryza, Zea (maize), Triticum, for example the genera and
species Hordeum vulgare, Hordeum jubatum, Hordeum
murinum, Hordeum secalinum, Hordeum distichon, Hor-
deum aegiceras, Hordeum hexastichon, Hordeum hexasti-
chum, Hordeum irregulare, Hordeum sativum, Hordeum
secalinum [barley], Secale cereale [rye], Avena sativa, Avena
fatua, Avena byzantina, Avena fatua var. sativa, Avena
hybrida [oats], Sorghum bicolor, Sorghum halepense, Sor-
ghum saccharatum, Sovghum vulgare, Andropogon drum-
mondii, Holcus bicolor, Holcus sorghum, Sorghum aethiopi-
cum, Sorghum arundinaceum, Sorghum caffrorum, Sorghum
cernuum, Sorghum dochna, Sorghum drummondii, Sorghum
durra, Sorghum guineense, Sorghum lanceolatum, Sovghum
nervosum, Sorghum saccharatum, Sorghum subglabrescens,
Sorghum verticilliflorum, Sorghum vulgare, Holcus halepen-
sis, Sorghum miliaceum, Panicum militaceum [millet], Oryza
sativa, Oryza latifolia [rice], Zea mays [maize], Triticum
aestivum, Triticum durum, Triticum turgidum, Triticum
hybernum, Triticum macha, Triticum sativum or Triticum vul-
gare [wheat], Porphyridiaceae, such as the genera Chrooth-
ece, Flintiella, Petrovanella, Porphyridium, Rhodella, Rho-
dosorus, Vanhoeffenia, for example the genus and species
Porphyridium cruentum, Proteaceae, such as the genus Mac-
adamia, for example the genus and species Macadamia inter-
grifolia [macadamia], Prasinophyceae such as the genera
Nephroselmis, Prasinococcus, Scherffelia, Tetraselmis, Man-
toniella, Ostreococcus, for example the genera and species
Nephroselmis olivacea, Prasinococcus capsulatus, Scherffe-
lia dubia, Tetraselmis chui, Tetraselmis suecica, Mantoniella
squamata, Ostreococcus tauri, Rubiaceae such as the genus
Cofea, for example the genera and species Cofea spp., Coffea
arabica, Coffea canephora or Coffea liberica |coffee], Scro-
phulariaceae such as the genus Verbascum, for example the
genera and species Verbascum blattaria, Verbascum chaixii,
Verbascum densiflorum, Verbascum lagurus, Verbascum
longifolium, Verbascum lychnitis, Verbascum nigrum, Ver-
bascum olympicum, Verbascum phlomoides, Verbascum
phoenicum, Verbascum pulverulentum or Verbascum thapsus
[mullein], Solanaceae such as the genera Capsicum, Nicoti-
ana, Solanum, Lycopersicon, for example the genera and
species Capsicum annuum, Capsicum annuum var. glabrius-
culum, Capsicum frutescens [pepper]|, Capsicum annuum
[paprika], Nicotiana tabacum, Nicotiana alata, Nicotiana
attenuata, Nicotiana glauca, Nicotiana langsdorffii, Nicoti-
ana obtusifolia, Nicotiana quadrivalvis, Nicotiana vepanda,
Nicotiana vustica, Nicotiana sylvestris [tobacco], Solanum
tuberosum [potato], Solanum melongena [eggplant], Lyco-
persicon esculentum, Lycopersicon lycopersicum, Lycoper-
sicon pyriforme, Solanum integrifolium or Solanum lycoper-
sicum [tomato], Sterculiaceae, such as the genus Theobroma,
for example the genus and species Theobroma cacao [cacao)]
or Theaceae, such as the genus Camellia, for example the
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genus and species Camellia sinensis [tea]. In particular pre-
ferred plants to be used as transgenic plants in accordance
with the present invention are oil fruit crops which comprise
large amounts of lipid compounds, such as peanut, oilseed
rape, canola, sunflower, safflower, poppy, mustard, hemp,
castor-oil plant, olive, sesame, Calendula, Punica, evening
primrose, mullein, thistle, wild roses, hazelnut, almond, mac-
adamia, avocado, bay, pumpkin/squash, linseed, soybean,
pistachios, borage, trees (oil palm, coconut, walnut) or crops
such as maize, wheat, rye, oats, triticale, rice, barley, cotton,
cassava, pepper, Tagetes, Solanaceae plants such as potato,
tobacco, eggplant and tomato, Vicia species, pea, alfalfa or
bushy plants (coffee, cacao, tea), Salix species, and perennial
grasses and fodder crops. Preferred plants according to the
invention are oil crop plants such as peanut, oilseed rape,
canola, sunflower, safflower, poppy, mustard, hemp, castor-
oil plant, olive, Calendula, Punica, evening primrose, pump-
kin/squash, linseed, soybean, borage, trees (oil palm, coco-
nut). Especially preferred plants are plants such as sunflower,
safflower, tobacco, mullein, sesame, cotton, pumpkin/squash,
poppy, evening primrose, walnut, linseed, hemp, thistle or
safflower. Very especially preferred plants are plants such as
safflower, sunflower, poppy, evening primrose, walnut, lin-
seed, or hemp.

[0087] Preferred mosses are Physcomitrella or Ceratodon.
Preferred algae are Isochrysis, Mantoniella, Ostreococcus or
Crypthecodinium, and algae/diatoms such as Phaeodactylum
or Thraustochytrium. More preferably, said algae or mosses
are selected from the group consisting of: Shewanella, Phy-
scomitrella, Thraustochytrium, Nannochloropsis, Fusarium,
Phytophthora, Ceratodon, Isochrysis, Aleurita, Muscari-
oides, Mortierella, Phaeodactylum, Cryphthecodinium, spe-
cifically from the genera and species Thallasiosira pseud-
onona, Euglena gracilis, Physcomitrella patens, Phytophtora
infestans, Fusarium graminaeum, Cryptocodinium cohnii,
Ceratodon purpureus, Isochrysis galbana, Aleurita farinosa,
Thraustochytrium sp., Nannochloropsis oculata, Muscari-
oides viallii, Mortierella alpina, Phaeodactylum tricornutum
or Caenorhabditis elegans or especially advantageously Phy-
tophtora infestans and Cryptocodinium cohnii.

[0088] Transgenic plants may be obtained by transforma-
tion techniques as elsewhere in this specification. Preferably,
transgenic plants can be obtained by T-DNA-mediated trans-
formation. Such vector systems are, as a rule, characterized in
that they contain at least the vir genes, which are required for
the Agrobacterium-mediated transformation, and the
sequences which delimit the T-DNA (T-DNA border). Suit-
able vectors are described elsewhere in the specification in
detail.

[0089] Also encompassed are transgenic non-human ani-
mals comprising the vector or polynucleotide of the present
invention. Preferred non-human transgenic animals envis-
aged by the present invention are fish, such as herring,
salmon, sardine, redfish, eel, carp, trout, halibut, mackerel,
zander or tuna.

[0090] It will be understood that in order to produce the
LCPUFA according to the invention, the C16- or C18-fatty
acids must first be desaturated by the enzymatic activity of a
desaturase and subsequently be elongated by at least two
carbon atoms via an elongase in the non-human transgenic
organism. After one elongation cycle, this enzyme activity
gives C18- or C20-fatty acids and after two or three elonga-
tion cycles C22- or C24-fatty acids. The activity of the desatu-
rases and elongases used in the process according to the
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invention preferably leads to C18-, C20-, C22- and/or C24-
fatty acids, advantageously with at least two double bonds in
the fatty acid molecule, preferably with three, four or five
double bonds, especially preferably to give C20- and/or C22-
fatty acids with at least two double bonds in the fatty acid
molecule, preferably with three, four or five double bonds in
the molecule. After a first desaturation and the elongation
have taken place, further desaturation steps such as, for
example, one in the delta-5 position may take place. Products
ofthe process according to the invention which are especially
preferred are DGLA, ARA, EPA DPA and/or DHA, most
preferably EPA and/or DHA. Desaturases and elongases
which are required for this process may not always be present
naturally in the organism. Accordingly, the present invention,
preferably, envisages a transgenic non-human organism
which in addition to the polynucleotide of the present inven-
tion comprises polynucleotides encoding such desaturases
and/or elongases as required depending on the selected organ-
ism. Preferred desaturases and/or elongases which shall be
present in the organism are at least one enzyme selected from
the group consisting of: A-4-desaturase, A-5-desaturase, A-5-
elongase, A-6-desaturase, Al2-desaturase, Al5-desaturase,
w3-desaturase and A-6-elongase. Especially preferred are the
bifunctional d12d15-Desaturases d12d15Des(Ac) from
Acanthamoeba castellanii (W02007042510), d12d15Des
(Cp) from Claviceps purpurea (W0O2008006202) and
d12d15Des(Lg)1 from Lottia gigantea (W0O2009016202),
the d12-Desaturases d12Des(Co) from Calendula officinalis
(W0200185968), dl12Des(Lb) from Laccaria bicolor
(W02009016202), d12Des(Mb) from Monosiga brevicollis
(W02009016202), d12Des(Mg) from Mycosphaerella
graminicola (W02009016202), d12Des(Nh) from Nectria
haematococca (W02009016202), d12Des(Ol) from Ostreo-
coccus lucimarinus (W0O2008040787), d12Des(Pb) from
Phycomyces blakesleeanus (W02009016202), d12Des(Ps)
from Phytophthora sojae (W0O2006100241) and d12Des(Tp)
from Thalassiosira pseudonana (W0O2006069710), the d15-
Desaturases d15Des(Hr) from Helobdella robusta
(W02009016202), d15Des(Mc) from Microcoleus chthono-
plastes (W0O2009016202), d15Des(Mf) from Mycosphaer-
ella  fijiensis (W02009016202), d15Des(Mg) from
Mycosphaerella graminicola (W02009016202) and d15Des
(Nh)2 from Nectria haematococca (W02009016202), the
d4-Desaturases  d4Des(Eg) from  Fuglena gracilis
(W02004090123), d4Des(Tc) from Thraustochytrium sp.
(W02002026946) and d4Des(Tp) from Thalassiosira pseud-
onana (W02006069710), the d5-Desaturases d5Des(Ol1)2
from Ostreococcus lucimarinus (W0O2008040787), dSDes
(Pp) from Physcomitrella patens (W02004057001), d5Des
(Pt) from Phaeodactylum tricornutum (W0O2002057465),
d5Des(Tc) from Thraustochytrium sp. (W02002026946),
d5Des(Tp) from Thalassiosira pseudonana
(W02006069710) and the d6-Desaturases d6Des(Cp) from
Ceratodon purpureus (W02000075341), d6Des(Ol) from
Ostreococcus lucimarinus (W0O2008040787), d6Des(Ot)
from Ostreococcus tauri (W02006069710), d6Des(Pf) from
Primula farinosa (W0O2003072784), d6Des(Pir)_BO from
Pythium irregulars (W02002026946), d6Des(Pir) from
Pythium irregulars (W02002026946), d6Des(Plu) from
Primula luteola (WO2003072784), d6Des(Pp) from Phy-
scomitrella patens (W0200102591), d6Des(Pt) from Phaeo-
dactylum tricornutum (W02002057465), d6Des(Pv) from
Primula vialii (WO2003072784) and d6Des(Tp) from
Thalassiosira pseudonana (W02006069710), the d8-De-
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saturases d8Des(Ac) from Acanthamoeba castellanii
(EP1790731), d8Des(Eg) from  FEuglena gracilis
(W0200034439) and d8Des(Pm) from Perkinsus marinus
(W02007093776), the 03-Desaturases 03Des(Pi) from Phy-
tophthora infestans (WO2005083053), 03Des(Pir) from
Pythium irregulars (W02008022963), 03Des(Pir)2 from
Pythium irregulars (W0O2008022963) and 03Des(Ps) from
Phytophthora sojae (W02006100241), the bifunctional
d5d6-elongases d5d6Elo(Om)2 from Onrcorhynchus mykiss
(W02005012316), d5d6Elo(Ta) from Thraustochytrium
aureum (W0O2005012316) and d5d6Elo(Tc) from Thraus-
tochytrium sp. (W0O2005012316), the d5-elongases dSElo
(At) from Arabidopsis thaliana (W02005012316), d5Elo
(A1)2 from Arabidopsis thaliana (W02005012316), d5SElo
(Ci) from Ciona intestinalis (W02005012316), d5Elo(Ol)
from Ostreococcus lucimarinus (W0O2008040787), d5Elo
(Ot) from Ostreococcus tauri (W0O2005012316), d5Elo(Tp)
from Thalassiosiva pseudonana (W02005012316) and
dSElo(XD) from Xenopus laevis (W0O2005012316), the
dé6-elongases d6Elo(Ol) from Ostreococcus lucimarinus
(W02008040787), d6Elo(Ot) from Ostreococcus tauri
(W02005012316), d6Elo(Pi) from Phytophthora infestans
(W02003064638), d6Elo(Pir) from Pythium irregulars
(W02009016208), d6Elo(Pp) from Physcomitrella patens
(W02001059128), d6Elo(Ps) from Phytophthora sojae
(W02006100241), d6Elo(Ps)2 from Phytophthora sojae
(W02006100241), d6Elo(Ps)3 from Phytophthora sojae
(W02006100241), d6Elo(Pt) from Phaeodactylum tricornu-
tum (W02005012316), d6Elo(Tc) from Thraustochytrium
sp. (WO2005012316) and d6Elo(Tp) from Thalassiosira
pseudonana (WO2005012316), the d9-elongases d9Elo(Ig)
from Isochrysis galbana (W02002077213), d9Elo(Pm) from
Perkinsus marinus (W0O2007093776) and d9Elo(Ro) from
Rhizopus oryzae (WO2009016208).

[0091] Furthermore, the present invention encompasses a
method for the manufacture of polyunsaturated fatty acids
comprising;

[0092] a) cultivating the host cell of the invention under
conditions which allow for the production of polyunsatu-
rated fatty acids in said host cell; and

[0093] b) obtaining said polyunsaturated fatty acids from
the said host cell.

[0094] The term “polyunsaturated fatty acids (PUFA)” as
used herein refers to fatty acids comprising at least two,
preferably, three, four, five or six, double bonds. Moreover, it
is to be understood that such fatty acids comprise, preferably
from 18 to 24 carbon atoms in the fatty acid chain. More
preferably, the term polyunsaturated fatty acids relates to long
chain PUFA (LCPUFA) having from 20 to 24 carbon atoms in
the fatty acid chain. Preferred unsaturated fatty acids in the
sense of the present invention are selected from the group
consisting of arachidonic acid (ARA) 20:4 (5,8,11,14),
eicosapentaenoic acid (EPA) 20:5 (5,8,11,14,17), and
docosahexaenoic acid (DHA) 22:6 (4,7,10,13,16,19) and,
more preferably, from EPA and DHA. Thus, it will be under-
stood that most preferably, the methods provided by the
present invention relating to the manufacture of EPA or DHA.
Moreover, also encompassed are the intermediates of
LCPUFA which occur during synthesis starting from oleic
acid 18:1 (9), preferably, linoleic acid 18:2 (9,12), alpha-
linolenic acid 18:3 (9,12,15), gamma-linolenic acid 18:3 (6,9,
12), stearidonic acid 18:4 (6,9,12,15), dihomo-gamma-li-
noleic acid 20:3 (8,11,14), eicosadienoic acid 20:2 (11,14),
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eicosatrienoic acid 20:3 (11,14,17), eicosatetraenoic acid
20:4 (8,11,14,17) and docosapentaenoic acid (DPA) 22:5
(4,7,10,13,16).

[0095] The term “cultivating” as used herein refers main-
taining and growing the host cells under culture conditions
which allow the cells to produce the said polyunsaturated
fatty acid, i.e. the PUFA and/or LCPUFA referred to above,
preferably, as triglyceride esters. This implies that the poly-
nucleotide of the present invention is expressed in the host
cell so that the acyltransferase activity is present. Suitable
culture conditions for cultivating the host cell are described in
more detail below.

[0096] The term “obtaining” as used herein encompasses
the provision of the cell culture including the host cells and
the culture medium as well as the provision of purified or
partially purified preparations thereof comprising the poly-
unsaturated fatty acids, preferably, as triglyceride esters.
More preferably, the PUFA and LCPUFA are to be obtained
as triglyceride esters, e.g., in form of an oil. More details on
purification techniques can be found elsewhere herein below.

[0097] The host cells to be used in the method of the inven-
tion are grown or cultured in the manner with which the
skilled artisan is familiar, depending on the host organism.
Usually, host cells are grown in a liquid medium comprising
a carbon source, usually in the form of sugars, a nitrogen
source, usually in the form of organic nitrogen sources such as
yeast extract or salts such as ammonium sulfate, trace ele-
ments such as salts of iron, manganese and magnesium and, if
appropriate, vitamins, at temperatures of between 0° C. and
100° C., preferably between 10° C. and 60° C. under oxygen
or anaerobic atmosphere dependent on the type of organism.
The pH of the liquid medium can either be kept constant, that
is to say regulated during the culturing period, or not. The
cultures can be grown batchwise, semibatchwise or continu-
ously. Nutrients can be provided at the beginning of the fer-
mentation or administered semicontinuously or continu-
ously: The produced PUFA or LCPUFA can be isolated from
the host cells as described above by processes known to the
skilled artisan, e.g., by extraction, distillation, crystallization,
if appropriate precipitation with salt, and/or chromatography.
It might be required to disrupt the host cells prior to purifica-
tion. To this end, the host cells can be disrupted beforehand.
The culture medium to be used must suitably meet the
requirements of the host cells in question. Descriptions of
culture media for various microorganisms which can be used
as host cells according to the present invention can be found
in the textbook “Manual of Methods for General Bacteriol-
ogy” of the American Society for Bacteriology (Washington
D.C., USA, 1981). Culture media can also be obtained from
various commercial suppliers. All media components are
sterilized, either by heat or by filter sterilization. All media
components may be present at the start of the cultivation or
added continuously or batchwise, as desired. If the polynucle-
otide or vector of the invention which has been introduced in
the host cell further comprises an expressible selection
marker, such as an antibiotic resistance gene, it might be
necessary to add a selection agent to the culture, such as an
antibiotic in order to maintain the stability of the introduced
polynucleotide. The culture is continued until formation of
the desired product is at a maximum. This is normally
achieved within 10 to 160 hours. The fermentation broths can
be used directly or can be processed further. The biomass
may, according to requirement, be removed completely or
partially from the fermentation broth by separation methods
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such as, for example, centrifugation, filtration, decanting or a
combination of these methods or be left completely in said
broth. The fatty acid preparations obtained by the method of
the invention, e.g., oils, comprising the desired PUFA or
LCPUFA as triglyceride esters are also suitable as starting
material for the chemical synthesis of further products of
interest. For example, they can be used in combination with
one another or alone for the preparation of pharmaceutical or
cosmetic compositions, foodstuffs, or animal feeds. Chemi-
cally pure triglycerides comprising the desired PUFA or
LCPUFA can also be manufactured by the methods described
above. To this end, the fatty acid preparations are further
purified by extraction, distillation, crystallization, chroma-
tography or combinations of these methods. In order to
release the fatty acid moieties from the triglycerides, hydroly-
sis may be also required. The said chemically pure triglycer-
ides or free fatty acids are, in particular, suitable for applica-
tions in the food industry or for cosmetic and
pharmacological compositions.

[0098] Moreover, the present invention relates to a method

for the manufacture of polyunsaturated fatty acids compris-

ing:

[0099] a)cultivating the non-human transgenic organism of
the invention under conditions which allow for the produc-
tion of polyunsaturated fatty acids in said host cell; and

[0100] b) obtaining said polyunsaturated fatty acids from
the said non-human transgenic organism.

[0101] Further, it follows from the above that a method for
the manufacture of an oil, lipid or fatty acid composition is
also envisaged by the present invention comprising the steps
of'any one of the aforementioned methods and the further step
of formulating PUFA or LCPUFA as oil, lipid or fatty acid
composition. Preferably, said oil, lipid or fatty acid compo-
sition is to be used for feed, foodstuffs, cosmetics or pharma-
ceuticals. Accordingly, the formulation of the PUFA or
LCPUFA shall be carried out according to the GMP standards
for the individual envisaged products. For example, oil may
be obtained from plant seeds by an oil mill. However, for
product safety reasons, sterilization may be required under
the applicable GMP standard. Similar standards will apply for
lipid or fatty acid compositions to be applied in cosmetic or
pharmaceutical compositions. All these measures for formu-
lating oil, lipid or fatty acid compositions as products are
comprised by the aforementioned manufacture.

[0102] The present invention also relates to oil comprising

a polyunsaturated fatty acid or a polyunsaturated fatty acid

composition obtainable by the aforementioned methods.

[0103] The term “oil” refers to a fatty acid mixture com-

prising unsaturated and/or saturated fatty acids which are

esterified to triglycerides. Preferably, the triglycerides in the
oil of the invention comprise PUFA or LCPUFA as referred to
above. The amount of esterified PUFA and/or LCPUFA is,
preferably, approximately 30%, a content of 50% is more
preferred, a content of 60%, 70%, 80% or more is even more
preferred. The oil may further comprise free fatty acids, pref-
erably, the PUFA and LCPUFA referred to above. For the
analysis, the fatty acid content can be, e.g., determined by GC
analysis after converting the fatty acids into the methyl esters
by transesterification. The content of the various fatty acids in
the oil or fat can vary, in particular depending on the source.

The oil, however, shall have a non-naturally occurring com-

position with respect to the PUFA and/or LCPUFA compo-

sition and content. It will be understood that such a unique oil
composition and the unique esterification pattern of PUFA
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and LCPUFA in the triglycerides of the oil shall only be
obtainable by applying the methods of the present invention
specified above. Moreover, the oil of the invention may com-
prise other molecular species as well. Specifically, it may
comprise minor impurities of the polynucleotide or vector of
the invention. Such impurities, however, can be detected only
by highly sensitive techniques such as PCR.

[0104] The contents of all references cited throughout this
application are herewith incorporated by reference in general
and with respect to their specific disclosure content referred
to above.

[0105] This invention is further illustrated by the following
figures and examples which should not be construed as lim-
iting the scope of the invention.

FIGURES

[0106] FIG. 1: Cloning strategy employed for stepwise
buildup of plant expression plasmids of the invention.
[0107] FIG. 2: Vector map of the bbc construct used for
Arabidopsis transformation.

[0108] FIG. 3: GC chromatogram of fatty acids methyl
esters of total fatty acids of Col-0, fael mutant and fael
transformed with bbc. Total fatty acids were measured as
described by Wu et al., 2005. The content of the different fatty
is indicated in table 5.

[0109] FIG. 4: Total ion count of 26 acyl CoA ESI-MS/MS
MRM pairs for Arabidopsis (A) Col-0 and (B) fael harbour-
ing EPA biosynthesis pathway. Maturing Arabidopsis seeds
were harvested 18 days after flowering. Acyl-CoA was
extracted according to Larson et al (2001) and L.C conditions
after Han et al. (2010).

[0110] FIG. 5: Identification of Eicosapentaenoic and
Arachidonic-CoA’s in the acyl CoA pool of Arabidopsis
Col-0 and EPA producing plants. MRM chromatograms of
co-eluting acyl-CoA of interest in (A) wild type and (C) fael
harbouring EPA biosynthetic pathway with recorded reac-
tions shown for each transition, isotopic peaks (IP) of
homologous long chain acyl CoA are shown. (B) Character-
istic fragmentation of the protonated acyl-CoA by neutral
loss of 507 to give the protonated acyl pantetheine group.
[0111] FIG. 6: LPCAT activity assay.

[0112] A yeast mutant lacking LPEAT and LPCAT activity
(due to knockout of the gene YOR175¢) was transformed with
the empty vector pYES2.1 (lane marked “-”) and with
pYES2.1 harboring the cDNA of pLPAAT _¢6316(No) (lane
1 and 2, SEQ-ID: 13). Microsomal isolations of these trans-
formants and the wildtype yeast strain BY4742 (lane marked
“+) containing 5 pg protein where incubated with alpha-
linolenic acid-CoA and [**C]-18:1-lysophosphatidylcholine
(LPC). Thin layer chromatography was performed to separate
lipid classes. Like for wildtype yeast (lane marked “+),
phosphatidylcholine (PC) is observed for both yeast clones
shown in lane 1 and 2, indicating the gene pLPAAT_c6316
(No) has LPCAT activity and complements the missing
LPCAT activity of the knockout strain.

[0113] FIG. 7: LPAAT activity assay.

[0114] A yeast mutant lacking LPAAT activity (due to
knockout of the gene YDL052c¢) was transformed with the
empty vector pYES2.1 (lane marked “-") and with pYES2.1
harboring the cDNA of pLPAAT_c6316(No) (lane 1 and 2,
SEQ-ID: 13). Microsomal isolations of these transformants
and the wildtype yeast strain BY4742 (lane marked “+”)
containing 5 g protein where incubated with alpha-linolenic
acid-CoA and ['*C]-18:1-lysophosphatidic acid (LPA). Thin
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layer chromatography was performed to separate lipid
classes. Like for wildtype yeast (lane marked “+”), phospha-
tidic acid (PA) is observed for both yeast clones shown in lane
1 and 2, indicating the gene pLPAAT_c6316(No) has LPAAT
activity and complements the missing LPAAT activity of the
knockout strain.

[0115] FIG. 8: DGAT activity assay.

[0116] A yeast mutant lacking the capability to synthesis
TAG (due to knockout of the four genes YCRO48W,
YNRO19W, YOR245C and YNROO8W) was transformed
with the empty vector pYES2.1 (lane marked “-") and with
pYES2.1 harboring the cDNA of pDGAT2-¢19425mod(Ta)
(SEQ-ID 52, lane 1 and 2), pDGAT2_c4648(No) (SEQ-ID
34, lane Sand 6), pPDGAT2_c48271(No) (SEQ-ID 102, lane 7
and 8), BnDGAT1 (SEQ-ID 107, lane 9 and 10), AtDGAT1
(SEQ-ID 105, lane 11 and 12), pDGAT2_c699(No) (SEQ-ID
19, lane 13 and 14) and pDGAT2_c2959(No) (SEQ-ID 25,
lane 15). Microsomal isolations of these transformants and
the wildtype yeast strain G175 (lane marked “+”) where
incubated with '*C-labeled oleic acid and diacylglyerole
(DAG). Thin layer chromatography was performed to sepa-
rate lipid classes. Like for wildtype yeast (lane marked “+”),
triacylglycerole (TAG)is observedinlane 1,2,5,6,7,8,9, 10,
11, 12,13, 14 and 15, indicating pDGAT2-c19425mod(Ta),
pDGAT2_c4648(No), pDGAT2_c48271(No), BnDGATI,
AtDGAT1, pDGAT2_c699(No) and pDGAT2 c2959(No)
encode polypeptides having DGAT activity and complement
the missing TAG-synthesis capability of the knockout.
[0117] FIG.9: Substrate specificity of AtDGAT1 and BnD-
GAT1. The specific activity of the enzymes AtDGAT1 and
BnDGAT1 using the substrates indicated at the x-axis is given
as the amount (in nmol) of substrate consumed in one minute
per mg total protein and was determined as described in
example 10.

[0118] FIG. 10: Substrate specificity of pDGAT2-c19425
(Ta) compared to AtDGAT1 and BnDGAT1. The specific
activity of the enzymes pDGAT2-c19425(Ta), AtDGAT1 and
BnDGAT1 using the substrates indicated at the x-axis is given
as the amount (in nmol) of substrate consumed in one minute
per mg total protein and was determined as described in
example 10.

[0119] FIG. 11: Substrate specificity of pDGAT2_c699
(No) and pDGAT?2_c4648(No) compared to AtDGAT1 and
BnDGAT1. The specific activity of the enzymes pDGAT?2_
¢699(No) and pDGAT2_c4648(No), AtDGAT1 and BnD-
GAT1 using the substrates indicated at the x-axis is given as
the amount (in nmol) of substrate consumed in one minute per
mg total protein and was determined as described in example
10.

EXAMPLES
Example 1

General Cloning Methods

[0120] Cloning methods as e.g. use of restriction endonu-
cleases to cut double stranded DNA at specific sites, agarose
gel electrophoreses, purification of DNA fragments, transfer
of nucleic acids onto nitrocellulose and nylon membranes,
joining of DNA-fragments, transformation of E. co/i cells and
culture of bacteria where performed as described in Sam-
brook et al. (1989) (Cold Spring Harbor Laboratory Press:
ISBN 0-87965-309-6).
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Example 2

Sequence Analysis of Recombinant DNA

[0121] Sequencing of recombinant DNA-molecules was
performed using a laser-fluorescence DNA sequencer (Ap-
plied Biosystems Inc, USA) employing the sanger method
(Sanger et al. (1977) Proc. Natl. Acad. Sci. USA 74, 5463-
5467). Expression constructs harboring fragments obtained
by polymerase chain reactions were subjected to sequencing
to confirm the correctness of expression cassettes consisting
of promoter, nucleic acid molecule to be expressed and
terminator to avoid mutations that might result from han-
dling of the DNA during cloning, e.g. due to incorrect
primers, mutations from exposure to UV-light or errors of
polymerases.

Example 3

Cloning of Yeast Expression Construct Via
Homologous Recombination

[0122] The open reading frame listed in SEQ ID NOs: 52,
1,4,7,10, 13, 16, 19, 22, 25, 28, 31, 34, 37, 40, 43, 46, 49,
55,102, 105 and 107 encoding polypeptides with the amino
acid sequence SEQ ID NOs: 53, 2, 5, 8, 11, 14, 17, 20, 23,
26, 29, 32, 35, 38, 41, 44, 47, 50, 56,103, 106 and 108 that
have acyltransferase activity can amplified using the primer
listed in table 2 in a polymerase chain reaction. By doing so,
the open reading frame is 5' fused to about 60 nucleotides of
the 3' end of the GAL1 promoter sequence with simultane-
ous introduction of and Asc I and/or Nco I restriction site
between the fusion site and 3' fused to about 60 nucleotides
of the 5' end of the CYC1 terminator sequence with simul-
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taneous introduction of and Pac I restriction site. To inte-
grate these fragments into pYES2.1 TOPO downstream of
the galactose inducible GAL1 Promoter via homologous
recombination, the vector pYES2.1 (Invitrogen) can be
digested using the restriction endonucleases Pvu II and Xba
1, and Saccharomyces cerevisea can be transformed with 5
to 20 ng of linearized pYES2.1 TOPO vector and 20 to 100
ng PCR product per 50 pl competent cells using the trans-
formation method described by Schiestl et al. (Schiestl et al.
(1989) Curr. Genet. 16(5-6), pp. 339-346), to obtain pYES-
pLPLAT c1216(No), pYES-pLPLAT_c3052(No), pYES-
pLPEAT-c7109(Ta), pYES-pLPAAT_¢2283(No), pYES-pL-
PAAT _c6316(No), pYES-pDGAT2_Jrc24907(No), pYES-
pDGAT2_c699(No), pYES-pDGAT2_c1910(No), pYES-
pDGAT2_c2959(No), pYES-pDGAT2_c4857(No), pYES-
pDGAT1_c21701(No), pYES-pDGAT2_c4648(No), pYES-
pDGAT2_c1660(No), pYES-pDGAT2_c29432(No), pYES-
pDGAT2_c1052(No), pYES-pDGAT2-c18182(Ta), pYES-
pDGAT2-c5568(Ta), pYES-pDGAT2-c19425(Ta), pYES-
pDGAT2_c48271(No), AtDGAT1, BnDGAT1 and pYES-
pGPAT_c813(No) in various wildtype yeasts and yeast
mutants. Positive transformants can be selected based on the
complementation of the URA auxotrophy of the chosen S.
cerevisia strain. To validate the correctness of the expression
construct harbored by a particular yeast clone, plasmids can
be isolated as described in Current Protocols in Molecular
Biology (Hoffmann, Curr. Protoc. Mol. Biol. 2001 May;
Chapter 13:Unit13.11), transformed into E. coli for ampli-
fication and subjected to sequencing of the expression
cassette as described in example 2. For later cloning into
plant expression plasmids, the introduced restrictions site for
Asc I and/or Nco I in combination with Pac I can be used.

TABLE 2

Primer sequences for cloning acyltransferase-polynucleotides of the invention

for yeast expression

Gene-Name Primer

SEQ-ID

pLPLAT_c1216 (No)

pLPLAT_c3052 (No)

pLPEAT-c7109 (Ta)

PpLPAAT_c2283 (No)

Forward:
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatceggegegecaccatggacaa
ggcactggcaccgtt

Reverse:
aactataaaaaaataaatagggacctagacttcaggttgtctaact
cecttectttteggttagageggatttaattaactaaactttettecttece
tcta

Forward:
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatgaccacyg
actgtcatctctag

Reverse:
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaatcaaagectecegeac
aacgagc

Forward:
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatceggegegecaccatggaggyg
catcgagtcgatagt

Reverse:
aactataaaaaaataaatagggacctagacttcaggttgtctaact
cecttectttteggttagageggatttaattaactataaggetteteceyg
gegegg

Forward:
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatgaagac
gcccacgagectgge

46

47

48

49

50

51

52
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TABLE 2-continued

Primer sequences for cloning acyltransferase-polynucleotides of the invention
for yeast expression

Gene-Name Primer SEQ-ID

Reverse: 53
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaattaagetetegaategte
cttcect

PLPAAT_c6316 (No) Forward: 54
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccceggateggegegecaccatggteagyg
aggaagatggacgt
Reverse: 55
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaatcacgacgecggege
cttgcagt

pDGAT2_1rc24907 (No) Forward: 56
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaacccceggatcggegegecaccatggeaccee
tcceccacceggeccee 57
Reverse:
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaatcatttgaccactaaggt
ggect

PDGAT2_c699 (No) Forward: 58
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatgggtetat
ttggcagcgggat
Reverse: 59
aactataaaaaaataaatagggacctagacttcaggttgtctaact
cecttectttteggttagageggatttaattaactaaaagaaattcaac
gtccgat

pDGAT2_c1910 (No) Forward: 60
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccceggatcggegegecaccatgttgagta
tcceecgagtegte
Reverse: 61
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaactaaaagaaatccage
tccetgt

PDGAT2_c2959 (No) Forward: 62
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatgacgecg
caagccgatatcac
Reverse: 63
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaattactcaatggacaacy
ggegeg

pDGAT2_c4857 (No) Forward: 64
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccceggatceggegegecaccatggettace
tcttecgtegteyg
Reverse: 65
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaattaggegategeaatyg
aactcct

pDGAT1_c21701 (No) Forward: 66
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatgecttttyg
gacgggctgcatc
Reverse: 67
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaatcacccgaaaatatect
ccttet

PDGAT2 c4648 (No) Forward: 68
- ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggcegcegecaccatggecaa
ggctaacttecegee
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TABLE 2-continued

Primer sequences for cloning acyltransferase-polynucleotides of the invention
for yeast expression

Gene-Name Primer SEQ-ID

Reverse: 69
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaatcactttataagecagett
cttgt

PDGAT2_c1660 (No) Forward: 70
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggcegegecaccatgttgttge
agggattaagctg
Reverse: 71
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaatcacaacaggaccaat
ttatgat

PpDGAT2_¢29432 (No) Forward: 72
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatgttgatgg
cgeegtegeggeyg
Reverse: 73
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaatcagacgatgegaage
gtcttgt

PDGAT2_¢1052 (No) Forward: 74
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatgggeget
accactgcgaccca
Reverse: 75
aactataaaaaaataaatagggacctagacttcaggttgtctaact
cecttectttteggttagageggatttaattaatcacgactteggacagt
ccaaaa

PDGAT2-c18182(Ta) Forward: 76
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccceggatcggegegecaccatgtegtteg
ttgagcacagegc
Reverse: 77
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaactacacaaatcegeatce
gtettgt

PDGAT2-c5568 (Ta) Forward: 78
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatggtettect
ctgecctteecta
Reverse: 79
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaactacgagtcecagecac
ttgatgce

PDGAT2-¢c19425(Ta) Forward: 80
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccceggatceggegegecaccatgtttetteg
catcgaacggga
Reverse: 81
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaactaacecteggtgtaca
gcgeeg

PGPAT_c813 (No) Forward: 82
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatgecatec
cgcagcaccattga
Reverse: 83
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaatcagacaagetectett
cccect

PDGAT2_c48271 (No) Forward: 109
- ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatceggegegecaccatggecgee
atctcaccgegecaa
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TABLE 2-continued

Primer sequences for cloning acyltransferase-polynucleotides of the invention
for yeast expression

Gene-Name Primer SEQ-ID

Reverse: 110
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaactaccacacctecaact
tcgecce

AtDGAT1 Forward: 111
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggcgegecaccatggegattt
tggattctgctgg
Reverse: 112
aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagageggatttaattaatcatgacatcgatectttt

ngt

BnDGAT1 Forward: 113
ataaaagtatcaacaaaaaattgttaatatacctctatactttaacgt
caaggagaaaaaaccccggatcggegegecaccatggagattt

tggattctggagg
Reverse: 114

aactataaaaaaataaatagggacctagacttcaggttgtctaact
ccttectttteggttagagecggatttaattaactatgacatetttectttyg
cggt

TABLE 3

Coding polynucleotide sequences, amino acid sequences encoded thereby and
expressed sequences (MRNA) of the acyltransferases of the invention

SEQ- SEQ-

ORF SEQ- Amino ID mRNA ID

Gene name Organism inbp IDNo. acids No. inbp No.

pLPLAT_¢1216(No)  Namnochloropsis 1485 1 494 2 1908 3
oculata

pLPLAT_ ¢3052(No)  Namnochloropsis 1776 4 591 5 2247 6
oculata

pLPEAT-c7109(Ta) Thraustochytrium 1134 7 377 8 1288 9
aureum

pLPAAT_¢2283(No)  Nannochloropsis 1284 10 427 11 1826 12
oculata

pLPAAT_c¢6316(No)  Nannochloropsis 1395 13 464 14 1771 15
oculata

pDGAT2__Irc24907 Nannochloropsis 1026 16 341 17 1100 18
(No) oculata

pDGAT2_ c699(No) Nannochloropsis 1206 19 401 20 1772 21
oculata

pDGAT2_ c1910(No)  Nannochloropsis 1173 22 390 23 1239 24
oculata

pDGAT2_ c2959(No)  Namnochloropsis 1089 25 362 26 1609 27
oculata

pDGAT2_ ¢4857(No)  Namnochloropsis 1464 28 487 29 1682 30
oculata

pDGAT1_¢21701 Nannochloropsis 1539 31 512 32 1904 33
(No) oculata

pDGAT2_c4648(No) Nannochloropsis 1083 34 360 35 1362 36
oculata

pDGAT2__c1660(No) Nannochloropsis 1695 37 564 38 2074 39
oculata

pDGAT2_ 29432 Nannochloropsis 1029 40 342 41 1585 42
(No) oculata

pDGAT2_ c1052(No)  Nannochloropsis 1251 43 416 44 1923 45
oculata

pDGAT?2- Thraustochytrium 930 46 309 47 1134 48
c18182(Ta) aureum

pDGAT?2- Thraustochytrium 1179 49 392 50 1303 51

c5568(Ta) aureum
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TABLE 3-continued

Coding polynucleotide sequences, amino acid sequences encoded thereby and
expressed sequences (MRNA) of the acyltransferases of the invention

SEQ- SEQ-
ORF SEQ- Amino ID mRNA ID
Gene name Organism inbp IDNo. acids No. inbp No.
pDGAT2- Thraustochytrium 1389 52 462 53 1547 54
c19425(Ta) aureum
pGPAT__c813(No) Nannochloropsis 1977 55 658 56 2460 57
oculata
pDGAT2_ c48271 Nannochloropsis 960 102 319 103 1265 104
(No) oculata
Example 4 743), this method is known to the skilled person. Wild-type

Assembly of Genes Required for PUFA Synthesis
within a T-Plasmid

[0123] For synthesis of EPA in Arabidopsis seeds, the set
of genes encoding the proteins of the metabolic EPA path-
way (table 4) was combined with expression elements
(promoter, terminators) and transferred into binary t-plas-
mids that were used for agrobacteria mediated transforma-
tion of plants as described in example 5. To this end, the
general cloning strategy depicted in FIG. 1 was employed:
Genes listed in table 4 were PCR-amplified using Phusion™
High-Fidelity DNA Polymerase (NEB, Frankfurt, Germany)
according to the manufactures instructions from cDNA
using primer introducing a Nco I and/or Asc I restriction site
at the 5' terminus, and a Pac 1 restriction site at the 3'
terminus (FIG. 1B). To obtain the final expression modules,
PCR-amplified genes were cloned between promoter and
terminator via Nco I and/or Pac I restriction sites (FIG. 1C).
Up to three of those expression modules were combined as
desired to expression cassettes harbored by either one of
pENTR/A, pENTR/B or pENTR/C (FIG. 1D). Finally, the
Multisite Gateway™ System (Invitrogen) was used to com-
bine three expression cassette harbored by pENTR/A,
pENTR/B and pENTR/C (FIG. 1E) to obtain the final binary
T-plasmids bbe (SEQ-ID 101, FIG. 2).

TABLE 4

Arabidopsis seeds contain considerable amounts of eicose-
noic acid (20:1) (Table 5). Biosynthesis of 20:1 competes for
the substrates of the PUFA biosynthesis pathway. This
competition was circumvented by transforming bbc into the
Arabidopsis fael mutant (James et al., (1995) The Plant Cell
7:309-319).

Example 6

Quantification of Metabolic Fatty Acyl-CoAs in
Wild-Type and EPA Producing Arabidopsis Seeds

[0125] The selected transgenic Arabidopsis plants from
example 3 were analyzed in respect to PUFA content in
seeds. Seeds from wild-type, fael mutant and transgenics
harboring the bbc construct were harvested 18 days after
flowering. Total fatty acid, representing the fatty acids
esterified to CoA, on lipids and as triacyl-glycerides were
extracted and analyzed by gas chromatography as described
in Wu et al.,, (2005) Nature Biotechnology 23(8): 1013-
1017.

[0126] In seeds of fael transformed with bbc the EPA
accumulation was 12.2%, the seeds contained small amounts
of intermediate or side products: ARA (3.2%), SDA (0.8%),
GLA (2.6%) which were not present in wild-type or fael
(FIG. 3, Table 5).

Genes of the bbe construct for synthesis of EPA (20:5n-3) in Arabidopsis seeds.
The elements controlling the expression of the respective genes are as well indicated.

Name Source Organism Activity SEQ-ID Promoter  Terminator
d12Des(Ps) Phytophtora sojae  d-12 Desaturase 96  p-BnNapin t-E9
d6Des(Ot) Ostreococcus tauri  d-6 Desaturase 97 p-SBP t-CatpA
d5Des(Tc) Traustochytrium ssp.  d-5 Desaturase 98 p-LuCnl  t-AgroOCS
d6Elo(Pp) Physcomitrella patens  d-6 Elongase 99 p-VIUSP  t-CaMV35S
0-3Des(Pi) Phytophthora 0-3 Desaturase 100 p-Napin t-E9
infestans
Example 5 TABLE 5
Plant Transformation Content of fatty acids in seeds of W.ild-type (Col-0), fael mutant and fael
transformed with bbc construct

[0124] The resulting binary vector bbc harboring the genes Fatty acid Common name of FA Col-0  fael  bbc fael
reconstituting EPA biosynthesis pathway were transformed
P . . . . 16:0 Palmitic acid 6.2 8.8 6.8
into Agrobacterium tumefaciens (Hofgen and Willmitzer 180 Steasic acid 31 a1 53
(1988) Nucl. Acids Res. 16: 9877) The transformation of 4. 18:1 Oleic acid 16.3 275 18.9
thaliana was accomplished by means of the floral-dip 18:2 Linoleic acid 282 39.0 30.8

method (Clough and Bent (1998) Plant Journal 16: 735-
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TABLE 5-continued

Content of fatty acids in seeds of wild-type (Col-0), fael mutant and fael
transformed with bbe construct

Fatty acid Common name of FA Col-0 fael bbe fael
18:3n6 Gamma-Linolenic acid 0.0 0.0 2.6
18:3n3 Alpha-Linoleic acid 15.6 184 11.9
18:4n3 Stearidonic acid 0.0 0.0 0.8
20:1 Eicosenoic acid 22.8 04 0.3
20:4n6 Arachidonic acid 0.0 0.0 32
20:5n3 Eicosapentaenoic acid 0.0 0.0 12.2
Others 7.8 1.8 7.2
[0127] For PUFA biosynthesis the acyl-moiety has to be

shuffled between different metabolic pools. For example, the
elongation of the acyl chain by two carbon atoms occurs
specifically on acyl-CoA (Zank et al., (2002) The Plant
Journal 318(3):255-268. The efliciency of the transfer of the
acyl-residue between the metabolic pools may represent a
bottleneck for PUFA production in plants. Therefore the
accumulation of EPA or intermediates of EPA biosynthesis
as CoA species was analyzed by LC/MS?. As a control CoA
pool of wild-type seeds were as well analyzed. The Acyl-
CoA metabolites were extracted from the seed tissue accord-
ing to Larson and Graham, 2001. LC/MS? was applied as
described by Magnes et al., 2005. Briefly, CoA were sepa-
rated with high resolution by reversed-phase high perfor-
mance liquid chromatography (HPLC) with a ammonium
hydroxide and acetonitrile gradient. The acyl-CoA species
were identified and quantified by multireaction monitoring
using triple quadrupole mass spectrometry. Only a few
methods using mass spectrometry for characterization of
long chain acyl-CoA have been published, the majority of
which employ negative ionisation mode showing abundant
ions. In contrast, positive ionisation has only one abundant
ion [M-H]+, furthermore the predominant ion in MS?
spectra is the fatty acyl-pantetheine fragment (m/z 507—
FIG. 5 B), characteristic of CoA-activated substances. In
choosing the acyl-pantetheine of interest in multireaction
monitoring mode (MRM) a very sensitive, selective and
reproducible method was established. CoA-activated sub-
stances can be monitored by scanning for the neutral loss of
phosphoadenosine diphosphate. Generally for reliable
analysis, all interfering peaks must be chromatographically
separated; in the case of EPA and ARA this is not possible
(FIG. 4 B). However through the use of MRM, incorporating
very short dwell times (15 ms), it is possible to follow the
individual chromatograms of acyl-CoA of interest and dem-
onstrate the presence of EPA and ARA in the acyl CoA pool
(FIG. 5 C). According to internal standards the eicosapen-
taenoyl-CoA was in the range of . . . % of the total Co-A
pool.

[0128] In conclusion these results show that PUFA accu-
mulate in the metabolic CoA pool and are not transferred to
DAG to be released as TAG into the seed oil. Such a
bottleneck may be overcome by the co-expression of an
acyltransferase from table 3, having the appropriate sub-
strate specificity. The application of suitable acyltransferase
may increase the flux of fatty acid between the metabolic
pools and increase the PUFA biosynthesis rate.

Example 7

Activity Assays Using Yeast Extracts

[0129] To characterize the functions of the acyltransferase
polypeptides of the invention, yeast mutants can be
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employed that are defective in certain acyltransferase activi-
ties. For example, the yeast mutant Y13749 (Genotype:
BY4742; Mat alpha; his3Al; leu2A0; lys2A0; ura3AO0;
YDLO052c¢::kanMX4) lacking LPAAT activity can be trans-
formed with expression constructs harboring candidate
polypeptides to check for restoration (complementation) of
LPAAT activity, the yeast mutant Y12431 (genotype
BY4742; Mat alpha; his3Al; leu2A0; lys2A0; ura3AO0;
YOR175c::kanMX4) lacking LPLAT activity can be trans-
formed with expression constructs harboring candidate
polypeptides to check for restoration (complementation) of
LPLAT activity, the yeast mutant H1246 (genotype MATa
leu2-3,112 trpl-1 canl-100 wura3-1 ade2-1 his3-11,15
YOR245::KanMX4 YNROO8W:: TRP1 YCRO48W::HIS3
YNRO19W::LEU2) lacking the ability to synthesize triacyl-
glycerole can be transformed with expression constructs
harboring candidate polypeptides to check for restoration
(complementation) of the ability to synthesis triacylglycer-
ole. The yeast mutants can for example harbor the expres-
sion constructs listed in example 3 employing the transfor-
mation method described in example 3.

[0130] For LPAAT activity assay, clones of the yeast
mutant Y13749 harboring pYES-pLPAAT_c6316(No) can
be grown at 28° C. in 10 ml selective media (SC-URA) with
2% raflinose as carbon source over night. The next day,
expression of the acyltransferase polypeptide can be induced
by transferring the cells to fresh media containing 2%
galactose, for example by inoculating 100 ml of fresh culture
to an optical density (measure at 600 nm) of ODg,,=0.1.
Cells are harvested after 24 h incubation at 28° C. by
centrifugation at 3000xg for 5 min and resuspended in 1 ml
resuspention buffer (25 mM Tris/HCL pH 7.6) and disrupted
using acid washed zirconium bead (200 pm average diam-
eter) in a mill (Retsch, Germany) by three minutes agitation
at 300 rpm. The supernatant is transferred to a fresh tube and
centrifuged at 3000xg for 5 min. The obtained supernatant
is the crude extract. Protein content is measured according
to Bradford (Bradford, M. M. (1976), Anal. Biochem. Bd.
72, pp. 248-254) with bovine serum albumin as standard.

[0131] Assay mixtures contain 1 to 50 pg of protein, 10 pl
of 100 nM ['*C]-18:1-LPA (giving about 2000 dpm/nmol),
10 pl of 50 nM 18:1-CoA or 50 nM 18:3n-3-CoA in assay
buffer (25 mM Tris/HCL pH 7.6, 0.5 mg/ml BSA) to give a
total volume of 100 pl. Samples are incubated for 10 min at
30° C. The assays are terminated by extraction of the lipids
into chloroform according to Blight and Dyer (Bligh, E. G.
and Dyer, W. J. (1959), Can. J. Biochem. Physiol. 37, pp.
911-917). Lipids are separated on thin layer chromatography
(TLC) silica 60 plates (Merck) using chloroform/methanol/
acetic acid/water (90:15:10:3), and autoradiographic pic-
tures are taken using an instant imager (Packard). It can be
seen by the formation of phosphatidic acid (PA) in FIG. 7,
that pLPAAT _¢6316(No) (SEQ-ID 13, lane 1 and 2) encodes
a polypeptide having LPAAT activity.

[0132] For LPCAT and LPEAT activity assay, clones of
the yeast mutant Y12431 harboring pYES-pLPAAT_c6316
(No) can be grown at 28° C. in 10 ml selective media
(SC-URA) with 2% raffinose as carbon source over night.
The next day, expression of the acyltransferase polypeptide
can be induced by transferring the cells to fresh media
containing 2% galactose, for example by inoculating 100 ml
of fresh culture to an optical density (measure at 600 nm) of
ODy,=0.1. Cells are harvested after 24 h incubation at 28°
C. by centrifugation at 3000xg for 5 min and resuspendet in
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1 ml resuspention buffer (25 mM Tris/HCL pH 7.6) and
disrupted using acid washed zirconium bead (200 um aver-
age diameter) in a mill (Retsch, Germany) by three minutes
agitation at 300 rpm. The supernatant is transferred to a fresh
tube and centrifuged at 3000xg for 5 min. The obtained
supernatant is the crude extract. Protein content is measured
according to Bradford (Bradford, M. M. (1976), Anal.
Biochem. Bd. 72, pp. 248-254) with bovine serum albumin
as standard. Assay mixtures contain either 10 pl 100 nM
[**C]-LPC (LPCAT activity assay) or 10 ul 100 nM [**C]-
LPE (LPEAT activity assay), 1 to 50 pg of protein, 10 pl of
50 nM 18:1-CoA or 50 nM 18:3n-3-CoA in assay buffer (25
mM Tris/HCL pH 7.6, 0.5 mg/ml BSA) to give a total
volume of 100 pl. Samples are incubated for 10 min at 30°
C. The assays are terminated by extraction of the lipids into
chloroform according to Blight and Dyer (Bligh, E. G. and
Dyer, W. J. (1959), Can. J. Biochem. Physiol. 37, pp.
911-917). Lipids are separated on thin layer chromatography
(TLC) silica 60 plates (Merck) using chloroform/methanol/
acetic acid/water (90:15:10:3), and autoradiographic pic-
tures are taken using an instant imager (Packard). It can be
seen by the formation of phosphatidylethanolamine (PC) in
FIG. 6, that pLPAAT_c6316(No) (SEQ-ID 13, lane 1 and 2)
encodes a polypeptide having LPCAT activity.

[0133] For DGAT activity assay, clones of the yeast
mutant H1246 harboring either one of pYES-pDGAT2_c699
(No), pYES-pDGAT2_c2959(No), pYES-pDGAT2_c4648
(No), pYES-pDGAT2_c48271(No), pYES-pDGAT2-
c19425(Ta), pYES-AtDGAT1, or pYES-BnDGAT1 can be
grown at 28° C. in 10 ml selective media (SC-URA) with
2% raflinose as carbon source over night. The next day,
expression of the acyltransferase polypeptides can be
induced by transferring the cells to fresh media containing
2% galactose, for example by inoculating 100 ml of fresh
culture to an optical density (measure at 600 nm) of
ODy,=0.1. Activity as indicated by the formation of TAG
(as indicated, the mutant H1246 is unable to synthesize
TAG) can be measured either by relying on yeast-endog-
enous substrate-DAG, or by providing substrate in an in
vitro assay.

[0134] For the former type of assay, cells are harvested
after reaching stationary phase during incubation at 28° C.
by centrifugation at 3000xg for 5 min and resuspendet in 2
ml resuspention buffer (phosphate buffered saline (PBS) pH
7.4, see Sambrook et al., “Molecular Cloning”, Cold Spring
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Harbor Laboratory, 1989). The equivalent of 200 mg cell
pellet is taken, the volume adjusted to 210 pl using PBS and
790 pl of methanol:chloroform (2:1) are added. Cells are
disrupted using acid washed zirconium bead (200 pm aver-
age diameter) in a mill (Retsch, Germany) by three minutes
agitation at 300 rpm and lipids are extracted according to
Blight and Dyer (Bligh, E. G. and Dyer, W. J. (1959), Can.
J. Biochem. Physiol. 37, pp. 911-917).

[0135] Thein vitro assay is the preferred way of testing for
DGAT activity, when activity is known or expected to be
week when relying on endogenous substrate. Instead, both
the type and concentration of the DAG acceptor molecule,
as well as the type and concentration of the fatty acid-CoA
can be controlled. To do so, cells are harvested after 24 h
incubation at 28° C. by centrifugation at 3000xg for 5 min
and resuspendet in 1 ml resuspention buffer (25 mM Tris/
HCL pH 7.6) and disrupted using acid washed zirconium
bead (200 pm average diameter) in a mill (Retsch, Germany)
by three minutes agitation at 300 rpm. The supernatant is
transferred to a fresh tube and centrifuged at 3000xg for 5
min. The obtained supernatant is the crude extract. Protein
content is measured according to Bradford (Bradford, M. M.
(1976), Anal. Biochem. Bd. 72, pp. 248-254) with bovine
serum albumin as standard. Assay mixtures contain 10 ul 50
nM [**C]-6:0-DAG (giving about 3000 dpm/nmol), 50 pg of
microsomal protein (the amount can be adjusted to stay
within linear conditions without substrate limitation), 10 pl
of 50 nM 18:3n-3-CoA or 50 nM 22:6n-3-CoA in assay
buffer (50 mM Hepes buffer pH 7.2, 1 mg/ml BSA) to give
a total volume of 100 pl. Samples are incubated for 10 min
at 30° C.

[0136] In either case—in vivo or in vitro assay—lipids are
separated on thin layer chromatography (TLC) silica 60
plates (Merck) using hexane:diethylether:acetic acid (70:30:
1), and stained in iodine vapor. It can be seen by the
formation of triacylglycerole (TAG) using the in vitro assay-
conditions in FIG. 8, that pDGAT2-c19425mod(Ta) (SEQ-
1D 52, lane 1 and 2), pDGAT2_c4648(No) (SEQ-ID 34, lane
5 and 6), pPDGAT2_c48271(No) (SEQ-ID 102, lane 7 and 8),
BnDGAT1 (SEQ-ID 107, lane 9 and 10), AtDGAT1 (SEQ-
ID 105, lane 11 and 12), pPDGAT2_c699(No) (SEQ-ID 19,
lane 13 and 14) and pDGAT2_c2959(No) (SEQ-ID 25, lane
15) encode polypeptides having DGAT activity.

[0137] Table 6 summarizes the results of the LPCAT,
LPAAT and DGAT activity tests.

TABLE 6

Measured with microsomal protein and [14C]-18:1-LPA, [14C]-18:1-LPC or
[14C]-6:0-1,2-DAG. Ofr the in vitro DGAT assay, 1 mg/ml of BSA was added to reduce

activity for staying in the linear range.

Activity in vitro  Activity in

SEQ-IDs using vitro using
Enzyme (ORF/- 18:3-CoA 22:6-CoA Activity
Class Candidate protein/mRNA) nmol/(mg*min) nmol/(mg*min in vivo
LPAAT  pLPAAT_c6316(No) 13/14/15 81 64
LPCAT  pLPAAT_c6316(No) 13/14/15 38 9
DGAT pDGAT2_c699(No) 19/20/21 0.22 0.17 Yes
DGAT PDGAT2_c2959(No) 25/26/27 0.95 0.67 Yes
DGAT PDGAT2_c4648(No) 34/35/36 1.4 0.17 Yes
DGAT  pDGAT2_c48271(No)  102/103/104 1.6 0 Yes
DGAT PDGAT2-¢19425(Ta) 52/53/54 4.0 5.6 Yes
DGAT AtDGAT1 105/106/— 1.6 1.2 Yes
DGAT BnDGAT1 107/108/— 2.4 1.5 Yes
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Example 8

Determination of Substrate Specificity for LPAAT

[0138] For determination of substrate specificities of the
LPAAT enzymes, clones of the yeast mutant Y13749 (de-
scribed in example 7) harboring LPAAT genes in the pYES
plasmid can be grown at 28° C. in 10 ml selective media
(SC-URA) with 2% raffinose as carbon source over night.
The next day, expression of the acyltransferase polypeptides
can be induced by transferring the cells to fresh media
containing 2% galactose, for example by inoculating 100 ml
of fresh culture to an optical density (measure at 600 nm) of
ODy0,=0.1. Cells are harvested after 24 h incubation at 28°
C. by centrifugation at 3000xg for 5 min and resuspended in
1 ml disruption buffer (20 mM Tris/HCL pH 7.6, 10 mM
MgCl12, 1 mM EDTA, 5% glycerol, 0.3 M (NH,),SO,) and
disrupted using acid washed zirconium beads (200 pum
average diameter) in a mill (Retsch, Germany) by three
minutes agitation at 300 rpm. The supernatant and the beads
are transferred to a fresh tube. Disruption buffer is added up
to 20 ml and the tube is centrifuged at 8000xg for 5 min. The
obtained supernatant is centrifuged for 2 hrs at 42000 rpm at
4° C. The pellet (microsomal fraction) is resuspended in a
small volume of 0.1 M phosphate buffer pH 7.2. Protein
content in the microsomal fraction is measured according to
Bradford (Bradford, M. M. (1976), Anal. Biochem. Bd. 72,
pp- 248-254) with bovine serum albumin as standard. Assay
mixtures contain 1-5 pug of microsomal protein (the amount
is adjusted to achieve linear conditions without substrate
limitation), 10 pl of 1 mM [**C]-18:1-LPA (5000 dpm/
nmol), 10 pl of 1 mM acyl-CoA in assay buffer (0.1 M
phosphate buffer pH 7.2, 10 mg/ml Bovine Serum Albumine
(BSA)) to give a total volume of 100 pl. Like to amount of
microsomal protein added to the assay, also the amount of
BSA has influence on observed anzmye activities, where
higher amounts of BSA result on lower activities and lower
amounts of BSA result in higher activities. The enzyme
specificity can be tested for different acyl-CoA:s, e.g. 14:0-
CoA, 16:0-CoA, 18:1-CoA, 18:2-CoA, 18:3-CoA, y18:3-
CoA, 18:4-CoA, 20:3-CoA, 20:4-CoA, 20:4(n-3)-CoA,
20:5-CoA, 22:5-CoA, 22:6-CoA. Samples are incubated for
4 min at 30° C. The assays are terminated by extraction of
the lipids into chloroform according to Bligh and Dyer
(Bligh, E. G. and Dyer, W. J. (1959), Can. J. Biochem.
Physiol. 37, pp. 911-917). Lipids are separated on thin layer
chromatography (TLC) silica 60 plates (Merck) using chlo-
roform/methanol/acetic acid/water (90:15:10:3), and auto-
radiographic pictures are taken using an instant imager
(Packard). The amount of phosphatidic acid (PA) produced
in the reaction (and hence the enzyme activity) can be
determined from the picture.

Example 9

Determination of Substrate Specificity for LPLAT

[0139] For LPCAT and LPEAT activity assay, clones of
the yeast mutant Y12431 harboring LPLAT genes in the
pYES plasmid can be grown at 28° C. in 10 ml selective
media (SC-URA) with 2% raffinose as carbon source over
night. The next day, expression of the acyltransferase poly-
peptides can be induced by transferring the cells to fresh
media containing 2% galactose, for example by inoculating
100 ml of fresh culture to an optical density (measure at 600
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nm) of ODg,,=0.1 Cells are harvested after 24 h incubation
at 28° C. by centrifugation at 3000xg for 5 min and
resuspended in 1 ml disruption buffer (20 mM Tris/HCL pH
7.6, 10 mM MgCI2, 1 mM EDTA, 5% glycerol, 0.3 M
(NH,),SO,) and disrupted using acid washed zirconium
beads (200 pm average diameter) in a mill (Retsch, Ger-
many) by three minutes agitation at 300 rpm. The superna-
tant and the beads are transferred to a fresh tube. Disruption
buffer is added up to 20 ml and the tube is centrifuged at
8000xg for 5 min. The obtained supernatant is centrifuged
for 2 hrs at 42000 rpm at 4° C. The pellet (microsomal
fraction) is resuspended in a small volume of 0.1 M phos-
phate buffer pH 7.2. Protein content in the microsomal
fraction is measured according to Bradford (Bradford, M. M.
(1976), Anal. Biochem. Bd. 72, pp. 248-254) with bovine
serum albumin as standard. Assay mixtures contain either 10
pl 1 mM [**C]-18:1-Lysophosphatidlycholine (-LPC), 5000
dpm/nmol (LPCAT assay) or 10 pl 1 mM [**C]-18:1-
Lysophosphatidylethanolamine (-LPE), 5000 dpm/nmol
(LPEAT assay), 1-10 pg of microsomal protein (the amount
is adjusted to achieve linear conditions without substrate
limitation), 10 pl of 1 mM acyl-CoA in assay buffer (0.1 M
phosphate buffer pH 7.2., 10 mg/ml BSA) to give a total
volume of 100 pl. Like to amount of microsomal protein
added to the assay, also the amount of BSA has influence on
observed anzmye activities, where higher amounts of BSA
result on lower activities and lower amounts of BSA result
in higher activities. The enzyme specificity can be tested for
different acyl-CoA:s, e.g. 14:0-CoA, 16:0-CoA, 18:1-CoA,
18:2-CoA, 18:3-CoA, yl18:3-CoA, 18:4-CoA, 20:3-CoA,
20:4-CoA, 20:4(n-3)-CoA, 20:5-CoA, 22:5-CoA, 22:6-
CoA. Samples are incubated for 4 min at 30° C. The assays
are terminated by extraction of the lipids into chloroform
according to Bligh and Dyer (Bligh, E. G. and Dyer, W. J.
(1959), Can. J. Biochem. Physiol. 37, pp. 911-917). Lipids
are separated on thin layer chromatography (TLC) silica 60
plates (Merck) using chloroform/methanol/acetic acid/water
(90:15:10:3), and autoradiographic pictures are taken using
an instant imager (Packard). The amount of phosphatidyl
choline (PC) or phosphatidyl ethanol amine (PE) produced
in the reaction (and hence the enzyme activity) can be
determined from the picture.

Example 10

Determination of Substrate Specificity for DGAT

[0140] For DGAT activity assay, clones of the yeast
mutant H1246 harboring either one of pYES-pDGAT2_c699
(No), pYES-pDGAT2_c2959(No), pYES-pDGAT2_c4648
(No), pYES-pDGAT2 c48271(No), pYES-pDGAT2-
c19425(Ta), pYES-AtDGAT]1, or pYES-BnDGATT1 can be
grown at 28° C. in 10 ml selective media (SC-URA) with
2% raffinose as carbon source over night. The next day,
expression of the acyltransferase polypeptides can be
induced by transferring the cells to fresh media containing
2% galactose, for example by inoculating 100 ml of fresh
culture to an optical density (measure at 600 nm) of
OD¢,,=0.1. Cells are harvested after 24 h incubation at 28°
C. by centrifugation at 3000xg for 5 min and resuspended in
1 ml disruption buffer (20 mM Tris/HCL pH 7.6, 10 mM
MgCl12, 1 mM EDTA, 5% glycerol, 0.3 M (NH,),SO,) and
disrupted using acid washed zirconium beads (200 pm
average diameter) in a mill (Retsch, Germany) by three
minutes agitation at 300 rpm. The supernatant and the beads
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are transferred to a fresh tube. Disruption buffer is added up
to 20 ml and the tube is centrifuged at 8000xg for 5 min. The
obtained supernatant is centrifuged for 2 hrs at 42000 rpm at
4° C. The pellet (microsomal fraction) is resuspended in a
small volume of 0.1 M phosphate buffer pH 7.2. Protein
content in the microsomal fraction is measured according to
Bradford (Bradford, M. M. (1976), Anal. Biochem. Bd. 72,
pp- 248-254) with bovine serum albumin as standard. Assay
mixtures contain 5 pl 1 mM [**C]-6:0-DAG, 3000 dpm/
nmol, 1-100 pg of microsomal protein (the amount is
adjusted to achieve linear conditions without substrate limi-
tation), 5 pul of 1 mM acyl-CoA in assay buffer (50 mM
Hepes buffer pH 7.2, 1 mg/ml BSA) to give a total volume
0f 100 pl. The enzyme specificity can be tested for different
acyl-CoA:s, e.g. 14:0-CoA, 16:0-CoA, 18:1-CoA, 18:2-
CoA, 18:3-CoA, yl18:3-CoA, 18:4-CoA, 20:3-CoA, 20:4-
CoA, 20:4(n-3)-CoA, 20:5-CoA, 22:5-CoA, 22:6-CoA.
Samples are incubated for 4 min at 30° C. The assays are
terminated by extraction of the lipids into chloroform
according to Bligh and Dyer (Bligh, E. G. and Dyer, W. J.
(1959), Can. J. Biochem. Physiol. 37, pp. 911-917). Lipids
are separated on thin layer chromatography (TLC) silica 60
plates (Merck) using hexane:diethylether:acetic acid (70:30:
1), and autoradiographic pictures are taken using an instant
imager (Packard). The amount of triacylglycerol (TAG)
produced in the reaction (and hence the enzyme activity) can
be determined from the picture. In Brassica napus and
Arabidopsis, the DGAT involved in TAG-formation in seeds
are of the DGAT1 type. The enzyme activity AtDGAT1 and
BnDGATT1 for the different substrates can be seen in FIG. 9.
The enzyme activity of pDGAT2-¢19425(Ta) for the differ-
ent substrates, compared to AtDGAT1 and BnDGAT1 is
shown in FIG. 10. The enzyme activity of pDGAT2_c699
(No) and pDGAT2_c4648(No) for the different substrates,
compared to AtDGAT1 and BnDGAT1 is shown in FIG. 11.
The data in FIGS. 10 and 11 show clearly, that all DGAT2
enzymes shown in these figures vary strongly towards their
activities for the various substrates, whereas the DGAT1
involved in TAG formation in Arabidopsis and Brassica
napus exhibit less variability towards these different sub-
strates.

Example 11

Determination of Substrate Selectivity for LPAAT

[0141] For determination of substrate selectivities of the
LPAAT enzymes, clones of the yeast mutant Y13749 (de-
scribed in example 7) harboring LPAAT genes can be grown
at 28° C. in 10 ml selective media (SC-URA) with 2%
raffinose as carbon source over night. The next day, expres-
sion of the acyltransferase polypeptides can be induced by
transferring the cells to fresh media containing 2% galac-
tose, for example by inoculating 100 ml of fresh culture to
an optical density (measure at 600 nm) of ODg,,=0.1. Cells
are harvested after 24 h incubation at 28° C. by centrifuga-
tion at 3000xg for 5 min and resuspended in 1 ml disruption
buffer (20 mM Tris/HCL pH 7.6, 10 mM MgCI2, 1 mM
EDTA, 5% glycerol, 0.3 M (NH,),SO,) and disrupted using
acid washed zirconium beads (200 pm average diameter) in
a mill (Retsch, Germany) by three minutes agitation at 300
rpm. The supernatant and the beads are transferred to a fresh
tube. Disruption buffer is added up to 20 ml and the tube is
centrifuged at 8000xg for 5 min. The obtained supernatant
is centrifuged for 2 hrs at 42000 rpm at 4° C. The pellet
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(microsomal fraction) is resuspended in a small volume of
0.1 M phosphate buffer pH 7.2. Protein content in the
microsomal fraction is measured according to Bradford
(Bradford, M. M. (1976), Anal. Biochem. Bd. 72, pp.
248-254) with bovine serum albumin as standard. The
substrate selectivity can be determined by mixing equimolar
amounts of different acyl-CoA:s in the same reaction and
measure the preference for using the different acyl groups as
substrates. The assay is run as in the specificity studies
(Example 5) but scaled up 18 times to get sufficient amount
of PA for detection. Up to 4 different acyl-CoA:s can be used
in the assay in equimolar amount instead of one single
acyl-CoA. Samples are incubated for 4 min at 30° C. The
assays are terminated by extraction of the lipids into chlo-
roform according to Bligh and Dyer (Bligh, E. G. and Dyer,
W. 1. (1959), Can. J. Biochem. Physiol. 37, pp. 911-917).
Lipids are separated on thin layer chromatography (TLC)
silica 60 plates (Merck) using chloroform/methanol/acetic
acid/water (90:15:10:3), and autoradiographic pictures are
taken using an instant imager (Packard). The phosphatidic
acid (PA) is recovered from the plate and the fatty acids
methylated in situ on the gel with sulphuric acid (2%) in
methanol. Fatty acid methy] esters are extracted with hexane
and separated by gas-liquid chromatography (GLC) using a
WCOT fused silica 50 mx0.32 mm ID capillary column
coated with CP-Wax 58-CB DF=0.3 (Chrompack inc., The
Netherlands) and quantified relative to methyl-heptadecano-
ate added as an internal standard. The selectivity can be
determined by calculating the amount of each acyl group
that has been acylated to LPA.

Example 12

Determination of Substrate Selectivity for LPLAT

[0142] For LPCAT and LPEAT activity assay, clones of
the yeast mutant Y12431 harboring LPLAt genes can be
grown at 28° C. in 10 ml selective media (SC-URA) with
2% raffinose as carbon source over night. The next day,
expression of the acyltransferase polypeptides can be
induced by transferring the cells to fresh media containing
2% galactose, for example by inoculating 100 ml of fresh
culture to an optical density (measure at 600 nm) of
ODy,=0.1 Cells are harvested after 24 h incubation at 28°
C. by centrifugation at 3000xg for 5 min and resuspended in
1 ml disruption buffer (20 mM Tris/HCL pH 7.6, 10 mM
MgCl12, 1 mM EDTA, 5% glycerol, 0.3 M (NH,),SO,) and
disrupted using acid washed zirconium beads (200 pm
average diameter) in a mill (Retsch, Germany) by three
minutes agitation at 300 rpm. The supernatant and the beads
are transferred to a fresh tube. Disruption buffer is added up
to 20 ml and the tube is centrifuged at 8000xg for 5 min. The
obtained supernatant is centrifuged for 2 hrs at 42000 rpm at
4° C. The pellet (microsomal fraction) is resuspended in a
small volume of 0.1 M phosphate buffer pH 7.2. Protein
content in the microsomal fraction is measured according to
Bradford (Bradford, M. M. (1976), Anal. Biochem. Bd. 72,
pp. 248-254) with bovine serum albumin as standard. The
substrate selectivity can be determined by mixing equimolar
amounts of different acyl-CoA:s in the same reaction and
measure the preference for using the different acyl groups as
substrates. The assay is run as in the specificity studies
(Example 6) but scaled up 18 times to get sufficient amount
of PC or PE for detection. Up to 4 different acyl-CoA:s can
be used in the assay in equimolar amount instead of one
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single acyl-CoA. Samples are incubated for 4 min at 30° C.
The assays are terminated by extraction of the lipids into
chloroform according to Bligh and Dyer (Bligh, E. G. and
Dyer, W. J. (1959), Can. J. Biochem. Physiol. 37, pp.
911-917). Lipids are separated on thin layer chromatography
(TLC) silica 60 plates (Merck) using chloroform/methanol/
acetic acid/water (90:15:10:3), and autoradiographic pic-
tures are taken using an instant imager (Packard). The PC or
PE is recovered from the plate and the fatty acids methylated
in situ on the gel with sulphuric acid (2%) in methanol. Fatty
acid methyl esters are extracted with hexane and separated
by gas-liquid chromatography (GLC) using a WCOT fused
silica 50 mx0.32 mm ID capillary column coated with
CP-Wax 58-CB DF=0.3 (Chrompack inc., The Netherlands)
and quantified relative to methyl-heptadecanoate added as
an internal standard. The selectivity can be determined by
calculating the amount of each acyl group that has been
acylated to LPC or LPE.

Example 13

Determination of Substrate Selectivity for DGAT

[0143] For DGAT activity assay, clones of the yeast
mutant H1246 harboring DGAT genes can be grown at 28°
C. in 10 ml selective media (SC-URA) with 2% raffinose as
carbon source over night. The next day, expression of the
acyltransferase polypeptides can be induced by transferring
the cells to fresh media containing 2% galactose, for
example by inoculating 100 ml of fresh culture to an optical
density (measure at 600 nm) of OD,,=0.1. Cells are har-
vested after 24 h incubation at 28° C. by centrifugation at
3000xg for 5 min and resuspended in 1 ml disruption buffer
(20 mM Tris/HCL pH 7.6, 10 mM MgCl12, 1 mM EDTA, 5%
glycerol, 0.3 M (NH,),SO,) and disrupted using acid
washed zirconium beads (200 pm average diameter) in a
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mill (Retsch, Germany) by three minutes agitation at 300
rpm. The supernatant and the beads are transferred to a fresh
tube. Disruption buffer is added up to 20 ml and the tube is
centrifuged at 8000xg for 5 min. The obtained supernatant
is centrifuged for 2 hrs at 42000 rpm at 4° C. The pellet
(microsomal fraction) is resuspended in a small volume of
0.1 M phosphate buffer pH 7.2. Protein content in the
microsomal fraction is measured according to Bradford
(Bradford, M. M. (1976), Anal. Biochem. Bd. 72, pp.
248-254) with bovine serum albumin as standard. The
substrate selectivity can be determined by mixing equimolar
amounts of different acyl-CoA:s in the same reaction and
measure the preference for using the different acyl groups as
substrates. The assay is run as in the specificity studies
(Example 7) but scaled up 18 times to get sufficient amount
of TAG for detection. Up to 4 different acyl-CoA:s can be
used in the assay in equimolar amount instead of one single
acyl-CoA. Samples are incubated for 4 min at 30° C. The
assays are terminated by extraction of the lipids into chlo-
roform according to Bligh and Dyer (Bligh, E. G. and Dyer,
W. 1. (1959), Can. J. Biochem. Physiol. 37, pp. 911-917).
Lipids are separated on thin layer chromatography (TLC)
silica 60 plates (Merck) using chloroform/methanol/acetic
acid/water (90:15:10:3), and autoradiographic pictures are
taken using an instant imager (Packard). The TAG is recov-
ered from the plate and the fatty acids methylated in situ on
the gel with sulphuric acid (2%) in methanol. Fatty acid
methyl esters are extracted with hexane and separated by
gas-liquid chromatography (GLC) using a WCOT fused
silica 50 mx0.32 mm ID capillary column coated with
CP-Wax 58-CB DF=0.3 (Chrompack inc., The Netherlands)
and quantified relative to methyl-heptadecanoate added as
an internal standard. The selectivity can be determined by
calculating the amount of each acyl group that has been
acylated to TAG.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 114

<210> SEQ ID NO 1

<211> LENGTH: 1485

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 1

atggacaagyg cactggcacc gttgggggag accctggget ttgagatcgg catgctcaag 60
tatgttectgg ccatgttect cgectacceg ctatcgggea tecttaatat cttgeccact 120
gccaatgcca agcatgettt ctecttattg gtgggettgt ggtacgegea ggagattttt 180
ggcaaccagt gggtgcatte gttectctee tcggccegtgt cctaccteat cgtetgecte 240
ggccccegga agcacatage caccctggte ttectcettca ccatgacgta catgagegte 300
agtcacctgt accgectcta cgtggactac ttgggatggt cgetggactt cacaggacce 360
cagatgatce tgaccatcaa gctctegtcg ttegectaca atgtgtatga cggegtggtyg 420
gatctcgacg ccatctecaa geccccaggag aacaagctca agatcegtgt cttcaaggag 480
aggcteceget acgecatcac atccattcct tcccecttgg cettettegg ctacgtctac 540
tcectteteca cettectgge aggtcceggeg ttegagtact cagactatge atccgtcatt 600

gacggcetegg ccttectecaa gaagggaggg aaggagggag ggaaggaggyg aggagcaccece 660



US 2016/0272951 Al Sep. 22, 2016
28

-continued
tectegttge tggetgegtt gtggegectt cteccagggtg tectgtgect ggctctcecac 720
ctecgtegget ctgccaagtt cagcctcage gacgtcctct ccgacgaagt cctggecatg 780
ceccttetteg agegetgget cttcactcte atcgecctet tettetgeeg aatgaagtac 840
tacttcgett ggaaggtgge ggaaggctece tgcegtegtgg cecggcettegg tttegaagge 900
tatgcggagg acgggtcggt gaaggggtgg aacggcatct ctaatatgga tatattaggt 960

ttcgaggcgg ccaccaatac cgccgaggcece tccaaggect ggaacaaggg cacccaaaag 1020
tggttgcagce gatacgtcta ttttcecgcaac agcecgagtccce tecttatcac gtacttegte 1080
tccgecttet ggcatggett ctacccggge tactacctet tettettete categegetg 1140
gtgcagacgg tgcagagggc gtggcagaag aaggtgtctc cttacttcac ctccaccatt 1200
ccegeectet accacctect ctgcatccte gttttetecg cctacatcaa ttacttcteg 1260
atcgtecttte aggtcctgge ctgggaccgg gcgatggegg tgtggaagag cgcgcattac 1320
tggggtcatg tcgccaccge gggcgecttt gttcectcacct ccgtgetgece cteteccaag 1380
aaggaggcgg ggaagaaggt tttagaggaa agaaagaagg ctttgaggga aggaaggaga 1440
tttagaggga aggaagaagg tttagaggga aggaagaaag tttag 1485
<210> SEQ ID NO 2

<211> LENGTH: 494

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 2

Met Asp Lys Ala Leu Ala Pro Leu Gly Glu Thr Leu Gly Phe Glu Ile
1 5 10 15

Gly Met Leu Lys Tyr Val Leu Ala Met Phe Leu Ala Tyr Pro Leu Ser
20 25 30

Gly Ile Leu Asn Ile Leu Pro Thr Ala Asn Ala Lys His Ala Phe Ser
35 40 45

Leu Leu Val Gly Leu Trp Tyr Ala Gln Glu Ile Phe Gly Asn Gln Trp
50 55 60

Val His Ser Phe Leu Ser Ser Ala Val Ser Tyr Leu Ile Val Cys Leu
65 70 75 80

Gly Pro Arg Lys His Ile Ala Thr Leu Val Phe Leu Phe Thr Met Thr
Tyr Met Ser Val Ser His Leu Tyr Arg Leu Tyr Val Asp Tyr Leu Gly
100 105 110

Trp Ser Leu Asp Phe Thr Gly Pro Gln Met Ile Leu Thr Ile Lys Leu
115 120 125

Ser Ser Phe Ala Tyr Asn Val Tyr Asp Gly Val Val Asp Leu Asp Ala
130 135 140

Ile Ser Lys Pro Gln Glu Asn Lys Leu Lys Ile Arg Val Phe Lys Glu
145 150 155 160

Arg Leu Arg Tyr Ala Ile Thr Ser Ile Pro Ser Pro Leu Ala Phe Phe
165 170 175

Gly Tyr Val Tyr Ser Phe Ser Thr Phe Leu Ala Gly Pro Ala Phe Glu
180 185 190

Tyr Ser Asp Tyr Ala Ser Val Ile Asp Gly Ser Ala Phe Ser Lys Lys
195 200 205
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-continued

Gly Gly Lys Glu Gly Gly Lys Glu Gly Gly Ala Pro Ser Ser Leu Leu
210 215 220

Ala Ala Leu Trp Arg Leu Leu Gln Gly Val Leu Cys Leu Ala Leu His
225 230 235 240

Leu Val Gly Ser Ala Lys Phe Ser Leu Ser Asp Val Leu Ser Asp Glu
245 250 255

Val Leu Ala Met Pro Phe Phe Glu Arg Trp Leu Phe Thr Leu Ile Ala
260 265 270

Leu Phe Phe Cys Arg Met Lys Tyr Tyr Phe Ala Trp Lys Val Ala Glu
275 280 285

Gly Ser Cys Val Val Ala Gly Phe Gly Phe Glu Gly Tyr Ala Glu Asp
290 295 300

Gly Ser Val Lys Gly Trp Asn Gly Ile Ser Asn Met Asp Ile Leu Gly
305 310 315 320

Phe Glu Ala Ala Thr Asn Thr Ala Glu Ala Ser Lys Ala Trp Asn Lys
325 330 335

Gly Thr Gln Lys Trp Leu Gln Arg Tyr Val Tyr Phe Arg Asn Ser Glu
340 345 350

Ser Leu Leu Ile Thr Tyr Phe Val Ser Ala Phe Trp His Gly Phe Tyr
355 360 365

Pro Gly Tyr Tyr Leu Phe Phe Phe Ser Ile Ala Leu Val Gln Thr Val
370 375 380

Gln Arg Ala Trp Gln Lys Lys Val Ser Pro Tyr Phe Thr Ser Thr Ile
385 390 395 400

Pro Ala Leu Tyr His Leu Leu Cys Ile Leu Val Phe Ser Ala Tyr Ile
405 410 415

Asn Tyr Phe Ser Ile Val Phe Gln Val Leu Ala Trp Asp Arg Ala Met
420 425 430

Ala Val Trp Lys Ser Ala His Tyr Trp Gly His Val Ala Thr Ala Gly
435 440 445

Ala Phe Val Leu Thr Ser Val Leu Pro Ser Pro Lys Lys Glu Ala Gly
450 455 460

Lys Lys Val Leu Glu Glu Arg Lys Lys Ala Leu Arg Glu Gly Arg Arg
465 470 475 480

Phe Arg Gly Lys Glu Glu Gly Leu Glu Gly Arg Lys Lys Val
485 490

<210> SEQ ID NO 3

<211> LENGTH: 1908

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 3

attttcagca aagtaatcaa gataataaac aaaaacaatc ctataaagga aaaacaacag 60
gagceccatga cgttccacga gaagcacctce gatgcattgg tgtceccttett cgggagectgg 120
gtgcecgetag cagacaagac ggtctacttg accgtgectg gtatggacaa ggcactggea 180
cegttggggg agaccctggg ctttgagate ggcatgctca agtatgttet ggecatgtte 240
ctcgcctace cgctatcggg catccttaat atcttgccca ctgccaatgce caagcatget 300
ttctcecttat tggtgggctt gtggtacgceg caggagattt ttggcaacca gtgggtgcat 360

tegttectet ccteggecgt gtectaccte atcegtetgec teggecccceg gaagcacata 420
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-continued
gccaccctgg tettectett caccatgacg tacatgageg tcagtcacct gtaccgecte 480
tacgtggact acttgggatg gtcgctggac ttcacaggac cccagatgat cctgaccatc 540
aagctctcgt cgttcgecta caatgtgtat gacggcgtgg tggatctecga cgccatctec 600
aagccccagg agaacaagct caagatccgt gtcttcaagg agaggctceg ctacgccatce 660
acatccattc cttccecectt ggecttette ggctacgtet actceccttete caccttectg 720
gcaggtccgg cgttcgagta ctcagactat gcatccgtca ttgacggcete ggecttetee 780

aagaagggag ggaaggaggg agggaaggag ggaggagcac cctcctegtt getggetgeg 840
ttgtggegee ttctccaggg tgtectgtge ctggetetee acctegtegg ctctgecaag 900
ttcagectca gcgacgtect ctccgacgaa gtcctggeca tgeccttett cgagegetgg 960
ctcttcacte tcatcgeecct cttecttetge cgaatgaagt actacttcege ttggaaggtg 1020
gcggaaggct cctgegtegt ggeccggette ggtttcgaag gctatgcgga ggacgggtceg 1080
gtgaaggggt ggaacggcat ctctaatatg gatatattag gtttcgaggc ggccaccaat 1140
accgccgagg cctccaagge ctggaacaag ggcacccaaa agtggttgca gcgatacgtce 1200
tattttcgca acagcgagtc cctceccttate acgtactteg tectceccgectt ctggcatgge 1260
ttctacccgg gctactacct cttecttectte teccatcgege tggtgcagac ggtgcagagg 1320
gcgtggcaga agaaggtgtc tccttacttc acctceccacca ttcccgecct ctaccaccte 1380
ctctgcatcee tegttttete cgectacatce aattacttet cgatcegtett tcaggtectg 1440
gectgggace gggcgatgge ggtgtggaag agcgegcatt actggggtca tgtcgccacce 1500
gcgggcegect ttgttctcac cteccecgtgcetg cectetecca agaaggaggce ggggaagaag 1560
gttttagagg aaagaaagaa ggctttgagg gaaggaagga gatttagagg gaaggaagaa 1620
ggtttagagg gaaggaagaa agtttagagg gaaggaagaa ggtttagagg gaagggagga 1680
ggttttatag agggaaggga ggaggtttta tagagggaag gaagaaggct ttgagggaag 1740
gaaggaggtt tagattcctc gcataaggca ttggaattta aatagtggtg ggcctgtctg 1800
gctttecegtg aaggagagca accataatgt gtgaccaacg ctttggcacc gcaaccacca 1860
taataacagc actaacaaaa agaagaacaa caataagaag gaggagat 1908
<210> SEQ ID NO 4

<211> LENGTH: 1776

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 4

atgaccacga ctgtcatcte tagctegatg gggeccatee tggectatta tacgtgtgec 60
acaatcacca tctacgtagt gctcggecge ttttecagte caaaccegeg cttgagatgg 120
ctgaagctca aagacctgga gaacattgag actgcgaace cggecgegea ccecttcagag 180
tctgatteta tgectcttaa ttctggcaat ctategtett ccaageccat tgccgcaget 240
gagatgcttce aaactcccte ggcatcgteg tcctegecct cggcatccce agagcgcaaa 300
gctectatga tgeggaaget ttectttete gecacgactg gagtcatcga aaatccecttt 360
atgaacaata cttgggatat ctccaggttg gaacgcgtta aatgtgcgat attcggtcca 420
atgctcatcc cccceegtet getcetgete tttgtgtcac ttettggtge ctacgggtte 480

ggcaagctct ctaccattgg cgcagaacta gagcgcccct tgcctcgatg gegcatcgac 540
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ctgcagcacc ccatgaagtt ttttgcccge gggattatgt ttgcattggg ctaccattgg 600
atctccatca aaggaaagca agcaagcccg caacacgctc ctatcgttgt ctccaatcat 660
tgctcecttet gtgaagccat ctatctgect gggcgectct tgtccatgge tgttteccge 720
cgggagaatg ccgctatcece tttttttgga gggctgatge aacaagtcca atgcatctte 780
gtctegegea ccgacaaaga ctcccggacce actgtcgeca acgagatctt gagacgctce 840
aaaatagaaa gggggcagtg gcaccgtcaa ctcctegtet tcecccagaagg gaccaccacg 900
aacgggagtg ccgtgatcag cttcaaagtc ggctcctttg cecggtggggt aagcgtgcag 960

ccagtcgetg tatcctacce ttccaaccaa atctgegatce catcatgggt cagtggtggg 1020
ccgcateceg gecgagattet gtttaaattg ctgtgtcage catggaacag tatgaatgtt 1080
actttcctge ctgtgtataa tcccgacgece gctgaaattg atgatccegt gectgtttage 1140
acaaatgtca ggcggttgat agccgcagag ttgggcegtge ctgccagtga tcacacattce 1200
gatgacgttt tgttgttaat ggaggcaaag aagctagggt accagggggg tcttegtgat 1260
tgcatctctg agctgaaaaa tatgcgaaag attctagaaa ttgacctggce aaaagcgaaa 1320
gaatatttgc atgaattttc tcagcttgac acaaacagga aggggctgtt atcatacccce 1380
caattcatta aagccttcgg ctcgcaggat tcagacgcac ttcggagtct attttgtgtg 1440
ttagacgtgc aagatcgggg agtgatcaat ttggtggagt acaccacagg gttagcactg 1500
ttgaatgagc aaggcaccga tggttttgat ggggccatgce gecttgatttt caaagttcaa 1560
gattcgagtg gggaggggcg gctgtcgaag gaagacacgg caaaggtgct geggeggetg 1620
tggcctgacg tgacgacgga gctgttcecgac tcgacgtttg ctgcggcgga cacagataat 1680
aacgggacgt tgagcgctga tgagtttctg gegttggcga ggtcaaatca acacttgtge 1740
ccgtegeteca agagctcegtt gtgcgggagg ctttga 1776
<210> SEQ ID NO 5

<211> LENGTH: 591

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 5

Met Thr Thr Thr Val Ile Ser Ser Ser Met Gly Pro Ile Leu Ala Tyr
1 5 10 15

Tyr Thr Cys Ala Thr Ile Thr Ile Tyr Val Val Leu Gly Arg Phe Ser

Ser Pro Asn Pro Arg Leu Arg Trp Leu Lys Leu Lys Asp Leu Glu Asn

Ile Glu Thr Ala Asn Pro Ala Ala His Pro Ser Glu Ser Asp Ser Met
50 55 60

Pro Leu Asn Ser Gly Asn Leu Ser Ser Ser Lys Pro Ile Ala Ala Ala
65 70 75 80

Glu Met Leu Gln Thr Pro Ser Ala Ser Ser Ser Ser Pro Ser Ala Ser
85 90 95

Pro Glu Arg Lys Ala Pro Met Met Arg Lys Leu Ser Phe Leu Ala Thr
100 105 110

Thr Gly Val Ile Glu Asn Pro Phe Met Asn Asn Thr Trp Asp Ile Ser
115 120 125

Arg Leu Glu Arg Val Lys Cys Ala Ile Phe Gly Pro Met Leu Ile Pro
130 135 140
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Pro Arg Leu Leu Leu Leu Phe Val Ser Leu Leu Gly Ala Tyr Gly Phe
145 150 155 160

Gly Lys Leu Ser Thr Ile Gly Ala Glu Leu Glu Arg Pro Leu Pro Arg
165 170 175

Trp Arg Ile Asp Leu Gln His Pro Met Lys Phe Phe Ala Arg Gly Ile
180 185 190

Met Phe Ala Leu Gly Tyr His Trp Ile Ser Ile Lys Gly Lys Gln Ala
195 200 205

Ser Pro Gln His Ala Pro Ile Val Val Ser Asn His Cys Ser Phe Cys
210 215 220

Glu Ala Ile Tyr Leu Pro Gly Arg Leu Leu Ser Met Ala Val Ser Arg
225 230 235 240

Arg Glu Asn Ala Ala Ile Pro Phe Phe Gly Gly Leu Met Gln Gln Val
245 250 255

Gln Cys Ile Phe Val Ser Arg Thr Asp Lys Asp Ser Arg Thr Thr Val
260 265 270

Ala Asn Glu Ile Leu Arg Arg Ser Lys Ile Glu Arg Gly Gln Trp His
275 280 285

Arg Gln Leu Leu Val Phe Pro Glu Gly Thr Thr Thr Asn Gly Ser Ala
290 295 300

Val Ile Ser Phe Lys Val Gly Ser Phe Ala Gly Gly Val Ser Val Gln
305 310 315 320

Pro Val Ala Val Ser Tyr Pro Ser Asn Gln Ile Cys Asp Pro Ser Trp
325 330 335

Val Ser Gly Gly Pro His Pro Gly Glu Ile Leu Phe Lys Leu Leu Cys
340 345 350

Gln Pro Trp Asn Ser Met Asn Val Thr Phe Leu Pro Val Tyr Asn Pro
355 360 365

Asp Ala Ala Glu Ile Asp Asp Pro Val Leu Phe Ser Thr Asn Val Arg
370 375 380

Arg Leu Ile Ala Ala Glu Leu Gly Val Pro Ala Ser Asp His Thr Phe
385 390 395 400

Asp Asp Val Leu Leu Leu Met Glu Ala Lys Lys Leu Gly Tyr Gln Gly
405 410 415

Gly Leu Arg Asp Cys Ile Ser Glu Leu Lys Asn Met Arg Lys Ile Leu
420 425 430

Glu Ile Asp Leu Ala Lys Ala Lys Glu Tyr Leu His Glu Phe Ser Gln
435 440 445

Leu Asp Thr Asn Arg Lys Gly Leu Leu Ser Tyr Pro Gln Phe Ile Lys
450 455 460

Ala Phe Gly Ser Gln Asp Ser Asp Ala Leu Arg Ser Leu Phe Cys Val
465 470 475 480

Leu Asp Val Gln Asp Arg Gly Val Ile Asn Leu Val Glu Tyr Thr Thr
485 490 495

Gly Leu Ala Leu Leu Asn Glu Gln Gly Thr Asp Gly Phe Asp Gly Ala
500 505 510

Met Arg Leu Ile Phe Lys Val Gln Asp Ser Ser Gly Glu Gly Arg Leu
515 520 525

Ser Lys Glu Asp Thr Ala Lys Val Leu Arg Arg Leu Trp Pro Asp Val
530 535 540
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Thr Thr Glu Leu Phe Asp Ser Thr Phe Ala Ala Ala Asp Thr Asp Asn
545 550 555 560

Asn Gly Thr Leu Ser Ala Asp Glu Phe Leu Ala Leu Ala Arg Ser Asn
565 570 575

Gln His Leu Cys Pro Ser Leu Lys Ser Ser Leu Cys Gly Arg Leu
580 585 590

<210> SEQ ID NO 6

<211> LENGTH: 2247

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 6

aaaaagtttg agattttcag caaagtaatc aagataataa acaaaaacaa tcctataaag
gaaaaacaac agggactatt tcgcctcget cctcacgcct gcccaattag gggaccaacyg
atcacaacta tgaccacgac tgtcatctct agctcgatgg ggcccatcct ggcectattat
acgtgtgcca caatcaccat ctacgtagtg ctcggccget tttccagtec aaacccgcegce
ttgagatggc tgaagctcaa agacctggag aacattgaga ctgcgaaccc ggccgcgcac
ccttcagagt ctgattctat gcctcttaat tctggcaatc tatcgtcttce caagceccatt
gececgecagetg agatgcttca aactcccteg gecategtegt cctegeccte ggecatcccca
gagcgcaaag ctcctatgat gcggaagett tcecttteteg ccacgactgg agtcatcgaa
aatcccttta tgaacaatac ttgggatatc tccaggttgg aacgcgttaa atgtgcgata
ttcggtccaa tgctcatcee ccccegtetg ctectgetet ttgtgtcact tettggtgece
tacgggttcg gcaagctcte taccattggce gcagaactag agcgcccctt gcectecgatgg
cgcatcgacc tgcagcaccce catgaagttt tttgcccgcg ggattatgtt tgcattggge
taccattgga tctccatcaa aggaaagcaa gcaagcccgc aacacgctcece tatcgttgte
tccaatcatt gctccttectg tgaagccatc tatctgectg ggecgecctett gtccatgget
gtttccecgee gggagaatgce cgctatccect ttttttggag ggctgatgca acaagtccaa
tgcatcttceg tctcgecgecac cgacaaagac tcccggacca ctgtcgceccaa cgagatcttg
agacgctcca aaatagaaag ggggcagtgg caccgtcaac tcctegtcett cccagaaggg
accaccacga acgggagtgc cgtgatcagce ttcaaagtcg gectcctttge cggtggggta
agcgtgcage cagtcgetgt atcctaccct tccaaccaaa tctgcgatece atcatgggte
agtggtgggc cgcatcccgg cgagattctg tttaaattge tgtgtcagec atggaacagt
atgaatgtta ctttcctgcce tgtgtataat cccgacgccg ctgaaattga tgatcccgtg
ctgtttagca caaatgtcag gcggttgata gccgcagagt tgggcgtgec tgccagtgat
cacacattcg atgacgtttt gttgttaatg gaggcaaaga agctagggta ccaggggggt
cttcgtgatt gcatctctga gctgaaaaat atgcgaaaga ttctagaaat tgacctggca
aaagcgaaag aatatttgca tgaattttct cagcttgaca caaacaggaa ggggctgtta
tcatacccce aattcattaa agccttcgge tcgcaggatt cagacgcact tcggagtcta
ttttgtgtgt tagacgtgca agatcgggga gtgatcaatt tggtggagta caccacaggg
ttagcactgt tgaatgagca aggcaccgat ggttttgatg gggccatgcg cttgattttce

aaagttcaag attcgagtgg ggaggggcgg ctgtcgaagg aagacacggce aaaggtgcetg

cggceggetgt ggectgacgt gacgacggag ctgttcegact cgacgtttge tgeggeggac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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acagataata acgggacgtt gagcgctgat gagtttctgg cgttggcgag gtcaaatcaa 1860
cacttgtgecce cgtcgectcaa gagctegttg tgcgggagge tttgagtaaa tgttttatge 1920
tgcatgtttt ataagaagca tgtatgtgaa aatgtaaata gattagacct ggtgtagatt 1980
ggctaggagt ttaataggca aggcttcatg tcgaaaaaaa atgtgccgcg attaaagtga 2040

ggaaaacaca ctcatttctt tacacaattt ggaacacttt gttcctctat ttcgcataaa 2100

acagcgacca gcaattcaac cgcacgagcg tctcatagca ccaaaccttce ctgttcatcece 2160
ctccaacctt cctectecee ccttegecct tetgtetete cactttecatt cecteccaac 2220
catttactca tgcaatcctce teggect 2247

<210> SEQ ID NO 7

<211> LENGTH: 1134

<212> TYPE: DNA

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 7

atggagggca tcgagtcgat agtggacgac gacttttgga agtgcttcca gagccggaaa 60
ccgegaccct ggaactggaa tgcectacttg tggccgetgt gggctgeggg tgtctttatce 120
cggtactttg tccttttcecc gatccecggcectt gecgatttttg cgatgggcectg gattctgtte 180
ggaatcggga tgttggtcac gcaaacctge tttcecgcacg ggccgegteg cacctegett 240
gagcacggac tgatctcgat gatgtgegge gtgttcectgta tcacctgggg ggeggtcatce 300
cggtaccacg ggtcgceggt caagccgcga gagggcgagt gccagccegt gtacgttgece 360
aaccacactt cgatgatcga cgtcatcatc ttgcagcaga tgcgctgett ttcgetegtg 420
ggccagcgece acaaaggcat cgtgceggttt ttgcaagagg tcgtgetggg ctgtttgcag 480
tgcegtectggt tcgaccgegg cgagatcaag gacagggcag ccgtggegeg caagctcaac 540
gagcatgcga acgacccgac tcgcaacccg ctgctcgtgt ttccggaggg aacgtgegtg 600
aacaatgagt acgtgatcca gttcaagaag ggcatctttg agatcggecgce cccegtggte 660
ccagtcgcca tcaagtacaa caaaatgttc gtggacccgt tctggaactc gegegcgcag 720
tegttecccga tgcacctegt agagctcatg acctegtggt gectcatttg cgaggtttgg 780
tacctcaagc cgctcgageg catggagcge gagtcegtcca ccgattttge agcacgegtg 840
aagaaggcga ttgcggacca ggccggectt aagaacgtca actgggacgg ctacatgaag 900
tattggaagc catcggagcg ttacttgcge gcgcgecagg cgatcttege caaaactcte 960

cgcaaaatcc actcgecgete tttggagcag gacaaggctg accggcaggce cattctgcac 1020
gacctggacg gcgegtteee ggattetggg acacaccgeg gcgagegega gtcgccaaga 1080
gagcegggte tgcggcegeceg ccaggcggcece tcecgegecgg gagaagectt atag 1134
<210> SEQ ID NO 8

<211> LENGTH: 377

<212> TYPE: PRT

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 8

Met Glu Gly Ile Glu Ser Ile Val Asp Asp Asp Phe Trp Lys Cys Phe
1 5 10 15

Gln Ser Arg Lys Pro Arg Pro Trp Asn Trp Asn Ala Tyr Leu Trp Pro
20 25 30
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Leu Trp Ala Ala Gly Val Phe Ile Arg Tyr Phe Val Leu Phe Pro Ile
35 40 45

Arg Leu Ala Ile Phe Ala Met Gly Trp Ile Leu Phe Gly Ile Gly Met
50 55 60

Leu Val Thr Gln Thr Cys Phe Pro His Gly Pro Arg Arg Thr Ser Leu
65 70 75 80

Glu His Gly Leu Ile Ser Met Met Cys Gly Val Phe Cys Ile Thr Trp
Gly Ala Val Ile Arg Tyr His Gly Ser Pro Val Lys Pro Arg Glu Gly
100 105 110

Glu Cys Gln Pro Val Tyr Val Ala Asn His Thr Ser Met Ile Asp Val
115 120 125

Ile Ile Leu Gln Gln Met Arg Cys Phe Ser Leu Val Gly Gln Arg His
130 135 140

Lys Gly Ile Val Arg Phe Leu Gln Glu Val Val Leu Gly Cys Leu Gln
145 150 155 160

Cys Val Trp Phe Asp Arg Gly Glu Ile Lys Asp Arg Ala Ala Val Ala
165 170 175

Arg Lys Leu Asn Glu His Ala Asn Asp Pro Thr Arg Asn Pro Leu Leu
180 185 190

Val Phe Pro Glu Gly Thr Cys Val Asn Asn Glu Tyr Val Ile Gln Phe
195 200 205

Lys Lys Gly Ile Phe Glu Ile Gly Ala Pro Val Val Pro Val Ala Ile
210 215 220

Lys Tyr Asn Lys Met Phe Val Asp Pro Phe Trp Asn Ser Arg Ala Gln
225 230 235 240

Ser Phe Pro Met His Leu Val Glu Leu Met Thr Ser Trp Cys Leu Ile
245 250 255

Cys Glu Val Trp Tyr Leu Lys Pro Leu Glu Arg Met Glu Arg Glu Ser
260 265 270

Ser Thr Asp Phe Ala Ala Arg Val Lys Lys Ala Ile Ala Asp Gln Ala
275 280 285

Gly Leu Lys Asn Val Asn Trp Asp Gly Tyr Met Lys Tyr Trp Lys Pro
290 295 300

Ser Glu Arg Tyr Leu Arg Ala Arg Gln Ala Ile Phe Ala Lys Thr Leu
305 310 315 320

Arg Lys Ile His Ser Arg Ser Leu Glu Gln Asp Lys Ala Asp Arg Gln
325 330 335

Ala Ile Leu His Asp Leu Asp Gly Ala Phe Pro Asp Ser Gly Thr His
340 345 350

Arg Gly Glu Arg Glu Ser Pro Arg Glu Pro Gly Leu Arg Arg Arg Gln
355 360 365

Ala Ala Ser Ala Pro Gly Glu Ala Leu

370 375

<210> SEQ ID NO 9

<211> LENGTH: 1288

<212> TYPE: DNA

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 9

atggagggca tecgagtegat agtggacgac gacttttgga agtgctteca gagcecggaaa 60
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ccgegacect ggaactggaa tgcctacttyg tggecgetgt gggetgeggg tgtcetttate 120
cggtactttg tccttttecee gatccggett gegatttttg cgatgggetg gattctgtte 180
ggaatcggga tgttggtcac gcaaacctge tttccgcacyg ggecgegteg cacctegett 240
gagcacggac tgatctcgat gatgtgcgge gtgttctgta tcacctgggg ggceggtcatce 300
cggtaccacg ggtcgccggt caagccgcga gagggcgagt gccagcccegt gtacgttgece 360
aaccacactt cgatgatcga cgtcatcatc ttgcagcaga tgcgetgcett ttecgectegtg 420
ggccagcegece acaaaggcat cgtgeggttt ttgcaagagg tcegtgcetggg ctgtttgcag 480
tgegtetggt tegaccgegg cgagatcaag gacagggeag cegtggegeg caagctcaac 540
gagcatgcga acgacccgac tcgcaaccceg ctgctegtgt ttecggaggg aacgtgegtg 600
aacaatgagt acgtgatcca gttcaagaag ggcatctttg agatcggege cccegtggte 660
ccagtcgeca tcaagtacaa caaaatgttce gtggaccegt tctggaactce gegcgegceag 720
tcgtteeccga tgcacctegt agagctcatyg acctegtggt gectcatttg cgaggtttgg 780
tacctcaage cgctcgageg catggagcge gagtegtceca ccgattttge agcacgegtyg 840
aagaaggcga ttgcggacca ggccggectt aagaacgtca actgggacgg ctacatgaag 900
tattggaagc catcggagceg ttacttgcge gcgcgccagg cgatcttcecge caaaactcetce 960

cgcaaaatcc actcgecgete tttggagcag gacaaggctg accggcaggce cattctgcac 1020
gacctggacg gcgegttceccee ggattetggg acacaccgeg gcgagcecgcga gtcegccaaga 1080
gageccgggte tgcggegecg ccaggeggece tcecgegecgg gagaagectt atageggegt 1140
ttgccttgca cgctgatcaa cgtggggcat gtgggtgcte tgtggccaag agcaggccgt 1200
gcgctceggeca ctgcagegcet acgctcagac ttttegeggt ggggcatgca tgcatccaaa 1260
cattttctte cttctteccaa aaaaaaaa 1288
<210> SEQ ID NO 10

<211> LENGTH: 1284

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 10

atgaagacgc ccacgagcct ggegtgegga gectgeacgg cagecgtgtt aatgtgttte 60
acaacaacag cagatgccct tgccagcaca tcacaaccgg gcagegttgg cgtggetgte 120
gegeggegge caccaggett ccactcgata gggcgatcat cagecacgac taggagaata 180

agcaggggag ggatagagga tctcggaacce catcacacgt ggggceggcag gatgtcgeag 240
cagcaccagc agcaccagca gcaccagcag caccgtcegge gtaggaggac acccactatg 300

ctagtggaga cagacgtgaa ggtaaaagag gaagcgggga ttggccacgg atcaggaage 360

aacgaaagtg gcaacaggag cggcaagagc gggtctgegg cggcagacgce ctcagaaggt 420
acaggcccac cgecagtgec cgtggatacce ttecggeaca agagettgge ggaggtccceg 480
acggactatg gaccctacct gaccattaaa gggttcaaga tcaatgcectt tggcettctat 540
ttetgetteg tggecctatt ctgggcgate cecctggggtg tettectcat cctgtacaag 600
gcgagtttgg agttcatgga caagatcgat cctcgccggt acaacgtgga ccgetccagt 660
tcectatggg getggetgac cagtatcagt actgactect tacccgacat tacgggcatg 720

gagaacattc ccaagggacc ggeggtette gtegecaace acgectectyg gatggacgtg 780
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cecctacactg cccaactgece catccgegece aagtacctag cgaaagctga cctggccaag 840
atcccaatcc tgggcaacgce catgagcatg gctcagcacg tcctcectega tcgagacgac 900
aagcgcagtce aaatggaagce cctgcegetet gectctectga tcctcaagac aggcaccccce 960

atcttcgtet tcceccgaggg cacccecgtggg cctcaaggcce gaatgcagac ctttaagatg 1020
ggtgcattca aggtggcgac caaggcgggce gtgcctatag tgcctgtatc tatcgegggg 1080
acgcatgtca tgatgcccaa ggaggtgatc atgcctcaat gtgctggceccg gggaatcacce 1140
gccattcatg tccaccectcece catctecate aagggccgca cggaccagga gctgtecggat 1200
ctggegtttg atactattaa caatgcattg tcagatgagc agcgggctat gcctagcagg 1260
aagaaggacg attcgagagc ttaa 1284
<210> SEQ ID NO 11

<211> LENGTH: 427

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 11

Met Lys Thr Pro Thr Ser Leu Ala Cys Gly Ala Cys Thr Ala Ala Val
1 5 10 15

Leu Met Cys Phe Thr Thr Thr Ala Asp Ala Leu Ala Ser Thr Ser Gln
20 25 30

Pro Gly Ser Val Gly Val Ala Val Ala Arg Arg Pro Pro Gly Phe His
35 40 45

Ser Ile Gly Arg Ser Ser Ala Thr Thr Arg Arg Ile Ser Arg Gly Gly
50 55 60

Ile Glu Asp Leu Gly Thr His His Thr Trp Gly Gly Arg Met Ser Gln
65 70 75 80

Gln His Gln Gln His Gln Gln His Gln Gln His Arg Arg Arg Arg Arg
Thr Pro Thr Met Leu Val Glu Thr Asp Val Lys Val Lys Glu Glu Ala
100 105 110

Gly Ile Gly His Gly Ser Gly Ser Asn Glu Ser Gly Asn Arg Ser Gly
115 120 125

Lys Ser Gly Ser Ala Ala Ala Asp Ala Ser Glu Gly Thr Gly Pro Pro
130 135 140

Pro Val Pro Val Asp Thr Phe Arg His Lys Ser Leu Ala Glu Val Pro
145 150 155 160

Thr Asp Tyr Gly Pro Tyr Leu Thr Ile Lys Gly Phe Lys Ile Asn Ala
165 170 175

Phe Gly Phe Tyr Phe Cys Phe Val Ala Leu Phe Trp Ala Ile Pro Trp
180 185 190

Gly Val Phe Leu Ile Leu Tyr Lys Ala Ser Leu Glu Phe Met Asp Lys
195 200 205

Ile Asp Pro Arg Arg Tyr Asn Val Asp Arg Ser Ser Ser Leu Trp Gly
210 215 220

Trp Leu Thr Ser Ile Ser Thr Asp Ser Leu Pro Asp Ile Thr Gly Met
225 230 235 240

Glu Asn Ile Pro Lys Gly Pro Ala Val Phe Val Ala Asn His Ala Ser
245 250 255

Trp Met Asp Val Pro Tyr Thr Ala Gln Leu Pro Ile Arg Ala Lys Tyr
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260 265 270

Leu Ala Lys Ala Asp Leu Ala Lys Ile Pro Ile Leu Gly Asn Ala Met
275 280 285

Ser Met Ala Gln His Val Leu Leu Asp Arg Asp Asp Lys Arg Ser Gln
290 295 300

Met Glu Ala Leu Arg Ser Ala Leu Leu Ile Leu Lys Thr Gly Thr Pro
305 310 315 320

Ile Phe Val Phe Pro Glu Gly Thr Arg Gly Pro Gln Gly Arg Met Gln
325 330 335

Thr Phe Lys Met Gly Ala Phe Lys Val Ala Thr Lys Ala Gly Val Pro
340 345 350

Ile Val Pro Val Ser Ile Ala Gly Thr His Val Met Met Pro Lys Glu
355 360 365

Val Ile Met Pro Gln Cys Ala Gly Arg Gly Ile Thr Ala Ile His Val
370 375 380

His Pro Pro Ile Ser Ile Lys Gly Arg Thr Asp Gln Glu Leu Ser Asp
385 390 395 400

Leu Ala Phe Asp Thr Ile Asn Asn Ala Leu Ser Asp Glu Gln Arg Ala
405 410 415

Met Pro Ser Arg Lys Lys Asp Asp Ser Arg Ala
420 425

<210> SEQ ID NO 12

<211> LENGTH: 1826

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 12

aagataataa caaaaacaat cctctaaaag gaaaacaaca ggtgtacaat tccaggacag 60
acgacaagtg attcatgaag acgcccacga gectggegtg cggagectge acggcagecg 120
tgttaatgtg tttcacaaca acagcagatyg cccttgccag cacatcacaa ccgggcagceg 180
ttggegtgge tgtegegegg cggccaccag gecttecacte gatagggcega tcatcageca 240
cgactaggag aataagcagg ggagggatag aggatctegg aacccatcac acgtggggey 300
gcaggatgtc gcagcagcac cagcagcacce agcagcacca gcagcaccegt cggegtagga 360
ggacacccac tatgctagtg gagacagacg tgaaggtaaa agaggaageg gggattggece 420

acggatcagg aagcaacgaa agtggcaaca ggagceggcaa gagegggtet geggceggeag 480

acgcctcaga aggtacagge ccaccgecag tgccegtgga taccttceegg cacaagaget 540
tggcggaggt cccgacggac tatggaccct acctgaccat taaagggttc aagatcaatg 600
cctttggett ctatttectge ttegtggece tattctggge gatccectgg ggtgtcettece 660
tcatcctgta caaggcgagt ttggagttca tggacaagat cgatcctcege cggtacaacg 720
tggaccgete cagttcccta tggggctgge tgaccagtat cagtactgac tccttacceg 780
acattacggg catggagaac attcccaagg gaccggceggt cttegtegece aaccacgect 840
cctggatgga cgtgecctac actgcccaac tgeccatceeg cgccaagtac ctagcgaaag 900
ctgacctgge caagatccca atcctgggca acgcecatgag catggetcag cacgtectec 960

tcgatcgaga cgacaagcgc agtcaaatgg aagccctgeg ctctgectcecte ctgatcctca 1020

agacaggcac ccccatctte gtcttccceg agggcacceg tgggectcaa ggccgaatgce 1080
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agacctttaa gatgggtgca ttcaaggtgg cgaccaaggc gggcgtgect atagtgectg 1140
tatctatcge ggggacgcat gtcatgatge ccaaggaggt gatcatgect caatgtgetg 1200
gccggggaat caccgccatt catgtccacc ctcccatcte catcaagggce cgcacggacc 1260
aggagctgtc ggatctggeg tttgatacta ttaacaatgce attgtcagat gagcagcggg 1320
ctatgcctag caggaagaag gacgattcga gagcttaaga agaaggaaaa gagaagatgt 1380
gaaggaatga ggtgaaggca tgtcaacaat aggagataga gatcatgaag agatgagagc 1440
gagggaatca aaacccgttc agtaagccct gtgtagatca tatgcaggaa aagtgagcaa 1500
caggagcggce aggagaagca gttgggcgca tcgagaaaga caattaccaa gcaggaggca 1560
ataaaaggca attatcgaat agatttggag cggggggtca gcgcacagcc gaacaagatg 1620
cegtgtgett agcagcagca gaatccgacce atagcgtaaa cctcacgaat gtttgtggtg 1680
agaagatggc aaatcaaatt cttcatcgtt tgtttgcaat tggtgatgca tgagattcct 1740
atagaccaga gagactggga agcttcacct ggagtaacag aaagaaagac taacagacga 1800
Caacaaaaaa aaaaaaaaaa aaaaaa 1826
<210> SEQ ID NO 13

<211> LENGTH: 1395

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 13

atggtcagga ggaagatgga cgtggacage tcggecgeeg gegaagegge gtcagetacyg 60
agcaacggeg ccaacgtcce gtegtecace tectctacag cctecegette ttecteetee 120
aaaggcaccce taccegcacg tgtccaggece ctgcaaacga aggecgecac attgectcag 180
cctttatcga atgtggcaaa acgcgecttg tactacgagg cggaaatget ctggcaatca 240
atcaaggatg agctgeccge cgageacceg gaccaggect ctttacttge ggcaatcgac 300
cagttcgaga ccaaccttct acgcatcagt cccgetcage tegecaccac ctcetttacga 360
cggatcctac aacaactcga catgetectg cgaatcatta cttgetcect ctacctetge 420
cttctagggg tcatcacatt tttgcccatg atcactcteg tteccatcct cgaccgecte 480
ctegtaatce tgggetggec ccgtegttte ctecatctacg aactggccaa aaaggcatcet 540
gcacgtggat ttctctacct ggeceggtgtt ttctacacgg aagaagggaa gcaagccaat 600
gggtatgaaa cccecccttgt cctectettt caacacggct cgaaccttga tggettettg 660
atcttggatt cctttectca attctttaaa tcaatcggga aagacgacat ctttceteatg 720
ccttacgtag ggtggatgge atatgtgtac ggcattctac ctatcgaceg caagcategt 780
aacgaagcaa tcaaacagct aggacgagcce accegegtet gtacctetgg tgtggeegte 840
gctettteee cegaggggac acgtagcaag accggacaat tgatgegatt caagaaaggg 900
ccgttttact tacaageccga gacatcgget actgtcacce ctettgtcat cgttggaaat 960

tacgagttgt ggcctccaaa ctatttecttt acctgtectg ggcaggtggt gatgaggtat 1020

ctcecccecca ttgaccatte ctceecteccet ceccteggttg gtcggaacaa agacgagttce 1080

agtcgatatg tgcgcaagca gatgtttgag gccattgatg atatcatggce tggttccgag 1140

gagggaggga aggaggtagg ggagaagagg aaaaaatatyg cgcegggggg gaaattgace 1200

tggtggttgc ggggagtgaa tttggcatgce atgtgecctgt tttggttgat ggtaaaggcyg 1260
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gcgtggatgg tggtaacggg ggtgagtgac gcgtatgggt tcagtagggg ggcgttggeg 1320
gggggattcg ttgcatacac ggtgagtgtg actgctggec tgtatatatt gtactgcaag 1380
gcgeeggegt cgtga 1395
<210> SEQ ID NO 14

<211> LENGTH: 464

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 14

Met Val Arg Arg Lys Met Asp Val Asp Ser Ser Ala Ala Gly Glu Ala
1 5 10 15

Ala Ser Ala Thr Ser Asn Gly Ala Asn Val Pro Ser Ser Thr Ser Ser
20 25 30

Thr Ala Ser Ala Ser Ser Ser Ser Lys Gly Thr Leu Pro Ala Arg Val
35 40 45

Gln Ala Leu Gln Thr Lys Ala Ala Thr Leu Pro Gln Pro Leu Ser Asn
Val Ala Lys Arg Ala Leu Tyr Tyr Glu Ala Glu Met Leu Trp Gln Ser
65 70 75 80

Ile Lys Asp Glu Leu Pro Ala Glu His Pro Asp Gln Ala Ser Leu Leu
85 90 95

Ala Ala Ile Asp Gln Phe Glu Thr Asn Leu Leu Arg Ile Ser Pro Ala
100 105 110

Gln Leu Ala Thr Thr Ser Leu Arg Arg Ile Leu Gln Gln Leu Asp Met
115 120 125

Leu Leu Arg Ile Ile Thr Cys Ser Leu Tyr Leu Cys Leu Leu Gly Val
130 135 140

Ile Thr Phe Leu Pro Met Ile Thr Leu Val Pro Ile Leu Asp Arg Leu
145 150 155 160

Leu Val Ile Leu Gly Trp Pro Arg Arg Phe Leu Ile Tyr Glu Leu Ala
165 170 175

Lys Lys Ala Ser Ala Arg Gly Phe Leu Tyr Leu Ala Gly Val Phe Tyr
180 185 190

Thr Glu Glu Gly Lys Gln Ala Asn Gly Tyr Glu Thr Pro Leu Val Leu
195 200 205

Leu Phe Gln His Gly Ser Asn Leu Asp Gly Phe Leu Ile Leu Asp Ser
210 215 220

Phe Pro Gln Phe Phe Lys Ser Ile Gly Lys Asp Asp Ile Phe Leu Met
225 230 235 240

Pro Tyr Val Gly Trp Met Ala Tyr Val Tyr Gly Ile Leu Pro Ile Asp
245 250 255

Arg Lys His Arg Asn Glu Ala Ile Lys Gln Leu Gly Arg Ala Thr Arg
260 265 270

Val Cys Thr Ser Gly Val Ala Val Ala Leu Ser Pro Glu Gly Thr Arg
275 280 285

Ser Lys Thr Gly Gln Leu Met Arg Phe Lys Lys Gly Pro Phe Tyr Leu
290 295 300

Gln Ala Glu Thr Ser Ala Thr Val Thr Pro Leu Val Ile Val Gly Asn
305 310 315 320

Tyr Glu Leu Trp Pro Pro Asn Tyr Phe Phe Thr Cys Pro Gly Gln Val
325 330 335
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Val Met Arg Tyr Leu Pro Pro Ile Asp His Ser Ser Leu Pro Pro Ser
340 345 350

Val Gly Arg Asn Lys Asp Glu Phe Ser Arg Tyr Val Arg Lys Gln Met
355 360 365

Phe Glu Ala Ile Asp Asp Ile Met Ala Gly Ser Glu Glu Gly Gly Lys
370 375 380

Glu Val Gly Glu Lys Arg Lys Lys Tyr Ala Pro Gly Gly Lys Leu Thr
385 390 395 400

Trp Trp Leu Arg Gly Val Asn Leu Ala Cys Met Cys Leu Phe Trp Leu
405 410 415

Met Val Lys Ala Ala Trp Met Val Val Thr Gly Val Ser Asp Ala Tyr
420 425 430

Gly Phe Ser Arg Gly Ala Leu Ala Gly Gly Phe Val Ala Tyr Thr Val
435 440 445

Ser Val Thr Ala Gly Leu Tyr Ile Leu Tyr Cys Lys Ala Pro Ala Ser
450 455 460

<210> SEQ ID NO 15

<211> LENGTH: 1771

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 15

atttttcagc aaagtaatca agataataaa caaaaacaat cctataaagg aaaaacaaca 60
ggacaaatca atggtcagga ggaagatgga cgtggacage tcggecgceg gcegaagcegge 120
gtcagctacg agcaacggeg ccaacgtcece gtcegtecace tectetacag cctecgette 180
ttectectee aaaggcacce taccegcacg tgtccaggee ctgcaaacga aggccgecac 240
attgcctcag cctttatcga atgtggcaaa acgegecttg tactacgagg cggaaatgcet 300
ctggcaatca atcaaggatg agctgeccge cgagcacceg gaccaggect ctttacttge 360
ggcaatcgac cagttcgaga ccaaccttet acgcatcagt cccgetcage tcgecaccac 420
ctctttacga cggatcctac aacaactcga catgetcctg cgaatcatta cttgeteect 480
ctacctctge cttctagggg tcatcacatt tttgeccatg atcactcteg tteccatcct 540
cgaccgecte ctegtaatee tgggetggece cegtegttte ctecatctacg aactggecaa 600
aaaggcatct gcacgtggat ttctctacct ggceggtgtt ttectacacgg aagaagggaa 660
gcaagccaat gggtatgaaa ccccecttgt cctectettt caacacgget cgaaccttga 720
tggcttettyg atcttggatt cctttectca attetttaaa tcaatcggga aagacgacat 780
ctttcteatyg ccttacgtag ggtggatgge atatgtgtac ggeattctac ctatcgacceg 840
caagcatcgt aacgaagcaa tcaaacagct aggacgagec acccgcegtet gtacctetgg 900
tgtggecegte getcttteee ccgaggggac acgtagcaag accggacaat tgatgegatt 960

caagaaaggg ccgttttact tacaagccga gacatcggct actgtcaccce ctcecttgtcat 1020

cgttggaaat tacgagttgt ggcctccaaa ctatttettt acctgtectg ggcaggtggt 1080

gatgaggtat ctccccccca ttgaccatte ctcectecect cecteggttg gtcggaacaa 1140

agacgagttc agtcgatatg tgcgcaagca gatgtttgag gccattgatg atatcatgge 1200

tggttccgag gagggaggga aggaggtagg ggagaagagg aaaaaatatg cgcegggggg 1260

gaaattgacc tggtggttgce ggggagtgaa tttggcatge atgtgectgt tttggttgat 1320
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ggtaaaggcg gcgtggatgg tggtaacggg ggtgagtgac gcgtatgggt tcagtagggg 1380
ggcgttggeg gggggatteg ttgcatacac ggtgagtgtg actgectggece tgtatatatt 1440
gtactgcaag gcgceggegt cgtgagaggg gggaagggag gggggaagga gagatagaag 1500
acgaggtaga ggtagatgtg agtgtgagat agcgcgagta ttatcttgaa gaaaagagat 1560
gaattgtagt agaagagtcg ggtattttag cagggagaga atattgtatg gagggtaaac 1620
gtgtgggaaa gaggagggag ggacctgaga tggataatga aagaatacta gagagagcgc 1680
gtgacacgtt cattgcttce tcggattagt tgcctgtgca taagttaaag ataatagaga 1740
ggaatggcge tcgcatgctc ctctttacac t 1771
<210> SEQ ID NO 16

<211> LENGTH: 1026

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 16

atggcaccct ccccaccgge cccgecacct gcacccgaga acccctacaa cctattgeca 60
cccaagegec ccaatccgca gtactggegg tatgcaagec ttgecgectt ccttcetcact 120
tgcttectgg cececttecag taactcegtgg gecaccaccee tecgecgege ctgctgggey 180
gegtactgga cgacctacct ggacacaage tataaggacg gcetcacggge ctggecctgg 240
tttcagegat tgcgaatctg gegtatgtat tgeggetatt tgcagggcaa agtcatttge 300
acggtgecct tggaccegge gcagcaattt atcttegegg cccatcccca cggcattggt 360
acctggaacc atttcctgac catgactgac ggetgtegat ttcetcetecte ctectaccce 420
cgeeegegge tegacctggg tgcgacagta cttttettea tecccttett aaaggaaatt 480

ctgetttgge taggetgtgt ggatgetgga geggecacgg cteatgeggt tttggegegyg 540

ggctactccet cectecattta catcggtgga gaaaaagage agatttggac acggcgagge 600
aaagacatcg tggtggtacg tccccgcaag ggtttttgea agetggccct ccagcataac 660
tgcceccateg taccggtcta cgcatttggg gaaaacgatc tgtatcgcac gttcaaccac 720
ctcaaggact tccagetgtg ggtggctage gecttcaage tegettttee tecttgttgyg 780
ggcgtectet tectecectt ccteccecte ccegteteta tcacggtggt gatgggegag 840
cececttgetac ccagagcaca aaaaggaagt gcgagaagga gtggtggagg aaaaggggtyg 900

gagccgacga gggaggaggt ggaggagctg cacttccgat acgtggaggc cttgcagaag 960
ttgtttgacg cacacaaagt caggcaggga gggaggagcg aagaggccac cttagtggtce 1020
aaatga 1026
<210> SEQ ID NO 17

<211> LENGTH: 341

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 17

Met Ala Pro Ser Pro Pro Ala Pro Pro Pro Ala Pro Glu Asn Pro Tyr
1 5 10 15

Asn Leu Leu Pro Pro Lys Arg Pro Asn Pro Gln Tyr Trp Arg Tyr Ala
20 25 30

Ser Leu Ala Ala Phe Leu Leu Thr Cys Phe Leu Ala Pro Ser Ser Asn
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35 40 45

Ser Trp Ala Thr Thr Leu Arg Arg Ala Cys Trp Ala Ala Tyr Trp Thr
50 55 60

Thr Tyr Leu Asp Thr Ser Tyr Lys Asp Gly Ser Arg Ala Trp Pro Trp
65 70 75 80

Phe Gln Arg Leu Arg Ile Trp Arg Met Tyr Cys Gly Tyr Leu Gln Gly
85 90 95

Lys Val Ile Cys Thr Val Pro Leu Asp Pro Ala Gln Gln Phe Ile Phe
100 105 110

Ala Ala His Pro His Gly Ile Gly Thr Trp Asn His Phe Leu Thr Met
115 120 125

Thr Asp Gly Cys Arg Phe Leu Ser Ser Ser Tyr Pro Arg Pro Arg Leu
130 135 140

Asp Leu Gly Ala Thr Val Leu Phe Phe Ile Pro Phe Leu Lys Glu Ile
145 150 155 160

Leu Leu Trp Leu Gly Cys Val Asp Ala Gly Ala Ala Thr Ala His Ala
165 170 175

Val Leu Ala Arg Gly Tyr Ser Ser Leu Ile Tyr Ile Gly Gly Glu Lys
180 185 190

Glu Gln Ile Trp Thr Arg Arg Gly Lys Asp Ile Val Val Val Arg Pro
195 200 205

Arg Lys Gly Phe Cys Lys Leu Ala Leu Gln His Asn Cys Pro Ile Val
210 215 220

Pro Val Tyr Ala Phe Gly Glu Asn Asp Leu Tyr Arg Thr Phe Asn His
225 230 235 240

Leu Lys Asp Phe Gln Leu Trp Val Ala Ser Ala Phe Lys Leu Ala Phe
245 250 255

Pro Pro Cys Trp Gly Val Leu Phe Leu Pro Phe Leu Pro Leu Pro Val
260 265 270

Ser Ile Thr Val Val Met Gly Glu Pro Leu Leu Pro Arg Ala Gln Lys
275 280 285

Gly Ser Ala Arg Arg Ser Gly Gly Gly Lys Gly Val Glu Pro Thr Arg
290 295 300

Glu Glu Val Glu Glu Leu His Phe Arg Tyr Val Glu Ala Leu Gln Lys
305 310 315 320

Leu Phe Asp Ala His Lys Val Arg Gln Gly Gly Arg Ser Glu Glu Ala
325 330 335

Thr Leu Val Val Lys
340

<210> SEQ ID NO 18

<211> LENGTH: 1100

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 18

attttcagca aagtaatcaa gataataaac aaaaacaatc ctataaagga aaaacaacag 60
aacgatggca ceccteeccac cggccccgece acctgcacce gagaacccecet acaacctatt 120
gccacccaag cgcecccaate cgcagtactg geggtatgca agecttgeeg ccttecttet 180
cacttgctte ctggccectt ccagtaacte gtgggccacce accctccegec gegectgetyg 240

ggeggcegtac tggacgacct acctggacac aagctataag gacggcetcac gggectggece 300
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ctggtttcag cgattgcgaa tctggcgtat gtattgcgge tatttgcagg gcaaagtcat 360
ttgcacggtg cccttggacc cggcgcagca atttatcttc geggcccatce cccacggcat 420
tggtacctgg aaccatttcc tgaccatgac tgacggctgt cgatttctet cctectecta 480
cccecgeceg cggctcgace tgggtgcgac agtactttte ttcatcccct tcecttaaagga 540
aattctgectt tggctagget gtgtggatge tggagcggec acggctcatg cggttttgge 600
gcggggcetac tcctecctceca tttacatcgg tggagaaaaa gagcagattt ggacacggeg 660
aggcaaagac atcgtggtgg tacgtccceg caagggtttt tgcaagctgg ccctccagca 720
taactgccee atcgtaccgg tctacgeatt tggggaaaac gatctgtatc gcacgttcaa 780
ccacctcaag gacttccage tgtgggtgge tagegecttce aagctcgett ttectecttyg 840
ttggggcegte ctcttectee ccttectece cecteccegte tetatcacgg tggtgatggy 900
cgagcecttg ctacccagag cacaaaaagg aagtgcgaga aggagtggtg gaggaaaagg 960

ggtggagceg acgagggagg aggtggagga gctgcacttc cgatacgtgg aggccttgea 1020
gaagttgttt gacgcacaca aagtcaggca gggagggagg agcgaagagg ccaccttagt 1080
ggtcaaatga ggaaacaccc 1100
<210> SEQ ID NO 19

<211> LENGTH: 1206

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 19

atgggtctat ttggcagcegg gatcaaggaa aagacggagg ctgagaccge gcaggtggag 60
cagcaagagc aggcgaagct gaagcaaaaa ccttetctac tgegggageg caagggaggt 120
aatataacca aggagcccca gacgeccteg agtaatctga ggectgeceg ttecccgace 180

gaggtggact ggagctecett cectgaggge agctacacge gettegggea tggeggggac 240

tggtggacgce taatcaaggg gacgattgcce attttgttca cgtgggggac ctggetgget 300
ggcggettgt cteccttttg gatgacttgg ttgtatacge acggatacaa gaggacattc 360
tattcgatca taggcccttt gectttacccg cttttecttge ccgtgccage ttggecctgga 420
tttgtccgat tcattttaaa catggctgga tattttgagg gcggtgcgge gatgtacgtce 480
gaaaactctt tcaaaggccg caatgtgaat ggtcctatca tgttggccat gcacccccat 540
ggcatcatge ctcactettt ccttctcaac ggtgecggge ggatccacge gcagaaaccg 600
gaggtattcce tcectecaca ctatcaagat atgtctctta aatcgacggg cgtggeggag 660
ccgttgttgt ttcecggattece gtttattteg gecatttecttt atttttttgg gtgtgceggag 720
cctgegtega aggagatgat gcacgacatce ttggggagge aggtgccegtt tgggatcctg 780
gtgggtggcet ccgaggaaat cctcecctcatg gagtaccaga aggaaaacat ctacatcctce 840
gaacgtaaag gttttattaa atacgccctt cagcatggcet acaccatcge cattggctac 900
ctetteggeg agtccaacct ctaccacacce atcacctggg gacgcaagac ccgectegee 960

ctcttcaaaa aattcaagat tccgttattt ttggcttggg gacgttggtt ctttcectta 1020
ctcecctgage gagcagcegece tttgaatgct gtegttggca accctattga tttgcccagg 1080
atagccaacc caagccaggc ggacattgac aaataccatg cgatgtacat tgagaaattg 1140

acagatttgt ttgaacggaa taaggcggcece tttgggtatt cagatcggac gttgaattte 1200
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ttttag

<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Gly Leu Phe

1

Ala Gln

Leu Leu

Pro Ser
50

Ser Ser

Trp Trp

Thr Trp

Thr His

Tyr Pro
130

Ile Leu
145

Glu Asn

Met His

Gly Arg

Gln Asp
210

Arg Ile
225

Pro Ala

Phe Gly

Gln Lys

Ala Leu

290

Ser Asn
305

Leu Phe

Phe Phe

Val

Arg

35

Ser

Phe

Thr

Leu

Gly

115

Leu

Asn

Ser

Pro

Ile

195

Met

Pro

Ser

Ile

Glu

275

Gln

Leu

Lys

Pro

Glu

20

Glu

Asn

Pro

Leu

Ala
100

Tyr

Phe

Met

Phe

His

180

His

Ser

Phe

Lys

Leu

260

Asn

His

Lys

Leu
340

401

Nannochloropsis

20

Gly

Gln

Arg

Leu

Glu

Ile

85

Gly

Lys

Leu

Ala

Lys

165

Gly

Ala

Leu

Ile

Glu

245

Val

Ile

Gly

His

Phe

325

Leu

Ser

Gln

Lys

Arg

Gly

Lys

Gly

Arg

Pro

Gly

150

Gly

Ile

Gln

Lys

Ser

230

Met

Gly

Tyr

Tyr

Thr
310

Lys

Pro

Gly

Glu

Gly

Pro

55

Ser

Gly

Leu

Thr

Val

135

Tyr

Arg

Met

Lys

Ser

215

Ala

Met

Gly

Ile

Thr
295
Ile

Ile

Glu

Ile

Gln

Gly

40

Ala

Tyr

Thr

Ser

Phe

120

Pro

Phe

Asn

Pro

Pro

200

Thr

Phe

His

Ser

Leu

280

Ile

Thr

Pro

Arg

oculata

Lys

Ala

Asn

Arg

Thr

Ile

Pro
105

Tyr

Ala

Glu

Val

His

185

Glu

Gly

Leu

Asp

Glu

265

Glu

Ala

Trp

Leu

Ala
345

Glu

10

Lys

Ile

Ser

Arg

Ala

90

Phe

Ser

Trp

Gly

Asn

170

Ser

Val

Val

Tyr

Ile

250

Glu

Arg

Ile

Gly

Phe
330

Ala

Lys

Leu

Thr

Pro

Phe

75

Ile

Trp

Ile

Pro

Gly

155

Gly

Phe

Phe

Ala

Phe

235

Leu

Ile

Lys

Gly

Arg

315

Leu

Pro

Thr

Lys

Lys

Thr

60

Gly

Leu

Met

Ile

Gly

140

Ala

Pro

Leu

Leu

Glu

220

Phe

Gly

Leu

Gly

Tyr

300

Lys

Ala

Leu

Glu

Gln

Glu

45

Glu

His

Phe

Thr

Gly

125

Phe

Ala

Ile

Leu

Pro

205

Pro

Gly

Arg

Leu

Phe

285

Leu

Thr

Trp

Asn

Ala

Lys

30

Pro

Val

Gly

Thr

Trp

110

Pro

Val

Met

Met

Asn

190

Pro

Leu

cys

Gln

Met

270

Ile

Phe

Arg

Gly

Ala
350

Glu

15

Pro

Gln

Asp

Gly

Trp

95

Leu

Leu

Arg

Tyr

Leu

175

Gly

His

Leu

Ala

Val

255

Glu

Lys

Gly

Leu

Arg
335

Val

Thr

Ser

Thr

Trp

Asp

Gly

Tyr

Leu

Phe

Val

160

Ala

Ala

Tyr

Phe

Glu

240

Tyr

Tyr

Glu

Ala
320

Val

1206
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Gly Asn Pro Ile Asp Leu Pro Arg Ile Ala Asn Pro Ser Gln Ala Asp
355 360 365

Ile Asp Lys Tyr His Ala Met Tyr Ile Glu Lys Leu Thr Asp Leu Phe
370 375 380

Glu Arg Asn Lys Ala Ala Phe Gly Tyr Ser Asp Arg Thr Leu Asn Phe
385 390 395 400

Phe

<210> SEQ ID NO 21

<211> LENGTH: 1772

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 21

attttcagca aagtaatcaa gataataaac aaaaacaatc ctataaagga aaaacaacag 60

acatcaacac aggtacttgce agccaccact gcagcaatta tagcaccatc acgaccacta 120

tgggtctatt tggcageggg atcaaggaaa agacggagge tgagaccgeg caggtggage 180

agcaagagca ggcgaagctg aagcaaaaac cttctctact gegggagege aagggaggta 240
atataaccaa ggagccccag acgccctcga gtaatctgag gecctgcccegt tccccgaccyg 300
aggtggactg gagctccttce cctgagggca gctacacgcg cttcecgggcat ggcggggact 360
ggtggacgct aatcaagggg acgattgcca ttttgttcac gtgggggacc tggctggcetg 420
geggettgte tecettttgg atgacttggt tgtatacgeca cggatacaag aggacattcet 480
attcgatcat aggccctttg ctttaccege ttttettgec cgtgccaget tggectggat 540
ttgtccgatt cattttaaac atggctggat attttgaggg cggtgcggeg atgtacgtceg 600
aaaactcttt caaaggccge aatgtgaatg gtcctatcat gttggccatg cacccccatg 660
gcatcatgee tcactcttte cttctcaacg gtgccgggeg gatccacgceg cagaaaccgg 720
aggtattcct ccctccacac tatcaagata tgtctcttaa atcgacggge gtggeggagce 780
cgttgttgtt tcggattcecg tttatttcgg catttcttta tttttttggg tgtgcggage 840
ctgcgtecgaa ggagatgatg cacgacatct tggggaggca ggtgccgttt gggatcctgg 900
tgggtggctc cgaggaaatc ctcecctcatgg agtaccagaa ggaaaacatc tacatcctceg 960

aacgtaaagg ttttattaaa tacgcccttce agcatggcta caccatcgece attggctacce 1020
tctteggega gtccaaccte taccacacca tcacctgggg acgcaagacce cgcctegecce 1080
tcttcaaaaa attcaagatt ccgttatttt tggcttgggg acgttggttc tttcccttac 1140
tcectgageg agcagecgect ttgaatgetg tecgttggcaa ccctattgat ttgcccagga 1200
tagccaaccce aagccaggcg gacattgaca aataccatgce gatgtacatt gagaaattga 1260
cagatttgtt tgaacggaat aaggcggcct ttgggtattc agatcggacg ttgaatttcet 1320
tttaggtggg tgggaggaaa ggagggtaag agggagggtg ggaaggtgtg tgtagggggt 1380
gagtgttcag gcattgttgt tcaggcatgg aaagagactg acccaaccaa ctgaaaagga 1440
gatagacaag caagcacacc atggggtcaa tgatcgtgat tagagagaag atgggcaaga 1500
gggagggact gatccggtgt aaatatagac acatgactga atgaagaagc aaggagagaa 1560
tggagaggaa tcagcagcag cagcagcagc agcagcagag aacaatagct cttaaggcag 1620

cagctacaac aatcaaaaca cgaacaagag cgaaaagtcc aaacgctaag attcgacacg 1680
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gagaacaaga acgaagaacg dgtgatatcaa cagggaataa ttgtacgaac gaagcatgag 1740
tctagtgaaa acaacaaaaa aaaacaaaaa aa 1772
<210> SEQ ID NO 22

<211> LENGTH: 1173

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 22

atgttgagta tcccecgagte gtectcegece cteteggace ggactcetggt gaagaatgga 60
ggcaaggaga ccgagettte cacgecggte accgetccca ctteggaceg ctegegtace 120
tacagtgatg gctattcgac ccccaagtcce tacacattgg aggtcgatcce caaattttat 180
aagcgggtat gegatgcetga tgacgtgtgg acacgcacac agggtgcatt tgctcttete 240
atgctctggg gegtcectgget tgccegggtec ttttetgtgt tttggtggece ctatttagta 300
gtgaaggggt attatactge tgccctaget atggcagtga tcatggcata tccgtatgtg 360
gtcaaggtca agcaaagccce ggcatttatt cgcttcatct tgageggege gggatggttt 420
aagggcggga cgtgtttgta tttggaggag tcgatgaage agatcgacac cagcgagtct 480
gtcctectet gtcagcatce gcatggtcecte ttcacctatg gcttcatcca aaacgggtcet 540
gctgeccgea tcegatgecceg caaacccgag gtttatgtge ctgeccgecatt tcecgtcacatg 600
aaacccaacg ccaaggcctt cgtggaacct ttgctattca aaatcccecget tatccgtcac 660
tttatcaceg cctteggcaa cgecgecceg gcgaccaaaa aagagatgca ccgtctcatg 720
tccactaaaa ttccectggg getgttaceyg ggtgggtegg aagagatcat cttaagcecac 780
catggccatg agcgggtgta catcctcaaa cggaaaggct tcctcaagta cgcattacaa 840
catggctaca cgatttgcat tggttacaca ttecggggagt ccgactcgta ccgcaccttg 900
gactggggceg tgaagttteg tacgtggtac ctgaagacct tcegegttee actetttgeg 960

tgctggggga cgtggtggtg cccectettg ccacggggga aggtggcget tgagacagtce 1020
gttgggaacc catttcggtt gcccaagatt gtagatccga gccaggagga tattgataag 1080
tggcatgcgg tgtatgtgca aaaacttgta gatttgtttg atcggaacaa ggccaagttce 1140
gggtatgggg acagggagct ggatttcttt tag 1173
<210> SEQ ID NO 23

<211> LENGTH: 390

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 23

Met Leu Ser Ile Pro Glu Ser Ser Ser Pro Leu Ser Asp Arg Thr Leu
1 5 10 15

Val Lys Asn Gly Gly Lys Glu Thr Glu Leu Ser Thr Pro Val Thr Ala
20 25 30

Pro Thr Ser Asp Arg Ser Arg Thr Tyr Ser Asp Gly Tyr Ser Thr Pro
35 40 45

Lys Ser Tyr Thr Leu Glu Val Asp Pro Lys Phe Tyr Lys Arg Val Cys
50 55 60

Asp Ala Asp Asp Val Trp Thr Arg Thr Gln Gly Ala Phe Ala Leu Leu
65 70 75 80

Met Leu Trp Gly Val Trp Leu Ala Gly Ser Phe Ser Val Phe Trp Trp
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85 90 95

Pro Tyr Leu Val Val Lys Gly Tyr Tyr Thr Ala Ala Leu Ala Met Ala
100 105 110

Val Ile Met Ala Tyr Pro Tyr Val Val Lys Val Lys Gln Ser Pro Ala
115 120 125

Phe Ile Arg Phe Ile Leu Ser Gly Ala Gly Trp Phe Lys Gly Gly Thr
130 135 140

Cys Leu Tyr Leu Glu Glu Ser Met Lys Gln Ile Asp Thr Ser Glu Ser
145 150 155 160

Val Leu Leu Cys Gln His Pro His Gly Leu Phe Thr Tyr Gly Phe Ile
165 170 175

Gln Asn Gly Ser Ala Ala Arg Ile Asp Ala Arg Lys Pro Glu Val Tyr
180 185 190

Val Pro Ala Ala Phe Arg His Met Lys Pro Asn Ala Lys Ala Phe Val
195 200 205

Glu Pro Leu Leu Phe Lys Ile Pro Leu Ile Arg His Phe Ile Thr Ala
210 215 220

Phe Gly Asn Ala Ala Pro Ala Thr Lys Lys Glu Met His Arg Leu Met
225 230 235 240

Ser Thr Lys Ile Pro Leu Gly Leu Leu Pro Gly Gly Ser Glu Glu Ile
245 250 255

Ile Leu Ser His His Gly His Glu Arg Val Tyr Ile Leu Lys Arg Lys
260 265 270

Gly Phe Leu Lys Tyr Ala Leu Gln His Gly Tyr Thr Ile Cys Ile Gly
275 280 285

Tyr Thr Phe Gly Glu Ser Asp Ser Tyr Arg Thr Leu Asp Trp Gly Val
290 295 300

Lys Phe Arg Thr Trp Tyr Leu Lys Thr Phe Arg Val Pro Leu Phe Ala
305 310 315 320

Cys Trp Gly Thr Trp Trp Cys Pro Leu Leu Pro Arg Gly Lys Val Ala
325 330 335

Leu Glu Thr Val Val Gly Asn Pro Phe Arg Leu Pro Lys Ile Val Asp
340 345 350

Pro Ser Gln Glu Asp Ile Asp Lys Trp His Ala Val Tyr Val Gln Lys
355 360 365

Leu Val Asp Leu Phe Asp Arg Asn Lys Ala Lys Phe Gly Tyr Gly Asp
370 375 380

Arg Glu Leu Asp Phe Phe
385 390

<210> SEQ ID NO 24

<211> LENGTH: 1239

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 24

attttcagca aagtaatcaa gataataaac aaaaacaatc ctataaaagg aaaaacaaca 60
ggtagaatgt tgagtatcecc cgagtegtcee tcegcccctet cggaccggac tctggtgaag 120
aatggaggca aggagaccga gctttccacg ccggtcaceg ctceccactte ggaccgeteg 180
cgtacctaca gtgatggcta ttcgacccce aagtectaca cattggaggt cgatcccaaa 240

ttttataagce gggtatgcga tgctgatgac gtgtggacac gcacacaggg tgcatttget 300
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cttectecatge tectggggegt ctggcttgece gggtcecetttt ctgtgttttg gtggcectat 360
ttagtagtga aggggtatta tactgctgcce ctagctatgg cagtgatcat ggcatatccg 420
tatgtggtca aggtcaagca aagcccggca tttatteget tcatcttgag cggcgcggga 480
tggtttaagg gcgggacgtg tttgtatttyg gaggagtcga tgaagcagat cgacaccagce 540
gagtctgtecc tecctetgtca gcatccgcat ggtctcecttca cctatggett catccaaaac 600
gggtctgetg cccgecatcga tgcccgcaaa cccgaggttt atgtgcctge cgcatttegt 660
cacatgaaac ccaacgccaa ggccttegtg gaacctttge tattcaaaat cccgcettatce 720
cgtcacttta tcaccgectt cggcaacgee gecccggega ccaaaaaaga gatgcaccegt 780
ctcatgteca ctaaaattce cctggggetyg ttaccegggtg ggtcggaaga gatcatctta 840
agccaccatg gecatgageg ggtgtacatce ctcaaacgga aaggcttcect caagtacgeca 900
ttacaacatg gctacacgat ttgcattggt tacacattcg gggagtccga ctcgtaccge 960

accttggact ggggcgtgaa gtttcgtacg tggtacctga agaccttceccg cgttccacte 1020
tttgcgtget gggggacgtg gtggtgccce ctettgecac gggggaaggt ggcgcttgag 1080
acagtcgttg ggaacccatt tcggttgcce aagattgtag atccgagcca ggaggatatt 1140
gataagtggc atgcggtgta tgtgcaaaaa cttgtagatt tgtttgatcg gaacaaggcce 1200
aagttcgggt atggggacag ggagctggat ttcecttttag 1239
<210> SEQ ID NO 25

<211> LENGTH: 1089

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 25

atgacgccge aagccgatat caccagcaag acgacatcca accccaagac ggctgeatcee 60
tcccecteca agacctegece ccccgecgtt caatacaaag cagggaatgg caaggtgate 120
acggtggeca tggccgagca agacgacggg aacatgggea ttttecegega gtgttgtgeg 180
atggtgacaa tggggataat catgtcgtgg tactacatcg tegtegttet cteectectg 240
tgettggtgg ggatctectt ctteecctgee tggegggegg tggeggcgac ggtttttgta 300
ctcatgtgga gtgcggeget tttgeegete gactaccagg ggtgggacge tttctgcaac 360
tcatgtatect tcaggetgtg gcgggactac ttccactacg aatacgtcect ggaagaaatg 420
atcgacccca acaagegcta cctetteget gagatgccee acggaatcett cecectgggga 480
gaggtgattt ccatttctat caccaagcag cttttecceg ggagecgegt cggetccatt 540
ggtgcgagtg tcatcttect cctteeggge ctceggecact tettegectg gategggtgt 600
cggceecgega geccggagaa tatcaaaaag atttttgatg atgggcagga ttgtgeegtyg 660

acggtgggag gggtegecga gatgtttetyg gttggaggag agaaggageg gctctaccta 720

aaaaagcaca agggtttcegt tcgagaggece atgaagaacg gegeggacct ggtcectgte 780
ttetgetteg gcaacagcaa gttgttcaat gtggtggggg agagcagtceg ggtgtcecatg 840
ggcctgatga agegtetete gaggaggctce aaagccageg tectcatttt ctacggecegt 900
ctcttectac ccattccgat ccgccacceg ctettgtteg tggtgggaaa geccctgecg 960

gtecgtgcaga atgcagagcce gaccaaggag gagatcgegg cgacgcacgce actcttttge 1020

gagaaggtgg aggagcttta ctacaaattc aggccggaat gggagacgeg ccegttgtece 1080
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attgagtaa

<210> SEQ ID NO 26

<211> LENGTH:

<212> TYPE:

PRT

<213> ORGANISM:

<400> SEQUENCE:

Met Thr Pro
1

Thr Ala Ala
Lys Ala Gly
35

Asp Gly Asn
50

Gly Ile Ile

Cys Leu Val

Thr Val Phe

Gln Gly Trp
115

Asp Tyr Phe
130

Lys Arg Tyr
145

Glu Val Ile

Val Gly Ser

His Phe Phe
195

Lys Lys Ile
210

Val Ala Glu
225

Lys Lys His

Leu Val Pro

Gly Glu Ser
275

Arg Leu Lys
290

Ile Pro Ile
305

Val Val Gln

Ala Leu Phe

Gln

Ser

20

Asn

Met

Met

Gly

Val

100

Asp

His

Leu

Ser

Ile

180

Ala

Phe

Met

Lys

Val

260

Ser

Ala

Arg

Asn

Cys
340

362

Nannochloropsis

26

Ala

Ser

Gly

Gly

Ser

Ile

85

Leu

Ala

Tyr

Phe

Ile

165

Gly

Trp

Asp

Phe

Gly

245

Phe

Arg

Ser

His

Ala

325

Glu

Asp

Pro

Lys

Ile

Trp

Ser

Met

Phe

Glu

Ala

150

Ser

Ala

Ile

Asp

Leu

230

Phe

Cys

Val

Val

Pro
310

Glu

Lys

Ile

Ser

Val

Phe

55

Tyr

Phe

Trp

Cys

Tyr

135

Glu

Ile

Ser

Gly

Gly

215

Val

Val

Phe

Ser

Leu
295
Leu

Pro

Val

Thr

Lys

Ile

40

Arg

Tyr

Phe

Ser

Asn

120

Val

Met

Thr

Val

Cys

200

Gln

Gly

Arg

Gly

Met

280

Ile

Leu

Thr

Glu

oculata

Ser

Thr

25

Thr

Glu

Ile

Pro

Ala

105

Ser

Leu

Pro

Lys

Ile

185

Arg

Asp

Gly

Glu

Asn

265

Gly

Phe

Phe

Lys

Glu
345

Lys

10

Ser

Val

Cys

Val

Ala

90

Ala

Cys

Glu

His

Gln

170

Phe

Pro

Cys

Glu

Ala

250

Ser

Leu

Tyr

Val

Glu
330

Leu

Thr

Pro

Ala

Cys

Val

75

Trp

Leu

Ile

Glu

Gly

155

Leu

Leu

Ala

Ala

Lys

235

Met

Lys

Met

Gly

Val
315

Glu

Tyr

Thr

Pro

Met

Ala

60

Val

Arg

Leu

Phe

Met

140

Ile

Phe

Leu

Ser

Val

220

Glu

Lys

Leu

Lys

Arg

300

Gly

Ile

Tyr

Ser

Ala

Ala

45

Met

Leu

Ala

Pro

Arg

125

Ile

Phe

Pro

Pro

Pro

205

Thr

Arg

Asn

Phe

Arg

285

Leu

Lys

Ala

Lys

Asn

Val

Glu

Val

Ser

Val

Leu

110

Leu

Asp

Pro

Gly

Gly

190

Glu

Val

Leu

Gly

Asn

270

Leu

Phe

Pro

Ala

Phe
350

Pro

15

Gln

Gln

Thr

Leu

Ala

95

Asp

Trp

Pro

Trp

Ser

175

Leu

Asn

Gly

Tyr

Ala

255

Val

Ser

Leu

Leu

Thr
335

Arg

Lys

Tyr

Asp

Met

Leu

80

Ala

Tyr

Arg

Asn

Gly

160

Arg

Arg

Ile

Gly

Leu

240

Asp

Val

Arg

Pro

Pro
320

His

Pro

1089
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Glu Trp Glu Thr Arg Pro Leu Ser Ile Glu

355 360
<210> SEQ ID NO 27
<211> LENGTH: 1609
<212> TYPE: DNA
<213> ORGANISM: Nannochloropsis oculata
<400> SEQUENCE: 27
attttcagca aagtaatcaa gataataaac aaaaacaatc ctataaagga aaaacaacag 60
agagacaagt aggccaccag cattggtttc caccatgacg ccgcaagccg atatcaccag 120
caagacgaca tccaacccca agacggctgce atcctcecce tceccaagacct cgcceccccge 180
cgttcaatac aaagcaggga atggcaaggt gatcacggtg gccatggccg agcaagacga 240
cgggaacatg ggcattttcc gcgagtgttg tgcgatggtg acaatgggga taatcatgtce 300
gtggtactac atcgtcgtcg ttctctcect cctgtgettg gtggggatct ccttcecttece 360
tgcctggegg gcggtggegyg cgacggtttt tgtactcatg tggagtgegg cgettttgec 420
gctcgactac caggggtggg acgctttcectg caactcatgt atcttcaggce tgtggcggga 480
ctacttccac tacgaatacg tcctggaaga aatgatcgac cccaacaagce gctacctcett 540
cgctgagatg ccccacggaa tctteccctg gggagaggtg atttccattt ctatcaccaa 600
gecagetttte cccgggagce gegteggete cattggtgeg agtgtcatct tectecttec 660
gggectceegg cacttetteg cctggategg gtgteggcce gecgageccgg agaatatcaa 720
aaagattttt gatgatgggc aggattgtgc cgtgacggtg ggaggggtcg ccgagatgtt 780
tctggttgga ggagagaagg agcggctcta cctaaaaaag cacaagggtt tcgttcgaga 840
ggccatgaag aacggcgcgg acctggtccece tgtcttctge ttcggcaaca gcaagttgtt 900
caatgtggtg ggggagagca gtcgggtgtc catgggectg atgaagcegtc tctcgaggag 960
gctcaaagcc agcgtcectceca ttttectacgg cegtetectte ctacccatte cgatccgeca 1020
ccegetettg ttegtggtgg gaaagcccct gececggtegtg cagaatgcag agccgaccaa 1080
ggaggagatc gcggcgacgce acgcactctt ttgcgagaag gtggaggagc tttactacaa 1140
attcaggccg gaatgggaga cgcgcccgtt gtecattgag taaaatacgt ggacggagaa 1200
agcgaggggce gtgtgtttga gtatctgatt gtgattgtga ttgtetgtgt ctgcacgtgt 1260
gtgtgtacga ttacttctgg tgcttgtgeg gttttgaaag taactgtaaa ggtcagaaga 1320
gattagaaga cgagacttgg atacgatgaa gggtgaagaa gaaatttaaa acaattttga 1380
gattttattc atgtctgagg aataaatgta gatgttagaa aatttgaggt agttctcggt 1440
acttgtccece tatcatccgt gtttagtaac gaggtacatc cgtgcgacgg gtcggtggaa 1500
gtagccagceg tcatcagaga gaggtctcac acacgatcgt gtgteccttge acatgtcettt 1560
tccatttaac acgaattact tttttttaaa aaaataataa aaaaaaata 1609
<210> SEQ ID NO 28
<211> LENGTH: 1464
<212> TYPE: DNA
<213> ORGANISM: Nannochloropsis oculata
<400> SEQUENCE: 28
atggcttacc tcttccgteg tcgaagcaaa ggcgagggca acagcactag cagcagctge 60
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tcttectetgt cggaagataa taagggcacg tccatccact cttccgaaat cgagcecgege 120
gctceccgeca cgtccaaage cacgacaagce agcataaagg agattgggaa gccctcattg 180
cccaccgecg cacatttatc accacccagce ataagcaagg cagatagaaa tttcgccatt 240
gcecgcagtag cagcaggagce actggagggg gctgcagcag gcgccgtgac agcaccaccce 300

accgaccaat ctccgaagaa gcagtacggg cagggtggta ctggggageg agggaaggag 360

gcagaaggtg gacgagaacg aagtggaagc gtcggcaacc ttttactgtc atcaattaat 420
tcgttttcaa gectgcacgte cctatcecttt ttggecggeg aggacgagac cccgtctect 480
ccecgagacag ggcctgetgg gattgattte tcgacaccgg ctecatccgac catgcaactt 540
gtggacttca tcatcacttt tctcttggtg cattatattc aagtcttcta ctccctagte 600
ctcctettea tctacctegt caagcacggt cacagatgge cgtacctect cgctgecate 660
tacgccecctt cgtacttcat tcctttacag cgattgggeg gatggccegtt caaaggatte 720
atgcgtcgge ccttttggeg gtgtgtccaa aggaccttag ctctccaggt ggaaagagag 780
gtcgagctge gtccagacga acagtacatt tttggttgge acccccacgg gatcttgetce 840
ttgtcceggt ttgcaatcta tgggggtctg tgggaaaage tttttccggg tattcattte 200
aagacgctag cggcaagtcc tctgttttgg attccaccta ttcgcgaagt gtcgatcttg 960

ctgggtgggg tggatgcagg cagggcatca gcagcacggg cactcacaga cggctactcecce 1020
gtctetettt atcecgggggg aagcaaggaa atctacacca ctgatceccta cactectgaa 1080
acgaccctgg tcctgaaaat ccgcaaaggce ttcattegeca tggcccteeg ctatggetgt 1140
ccactecgtge ctgtgtacac gtttggagaa aaatacgcct accatcggct agggccggcec 1200
acgggctttg cgcgctgget gttggcagtg ctgaaagtcee ctttcttgat cttttgggga 1260
cgatggggca cattcatgcc gctcaaggag acgcaggtgt cagtggtggt gggcaagcca 1320
ctgcgegtge ccaaaatcga tggagatcct gcccctgagg tggtggagga atggttgcac 1380
agatactgcg acgaagtcca ggcgttgttc cagcgacaca agaacaaata cgcaaagcct 1440
gaggagttca ttgcgatcgc ctaa 1464
<210> SEQ ID NO 29

<211> LENGTH: 487

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 29

Met Ala Tyr Leu Phe Arg Arg Arg Ser Lys Gly Glu Gly Asn Ser Thr
1 5 10 15

Ser Ser Ser Cys Ser Ser Leu Ser Glu Asp Asn Lys Gly Thr Ser Ile
20 25 30

His Ser Ser Glu Ile Glu Pro Arg Ala Pro Ala Thr Ser Lys Ala Thr
35 40 45

Thr Ser Ser Ile Lys Glu Ile Gly Lys Pro Ser Leu Pro Thr Ala Ala
50 55 60

His Leu Ser Pro Pro Ser Ile Ser Lys Ala Asp Arg Asn Phe Ala Ile
65 70 75 80

Ala Ala Val Ala Ala Gly Ala Leu Glu Gly Ala Ala Ala Gly Ala Val
85 90 95

Thr Ala Pro Pro Thr Asp Gln Ser Pro Lys Lys Gln Tyr Gly Gln Gly
100 105 110
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Gly Thr Gly
115

Gly Ser Val
130

Cys Thr Ser
145

Pro Glu Thr
Thr Met Gln
Ile Gln Val

195

His Gly His
210

Tyr Phe Ile
225

Met Arg Arg
Val Glu Arg
Trp His Pro

275

Gly Leu Trp
290

Ala Ser Pro
305

Leu Gly Gly
Asp Gly Tyr
Thr Thr Asp

355

Lys Gly Phe
370

Val Tyr Thr
385

Thr Gly Phe

Ile Phe Trp

Val Ser Val
435

Asp Pro Ala
450

Glu Val Gln
465

Glu Glu Phe

Glu

Gly

Leu

Gly

Leu

180

Phe

Arg

Pro

Pro

Glu

260

His

Glu

Leu

Val

Ser

340

Pro

Ile

Phe

Ala

Gly

420

Val

Pro

Ala

Ile

Arg

Asn

Ser

Pro

165

Val

Tyr

Trp

Leu

Phe

245

Val

Gly

Lys

Phe

Asp

325

Val

Tyr

Arg

Gly

Arg

405

Arg

Val

Glu

Leu

Ala
485

<210> SEQ ID NO 30

<211> LENGTH:

1682

Gly

Leu

Phe

150

Ala

Asp

Ser

Pro

Gln

230

Trp

Glu

Ile

Leu

Trp

310

Ala

Ser

Thr

Met

Glu
390

Trp

Trp

Gly

Val

Phe
470

Ile

Lys

Leu

135

Leu

Gly

Phe

Leu

Tyr

215

Arg

Arg

Leu

Leu

Phe

295

Ile

Gly

Leu

Pro

Ala

375

Lys

Leu

Gly

Lys

Val

455

Gln

Ala

Glu

120

Leu

Ala

Ile

Ile

Val

200

Leu

Leu

Cys

Arg

Leu

280

Pro

Pro

Arg

Tyr

Glu

360

Leu

Tyr

Leu

Thr

Pro
440

Glu

Arg

Ala

Ser

Gly

Asp

Ile

185

Leu

Leu

Gly

Val

Pro

265

Leu

Gly

Pro

Ala

Pro

345

Thr

Arg

Ala

Ala

Phe

425

Leu

Glu

His

Glu

Ser

Glu

Phe

170

Thr

Leu

Ala

Gly

Gln

250

Asp

Ser

Ile

Ile

Ser

330

Gly

Thr

Tyr

Tyr

Val

410

Met

Arg

Trp

Lys

Gly

Ile

Asp

155

Ser

Phe

Phe

Ala

Trp

235

Arg

Glu

Arg

His

Arg

315

Ala

Gly

Leu

Gly

His

395

Leu

Pro

Val

Leu

Asn
475

Gly Arg Glu Arg

Asn

140

Glu

Thr

Leu

Ile

Ile

220

Pro

Thr

Gln

Phe

Phe

300

Glu

Ala

Ser

Val

Cys

380

Arg

Lys

Leu

Pro

His
460

Lys

125

Ser

Thr

Pro

Leu

Tyr

205

Tyr

Phe

Leu

Tyr

Ala

285

Lys

Val

Arg

Lys

Leu

365

Pro

Leu

Val

Lys

Lys

445

Arg

Tyr

Phe

Pro

Ala

Val

190

Leu

Ala

Lys

Ala

Ile

270

Ile

Thr

Ser

Ala

Glu

350

Lys

Leu

Gly

Pro

Glu

430

Ile

Tyr

Ala

Ser

Ser

His

175

His

Val

Pro

Gly

Leu

255

Phe

Tyr

Leu

Ile

Leu

335

Ile

Ile

Val

Pro

Phe

415

Thr

Asp

Cys

Lys

Ser

Ser

Pro

160

Pro

Tyr

Lys

Ser

Phe

240

Gln

Gly

Gly

Ala

Leu

320

Thr

Tyr

Arg

Pro

Ala

400

Leu

Gln

Gly

Asp

Pro
480
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<212> TYPE: DNA
<213> ORGANISM: Nannochloropsis oculata
<400> SEQUENCE: 30
attttcagca aaagtaatca agataataaa caaaaacaat cctataaagg aaaaacaaca 60
gggcacccag ggtgacgceg gecgaccccaa cactatgget tacctettee gtegtcgaag 120
caaaggcgag ggcaacagca ctagcagcag ctgctcttect ctgtcggaag ataataaggg 180
cacgtccatc cactctteceg aaatcgagcce gcgcegcectcecce gceccacgtcecca aagccacgac 240
aagcagcata aaggagattg ggaagccctce attgeccacc geccgcacatt tatcaccacce 300
cagcataagce aaggcagata gaaatttcge cattgecgeca gtagcagcag gagcactgga 360
gggggctgca gcaggegeeg tgacagcace acccaccgac caatctccga agaagcagta 420

cgggcagggt ggtactgggg agcgagggaa ggaggcagaa ggtggacgag aacgaagtgg 480

aagcgtegge aaccttttac tgtcatcaat taattegttt tcaagetgca cgtccctatce 540
ctttttggee ggcgaggacg agaccccgte tecteccgag acagggectg ctgggattga 600
tttctecgaca cecggctcatce cgaccatgca acttgtggac ttcatcatca cttttetett 660
ggtgcattat attcaagtct tctactccct agtcctccte ttcatctace tcgtcaagca 720
cggtcacaga tggecgtace tectegetge catctacgece cettegtact tcattecttt 780
acagcgattg ggcggatgge cgttcaaagg attcatgegt cggecctttt ggeggtgtgt 840
ccaaaggacc ttagetctcee aggtggaaag agaggtcgag ctgegtccag acgaacagta 900
catttttggt tggcacccce acgggatctt getettgtee cggtttgcaa tctatggggy 960

tctgtgggaa aagctttttc cgggtattca tttcaagacg ctagcggcaa gtectetgtt 1020
ttggattcca cctattcgeg aagtgtcgat cttgctgggt ggggtggatg caggcagggce 1080
atcagcagca cgggcactca cagacggcta ctcecgtctet ctttatcegg ggggaagcaa 1140
ggaaatctac accactgatc cctacactcce tgaaacgacce ctggtcctga aaatccgcaa 1200
aggcttcatt cgcatggccc tccgctatgg ctgtccactce gtgecctgtgt acacgtttgg 1260
agaaaaatac gcctaccatc ggctagggcce ggccacggge tttgcecgeget ggctgttgge 1320
agtgctgaaa gtccctttet tgatcttttg gggacgatgg ggcacattca tgccgctcaa 1380
ggagacgcag gtgtcagtgg tggtgggcaa gccactgcge gtgcccaaaa tcgatggaga 1440
tcetgeceet gaggtggtgg aggaatggtt gcacagatac tgcgacgaag tccaggegtt 1500
gttccagcga cacaagaaca aatacgcaaa gcctgaggag ttcattgcga tcgectaaaa 1560
gggaaaaaaa dJtaaaaccct tccctcectt ccttecttet tttattacac atgcccctge 1620
accaaccacg cgacatgagg ggacggaagg agctggatgc ggtgtggttt gtctgttcag 1680
ga 1682
<210> SEQ ID NO 31

<211> LENGTH: 1539

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 31

atgccttttg gacgggctgce atcagcctgg atttcggect cagcattgtt gccagecttg 60

gecggacccaa ctttectttg cggcaccgec atcgtgggec tcgtegttat gtactacatt 120

gtcagceggee aaaggtgtge acgagetttg cgtccttece caggggtgat tcegaaggaaa 180
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atgagttttt gttecggegge ctgtgcggat ggtcccatge ctgagcacge caagatgaac 240
cctgtegate ctattatcaa tgccegtggtyg cttttegagg gggaggcgec cacgegtgeg 300
gcggtggaat cggccatett gecgetcettt gaattcgaac ggtttegete ccggaaggtt 360
aagattggtg atgattggta ttgggaagtg ctgccttect ttgacgctag gacgcatgtg 420
attgaagact ctttcaaggg tgccagcatc gatgacttgt ttcttcgect ggaggtgtgg 480
tceccagaaac cecctgcatgt accggtggac gggcccgect ttgaatttge tttgcettegg 540
aatcaggata agaaggggcc ctcectgctgtg atttgtcecgta tcaaccatge gattggtgat 600
ggtgtctete tggccaagtt gatcccccac gtgttcaagg acattgacgg ccagtcactg 660
ccgategggg agaagtttceg ceggegggaa gcagggttcea agecgacttt ccgcaccect 720
tttaccttge tggcttcget tttcaaggta ttgggtacge ctactacggce gtttgatact 780
gacgtggggt tgacgattcce ggataaaaag aatattacct ttacggggeg teggtgcatt 840
gtgcgtatce ccaccgtgaa getttegttce atcaagagca ttaaaaatge ggcgaatgtg 900
actgtgaacg atgtggtgat gagcgcggtt gectggggeceg tgcatcgatt tcgttgegeg 960

caaaaagatc ctgcaatgct cgacccttta tcccattgta aagtccgtac acgecgctttg 1020
atgcctgtgg ctttgcceceg ggaggaggga gatcctgtca aggctttgeg aaacaagtgg 1080
agttttgctt cecgtggcgat geccegtgggg gtcaagggga gtttggaacg cttgcatgcea 1140
gcgaatgcca cgatgactgce gttgaaaaac agtccgatag tgatcgtgca gaatatggtg 1200
gaggctaacc taggggcacg cttgccgtgg acagtggcaa aacaaaccgc gtttgactceg 1260
tttgtgaggc acacgtttgt gtttagcaat gtaccgggtc cgaacatgcc tataacattt 1320
gcecggteggg aagtgtceggg actgtatatg gegtttgcga atttgattece tcaggtgggce 1380
gctctgtect tgaacggcaa gatcttcacce tgtctggtge tggacgacga ggtcacgcecg 1440
ggggcacgtg aactaggaga gcattttatt gacgagttga tggacttggc tcgaaggacg 1500
gggctggaaa atgtaaagaa ggaggatatt ttcgggtga 1539
<210> SEQ ID NO 32

<211> LENGTH: 512

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 32

Met Pro Phe Gly Arg Ala Ala Ser Ala Trp Ile Ser Ala Ser Ala Leu
1 5 10 15

Leu Pro Ala Leu Ala Asp Pro Thr Phe Leu Cys Gly Thr Ala Ile Val
20 25 30

Gly Leu Val Val Met Tyr Tyr Ile Val Ser Gly Gln Arg Cys Ala Arg
35 40 45

Ala Leu Arg Pro Ser Pro Gly Val Ile Arg Arg Lys Met Ser Phe Cys
50 55 60

Ser Ala Ala Cys Ala Asp Gly Pro Met Pro Glu His Ala Lys Met Asn
65 70 75 80

Pro Val Asp Pro Ile Ile Asn Ala Val Val Leu Phe Glu Gly Glu Ala
85 90 95

Pro Thr Arg Ala Ala Val Glu Ser Ala Ile Leu Pro Leu Phe Glu Phe
100 105 110
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Glu Arg Phe
115

Glu Val Leu
130

Phe Lys Gly
145

Ser Gln Lys

Ala Leu Leu

Arg Ile Asn

195

Pro His Val
210

Lys Phe Arg
225

Phe Thr Leu

Ala Phe Asp

Thr Phe Thr
275

Ser Phe Ile
290

Val Val Met
305

Gln Lys Asp

Thr Arg Ala

Val Lys Ala
355

Val Gly Val
370

Met Thr Ala

Glu Ala Asn

Ala Phe Asp

Gly Pro Asn
435

Tyr Met Ala
450

Asn Gly Lys
465

Gly Ala Arg

Ala Arg Arg

Arg

Pro

Ala

Pro

Arg

180

His

Phe

Arg

Leu

Thr

260

Gly

Lys

Ser

Pro

Leu

340

Leu

Lys

Leu

Leu

Ser

420

Met

Phe

Ile

Glu

Thr
500

Ser

Ser

Ser

Leu

165

Asn

Ala

Lys

Arg

Ala

245

Asp

Arg

Ser

Ala

Ala

325

Met

Arg

Gly

Lys

Gly

405

Phe

Pro

Ala

Phe

Leu
485

Gly

Arg

Phe

Ile

150

His

Gln

Ile

Asp

Glu

230

Ser

Val

Arg

Ile

Val

310

Met

Pro

Asn

Ser

Asn

390

Ala

Val

Ile

Asn

Thr
470

Gly

Leu

Lys

Asp

135

Asp

Val

Asp

Gly

Ile

215

Ala

Leu

Gly

Cys

Lys

295

Ala

Leu

Val

Lys

Leu

375

Ser

Arg

Arg

Thr

Leu
455
Cys

Glu

Glu

Val

120

Ala

Asp

Pro

Lys

Asp

200

Asp

Gly

Phe

Leu

Ile

280

Asn

Gly

Asp

Ala

Trp

360

Glu

Pro

Leu

His

Phe

440

Ile

Leu

His

Asn

Lys

Arg

Leu

Val

Lys

185

Gly

Gly

Phe

Lys

Thr

265

Val

Ala

Ala

Pro

Leu

345

Ser

Arg

Ile

Pro

Thr

425

Ala

Pro

Val

Phe

Val
505

Ile

Thr

Phe

Asp

170

Gly

Val

Gln

Lys

Val

250

Ile

Arg

Ala

Val

Leu

330

Pro

Phe

Leu

Val

Trp

410

Phe

Gly

Gln

Leu

Ile
490

Lys

Gly

His

Leu

155

Gly

Pro

Ser

Ser

Pro

235

Leu

Pro

Ile

Asn

His

315

Ser

Arg

Ala

His

Ile

395

Thr

Val

Arg

Val

Asp
475

Asp

Lys

Asp

Val

140

Arg

Pro

Ser

Leu

Leu

220

Thr

Gly

Asp

Pro

Val

300

Arg

His

Glu

Ser

Ala

380

Val

Val

Phe

Glu

Gly
460
Asp

Glu

Glu

Asp

125

Ile

Leu

Ala

Ala

Ala

205

Pro

Phe

Thr

Lys

Thr

285

Thr

Phe

Cys

Glu

Val

365

Ala

Gln

Ala

Ser

Val

445

Ala

Glu

Leu

Asp

Trp

Glu

Glu

Phe

Val

190

Lys

Ile

Arg

Pro

Lys

270

Val

Val

Arg

Lys

Gly

350

Ala

Asn

Asn

Lys

Asn

430

Ser

Leu

Val

Met

Ile
510

Tyr

Asp

Val

Glu

175

Ile

Leu

Gly

Thr

Thr

255

Asn

Lys

Asn

Cys

Val

335

Asp

Met

Ala

Met

Gln

415

Val

Gly

Ser

Thr

Asp
495

Phe

Trp

Ser

Trp

160

Phe

Cys

Ile

Glu

Pro

240

Thr

Ile

Leu

Asp

Ala

320

Arg

Pro

Pro

Thr

Val

400

Thr

Pro

Leu

Leu

Pro
480

Leu

Gly
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<210> SEQ ID NO 33

<211> LENGTH: 1904

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 33

attttcagca aagtaatcaa gataataaac aaaaacaatc ctataaagga aaaacaacag
ccacacagac gccccagett caactctcca cacacgattt gccagtgagg gtcgtgcacce
ctccgcaacce acgagcecttt tceccacagtag tcatcctgec catcacgett aaaatcatge
cttttggacg ggctgcatca gectggattt cggecctcage attgttgeca gecttggegyg
acccaacttt cctttgegge accgecatceg tgggectegt cgttatgtac tacattgtca
gcggccaaag dgtgtgcacga getttgegte cttcecccagg ggtgattega aggaaaatga
gtttttgtte ggcggectgt geggatggte ccatgcectga gcacgecaag atgaaccctg
tcgatectat tatcaatgcc gtggtgettt tcgaggggga ggcgceccacg cgtgcggegy
tggaatcgge catcttgccg ctetttgaat tcgaacggtt tegetccegg aaggttaaga
ttggtgatga ttggtattgg gaagtgctge cttectttga cgctaggacg catgtgattg
aagactcttt caagggtgcc agcatcgatg acttgtttet tegectggag gtgtggtcecc
agaaacccct gcatgtaccg gtggacggge ccgectttga atttgetttg cttecggaatce
aggataagaa ggggccctet getgtgattt gtcecgtatcaa ccatgcgatt ggtgatggtg
tctectetgge caagttgate ccccacgtgt tcaaggacat tgacggccag tcactgecga
tcggggagaa gtttegecgg cgggaagcag ggttcaagece gactttceege acccectttta
ccttgetgge ttegetttte aaggtattgg gtacgectac tacggegttt gatactgacg
tggggttgac gattccggat aaaaagaata ttacctttac ggggegtegg tgcattgtge
gtatccccac cgtgaagett tegttcatca agagcattaa aaatgeggeg aatgtgactg
tgaacgatgt ggtgatgagc gcggttgctyg gggccgtgea tcgatttegt tgcgcgcaaa
aagatcctge aatgctcgac cctttatccce attgtaaagt ccgtacacge getttgatge
ctgtggettt gecccgggag gagggagatce ctgtcaagge tttgcgaaac aagtggagtt
ttgcttecgt ggcgatgccecce gtgggggtca aggggagttt ggaacgcttg catgcagcecga
atgccacgat gactgcgttg aaaaacagtc cgatagtgat cgtgcagaat atggtggagg
ctaacctagg ggcacgcttg ccgtggacag tggcaaaaca aaccgcgttt gactegtttg
tgaggcacac gtttgtgttt agcaatgtac cgggtccgaa catgcectata acatttgecg
gtcgggaagt gtegggactg tatatggegt ttgcgaattt gattectecag gtgggegete
tgtccttgaa cggcaagatc ttcacctgte tggtgetgga cgacgaggtce acgccggggy
cacgtgaact aggagagcat tttattgacg agttgatgga cttggctcga aggacggggce
tggaaaatgt aaagaaggag gatattttcg ggtgagaagc ctagaggaga gagggataga
aggagggaag gatggagatg gtttttgtac atgcgecgtgt cggtggctge cgecggctgte
attggtgagg cgatcggtag ggtaaataga atgaactcat aagagaatga agagtgagaa
agaagagcat ccgtaagcgg gaaacaaaaa aaaaaaaaaa aaaa

<210> SEQ ID NO 34

<211> LENGTH: 1083

<212> TYPE: DNA
<213> ORGANISM: Nannochloropsis oculata

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1904
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<400> SEQUENCE: 34
atggccaagg ctaacttcec gccecgeggceg cgctatgtta atatgacgca ggtctatgeg 60
acaggcgctce acaatatgcc ggacgaggac cgcgtcaagg tcatgaacgg gctgtccaag 120

ccegtgacgg aggccaaggce aggtgatttg gggtttgggg atgttgagtc catgacggec 180
tgggaagagt ttgtggcggc tatgttcttg ttgatcattg tgggaagcat gctttggatt 240

ccgattgegg tggtceggttt tgtectgtgt gtecgecageg cggtggegtg ggtggtgatg 300

ctcatcgtgt tcettegeccect gagectgcac ccagtcecccege gcattcatga tatggttcat 360
tcgectttga atcactttat attcaagtac ttcagtctta aaatggcgag tgatgcacca 420
ctggatagtg ctgggcgcta tatctttgtt gctceccgecge atggggtget gccgatgggg 480
aatcttatga cggtgcacgc gatgaaggct tgtggtggat tggagttccg tgggctgacg 540
acagatgtcg cgctcaggct gectttattt cgacattact taggcgccat tggtactatt 600
gcecgecgactg ggcacgtgge gaagcagtac ctcgacgaag ggtggtcaat aggcatatct 660
tcgggcggag tcgcggaaat tttcgaggta aataataagg atgaagtggt gttgatgaag 720
gagaggaagg gctttgtgaa gctcgeccctt cgcacgggaa ctccecgetggt ggettgttat 780
atatttggga ataccaagct gttgtcggeg tggtatgatg atggaggtgt gttgcagggt 840
ctttcacgtt atttgaaatg tggtgtgttg ccactttggg gtcggtttgg attgccgett 900
atgcaccgcce atccggtget gggegcgatg gcaaagecga ttgtggtcec caaggtggag 960

ggggagccta cgcaggagat gatagatgat taccataatce tcttetgtca gacgetggte 1020
gatctctttg ataggtacaa gggcttatat ggctggccgg acaagaagct gcttataaag 1080
tga 1083
<210> SEQ ID NO 35

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 35

Met Ala Lys Ala Asn Phe Pro Pro Ala Ala Arg Tyr Val Asn Met Thr
1 5 10 15

Gln Val Tyr Ala Thr Gly Ala His Asn Met Pro Asp Glu Asp Arg Val
Lys Val Met Asn Gly Leu Ser Lys Pro Val Thr Glu Ala Lys Ala Gly
35 40 45

Asp Leu Gly Phe Gly Asp Val Glu Ser Met Thr Ala Trp Glu Glu Phe
50 55 60

Val Ala Ala Met Phe Leu Leu Ile Ile Val Gly Ser Met Leu Trp Ile
65 70 75 80

Pro Ile Ala Val Val Gly Phe Val Leu Cys Val Arg Ser Ala Val Ala
85 90 95

Trp Val Val Met Leu Ile Val Phe Phe Ala Leu Ser Leu His Pro Val
100 105 110

Pro Arg Ile His Asp Met Val His Ser Pro Leu Asn His Phe Ile Phe
115 120 125

Lys Tyr Phe Ser Leu Lys Met Ala Ser Asp Ala Pro Leu Asp Ser Ala
130 135 140
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Gly Arg Tyr Ile Phe Val Ala Pro Pro His Gly Val Leu Pro Met Gly
145 150 155 160

Asn Leu Met Thr Val His Ala Met Lys Ala Cys Gly Gly Leu Glu Phe
165 170 175

Arg Gly Leu Thr Thr Asp Val Ala Leu Arg Leu Pro Leu Phe Arg His
180 185 190

Tyr Leu Gly Ala Ile Gly Thr Ile Ala Ala Thr Gly His Val Ala Lys
195 200 205

Gln Tyr Leu Asp Glu Gly Trp Ser Ile Gly Ile Ser Ser Gly Gly Val
210 215 220

Ala Glu Ile Phe Glu Val Asn Asn Lys Asp Glu Val Val Leu Met Lys
225 230 235 240

Glu Arg Lys Gly Phe Val Lys Leu Ala Leu Arg Thr Gly Thr Pro Leu
245 250 255

Val Ala Cys Tyr Ile Phe Gly Asn Thr Lys Leu Leu Ser Ala Trp Tyr
260 265 270

Asp Asp Gly Gly Val Leu Gln Gly Leu Ser Arg Tyr Leu Lys Cys Gly
275 280 285

Val Leu Pro Leu Trp Gly Arg Phe Gly Leu Pro Leu Met His Arg His
290 295 300

Pro Val Leu Gly Ala Met Ala Lys Pro Ile Val Val Pro Lys Val Glu
305 310 315 320

Gly Glu Pro Thr Gln Glu Met Ile Asp Asp Tyr His Asn Leu Phe Cys
325 330 335

Gln Thr Leu Val Asp Leu Phe Asp Arg Tyr Lys Gly Leu Tyr Gly Trp
340 345 350

Pro Asp Lys Lys Leu Leu Ile Lys
355 360

<210> SEQ ID NO 36

<211> LENGTH: 1362

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 36

attttcagca aagtaatcaa gataataaac aaaaacaatc ctataaagga aaaacaacag 60
gaggcatcac aagcaatatg gccaaggcta acttcccgee cgeggegege tatgttaata 120
tgacgcaggt ctatgcgaca ggcgctcaca atatgecgga cgaggaccge gtcaaggtca 180

tgaacgggcet gtccaagcece gtgacggagg ccaaggcagg tgatttgggg tttggggatg 240

ttgagtccat gacggectgg gaagagtttg tggeggctat gttettgttg atcattgtgg 300
gaagcatget ttggatteceg attgeggtgg teggttttgt cetgtgtgte cgecagegegg 360
tggcegtgggt ggtgatgete atcegtgttet tegecctgag cctgcaccca gteccgegea 420
ttcatgatat ggttcattcg cctttgaatc actttatatt caagtacttc agtcttaaaa 480
tggcgagtga tgcaccactg gatagtgetg ggcegetatat ctttgttget ccgecgeatyg 540

gggtgctgee gatggggaat cttatgacgg tgcacgcgat gaaggettgt ggtggattgg 600
agttcegtgg getgacgaca gatgtegege tcaggetgee tttatttega cattacttag 660
gegecattgg tactattgec gegactggge acgtggegaa gcagtaccte gacgaagggt 720

ggtcaatagg catatcttcg ggcggagtcg cggaaatttt cgaggtaaat aataaggatg 780
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aagtggtgtt gatgaaggag aggaagggct ttgtgaagct cgecccttege acgggaactce 840
cgetggtgge ttgttatata tttgggaata ccaagctgtt gteggegtgg tatgatgatg 900
gaggtgtgtt gcagggtctt tcacgttatt tgaaatgtgg tgtgttgcca ctttggggtce 960

ggtttggatt gccgcttatg caccgccatc cggtgctggg cgcgatggca aagccgattg 1020
tggtccccaa ggtggagggg gagcctacge aggagatgat agatgattac cataatctcect 1080
tctgtcagac gctggtcgat ctectttgata ggtacaaggg cttatatgge tggccggaca 1140
agaagctget tataaagtga gtggggtaga gtagattgcg tgacgggggg gagaggggga 1200
tgaatgcaat tgtagaagga attctaggga tttttgcgta ggegttttgt atctagtcgt 1260
gtagggatag gggcatttgt tcaggaggtg aaagttttgt cggtgtatcc aaagaccaaa 1320
tgcagcacaa caaatcaaag aaagcatgaa aacacaatcc aa 1362
<210> SEQ ID NO 37

<211> LENGTH: 1695

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 37

atgttgttgce agggattaag ctggtctttt ttgaccttgt cgattgtggt agaaatcttg 60
tttgtgatct cgacgtttge tgtggggttt gagttgtttg ttggagecgge ggtggtggeyg 120
ggcggcttet ttttggtcte ggaagtgttg atgattgtga gtttgcattt ttatatgect 180
acgacgacca cgactgtgac aacgaccggg ttggeggtga tggaggagaa ggtggaggag 240

gtggaggaga tgatggtggg gaaggaggga gtgggggaag aggacgagga gatggtggag 300

gaaaaggtgg acgtgacgac agcggcgacg acgaacgcac tcttaagaac cgaaaagcag 360
cggctgetcet tggcgaaaga gagtgctacg accactacta ctaccgcgac tgtgaccacg 420
gggcagacca gcaagacgtc tacttcattt atgcctgtce gggtcgacga ggcttccctt 480
gagcaattcc gccggctcac cgttataacc gttctgagta atatgcaata cctgcccttce 540
ctcctteocca tecteccttt tgtectectca ggtcecttecte teccctgtgge atcttttceac 600
tggttcggeg ctttttgttg tctgacctca gcggtecgttt taaacgccta tgtcaaaacc 660
acgttggcca aagctgggaa tcgtatttcce tcecttceccage gectcectect taatgtecte 720
cccacgetcea tttatgecge gecgggtett atttgetttt ttgegtggag tcaacaccaa 780

ggtgggaggg aggacgggaa ggagcgcegeg gtgactgegt tcceggettg ggeggegetce 840
acggccatgce attacctgta cctctttcte acgtttegeg gaaatccgga agtaacggga 900
gagaggtact taggcgaaaa gctagagctg tggaaaggcg gttggtcatt gtactatttt 960
ttagaaggga tagatcaata ttttcaggcg aagttggtct tcatggaccc gaaactggat 1020
ctgaagggga aaccgcatgt gtttgcegttt cacccacacg gagtccagece gtttacgacg 1080
ttttggattc agctttegeg ggectggagg gagggagtgg ggaagggaca gagattctgt 1140
gtgatgactg cgagtgttat gcattatgtg ccgttaatgce gcgatatatt acagtggctce 1200
ggggggcggg aagtgagcag ggaagccatt tcgtacgcac tggaccgtaa acagtcagta 1260
ttgttggttc caggcggaca acaagagatg atggagtccc aatctcagat gggcgagatt 1320
cggatcatta cgaagcacgt cggcttcatt agattagcac tccagacagg cgcgccgctce 1380

gtgcetgtge tectcatttgg cgaagttgaa gtgatggatt ttgtccggta cccgegtceta 1440
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cagcgtttet ttatctcgeg catcggtatt ccggttcect tecttcecccata tggattgttt 1500
ggatttccca tcccaaggece cgtgeccegtg acggtcegtgt ttggecgtece gattgcagtg 1560
gagaaagtgg agcaaccgac gcaggaagag gtgcgtaaat tgtcgaaaaa gtactttgaa 1620
agtatccagg aggtgtttga taaaaataag gcgaaggccc tggggcatgg aaatcataaa 1680
ttggtcectgt tgtga 1695
<210> SEQ ID NO 38

<211> LENGTH: 564

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 38

Met Leu Leu Gln Gly Leu Ser Trp Ser Phe Leu Thr Leu Ser Ile Val
1 5 10 15

Val Glu Ile Leu Phe Val Ile Ser Thr Phe Ala Val Gly Phe Glu Leu
20 25 30

Phe Val Gly Ala Ala Val Val Ala Gly Gly Phe Phe Leu Val Ser Glu
35 40 45

Val Leu Met Ile Val Ser Leu His Phe Tyr Met Pro Thr Thr Thr Thr
50 55 60

Thr Val Thr Thr Thr Gly Leu Ala Val Met Glu Glu Lys Val Glu Glu
65 70 75 80

Val Glu Glu Met Met Val Gly Lys Glu Gly Val Gly Glu Glu Asp Glu
85 90 95

Glu Met Val Glu Glu Lys Val Asp Val Thr Thr Ala Ala Thr Thr Asn
100 105 110

Ala Leu Leu Arg Thr Glu Lys Gln Arg Leu Leu Leu Ala Lys Glu Ser
115 120 125

Ala Thr Thr Thr Thr Thr Thr Ala Thr Val Thr Thr Gly Gln Thr Ser
130 135 140

Lys Thr Ser Thr Ser Phe Met Pro Val Arg Val Asp Glu Ala Ser Leu
145 150 155 160

Glu Gln Phe Arg Arg Leu Thr Val Ile Thr Val Leu Ser Asn Met Gln
165 170 175

Tyr Leu Pro Phe Leu Leu Pro Ile Leu Pro Phe Val Leu Ser Gly Leu
180 185 190

Pro Leu Pro Val Ala Ser Phe His Trp Phe Gly Ala Phe Cys Cys Leu
195 200 205

Thr Ser Ala Val Val Leu Asn Ala Tyr Val Lys Thr Thr Leu Ala Lys
210 215 220

Ala Gly Asn Arg Ile Ser Ser Phe Gln Arg Ser Leu Leu Asn Val Leu
225 230 235 240

Pro Thr Leu Ile Tyr Ala Ala Pro Gly Leu Ile Cys Phe Phe Ala Trp
245 250 255

Ser Gln His Gln Gly Gly Arg Glu Asp Gly Lys Glu Arg Ala Val Thr
260 265 270

Ala Phe Pro Ala Trp Ala Ala Leu Thr Ala Met His Tyr Leu Tyr Leu
275 280 285

Phe Leu Thr Phe Arg Gly Asn Pro Glu Val Thr Gly Glu Arg Tyr Leu
290 295 300

Gly Glu Lys Leu Glu Leu Trp Lys Gly Gly Trp Ser Leu Tyr Tyr Phe
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305 310 315 320

Leu Glu Gly Ile Asp Gln Tyr Phe Gln Ala Lys Leu Val Phe Met Asp
325 330 335

Pro Lys Leu Asp Leu Lys Gly Lys Pro His Val Phe Ala Phe His Pro
340 345 350

His Gly Val Gln Pro Phe Thr Thr Phe Trp Ile Gln Leu Ser Arg Ala
355 360 365

Trp Arg Glu Gly Val Gly Lys Gly Gln Arg Phe Cys Val Met Thr Ala
370 375 380

Ser Val Met His Tyr Val Pro Leu Met Arg Asp Ile Leu Gln Trp Leu
385 390 395 400

Gly Gly Arg Glu Val Ser Arg Glu Ala Ile Ser Tyr Ala Leu Asp Arg
405 410 415

Lys Gln Ser Val Leu Leu Val Pro Gly Gly Gln Gln Glu Met Met Glu
420 425 430

Ser Gln Ser Gln Met Gly Glu Ile Arg Ile Ile Thr Lys His Val Gly
435 440 445

Phe Ile Arg Leu Ala Leu Gln Thr Gly Ala Pro Leu Val Pro Val Leu
450 455 460

Ser Phe Gly Glu Val Glu Val Met Asp Phe Val Arg Tyr Pro Arg Leu
465 470 475 480

Gln Arg Phe Phe Ile Ser Arg Ile Gly Ile Pro Val Pro Phe Phe Pro
485 490 495

Tyr Gly Leu Phe Gly Phe Pro Ile Pro Arg Pro Val Pro Val Thr Val
500 505 510

Val Phe Gly Arg Pro Ile Ala Val Glu Lys Val Glu Gln Pro Thr Gln
515 520 525

Glu Glu Val Arg Lys Leu Ser Lys Lys Tyr Phe Glu Ser Ile Gln Glu
530 535 540

Val Phe Asp Lys Asn Lys Ala Lys Ala Leu Gly His Gly Asn His Lys
545 550 555 560

Leu Val Leu Leu
<210> SEQ ID NO 39
<211> LENGTH: 2074
<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 39

aagggaggga gggaagagcg caccagaagg ccgtacgaaa gcaatggegt ttttggcage 60
catttttggg aggagccaag tttatgttgt tgcagggatt aagctggtct tttttgacct 120
tgtcgattgt ggtagaaatc ttgtttgtga tctcgacgtt tgctgtgggg tttgagttgt 180

ttgttggage ggeggtggtg gegggcgget tetttttggt cteggaagtg ttgatgattg 240
tgagtttgea tttttatatg cctacgacga ccacgactgt gacaacgacce gggttggegyg 300
tgatggagga gaaggtggag gaggtggagg agatgatggt ggggaaggag ggagtggggy 360
aagaggacga ggagatggtg gaggaaaagg tggacgtgac gacagcggcg acgacgaacg 420
cactcttaag aaccgaaaag cagcggctge tcttggcgaa agagagtgct acgaccacta 480
ctactacecge gactgtgacce acggggcaga ccagcaagac gtctacttca tttatgectg 540

tcegggtega cgaggettee cttgagcaat tcegecgget caccgttata accgttetga 600
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gtaatatgca atacctgecce ttectectte ccatcctece ttttgtecte tcaggtette 660
ctcteectgt ggcatctttt cactggtteg gegetttttg ttgtctgace tcageggteg 720
ttttaaacgc ctatgtcaaa accacgttgg ccaaagctgg gaatcgtatt tcctecttec 780
agcgceteect ccttaatgte ctccccacge tcatttatge cgegecgggt cttatttget 840

tttttgegtg gagtcaacac caaggtggga gggaggacgg gdaaggagcge gceggtgactg 900
cgttececegge ttgggeggeg ctcacggcca tgcattacct gtacctettt ctcacgttte 960
gcggaaatcce ggaagtaacg ggagagaggt acttaggcga aaagctagag ctgtggaaag 1020
geggttggte attgtactat tttttagaag ggatagatca atattttcag gcgaagttgg 1080
tcttcatgga cccgaaactg gatctgaagg ggaaaccgca tgtgtttgeg tttcacccac 1140
acggagtcca gccgtttacg acgttttgga ttcagcttte gecgggectgg agggagggag 1200
tggggaaggg acagagattc tgtgtgatga ctgcgagtgt tatgcattat gtgccgttaa 1260
tgcgcgatat attacagtgg ctcggggggce gggaagtgag cagggaagcce atttcgtacg 1320
cactggaccg taaacagtca gtattgttgg ttccaggcgg acaacaagag atgatggagt 1380
cccaatctca gatgggcgag attcggatca ttacgaagca cgtcggcecttce attagattag 1440
cactccagac aggcgcgcceg ctcecgtgectg tgctcectcatt tggcgaagtt gaagtgatgg 1500
attttgtcecg gtacccgegt ctacagegtt tcetttatcte gegcateggt attccggtte 1560
ccttettece atatggattg tttggattte ccatcccaag geccecgtgece gtgacggteg 1620
tgtttggceg tccgattgca gtggagaaag tggagcaacc gacgcaggaa gaggtgcgta 1680
aattgtcgaa aaagtacttt gaaagtatcc aggaggtgtt tgataaaaat aaggcgaagg 1740
ccetggggca tggaaatcat aaattggtece tgttgtgagg gaggaagaga agcaaaaggg 1800
tgggagacag ggagatggat ggggagaagg aggtttgtgg gggtaggctt tcggagagag 1860
aacaaacgga ctgatacaag acaaaagtgt aagatagaac ttcaggaaag cgaaataatg 1920
attgaacgac atagaaaaaa gaaagggcag cgaggaaggg agggagggag gaagggagga 1980
cagtactgaa atgccaccaa tggcggtccce agcatcggag aatgcacaat aaagcaacaa 2040
agctagtcgg taatgaaaaa aaaaaaaaaa aaaa 2074
<210> SEQ ID NO 40

<211> LENGTH: 1029

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 40

atgttgatgg cgccgtegeg geggecagea tegtecttgg tggaccettt gecattgacy 60
gggaagctge ctatcgggge aatcaggete ttcacgtece ggectgette atggegtace 120
actcccatgg tegtgggegg ctecttgetg gtggtgggat ccttegtetg ggtgecectt 180
gttatctgge tgggttggaa gaaatgtagg acacggaate gacgeattgt ctacgtectt 240
gttttgtgtg tcatcttgac cctacctaca cggcegttggg acgeggtggt cttgaacgge 300
ctatggagecc gttttgtgga atatttttca gtccaggtgg taggggacga ccecttgece 360
aaggaccgcet cegeegtcta cgecgtcatt cctcacggea ccttecectt tggtetegge 420
gtggtcteec teggtccctt gaacaagatc ttcaataagg tccggeccegt ggtggecteg 480

gcagtcttge gettteeggyg ctttggtcaa ctaatagget tegeeggtgg ggtegacgea 540



US 2016/0272951 Al Sep. 22, 2016

64
-continued
gggcccaaag aagtaagcaa ggccatcaag aagggctgtt cagtgagtat ctgtcctggg 600
ggcatcgcag agatgttctg gggatttcca aaggagggct gcttaccgcg ggaggaatat 660
gegttettac agtcgaggaa agggtttatc cgcatggcca tgaaacacaa tgtgectgtg 720
gtcecectgtgt actgttttgg taacacccac gcgatgcata aggcgaagac gccttgggte 780
ttggaggcge tatcaagget tctcaagacc tctcecttatet taacctgggg ccggtggggg 840
ctgccgatec cctacecgtgt gectcetecte tacgccegteg gtaagcccct cecgcectectg 900
cacgcagaaa atccaacccec tgctcagatt gaggcggcege acgccgagtt ctgcagggece 960

cttteggatt tgtttgatcg gtacaagttt tattatggat gggggcacaa gacgcttege 1020
atcgtctga 1029
<210> SEQ ID NO 41

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 41

Met Leu Met Ala Pro Ser Arg Arg Pro Ala Ser Ser Leu Val Asp Pro
1 5 10 15

Leu Pro Leu Thr Gly Lys Leu Pro Ile Gly Ala Ile Arg Leu Phe Thr
20 25 30

Ser Arg Pro Ala Ser Trp Arg Thr Thr Pro Met Val Val Gly Gly Ser
35 40 45

Leu Leu Val Val Gly Ser Phe Val Trp Val Pro Leu Val Ile Trp Leu
50 55 60

Gly Trp Lys Lys Cys Arg Thr Arg Asn Arg Arg Ile Val Tyr Val Leu
65 70 75 80

Val Leu Cys Val Ile Leu Thr Leu Pro Thr Arg Arg Trp Asp Ala Val
Val Leu Asn Gly Leu Trp Ser Arg Phe Val Glu Tyr Phe Ser Val Gln
100 105 110

Val Val Gly Asp Asp Pro Leu Pro Lys Asp Arg Ser Ala Val Tyr Ala
115 120 125

Val Ile Pro His Gly Thr Phe Pro Phe Gly Leu Gly Val Val Ser Leu
130 135 140

Gly Pro Leu Asn Lys Ile Phe Asn Lys Val Arg Pro Val Val Ala Ser
145 150 155 160

Ala Val Leu Arg Phe Pro Gly Phe Gly Gln Leu Ile Gly Phe Ala Gly
165 170 175

Gly Val Asp Ala Gly Pro Lys Glu Val Ser Lys Ala Ile Lys Lys Gly
180 185 190

Cys Ser Val Ser Ile Cys Pro Gly Gly Ile Ala Glu Met Phe Trp Gly
195 200 205

Phe Pro Lys Glu Gly Cys Leu Pro Arg Glu Glu Tyr Ala Phe Leu Gln
210 215 220

Ser Arg Lys Gly Phe Ile Arg Met Ala Met Lys His Asn Val Pro Val
225 230 235 240

Val Pro Val Tyr Cys Phe Gly Asn Thr His Ala Met His Lys Ala Lys
245 250 255

Thr Pro Trp Val Leu Glu Ala Leu Ser Arg Leu Leu Lys Thr Ser Leu
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260 265 270

Ile Leu Thr Trp Gly Arg Trp Gly Leu Pro Ile Pro Tyr Arg Val Pro
275 280 285

Leu Leu Tyr Ala Val Gly Lys Pro Leu Arg Leu Leu His Ala Glu Asn
290 295 300

Pro Thr Pro Ala Gln Ile Glu Ala Ala His Ala Glu Phe Cys Arg Ala
305 310 315 320

Leu Ser Asp Leu Phe Asp Arg Tyr Lys Phe Tyr Tyr Gly Trp Gly His
325 330 335

Lys Thr Leu Arg Ile Val
340

<210> SEQ ID NO 42

<211> LENGTH: 1585

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 42

attttcagca aagtaatcaa gataataaca aaaacaatcc tctaaaagga aaaacaacag 60
ctttacccte agggacgtca tgttgatgge gecegtegegg cggccagcat cgtecttggt 120
ggaccctttyg ccattgacgg ggaagetgec tatcggggca atcaggetet tcacgtcecceg 180
gectgettea tggegtacca cteccatggt cgtgggegge tecttgetgg tggtgggate 240
cttegtetgg gtgecccttg ttatctgget gggttggaag aaatgtagga cacggaatcg 300
acgcattgte tacgtccttg ttttgtgtgt catcttgace ctacctacac ggcegttggga 360
cgeggtggte ttgaacggcece tatggagecg ttttgtggaa tatttttcag tccaggtggt 420
aggggacgac cccttgccca aggaccgcete cgecgtctac gecgtcatte ctcacggeac 480
ctteececttt ggteteggeg tggtctcect cggteccttg aacaagatct tcaataaggt 540
ccggecegtyg gtggectegg cagtettgeg cttteeggge tttggtcaac taataggett 600
cgeceggtggg gtcgacgcag ggcccaaaga agtaagcaag gccatcaaga agggcetgtte 660
agtgagtatc tgtcctgggg gcatcgcaga gatgttetgg ggatttccaa aggagggctyg 720
cttaccgegg gaggaatatg cgttcttaca gtcegaggaaa gggtttatce gcatggecat 780
gaaacacaat gtgcctgtgg tccctgtgta ctgttttggt aacacccacyg cgatgcataa 840

ggcgaagacg ccttgggtct tggaggeget atcaaggtca gtcacggggg aatagtgggyg 900
ttgagtggga gacggcgggyg gaaaatatat cttgattttt attgtaccge atctgcgagg 960
ctgtctctaa tcgctttcta cgcgagacca ttcaaaattt tcgctatttce tttgcgtegt 1020
ctttcegtac gcattagget tctcaagacce tcectcecttatet taacctgggg ccggtggggg 1080
ctgccgatece cctaccgtgt gectctecte tacgcegteg gtaagccect ccgectectg 1140
cacgcagaaa atccaacccce tgctcagatt gaggcggcgce acgccgagtt ctgcagggec 1200
ctttcggatt tgtttgatcg gtacaagttt tattatggat gggggcacaa gacgcttcege 1260
atcgtctgag aacgggggga gggggggagg ggtcgttagg ttatgctgga aggaaagaga 1320
atgggagaga gggagagaga aagagtgggg aagatattga tggtatagtc ctcgtctggg 1380
aggcaattgc tgcttgggga ggctcccgag ggagaatgag ggagcgaaga gtagggaaac 1440
caaattatta aatctttttc cttcgttaag acttaggaat aaatgtaaag tacaaagaag 1500

aagagcecegt ctcettgecate aaattgaaag aaataaagat aaccaatgaa ctaaaaaaaa 1560
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aaaaaaaaaa aaaaaaaaaa aaaaa 1585
<210> SEQ ID NO 43
<211> LENGTH: 1251
<212> TYPE: DNA
<213> ORGANISM: Nannochloropsis oculata
<400> SEQUENCE: 43
atgggcgcta ccactgcgac ccagactaaa aagacgttgg tcatgcggac agtcgcagtg 60
cgtaacgagg atatagtgcc ggaagcagceg acgggagacg gagcagcagg cgatgcaact 120
getggtggee tttcetegete aacaccaaca geggetccegg aggcctecac ttegetttcea 180
tcgecgactgg taccatcccce agcacaagtt tcatccatgce ccccagcaca agcttcagece 240
acgcctattg tggtgcggece cgaggcacgc cccgcaggtc cacaaggcecg tctacaagca 300
ttaggtgcgg tgctattttt ggggctcatg gggtcgtcge tgtacctagt gatcgegtca 360
gecgetttaca tcgtgattgg tttcggtgtg ttgggccacc gcatttgccc ttcgatctta 420
ctcggggttt gggtaggaca agccctaatt tccgtcaagg tgctgcacca agacccggaa 480
ggtatcaagc ggtcgtggct tttccgagaa atggtgaact tttttgatgt gacactggtg 540
atggagcaga aattggacac ttccaagaag tacctatttg cacaacaccc gcacggtatc 600
cttcececteg ccccegtgtt gtecgettac tttgtectegg acgtggtgec cggeggagge 660
aagatctttt gtttgataca tagcggcatc tttcacctge ccatcgtecg ttttttecatg 720
ggtgaatggg gtgcactctc cgcaaacaag gagtctgteg ccgaagcaaa gcaacaagga 780
cagcattgct ccatcgtegt cggeggggtce gcggagattt tectccaaaa cggagagacce 840
gagcaactgc aactcagaaa gggcttcatt cgtgaggcac ttcgtaatgg atatgacctt 900
gtgcccatgt ttcactttgg ggccacgcge atgtatcatt ttgttggcce tgtttcattt 960
tggcggtect tgtccaatta cctgcegttt ccctttttec tcattggggg atggggaaaa 1020
gggttgacct tgctccccaa acctgtgegt attgtaattg ctgtcggttce gecccatagge 1080
cttgcggett tgtatggggt gccggaagga cagtcggtge ctgatccaga cctggcgaaa 1140
gtggatttga tatatgagga gtggaagaag cacttggcgg gcctgtatta tcggcagcgg 1200
cctgagtggg aaacgcggga gttggagatt ttggactgtce cgaagtcgtg a 1251
<210> SEQ ID NO 44
<211> LENGTH: 416
<212> TYPE: PRT
<213> ORGANISM: Nannochloropsis oculata
<400> SEQUENCE: 44
Met Gly Ala Thr Thr Ala Thr Gln Thr Lys Lys Thr Leu Val Met Arg
1 5 10 15
Thr Val Ala Val Arg Asn Glu Asp Ile Val Pro Glu Ala Ala Thr Gly
20 25 30
Asp Gly Ala Ala Gly Asp Ala Thr Ala Gly Gly Leu Ser Arg Ser Thr
35 40 45
Pro Thr Ala Ala Pro Glu Ala Ser Thr Ser Leu Ser Ser Arg Leu Val
50 55 60
Pro Ser Pro Ala Gln Val Ser Ser Met Pro Pro Ala Gln Ala Ser Ala
65 70 75 80
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Thr Pro Ile Val Val Arg Pro Glu Ala Arg Pro Ala Gly Pro Gln Gly
85 90 95

Arg Leu Gln Ala Leu Gly Ala Val Leu Phe Leu Gly Leu Met Gly Ser
100 105 110

Ser Leu Tyr Leu Val Ile Ala Ser Ala Leu Tyr Ile Val Ile Gly Phe
115 120 125

Gly Val Leu Gly His Arg Ile Cys Pro Ser Ile Leu Leu Gly Val Trp
130 135 140

Val Gly Gln Ala Leu Ile Ser Val Lys Val Leu His Gln Asp Pro Glu
145 150 155 160

Gly Ile Lys Arg Ser Trp Leu Phe Arg Glu Met Val Asn Phe Phe Asp
165 170 175

Val Thr Leu Val Met Glu Gln Lys Leu Asp Thr Ser Lys Lys Tyr Leu
180 185 190

Phe Ala Gln His Pro His Gly Ile Leu Pro Leu Ala Pro Val Leu Ser
195 200 205

Ala Tyr Phe Val Ser Asp Val Val Pro Gly Gly Gly Lys Ile Phe Cys
210 215 220

Leu Ile His Ser Gly Ile Phe His Leu Pro Ile Val Arg Phe Phe Met
225 230 235 240

Gly Glu Trp Gly Ala Leu Ser Ala Asn Lys Glu Ser Val Ala Glu Ala
245 250 255

Lys Gln Gln Gly Gln His Cys Ser Ile Val Val Gly Gly Val Ala Glu
260 265 270

Ile Phe Leu Gln Asn Gly Glu Thr Glu Gln Leu Gln Leu Arg Lys Gly
275 280 285

Phe Ile Arg Glu Ala Leu Arg Asn Gly Tyr Asp Leu Val Pro Met Phe
290 295 300

His Phe Gly Ala Thr Arg Met Tyr His Phe Val Gly Pro Val Ser Phe
305 310 315 320

Trp Arg Ser Leu Ser Asn Tyr Leu Pro Phe Pro Phe Phe Leu Ile Gly
325 330 335

Gly Trp Gly Lys Gly Leu Thr Leu Leu Pro Lys Pro Val Arg Ile Val
340 345 350

Ile Ala Val Gly Ser Pro Ile Gly Leu Ala Ala Leu Tyr Gly Val Pro
355 360 365

Glu Gly Gln Ser Val Pro Asp Pro Asp Leu Ala Lys Val Asp Leu Ile
370 375 380

Tyr Glu Glu Trp Lys Lys His Leu Ala Gly Leu Tyr Tyr Arg Gln Arg
385 390 395 400

Pro Glu Trp Glu Thr Arg Glu Leu Glu Ile Leu Asp Cys Pro Lys Ser
405 410 415

<210> SEQ ID NO 45

<211> LENGTH: 1923

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 45

attttcagca aagtaatcaa gataataaac aaaaacaatc ctataaagga aaaacaacag 60

gaaagccacg ctgccacgct tgcataagaa caaagggggg catcaccacg cgacgctggg 120

gacggagaag gacatcaaac aaggacacaa gcatgggege taccactgeg acccagacta 180
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aaaagacgtt ggtcatgcgg acagtcgcag tgcgtaacga ggatatagtg ccggaagcag 240
cgacgggaga cggagcagca ggcgatgcaa ctgctggtgg cctttctege tcaacaccaa 300
cagcggctee ggaggectece acttegettt catcgcgact ggtaccatcce ccagcacaag 360
tttcatccat gcccccagea caagcttcag ccacgectat tgtggtgegg cccgaggcac 420
gceccegecagg tccacaaggce cgtctacaag cattaggtgce ggtgctattt ttggggetca 480
tggggtegtce gctgtaccta gtgatcgegt cagcgcttta catcgtgatt ggttteggtg 540
tgttgggcca ccgcatttge ccttcecgatet tactcggggt ttgggtagga caagccctaa 600
tttcegtcaa ggtgctgcac caagacccgg aaggtatcaa geggtegtgg cttttecgag 660
aaatggtgaa cttttttgat gtgacactgg tgatggagca gaaattggac acttccaaga 720
agtacctatt tgcacaacac ccgcacggta tccttccect cgeccecegtg ttgtcegett 780
actttgtctc ggacgtggtg cccggcggag gcaagatctt ttgtttgata catagcggca 840
tctttcacct gcccatcgte cgttttttca tgggtgaatg gggtgcactc tccgcaaaca 900
aggagtctgt cgccgaagca aagcaacaag gacagcattg ctccatcgtce gtcecggegggg 960

tcgcggagat tttcctccaa aacggagaga ccgagcaact gcaactcaga aagggcttca 1020
ttcgtgagge acttcgtaat ggatatgacc ttgtgcccat gtttcacttt ggggccacge 1080
gcatgtatca ttttgttgge cctgtttcat tttggcggte cttgtccaat tacctgccegt 1140
ttceettttt cctcattggg ggatggggaa aagggttgac cttgcteccce aaacctgtge 1200
gtattgtaat tgctgtcggt tcgcccatag gecttgegge tttgtatggg gtgccggaag 1260
gacagtcggt gcctgatcca gacctggcga aagtggattt gatatatgag gagtggaaga 1320
agcacttggce gggcctgtat tatcggcage ggcctgagtg ggaaacgcegg gagttggaga 1380
ttttggactg tccgaagtcg tgagtgatta aaaagagatc gcatctgtgce gacgaagtgce 1440
tttgtacagc agccggatag gggggaaggt aatatttgga aaaggtcaaa aggtggagtg 1500
cagagtagga ggatttgaca aagattaaga cgtggacgac atgacgacat gggagaaaga 1560
ctggtcgaat ttaaccaaaa aaagagctac cgcagcaagc gtaacgcaga ggagcattta 1620
agtatgcatg ttgccaaggc aaggcaaggc aaaaggccat ccgagtagca ggcacacgca 1680
tgtaaagtgg cgacgcttac acttttggat attaacgaat aaaagacaca aggatgtcgce 1740
ttacagtgca gcagcagcaa ttacatgttt gtgcgaagtc tctaggggat acctccagca 1800
ctgtcatcaa cataagtaag atacgaaaga cacagaagga taagtgggag gatggggtgt 1860

agtaggaggg tggggaggtt ggatggaaaa ggggggttcg gcgagtggag ttggacaggg 1920

cece 1923

<210> SEQ ID NO 46

<211> LENGTH: 930

<212> TYPE: DNA

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 46

atgtcgttceg ttgagcacag cgcggtggtg ctcgtgettg cctttgtgat gggeggcgcea 60
ctgtactggt cctgggececgg gectcgeggtg ctcatctggg ggtcgtggtce gcaggtgget 120

acttatgtgg tgctgacgge tgtgctggece ctgcacccga tcccggacat ctceggatgece 180

gtgtacaget cgtggategt gecagcaattyg tacaagtact ttacctaceg ctttgtgtac 240
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tcggggaacyg cgcgegtact agcegcagacyg caggegecegt tcatcggege aggcgtcececeg 300
cacggcgega tgcegttete caacctgete tcagteectg ctgtcaacte gtttteteceg 360
agccagacceg ggggcgaatt tgtcggggeg ccggegagea ttgtgttceceg cacgecttte 420
ctgcgetact ttaccatgtt caagtcggtce acggtgtcac gcgagagcect caccaaacag 480
ctggagctcg ggaacacggt tggcctggtt ggcgatggca tcgctgggat cttceccaatge 540
gaccacaacg acgaggtcgt tgcgectcecgg acgcgcaagg ggctcgcaaa actggegcetg 600
cgaacggggce ggccegtttt gecctgetac agettgggaa acacggaagce gtttagegtt 660
tggtttgace getggggegt catggagege ctetegegea agetgcagge gagegtgttt 720
ttctactggg gcaggtacgg cctccctgtt ccgtacegtg tcaatatcac gatgatccte 780
ggcgacatgg tcctegtega ccaggtcgag aacccgacge cggcacaggt cgatgcagtg 840
cacgagcegea ttettgegte catcgagaac gecttcaatce ggcacaagge cgcccttggt 900
tggggccaca agacgatgcg atttgtgtag 930

<210> SEQ ID NO 47

<211> LENGTH: 309

<212> TYPE: PRT

<213> ORGANISM: Thraustochytrium aureum
<400> SEQUENCE: 47

Met Ser Phe Val Glu His Ser Ala Val Val Leu Val Leu Ala Phe Val
1 5 10 15

Met Gly Gly Ala Leu Tyr Trp Ser Trp Ala Gly Leu Ala Val Leu Ile
20 25 30

Trp Gly Ser Trp Ser Gln Val Ala Thr Tyr Val Val Leu Thr Ala Val
35 40 45

Leu Ala Leu His Pro Ile Pro Asp Ile Ser Asp Ala Val Tyr Ser Ser
50 55 60

Trp Ile Val Gln Gln Leu Tyr Lys Tyr Phe Thr Tyr Arg Phe Val Tyr
Ser Gly Asn Ala Arg Val Leu Ala Gln Thr Gln Ala Pro Phe Ile Gly
Ala Gly Val Pro His Gly Ala Met Pro Phe Ser Asn Leu Leu Ser Val

100 105 110

Pro Ala Val Asn Ser Phe Ser Pro Ser Gln Thr Gly Gly Glu Phe Val
115 120 125

Gly Ala Pro Ala Ser Ile Val Phe Arg Thr Pro Phe Leu Arg Tyr Phe
130 135 140

Thr Met Phe Lys Ser Val Thr Val Ser Arg Glu Ser Leu Thr Lys Gln
145 150 155 160

Leu Glu Leu Gly Asn Thr Val Gly Leu Val Gly Asp Gly Ile Ala Gly
165 170 175

Ile Phe Gln Cys Asp His Asn Asp Glu Val Val Ala Leu Arg Thr Arg
180 185 190

Lys Gly Leu Ala Lys Leu Ala Leu Arg Thr Gly Arg Pro Val Leu Pro
195 200 205

Cys Tyr Ser Leu Gly Asn Thr Glu Ala Phe Ser Val Trp Phe Asp Arg
210 215 220

Trp Gly Val Met Glu Arg Leu Ser Arg Lys Leu Gln Ala Ser Val Phe
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225 230 235 240

Phe Tyr Trp Gly Arg Tyr Gly Leu Pro Val Pro Tyr Arg Val Asn Ile
245 250 255

Thr Met Ile Leu Gly Asp Met Val Leu Val Asp Gln Val Glu Asn Pro
260 265 270

Thr Pro Ala Gln Val Asp Ala Val His Glu Arg Ile Leu Ala Ser Ile
275 280 285

Glu Asn Ala Phe Asn Arg His Lys Ala Ala Leu Gly Trp Gly His Lys
290 295 300

Thr Met Arg Phe Val

305

<210> SEQ ID NO 48

<211> LENGTH: 1134

<212> TYPE: DNA

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 48

aagcgtttag cgtttggttt gaccgagcag gcgccaatgt cgttcegttga gcacagcgeg 60
gtggtgcteg tgettgectt tgtgatggge ggcegcactgt actggtectyg ggecgggetce 120

geggtgctcea tctgggggte gtggtegecag gtggetactt atgtggtget gacggetgtg 180

ctggeectge accegatcee ggacatcteg gatgecgtgt acagetegtg gatcgtgeag 240
caattgtaca agtactttac ctaccgettt gtgtactegg ggaacgegeg cgtactageg 300
cagacgcagg cgccegttcat cggcgcagge gteccgeacg gegegatgece gttctcecaac 360
ctgctetecag teectgetgt caactegttt tcetecgagece agaccggggg cgaatttgte 420
ggggcgecgyg cgageattgt gttecgcacg cctttectge getactttac catgttcaag 480
tcggtcacgg tgtcacgcga gagcctcacce aaacagetgg agcetcgggaa cacggttgge 540
ctggttggeg atggcatcge tgggatctte caatgcgacce acaacgacga ggtcgttgeg 600
ctcecggacge gcaaggggct cgcaaaactyg gecgcetgcegaa cggggeggec cgttttgece 660
tgctacaget tgggaaacac ggaagcgttt agegtttggt ttgaccgetg gggcgtcatg 720
gagcgectet cgegeaaget gecaggegage gtgtttttet actggggeag gtacggecte 780
cctgtteegt accgtgtcaa tatcacgatg atccteggeg acatggtect cgtcgaccag 840
gtcgagaacce cgacgecgge acaggtcgat gcagtgcacg agegeattet tgegtecate 900
gagaacgcct tcaatcggea caaggecgcee cttggttggg gecacaagac gatgcegattt 960

gtgtaggagg tgctgtttgc caacaccaca cttggcctgg cctgggatgce ggctgggceca 1020
atcgtttcegg tcgatcgege tcgagctcga gctactcgag agtcaccgece gagcgaggca 1080
gccataaaga gtcgaacgaa aatagcaaaa tgtgcaattc accaaaaaaa aaaa 1134
<210> SEQ ID NO 49

<211> LENGTH: 1179

<212> TYPE: DNA

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 49

atggtettee tctgecttee ctacatgcte cccgaagege tgctcccttt cttggacacg 60

gecgacgctag gcectcatcce ggecctgece ggagacaagg agaactttgt ccacacgttt 120

geegtgtggt ggacgetett gtgggegatt gegttttgga cgatetttta cgecgegete 180
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aagaattggg gegtgegagg gtggeggcete agectggege tegetgtett cgeggtetge 240

tegttecggeg gcactctgeg gtaccacteg gagagcccac actacccgat ggeggttcete 300
atctgctcge tcaactttgt ctacatctcc actacgttca ccaagaagcc agagtccaac 360
gegtgceggg agtggcccga gctgcgegag ctgcgcatct tgcccgacat gtttgagege 420
ttctteggee tgcaggtect gctcaccgac ggtgccaage gegtegegea catgetggge 480
gacgagtcga gcgcagacce gcggatgcge caggtaatge tcctcttceca ceccgcacage 540
atcttcecag tectegcacge ggegetgggt ctcacttege tetggegetce gcactttece 600
cacctctcgg tcaaccccct aacagcgagce attatccact ttgtgceggt catgegcgac 660
gttttgcagt ggctcggcat ctgcgacgte tccaaagcga gcgtggtcaa cctcatcgge 720
atggggcgca acgtccagat cgtgtgcgge gggcagaccg agatgttcga gtcccgctcece 780
tgggacaagg agatttctgt ggtgcgggeg cgccgecttg gegttttcaa gatcgcecatce 840
cagcagggcce tcggtatcgt gecgatttac agcttcggag agccgctcac ctttgacaac 900
atatacatgc cccgcttgca aaacttttge aagcgegtge tcggcttcecc ctgeccgtte 960

gtgatgctcg gtcagtacgg ccttcccatt ccgcgeccgeg tcccaattte ggtggetgtt 1020
ggcgagcceg tetttectge tcecggcagacce geccgatcectt cgctcgagga ggtcaaagag 1080
tttcacagac gttactttga ggccctgcag gcectgtttg accagttcaa ggaccaggcce 1140
gggcacggece agtgtagcat caagtggctg gactcgtag 1179
<210> SEQ ID NO 50

<211> LENGTH: 392

<212> TYPE: PRT

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 50

Met Val Phe Leu Cys Leu Pro Tyr Met Leu Pro Glu Ala Leu Leu Pro
1 5 10 15

Phe Leu Asp Thr Ala Thr Leu Gly Leu Ile Pro Ala Leu Pro Gly Asp
20 25 30

Lys Glu Asn Phe Val His Thr Phe Ala Val Trp Trp Thr Leu Leu Trp
35 40 45

Ala Ile Ala Phe Trp Thr Ile Phe Tyr Ala Ala Leu Lys Asn Trp Gly
Val Arg Gly Trp Arg Leu Ser Leu Ala Leu Ala Val Phe Ala Val Cys
65 70 75 80

Ser Phe Gly Gly Thr Leu Arg Tyr His Ser Glu Ser Pro His Tyr Pro
85 90 95

Met Ala Val Leu Ile Cys Ser Leu Asn Phe Val Tyr Ile Ser Thr Thr
100 105 110

Phe Thr Lys Lys Pro Glu Ser Asn Ala Cys Arg Glu Trp Pro Glu Leu
115 120 125

Arg Glu Leu Arg Ile Leu Pro Asp Met Phe Glu Arg Phe Phe Gly Leu
130 135 140

Gln Val Leu Leu Thr Asp Gly Ala Lys Arg Val Ala His Met Leu Gly
145 150 155 160

Asp Glu Ser Ser Ala Asp Pro Arg Met Arg Gln Val Met Leu Leu Phe
165 170 175
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His Pro His Ser Ile Phe Pro Val Ser His Ala Ala Leu Gly Leu Thr
180 185 190

Ser Leu Trp Arg Ser His Phe Pro His Leu Ser Val Asn Pro Leu Thr
195 200 205

Ala Ser Ile Ile His Phe Val Pro Val Met Arg Asp Val Leu Gln Trp
210 215 220

Leu Gly Ile Cys Asp Val Ser Lys Ala Ser Val Val Asn Leu Ile Gly
225 230 235 240

Met Gly Arg Asn Val Gln Ile Val Cys Gly Gly Gln Thr Glu Met Phe
245 250 255

Glu Ser Arg Ser Trp Asp Lys Glu Ile Ser Val Val Arg Ala Arg Arg
260 265 270

Leu Gly Val Phe Lys Ile Ala Ile Gln Gln Gly Leu Gly Ile Val Pro
275 280 285

Ile Tyr Ser Phe Gly Glu Pro Leu Thr Phe Asp Asn Ile Tyr Met Pro
290 295 300

Arg Leu Gln Asn Phe Cys Lys Arg Val Leu Gly Phe Pro Cys Pro Phe
305 310 315 320

Val Met Leu Gly Gln Tyr Gly Leu Pro Ile Pro Arg Arg Val Pro Ile
325 330 335

Ser Val Ala Val Gly Glu Pro Val Phe Pro Ala Arg Gln Thr Ala Asp
340 345 350

Pro Ser Leu Glu Glu Val Lys Glu Phe His Arg Arg Tyr Phe Glu Ala
355 360 365

Leu Gln Ala Leu Phe Asp Gln Phe Lys Asp Gln Ala Gly His Gly Gln
370 375 380

Cys Ser Ile Lys Trp Leu Asp Ser
385 390

<210> SEQ ID NO 51

<211> LENGTH: 1303

<212> TYPE: DNA

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 51

agctttacct gctacatggt cttectetge ctteectaca tgetcccega agegetgetce 60
cetttettgg acacggegac gctaggecte atcceggece tgeccggaga caaggagaac 120
tttgtccaca cgtttgecegt gtggtggacg ctettgtggg cgattgegtt ttggacgatc 180
ttttacgcecg cgctcaagaa ttggggegtyg cgagggtgge ggctcagect ggegeteget 240
gtcttegegg tetgetegtt cggeggcact ctgcggtace actcggagag cccacactac 300
ccgatggegg ttctcatctg ctcecgetcaac tttgtctaca tctccactac gttcaccaag 360
aagccagagt ccaacgcgtg ccgggagtgg cccgagctgce gcgagctgeg catcttgecce 420
gacatgtttg agcgcttctt cggcecctgcag gtcecctgctca ccgacggtge caagegcegtce 480
gcgcacatge tgggegacga gtcgagegca gacccegegga tgcegecaggt aatgetccte 540
tteccaccecge acagcatctt cccagtecteg cacgeggege tgggtctcac ttegetetgg 600
cgectegecact ttccccacct ctcggtcaac cccctaacag cgagcattat ccactttgtyg 660
ccggtcatge gcgacgtttt gcagtggetc ggcatctgcg acgtctccaa agcgagegtyg 720

gtcaacctca tcggcatggg gcgcaacgte cagatcgtgt gcggegggca gaccgagatg 780
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ttcgagtcee gctectggga caaggagatt tectgtggtge gggcegegecg ccttggegtt 840
ttcaagatcg ccatccagca gggccteggt atcgtgccga tttacagett cggagagccyg 900
ctcacctttg acaacatata catgcceccge ttgcaaaact tttgcaageg cgtgctegge 960

ttccectgee cgttegtgat gectcggtcag tacggectte ccattccgeg ccecgegtecca 1020
atttcggtgg ctgttggcga gcccgtcecttt cctgectcecgge agaccgccga tccttegete 1080
gaggaggtca aagagtttca cagacgttac tttgaggccc tgcaggccct gtttgaccag 1140
ttcaaggacc aggccgggca cggccagtgt agcatcaagt ggctggactce gtagaggcag 1200
aaagcceccge gcactgettt tgegectgtg ccgtteeccgt ttgtagaaac aaccttccaa 1260
cattcgttag ctttctctta aaaaaaaaaa aaaaaaaaaa aaa 1303
<210> SEQ ID NO 52

<211> LENGTH: 1389

<212> TYPE: DNA

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 52

atgtttette gecatcgaacg ggaatggcga gaggaggacg agtgggccaa gcaggagcecc 60
ggcgttgtet ccacgatgat ctggaccceg atcctgateg ggetecgetyg cttcaacate 120
tggeteteeg tggttacctg gecgeteteg tttetggete gegtegtttt cggcatggag 180
atgaagaagg cgagcttctg ggacgtccct ctggagegge gcaagcagac ggtggcagtt 240
gegggetteg tgatgetget ceectgegtg ctgcttgegt acgtetggte gettgtgetg 300
ctegttttece cgctgacgac gcetgeccaatyg ctegggtact acatctggat cttcaagatce 360
gacaagagcce ccgagaacgg gcagcegcacg ccgttectge gttactggte ggegtggege 420
cacttecgect cctacttcce getgegecte atcaagacge acaacctcga cccgagecge 480
aagtacgtct tcgegtacca cccgcacgge atcatcagea ttggegegtt cggcaacttt 540
gccaccaacg cgacggggtt tagccgcaag tttcccggaa tcgacctecg cctectcace 600
ttggaaatga acttttggtg cccctggatce cgcgagttece tgctgagcat gggegtcetge 660
tcagecegeca ageggtectg caacaagatt ctcagcaagg ggcccggaag cgccatcatg 720
ctggtegttyg geggegecge cgagtcegete gacacggage ceggcaccta caggctcacyg 780
ttgggecegea agggetttat cegegtegeg ctegacaacg gggcecgacct cgtgectgtyg 840
ctegectteg gggagaacga catctttgac accatctact acgagtcegg caccgtgatg 900
cgcaagatece aggaggtcegt gegcaagege cteggetttg ccaccectgt tttttecgge 960

cgcggettet tcaactacag ctttggctte ctcecccgcace ggcgccecggt cattgtegte 1020
tgcgggegee ctatcaaggt cccaaaactce ccggaacace tgegeggete ggegetceteg 1080
accaccectg aaggegtcege gettgtcgac cagtaccacce aaaagtacgt cgccgagetg 1140
cgecegegtgt gggacctcta caagtccaag tgggecgtet cgegggcaga gtcgetcatg 1200
atcaagggtg tgcaaaaccc ggcgcteccceg cgeteccegt cgegecgecat cceecgecggeyg 1260
cagcgegtte ccgcgagtge cgectegett tegtttegeg aggtcgacga ggccgaattt 1320
gaggccaagg aggacggcege gacctetteg ccgcagtcca tgtcetgegge getgtacace 1380

gagggttag 1389

<210> SEQ ID NO 53
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<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: Thraustochytrium aureum
<400> SEQUENCE: 53

Met Phe Leu Arg Ile Glu Arg Glu Trp Arg Glu Glu Asp Glu Trp Ala
1 5 10 15

Lys Gln Glu Pro Gly Val Val Ser Thr Met Ile Trp Thr Pro Ile Leu
20 25 30

Ile Gly Leu Arg Cys Phe Asn Ile Trp Leu Ser Val Val Thr Trp Pro
35 40 45

Leu Ser Phe Leu Ala Arg Val Val Phe Gly Met Glu Met Lys Lys Ala
50 55 60

Ser Phe Trp Asp Val Pro Leu Glu Arg Arg Lys Gln Thr Val Ala Val
Ala Gly Phe Val Met Leu Leu Pro Cys Val Leu Leu Ala Tyr Val Trp
85 90 95

Ser Leu Val Leu Leu Val Phe Pro Leu Thr Thr Leu Pro Met Leu Gly
100 105 110

Tyr Tyr Ile Trp Ile Phe Lys Ile Asp Lys Ser Pro Glu Asn Gly Gln
115 120 125

Arg Thr Pro Phe Leu Arg Tyr Trp Ser Ala Trp Arg His Phe Ala Ser
130 135 140

Tyr Phe Pro Leu Arg Leu Ile Lys Thr His Asn Leu Asp Pro Ser Arg
145 150 155 160

Lys Tyr Val Phe Ala Tyr His Pro His Gly Ile Ile Ser Ile Gly Ala
165 170 175

Phe Gly Asn Phe Ala Thr Asn Ala Thr Gly Phe Ser Arg Lys Phe Pro
180 185 190

Gly Ile Asp Leu Arg Leu Leu Thr Leu Glu Met Asn Phe Trp Cys Pro
195 200 205

Trp Ile Arg Glu Phe Leu Leu Ser Met Gly Val Cys Ser Ala Ala Lys
210 215 220

Arg Ser Cys Asn Lys Ile Leu Ser Lys Gly Pro Gly Ser Ala Ile Met
225 230 235 240

Leu Val Val Gly Gly Ala Ala Glu Ser Leu Asp Thr Glu Pro Gly Thr
245 250 255

Tyr Arg Leu Thr Leu Gly Arg Lys Gly Phe Ile Arg Val Ala Leu Asp
260 265 270

Asn Gly Ala Asp Leu Val Pro Val Leu Ala Phe Gly Glu Asn Asp Ile
275 280 285

Phe Asp Thr Ile Tyr Tyr Glu Ser Gly Thr Val Met Arg Lys Ile Gln
290 295 300

Glu Val Val Arg Lys Arg Leu Gly Phe Ala Thr Pro Val Phe Ser Gly
305 310 315 320

Arg Gly Phe Phe Asn Tyr Ser Phe Gly Phe Leu Pro His Arg Arg Pro
325 330 335

Val Ile Val Val Cys Gly Arg Pro Ile Lys Val Pro Lys Leu Pro Glu
340 345 350

His Leu Arg Gly Ser Ala Leu Ser Thr Thr Pro Glu Gly Val Ala Leu
355 360 365

Val Asp Gln Tyr His Gln Lys Tyr Val Ala Glu Leu Arg Arg Val Trp
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370 375 380

Asp Leu Tyr Lys Ser Lys Trp Ala Val Ser Arg Ala Glu Ser Leu Met
385 390 395 400

Ile Lys Gly Val Gln Asn Pro Ala Leu Pro Arg Ser Pro Ser Arg Arg
405 410 415

Ile Pro Pro Ala Gln Arg Val Pro Ala Ser Ala Ala Ser Leu Ser Phe
420 425 430

Arg Glu Val Asp Glu Ala Glu Phe Glu Ala Lys Glu Asp Gly Ala Thr
435 440 445

Ser Ser Pro Gln Ser Met Ser Ala Ala Leu Tyr Thr Glu Gly
450 455 460

<210> SEQ ID NO 54

<211> LENGTH: 1547

<212> TYPE: DNA

<213> ORGANISM: Thraustochytrium aureum

<400> SEQUENCE: 54

aggctgacce gcgaagagceg cgagatgttt cttegcateg aacgggaatg gcgagaggag 60
gacgagtggg ccaagcagga gcccggegtt gtctccacga tgatctggac cccgatcctg 120
atcgggetee getgettcaa catctggete teegtggtta cetggecget ctegtttetg 180
getegegteg tttteggeat ggagatgaag aaggcgaget tcetgggacgt cectcetggag 240
cggegecaage agacggtgge agttgeggge ttegtgatge tgetcccetg cgtgetgett 300
gegtacgtet ggtegettgt getgetegtt tteccegetga cgacgetgee aatgetceggg 360
tactacatct ggatcttcaa gatcgacaag agccccgaga acgggcageg cacgecgtte 420
ctgegttact ggteggegtg gegccactte gectectact tecegetgeg cctcatcaag 480
acgcacaacc tcgacccgag ccgcaagtac gtettegegt accacccegca cggcatcatce 540
agcattggeg cgtteggcaa ctttgccacce aacgcgacgg ggtttagecg caagtttcece 600
ggaatcgacc tcegectect caccttggaa atgaactttt ggtgeccctyg gatccgegag 660
ttcectgetga gecatgggegt ctgctcagee gccaageggt cctgcaacaa gattctcage 720
aaggggeeeg gaagegecat catgetggte gttggeggeg cegecgagte getcgacacy 780
gagcccggea cctacagget cacgttggge cgcaaggget ttatecgegt cgegetcgac 840
aacggggeeg acctegtgee tgtgetegee tteggggaga acgacatcett tgacaccatce 900
tactacgagt ccggcaccgt gatgcgcaag atccaggagg tcegtgegcaa gegectegge 960

tttgccacce ctgtttttte cggccgcgge ttcttcaact acagetttgg cttecteecg 1020
caccggcgece cggtcattgt cgtctgecggg cgccctatca aggtcccaaa actcccggaa 1080
cacctgecgeg geteggeget ctcegaccace cctgaaggeg tegegettgt cgaccagtac 1140
caccaaaagt acgtcgccga gctgecgccge gtgtgggacc tctacaagtc caagtgggec 1200
gtctegeggg cagagtceget catgatcaag ggtgtgcaaa acccggeget cccgegcetcece 1260
cegtegegee gcatccegece ggegcagege gttecegega gtgeccegecte getttegttt 1320
cgcgaggtcg acgaggccga atttgaggcc aaggaggacg gcgcgacctce ttcgecgcag 1380
tccatgtetg cggcgectgta caccgagggt tagtcctcat cagecttgeccg atctcecgecat 1440
ccegecectg cctegegtee cgecgagecg agttttgtca tgcaccageg ccttectgtt 1500

gttgaagtaa caaacgtaaa cgttttttct ttctttcaaa aaaaaaa 1547
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<210> SEQ ID NO 55

<211> LENGTH: 1977

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 55

atgccatccc gcagcaccat tgaggtcatt aaggccgata agaaccagaa taatctggeg
tatggcctga ttgttgtcat cctecctggcee attgacccca accccegtcaa agtcatcgece
gecteteteg geatececte tecgatggtte gectaccect gectggtcecat gettggcecac
ctattecctca cccactccca ggaatttete tacgacggeg tcegggtett cttecgetcece
atcctttcga tcttetteeg tcaagtcgac attgtgggca tcgacaacat cccgaaacac
ggcectgtea tcttetecegg gaaccacteg aaccaatttg tcgacgggat catggtcctce
accaccgcce aacaccgegt cggcttectt atcgeccgaaa agtcctacaa ccaccctgtt
gtecggcacat ttgcaaaact cgcegggegec gtgcccgtca cccgecctca agacagceget
aagctcatgc aaggtaccat tatcatgtcc ggccgctctg tcaagggaca aggaaccgcc
tttagtcacg agctcgtecce cggcgacaag ctacgtctaa aaggtggtge tgatcaattce
aaagtcgagt ccatcacctc cgataccgag ctgatgctct ccgagaacgg cccccttect
cceccectect ctacctecge ctegeccttt gaaaaactag ggaaggtgga ccagacccegt
gtctacaatg ccgtgttcga gcaccttaag cacgggaaat gcatcggtat cttceccccgaa
ggeggetege acgatcggac agacctecta cccectcaagg tagggattge actcatcgec
tgcggcatgg tcgataaata caatatcaca gtgcccatcg tcccegtggg tttgaactac
ttccgaggee accggttteg tggacgggtg gtagtagaat tcgggccage aattcgegtg
ccggaagagt tggcggagtt gtacaagacc aatcgacgcg aggcgtatca ccagtttcetg
accaacgtgg aggaagggat gcgggcgacg cttgtgacgg cgectgatta ccacgegttg
catttggtgt acacggcacg gaggttattt cagaaggata attggattcc gagcccacgg
gagaagatgg atttgaaccg gcggtttgec gaggggtata aaattttgat gaataagtat
ggggagcaga ggccggcggce gttggtggag ttggagagga ggttgaatga ttaccaaaaa
actctgcata cgttgggttt gagggattac caagtgccga cgttggagga ggatgataac
ttaaagttgt gttacacgat agcgcatttg tttttggtgt tgacgctgge gatgatgecg
agcettggtgt tgaacgcgec ggtggggttg attgeccgga ttgtttecgag tcegggagcag
aaaaaggcct tggcggegte cegggtaaag atcgaggcga gggatgtggt tatgagcaaa
aaaatcacgt tgtcgattgt cttggttceg accctatgga tcgtgtacge catcctecte
cttcggtaca cctcccteca gecctccace gtcegecgtge tettettete ctgtecccte
ttttectate ttggggtcat ggccacagaa gctggcatgg ttgacgccaa ggatctcaaa
ccegtegtta tgegtetttt acccggagcet cgtaagaaaa tggcgaccct ccctgcggag
cgegegeage tacaaagaga aatccgcegec tacatacacc agatcggecce tgaacttggg
agtctctaca ccgacaaaac cgtcaagtgg gaagaatacg tccgcaagtc ctcatcggeg

gctgacttge aatcgttgtt gaacgaageg acccaaccca agatgcaagyg aagtcagacg

gaaggaggga atggtggaga aaaaggggga aggaaggggg aagaggagct tgtctga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1977
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<210> SEQ ID NO 56

<211> LENGTH: 658

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 56

Met Pro Ser Arg Ser Thr Ile Glu Val Ile Lys Ala Asp Lys Asn Gln
1 5 10 15

Asn Asn Leu Ala Tyr Gly Leu Ile Val Val Ile Leu Leu Ala Ile Asp
Pro Asn Pro Val Lys Val Ile Ala Ala Ser Leu Gly Ile Pro Ser Arg
35 40 45

Trp Phe Ala Tyr Pro Cys Leu Val Met Leu Gly His Leu Phe Leu Thr
50 55 60

His Ser Gln Glu Phe Leu Tyr Asp Gly Val Arg Val Phe Phe Arg Ser
65 70 75 80

Ile Leu Ser Ile Phe Phe Arg Gln Val Asp Ile Val Gly Ile Asp Asn
85 90 95

Ile Pro Lys His Gly Pro Val Ile Phe Ser Gly Asn His Ser Asn Gln
100 105 110

Phe Val Asp Gly Ile Met Val Leu Thr Thr Ala Gln His Arg Val Gly
115 120 125

Phe Leu Ile Ala Glu Lys Ser Tyr Asn His Pro Val Val Gly Thr Phe
130 135 140

Ala Lys Leu Ala Gly Ala Val Pro Val Thr Arg Pro Gln Asp Ser Ala
145 150 155 160

Lys Leu Met Gln Gly Thr Ile Ile Met Ser Gly Arg Ser Val Lys Gly
165 170 175

Gln Gly Thr Ala Phe Ser His Glu Leu Val Pro Gly Asp Lys Leu Arg
180 185 190

Leu Lys Gly Gly Ala Asp Gln Phe Lys Val Glu Ser Ile Thr Ser Asp
195 200 205

Thr Glu Leu Met Leu Ser Glu Asn Gly Pro Leu Pro Pro Pro Ser Ser
210 215 220

Thr Ser Ala Ser Pro Phe Glu Lys Leu Gly Lys Val Asp Gln Thr Arg
225 230 235 240

Val Tyr Asn Ala Val Phe Glu His Leu Lys His Gly Lys Cys Ile Gly
245 250 255

Ile Phe Pro Glu Gly Gly Ser His Asp Arg Thr Asp Leu Leu Pro Leu
260 265 270

Lys Val Gly Ile Ala Leu Ile Ala Cys Gly Met Val Asp Lys Tyr Asn
275 280 285

Ile Thr Val Pro Ile Val Pro Val Gly Leu Asn Tyr Phe Arg Gly His
290 295 300

Arg Phe Arg Gly Arg Val Val Val Glu Phe Gly Pro Ala Ile Arg Val
305 310 315 320

Pro Glu Glu Leu Ala Glu Leu Tyr Lys Thr Asn Arg Arg Glu Ala Tyr
325 330 335

His Gln Phe Leu Thr Asn Val Glu Glu Gly Met Arg Ala Thr Leu Val
340 345 350

Thr Ala Pro Asp Tyr His Ala Leu His Leu Val Tyr Thr Ala Arg Arg
355 360 365
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Leu Phe Gln Lys Asp Asn Trp Ile Pro Ser Pro Arg Glu Lys Met Asp
370 375 380

Leu Asn Arg Arg Phe Ala Glu Gly Tyr Lys Ile Leu Met Asn Lys Tyr
385 390 395 400

Gly Glu Gln Arg Pro Ala Ala Leu Val Glu Leu Glu Arg Arg Leu Asn
405 410 415

Asp Tyr Gln Lys Thr Leu His Thr Leu Gly Leu Arg Asp Tyr Gln Val
420 425 430

Pro Thr Leu Glu Glu Asp Asp Asn Leu Lys Leu Cys Tyr Thr Ile Ala
435 440 445

His Leu Phe Leu Val Leu Thr Leu Ala Met Met Pro Ser Leu Val Leu
450 455 460

Asn Ala Pro Val Gly Leu Ile Ala Arg Ile Val Ser Ser Arg Glu Gln
465 470 475 480

Lys Lys Ala Leu Ala Ala Ser Arg Val Lys Ile Glu Ala Arg Asp Val
485 490 495

Val Met Ser Lys Lys Ile Thr Leu Ser Ile Val Leu Val Pro Thr Leu
500 505 510

Trp Ile Val Tyr Ala Ile Leu Leu Leu Arg Tyr Thr Ser Leu Gln Pro
515 520 525

Ser Thr Val Ala Val Leu Phe Phe Ser Cys Pro Leu Phe Ser Tyr Leu
530 535 540

Gly Val Met Ala Thr Glu Ala Gly Met Val Asp Ala Lys Asp Leu Lys
545 550 555 560

Pro Val Val Met Arg Leu Leu Pro Gly Ala Arg Lys Lys Met Ala Thr
565 570 575

Leu Pro Ala Glu Arg Ala Gln Leu Gln Arg Glu Ile Arg Ala Tyr Ile
580 585 590

His Gln Ile Gly Pro Glu Leu Gly Ser Leu Tyr Thr Asp Lys Thr Val
595 600 605

Lys Trp Glu Glu Tyr Val Arg Lys Ser Ser Ser Ala Ala Asp Leu Gln
610 615 620

Ser Leu Leu Asn Glu Ala Thr Gln Pro Lys Met Gln Gly Ser Gln Thr
625 630 635 640

Glu Gly Gly Asn Gly Gly Glu Lys Gly Gly Arg Lys Gly Glu Glu Glu
645 650 655

Leu Val

<210> SEQ ID NO 57
<211> LENGTH: 2460
<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 57

attttcagca aagtaatcaa gataataaac aaaaacaatc ctataaagga aaaacaacag 60
gcacgcgtee tgaggtgeceg gtgcectgtaa ttttectect tgggactgte ggecatcegte 120
aggaacaagc geggccacca gggctcattt cgaatcaage acatccgtte cacacceggg 180
caacaaaacc atgccatcce gcagcaccat tgaggtcatt aaggccgata agaaccagaa 240
taatctggeg tatggectga ttgttgtcat cctectggee attgacccca accccgtcaa 300

agtcatcgce gectcteteg gecatccccte tcgatggtte gectaccect gectggtceat 360
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gcttggecac ctattcctca cccactccca ggaatttcte tacgacggceg tecegggtett 420
cttcecgetee atcctttcga tecttetteceg tcaagtcgac attgtgggca tcgacaacat 480
cccgaaacac ggccctgtcea tcecttetecgg gaaccactceg aaccaatttg tcgacgggat 540
catggtccte accaccgcece aacaccgegt cggcttcectt atcgeccgaaa agtcctacaa 600
ccaccectgtt gtcggcacat ttgcaaaact cgcgggcgece gtgcccgtceca cccgecctca 660
agacagcget aagctcatge aaggtaccat tatcatgtec ggcecgctctg tcaagggaca 720
aggaaccgece tttagtcacg agctcegtcec cggcgacaag ctacgtctaa aaggtggtge 780
tgatcaattc aaagtcgagt ccatcacctce cgataccgag ctgatgctet ccgagaacgg 840
ceceecttect ccccectect ctacctecge ctegeccttt gaaaaactag ggaaggtgga 900
ccagacccgt gtctacaatg ccgtgttcga gcaccttaag cacgggaaat gcatcggtat 960

cttecececcgaa ggcggetege acgatcggac agacctcecta cccectcaagg tagggattge 1020
actcatcgece tgcggcatgg tcgataaata caatatcaca gtgcccatcg tcecceccegtggg 1080
tttgaactac ttccgaggec accggttteg tggacgggtg gtagtagaat tcgggccagce 1140
aattcgcgtg ccggaagagt tggcggagtt gtacaagacc aatcgacgcg aggcgtatca 1200
ccagtttctg accaacgtgg aggaagggat gcgggcgacg cttgtgacgg cgcctgatta 1260
ccacgcgttg catttggtgt acacggcacg gaggttattt cagaaggata attggattcc 1320
gagcccacgg gagaagatgg atttgaaccg geggtttgece gaggggtata aaattttgat 1380
gaataagtat ggggagcaga ggccggegge gttggtggag ttggagagga ggttgaatga 1440
ttaccaaaaa actctgcata cgttgggttt gagggattac caagtgccga cgttggagga 1500
ggatgataac ttaaagttgt gttacacgat agcgcatttg tttttggtgt tgacgctggce 1560
gatgatgccg agcttggtgt tgaacgcgec ggtggggttg attgcccgga ttgtttcgag 1620
tcgggagcag aaaaaggcct tggcggcgtce ccgggtaaag atcgaggcga gggatgtggt 1680
tatgagcaaa aaaatcacgt tgtcgattgt cttggttcecg accctatgga tcgtgtacge 1740
catcctecte cttcecggtaca cctceccectcecca gcectceccace gtegecegtge tettettete 1800
ctgtccecte ttttectate ttggggtcat ggccacagaa gctggcatgg ttgacgccaa 1860
ggatctcaaa cccgtecgtta tgegtectttt acccggaget cgtaagaaaa tggcgaccct 1920
ccctgeggag cgcegegcage tacaaagaga aatccgegec tacatacacc agatcggecce 1980
tgaacttggg agtctctaca ccgacaaaac cgtcaagtgg gaagaatacg tccgcaagtce 2040
ctcatcggceg gctgacttge aatcgttgtt gaacgaagcg acccaaccca agatgcaagg 2100
aagtcagacg gaaggaggga atggtggaga aaaaggggga aggaaggggg aagaggagct 2160
tgtctgatac gtcaccgaaa ttgtcgcatg cgatgaatgg aagagagacg ccgccaccag 2220
ttaagatgac tcaaaacccg ctggtgacgg ggaagaagga tgcataggag ggattatgag 2280
ggagggaggg cagggtggat gagttagaat tcgatgcaca tagagaagga tgttcctgge 2340
tgggactgta aattggttag ggttaatatt gtgtgtgctg catcgtcecttt gtcacgtacg 2400

tgaaaggaaa cggaaaggaa aaaaagtgga atacaagaca aaaaaaaaaa aaaaaaaaaa 2460

<210> SEQ ID NO 58

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:
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<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 58
ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

acceceggate ggegegecac catggacaag gcactggeac cgtt

<210> SEQ ID NO 59

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 59
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaact aaactttctt ccttcectet a

<210> SEQ ID NO 60

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 60
ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accceggate ggegegecac catgaccacg actgtcatet ctag

<210> SEQ ID NO 61

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 61

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt ccttttcggt
tagagcggat ttaattaatc aaagcctcece gcacaacgag ¢

<210> SEQ ID NO 62

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 62

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accccggate ggegegecac catggaggge atcgagtcega tagt

<210> SEQ ID NO 63

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 63

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt ccttttecggt

60

104

60

101

60

104

60

101

60

104

60
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tagagcggat ttaattaact ataaggctte tceceggegeg g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 64

LENGTH: 104

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 64

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accceggate ggegegecac catgaagacg cccacgagec tgge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 65

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 65

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaatt aagctctcga atcgtcctte t

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 66

LENGTH: 104

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 66

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accccggate ggegegecac catggtcagg aggaagatgg acgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 67

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 67

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cetttteggt

tagagcggat ttaattaatc acgacgccgg cgecttgeag t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 68

LENGTH: 104

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 68

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa
accccggate ggegegecac catggecacce tceccaccegg cece
<210> SEQ ID NO 69

<211> LENGTH: 101
<212> TYPE: DNA

101

60

104

60

101

60

104

60

101

60

104
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<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 69
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaatc atttgaccac taaggtggec t

<210> SEQ ID NO 70

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 70
ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accccggate ggegegecac catgggtcta tttggcageg ggat

<210> SEQ ID NO 71

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 71
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cetttteggt

tagagcggat ttaattaact aaaagaaatt caacgtccga t

<210> SEQ ID NO 72

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 72
ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

acccecggatce ggegegecac catgttgagt atccccgagt cgtce

<210> SEQ ID NO 73

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 73
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaact aaaagaaatc cagctcectg t

<210> SEQ ID NO 74

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 74

60

101

60

104

60

101

60

104

60

101
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ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accccggate ggegegecac catgacgecg caagecgata tcac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 75

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 75

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cetttteggt

tagagcggat ttaattaatt actcaatgga caacgggcge g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 76

LENGTH: 104

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 76

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

acccecggatce ggegegecac catggcttac ctetteegte gteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 77

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 77

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagecggat ttaattaatt aggcgatcge aatgaactee t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 78

LENGTH: 104

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 78

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accccggate ggegegecac catgectttt ggacgggetg catce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 79

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 79

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaatc acccgaaaat atcctectte t

<210> SEQ ID NO 80

60

104

60

101

60

104

60

101

60

104

60

101
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<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 80
ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

acccecggatce ggegegecac catggccaag gctaacttce cgec

<210> SEQ ID NO 81

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 81
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagecggat ttaattaatc actttataag cagcttettg t

<210> SEQ ID NO 82

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 82
ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accceggate ggegegecac catgttgttg cagggattaa getg

<210> SEQ ID NO 83

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 83
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt ccttttecggt

tagagcggat ttaattaatc acaacaggac caatttatga t

<210> SEQ ID NO 84

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 84
ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

acccecggatce ggegegecac catgttgatg gcegeegtege ggeg

<210> SEQ ID NO 85

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

60

104

60

101

60

104

60

101

60

104
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<400>

SEQUENCE: 85

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagecggat ttaattaatc agacgatgcg aagegtettg t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 86

LENGTH: 104

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 86

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accccggate ggegegecac catgggeget accactgega ccca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 87

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 87

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaatc acgacttcgg acagtccaaa a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 88

LENGTH: 104

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 88

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

acceceggate ggegegecac catgtegtte gttgageaca gege

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 89

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 89

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaact acacaaatcg catcgtcttg t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 90

LENGTH: 104

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 90

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

acccecggatce ggegegecac catggtcette ctetgectte ccta

60

101

60

104

60

101

60

104

60

101

60

104
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<210> SEQ ID NO 91

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 91
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt ccttttecggt

tagagcggat ttaattaact acgagtccag ccacttgatg c

<210> SEQ ID NO 92

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 92
ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

acceceggate ggegegecac catgtttett cgeatcgaac ggga

<210> SEQ ID NO 93

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 93
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaact aacccteggt gtacagegee g

<210> SEQ ID NO 94

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 94

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa
acceceggate ggegegecac catgecatce cgeageacca ttga

<210> SEQ ID NO 95

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 95

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt ccttttecggt

tagagcggat ttaattaatc agacaagcte ctctteccee t

<210> SEQ ID NO 96

<211> LENGTH: 1197

<212> TYPE: DNA

<213> ORGANISM: Phytophtora sojae

60

101

60

104

60

101

60

104

60

101
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<400> SEQUENCE: 96

atggcaattc tgaatccgga agcagatagc gcagcaaatc tggcaaccga ttcagaagca 60
aaacagcgtc agctggccga agcaggttat acccatgttg aaggtgcacc ggcaccgctg 120
ccgetggaac tgccgcattt ttcactgegt gatctgegtg cagcaattcecc gaaacattgt 180
tttgaacgta gctttgttac cagcacctat tatatgatta aaaacgtgct gacctgcgca 240
gcactgtttt atgcagcaac ctttattgat cgtgetggtg cagcagecta tgttectgtgg 300
cctgtttatt ggttttttca gggttcatat ctgaccggtg tttgggttat tgcacatgaa 360
tgtggtcatc aggcctattg tagctcagaa gttgtgaata atctgattgg tctggttetg 420
cattcagcac tgctggttcc gtatcattct tggcgtatta geccatcgtaa acatcattca 480
aataccggta gctgcgaaaa tgatgaagtt tttgttccgg ttacccgtag cgttctggea 540
agcagctgga atgaaaccct ggaagatagt ccgctgtatc agctgtatcg tattgtttat 600
atgctggttg ttggttggat gccgggttac ctgtttttta atgcaaccgg tccgaccaaa 660
tattggggta aatcacgtag ccattttaat ccgtatagcg caatttatgc cgatcgtgaa 720
cgttggatga ttgttctgtc agatattttt ctggttgcaa tgctggcagt tctggcagca 780
ctggttcata cctttagctt taatacgatg gtgaagtttt atgtggtgcc gtattttatt 840
gtgaatgcct atctggtgct gattacctat ctgcagcaca ccgataccta tattccgcac 900
tttcgtgaag gtgaatggaa ttggctgcegt ggtgcactgt gtaccgttga tcgtagettt 960

ggtcegttte tggattcagt tgttcatcgt attgttgata cccatgtgtg ccatcatatt 1020
tttagcaaaa tgccgtttta tcattgcgaa gaagccacca acgcaattaa accgctgcetg 1080
ggtaaatttt atctgaaaga taccacaccg gttcecggttg cactgtggeg ttcatatacce 1140
cattgtaaat ttgtggaaga tgatggcaaa gtggtgtttt acaaaaacaa actgtaa 1197
<210> SEQ ID NO 97

<211> LENGTH: 1371

<212> TYPE: DNA

<213> ORGANISM: Ostreococcus tauri

<400> SEQUENCE: 97

atgtgtgttg agaccgagaa caacgatgga atccctactg tggagatcge tttcecgatgga 60
gagagagaaa gagctgaggc taacgtgaag ttgtctgctg agaagatgga acctgctget 120
ttggctaaga ccttcgctag aagatacgtg gttatcgagg gagttgagta cgatgtgacce 180
gatttcaaac accctggagg aaccgtgatt ttctacgctc tctctaacac tggagctgat 240
gctactgagg ctttcaagga gttccaccac agatctagaa aggctaggaa ggctttgget 300
gctttgcectt ctagacctgc taagaccgct aaagtggatg atgctgagat gctccaggat 360
ttcgctaagt ggagaaagga gttggagagg gacggattct tcaagccttc tcctgctcac 420
gttgcttaca gattcgctga gttggetget atgtacgett tgggaaccta cttgatgtac 480
gctagatacg ttgtgtecte tgtgttggtt tacgettget tcettcecggage tagatgtgga 540
tgggttcaac acgagggagg acactcttct ttgaccggaa acatctggtg ggataagaga 600
atccaagctt tcactgctgg attcggattg gctggatctg gagatatgtg gaactccatg 660
cacaacaagc accacgctac tcctcaaaaa gtgaggcacg atatggattt ggataccact 720

cctgetgttg ctttettcaa caccgctgtg gaggataata gacctagggg attctctaag 780
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tactggctca gattgcaagce ttggaccttc attcctgtga cttctggatt ggtgttgcetce 840
ttctggatgt tcttcctcca cccttcectaag gectttgaagg gaggaaagta cgaggagcett 900
gtgtggatgt tggctgctca cgtgattaga acctggacca ttaaggctgt tactggattc 960

accgctatge aatcctacgg actcttecttg gctacttett gggtttccgg atgctacttg 1020
ttcgctcact tctctactte tcacacccac ttggatgttg ttcctgectga tgagcacttg 1080
tcttgggtta ggtacgctgt ggatcacacc attgatatcg atccttctca gggatgggtt 1140
aactggttga tgggatactt gaactgccaa gtgattcacc acctcttceccce ttcectatgect 1200
caattcagac aacctgaggt gtccagaaga ttcgttgcett tcgctaagaa gtggaaccte 1260
aactacaagg tgatgactta tgctggagct tggaaggcta ctttgggaaa cctcgataat 1320
gtgggaaagc actactacgt gcacggacaa cactctggaa agaccgcttg a 1371
<210> SEQ ID NO 98

<211> LENGTH: 1320

<212> TYPE: DNA

<213> ORGANISM: Thraustochytrium sp.

<400> SEQUENCE: 98

atgggaaaag gatctgaggg aagatctgcet gectagagaga tgactgctga ggctaacgga 60
gataagagaa agaccatcct cattgaggga gtgttgtacg atgctaccaa cttcaaacac 120
ccaggaggtt ccattattaa cttcctcace gagggagaag ctggagttga tgctacccaa 180
gcttacagag agttccatca gagatccgga aaggctgata agtacctcaa gtccectccca 240
aagttggatg cttctaaggt ggagtctagg ttctetgeta aggagcagge tagaagggac 300
gctatgacca gggattacge tgctttcaga gaggagttgg ttgctgaggg atacttcgat 360
ccatctatee cacacatgat ctacagagtg gtggagattg tggetttgtt cgetttgtet 420
ttctggttga tgtctaagge ttctccaacce tcetttggttt tgggagtggt gatgaacgga 480
atcgctcaag gaagatgcegg atgggttatyg cacgagatgg gacacggatc tttcactgga 540
gttatctgge tcgatgatag gatgtgcgag ttcttctacyg gagttggatg tggaatgtcet 600
ggacactact ggaagaacca gcactctaag caccacgctyg ctecaaacag attggagcac 660
gatgtggatt tgaacacctt geccactegtt gctttcaacyg agagagttgt gaggaaggtt 720
aagccaggat ctttgttgge tttgtggete agagttcagg cttatttgtt cgctccagtyg 780
tcttgettgt tgatcggatt gggatggace ttgtacttge acccaagata tatgctcagyg 840
accaagagac acatggagtt tgtgtggatc ttegetagat atatcggatg gttctecttg 900
atgggagett tgggatattc tcctggaact tctgtgggaa tgtacctetg ctetttegga 960

cttggatgca tctacatctt cctccaatte gectgtgtete acacccactt gccagttacce 1020
aacccagagg atcaattgca ctggcttgag tacgctgcetg atcacaccgt gaacatctcet 1080
accaagtctt ggttggttac ctggtggatg tctaacctca acttccaaat cgagcaccac 1140
ttgttcccaa ccgctccaca attcaggtte aaggagatct ctccaagagt tgaggctcetce 1200
ttcaagagac acaacctccc ttactacgat ttgccataca cctctgctgt ttctactacc 1260
ttcgctaacce tctactctgt tggacactcect gttggagetg ataccaagaa gcaggattga 1320
<210> SEQ ID NO 99

<211> LENGTH: 873
<212> TYPE: DNA
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<213> ORGANISM: Physcomitrella patens
<400> SEQUENCE: 99
atggaagttg ttgagaggtt ctacggagag ttggatggaa aggtttccca aggagtgaac 60
gctttgttgg gatctttcgg agttgagttg actgataccc caactactaa gggattgcca 120
ctcgttgatt ctccaactcc aattgtgttg ggagtgtctg tttacttgac catcgtgatc 180
ggaggattge tttggatcaa ggctagagat ctcaagccaa gagcttctga geccattcettg 240
ttgcaagectt tggtgttggt gcacaacttg ttectgectteg ctttgtetet ttacatgtgt 300
gtgggaatcg cttaccaagc tatcacctgg agatattcct tgtggggaaa cgcttataac 360
ccaaagcaca aggagatggc tatcctcgtt tacctcttct acatgtccaa gtacgtggag 420
ttcatggata ccgtgatcat gatcctcaag agatctacca gacagatttc tttectccac 480
gtgtaccacc actcttctat ctcccttatc tggtgggcta ttgctcacca cgctccagga 540
ggagaggctt attggagcgc tgctctcaac tctggagtgce acgtgttgat gtacgcttac 600
tacttcttgg ctgcttgectt gagatcttce ccaaagctca agaacaagta cctcttctgg 660
ggaagatacc tcacccaatt ccagatgttc cagtttatgc tcaacttggt gcaagcttac 720
tacgatatga agaccaacgc tccatatcca cagtggctca tcaagatcct cttctactac 780
atgatctcce tcttgttect cttecggaaac ttctacgtgce aaaagtacat caagccatca 840
gatggaaagc aaaagggagc taagaccgag tga 873
<210> SEQ ID NO 100
<211> LENGTH: 1086
<212> TYPE: DNA
<213> ORGANISM: Phytophthora infestans
<400> SEQUENCE: 100
atggcgacga aggaggcgta tgtgttcccce actctgacgg agatcaageg gtcgctacct 60
aaagactgtt tcgaggcttc ggtgcctctg tcgctctact acaccgtgeg ttgtectggtg 120
atcgeggtgg ctctaacctt cggtcectcaac tacgectecgeg ctectgcccga ggtcgagagce 180
ttctgggcte tggacgccge actctgcacg ggctacatct tgectgcaggg catcegtgtte 240
tggggettet tcacggtggg ccacgatgec ggccacggeg ccttetegeg ctaccacctg 300
cttaacttcg tggtgggcac tttcatgcac tcgctcatce tcacgccctt cgagtegtgg 360
aagctcacgc accgtcacca ccacaagaac acgggcaaca ttgaccgtga cgaggtctte 420
tacccgcaac gcaaggccga cgaccaccceg ctgtctegeca acctgattet ggegetcggg 480
gcagcgtgge tcgectattt ggtcgaggge ttcectccte gtaaggtcaa ccacttcaac 540
ccgttcgage ctectgttegt gegtcaggtg tcagetgtgg taatctctet tcetegeccac 600
ttcttegtgg ccggactcte catctatctg agcctccage tgggccttaa gacgatggcea 660
atctactact atggacctgt ttttgtgttc ggcagcatgc tggtcattac caccttccta 720
caccacaatg atgaggagac cccatggtac gccgactcgg agtggacgta cgtcaagggce 780
aacctctcgt ccgtggaccg atcgtacggce gcgctcattg acaacctgag ccacaacatce 840
ggcacgcacc agatccacca ccttttcect atcattccge actacaaact caagaaagcc 900
actgcggcect tccaccagge tttcecectgag ctcegtgegca agagcgacga gccaattatce 960

aaggctttet tccgggttgg acgtctctac gcaaactacg gegttgtgga ccaggaggcyg 1020
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aagctcttca cgctaaagga agccaaggeg gcgaccgagg cggeggccaa gaccaagtec 1080

acgtaa 1086

<210> SEQ ID NO 101

<211> LENGTH: 23777

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid

<400> SEQUENCE: 101

ctatacaaag ttgatagctt ggegtaatcg atgtaccgat atcaatttaa attggccgge 60
cgagctecect gcagggggece cggegegect ctagattaat taaaggectt agttactaat 120
cagtgatcag attgtcgttt cccgecttca gtttaaacta tcagtgtttg acaggatata 180
ttggcgggta aacctaagag aaaagagcgt ttattagaat aatcggatat ttaaaagggce 240
gtgaaaaggt ttatccgttc gtccatttgt atgtcaatat ccatgataag tcgcgctgta 300
tgtgtttgtt tgaatattca tggaacgcag tggcggtttt catggecttgt tatgactgtt 360
tttttggggt acagtctatg cctcgggcat ccaagcagca agcgcgttac geccgtgggte 420
gatgtttgat gttatggagc agcaacgatg ttacgcagca gggcagtcgc cctaaaacaa 480
agttaaacat catgggtgaa gcggtcatcg ccgaggtgtc cacccagctg tcggaagtceg 540
tgggtgtcat cgagcgccac ctcgaaccga ccctectege cgtgecatcetg tatggtageg 600
cegttgacgg cggecttaag ccccattcegg acatcgacct gettgtcacce gttaccgtcece 660
gtctcgacga gaccacgcge cgcegcegetta tcaacgacct tctggaaacg teegectece 720
ccggegagag cgaaatcctg cgegeggttg aggtgacgat tgtggtgcac gatgacatca 780
tcceetggeg ctatccggec aaacgcgaac tccagttcegg cgaatggcag cgtaatgata 840
ttctggeggyg tatctttgaa cecggecacca tcgacattga tctggcecgatce ctgctcacca 900
aggcccggga gcatagegtg gecctegteg geccegegge cgaggaactt ttcegacccegg 960

tgccggaaca ggatctgttce gaagcactga acgagacgct gaccctgtgg aactccccge 1020
cggattgggc gggcgatgag cgcaatgtgg tccttacget gagccggatt tggtactcgg 1080
cggttaccgg caagatcgceg ccgaaggatg tcgccgecga ctgggcgatg gagegectte 1140
cggcgcaata ccagecccgtg atcctcecgaag cgegecaage ctatcetggge caagaagaag 1200
accgtctege gtccegggece gaccagceteg aagaatttgt ccactatgtc aagggcgaga 1260
tcacgaaggt cgttggcaaa taatgtctag ctagaaattc gttcaagcecg acgccgcttce 1320
gcggcgegge ttaactcaag cgttagatgce actaagcaca taattgctca cagccaaact 1380
atcgatgagt tgaaggaccc cgtagaaaag atcaaaggat cttcttgaga tccttttttt 1440
ctgcgegtaa tcectgctgett gcaaacaaaa aaaccaccgce taccagcggt ggtttgtttg 1500
ccggatcaag agctaccaac tcectttttccg aaggtaactg gecttcagcag agcgcagata 1560
ccaaatactg tccttctagt gtagceccgtag ttaggccacc acttcaagaa ctctgtagcea 1620
ccgectacat acctcegetet gctaatcctg ttaccagtgg ctgctgccag tggcgataag 1680
tcgtgtectta ccgggttgga ctcaagacga tagttaccgg ataaggcgca gcggtcegggce 1740
tgaacggggg gttcgtgcac acagcccage ttggagcgaa cgacctacac cgaactgaga 1800

tacctacagc gtgagctatg agaaagcgcc acgcttecceg aagggagaaa ggcggacagg 1860
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tatccggtaa gcggcagggt cggaacagga gagcgcacga gggagcttcc agggggaaac 1920
gcectggtate tttatagtee tgtegggttt cgccacctet gacttgageg tcgatttttg 1980
tgatgctegt caggggggcyg gagcctatgg aaaaacgcca gcaacgcggce ctttttacgg 2040
ttcctggect tttgectggece ttttgctcac atgttcttte ctgecgttatce ccecctgattcet 2100
gtggataacc gtattaccgc ctttgagtga gctgataccg ctcgccgcag ccgaacgacce 2160
gagcgcageg agtcagtgag cgaggaagcg gaagagcgcec tgatgcggta ttttcectcectt 2220
acgcatctgt gecggtattte acaccgcata ggccgcgata ggecgacgeg aagceggceggg 2280
gegtagggag cgcagcgacce gaagggtagg cgetttttge agetcttegg ctgtgegetg 2340
gccagacagt tatgcacagg ccaggcgggt tttaagagtt ttaataagtt ttaaagagtt 2400
ttaggcggaa aaatcgcctt ttttctettt tatatcagtc acttacatgt gtgaccggtt 2460
cccaatgtac ggctttgggt tcccaatgta cgggttcegg ttceccaatgt acggetttgg 2520
gttcccaatg tacgtgctat ccacaggaaa gagacctttt cgaccttttt cccctgctag 2580
ggcaatttgc cctagcatct gctcecgtaca ttaggaaccg gcggatgctt cgccctcgat 2640
caggttgcgg tagcgcatga ctaggatcgg gccagcctge cccgectcect ccttcaaatce 2700
gtactccgge aggtcatttg acccgatcag cttgcgcacg gtgaaacaga acttcttgaa 2760
ctctececggeg ctgccactge gttecgtagat cgtcttgaac aaccatctgg cttetgectt 2820
gectgeggeg cggegtgcca ggceggtagag aaaacggcceg atgccggggt cgatcaaaaa 2880
gtaatcgggg tgaaccgtca gcacgtcegg gttcecttgect tctgtgatct cgeggtacat 2940
ccaatcagca agctcgatct cgatgtactc cggccgeccg gtttegetet ttacgatcett 3000
gtagcggcta atcaaggctt caccctecgga taccgtcacce aggcggecgt tettggectt 3060
cttggtacgce tgcatggcaa cgtgcgtggt gtttaaccga atgcaggttt ctaccaggtc 3120
gtctttetge ttteecgecat cggctecgecg gcagaacttg agtacgtceccg caacgtgtgg 3180
acggaacacg cggccgggcet tgtctcectt cccttecegg tatcggttceca tggattcecggt 3240
tagatgggaa accgccatca gtaccaggtc gtaatcccac acactggcca tgccggcggg 3300
gcctgeggaa acctctacgt gcccgtetgg aagctegtag cggatcacct cgeccagctcecg 3360
tcggtcacge ttcgacagac ggaaaacggc cacgtccatg atgctgcgac tatcgecgggt 3420
gcccacgteca tagagcatcg gaacgaaaaa atctggttge tcgtcecgecct tgggeggcett 3480
cctaatcgac ggcgcaccgg ctgeceggegg ttgccgggat tcetttgegga ttcgatcage 3540
ggceccttge cacgattcac cggggegtge ttcectgecteg atgegttgcce getgggegge 3600
ctgcgeggece ttcaacttet ccaccaggtce atcacccage gccgcgccga tttgtaccegg 3660
gcecggatggt ttgcgaccge tcacgccgat tecteggget tgggggttece agtgccattg 3720
cagggccgge agacaaccca gccgcttacg cctggeccaac cgcccgttec tccacacatg 3780
gggcattcca cggcgteggt gectggttgt tcttgatttt ccatgecgee tectttagec 3840
gctaaaattc atctactcat ttattcattt gectcatttac tctggtaget gecgcgatgta 3900
ttcagatagc agctcggtaa tggtcttgec ttggcgtacce gecgtacatct tcagettggt 3960
gtgatcctee gecggcaact gaaagttgac ccgcttcatg getggegtgt ctgcecagget 4020
ggccaacgtt gcagccttge tgctgecgtge gectcggacgg ccggcactta gegtgtttgt 4080

gecttttgete attttcectcett tacctcatta actcaaatga gttttgattt aatttcagcg 4140
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gccagcegect ggacctegeg ggcagegteg cectegggtt ctgattcaag aacggttgtg 4200
ccggeggcgg cagtgcctgg gtagectcacg cgctgegtga tacgggactc aagaatgggce 4260
agctcgtacce cggccagege ctceggcaacce tcaccgccga tgcgcecgtgec tttgatcgece 4320
cgcgacacga caaaggccgce ttgtagecctt ccatccgtga cctcaatgceg ctgcecttaacce 4380
agctccacca ggtcggecggt ggcccaaatg tcgtaaggge ttggetgcac cggaatcage 4440
acgaagtcgg ctgccttgat cgeggacaca gccaagtceg cecgectgggg cgcteegteg 4500
atcactacga agtcgcgceg gecgatggcece ttcacgtege ggtcaatcegt cgggcecggteg 4560
atgccgacaa cggttagegyg ttgatcttec cgcacggecg cccaatcgeg ggcactgecce 4620
tggggatcgg aatcgactaa cagaacatcg gccccggcga gttgcagggce gegggctaga 4680
tgggttgcga tggtcgtectt gectgacceg cctttetggt taagtacage gataacctte 4740
atgcgttcee cttgcgtatt tgtttattta ctcatcgcat catatacgca gcgaccgcat 4800
gacgcaagct gttttactca aatacacatc acctttttag atgatcagtg attttgtgece 4860
gagctgccgg tceggggagcet gttggctgge tggtggcagg atatattgtg gtgtaaacaa 4920
attgacgctt agacaactta ataacacatt gcggacgtct ttaatgtact gaatttagtt 4980
actgatcact gattaagtac tgcgatcgcc tcgacatatt gtttttgttt cacataaatg 5040
tcgttttgga ttattcatgt aatattttaa actaaagtac aatttttgac tactttagtt 5100
tactagttaa gcttttattt ttttgactaa ccattgaatg atgaagagat caacgcatca 5160
tatttacaac ttacatagtc ttttggaagt gtaaattgct aatactacct aaaatatatc 5220
tataattaac taatattttt tcgtcaatta taatagatca attaaaaggc tatcaaaagg 5280
aaaaaaatga aatccacatc ctgccatcat aacctcatgc tggaaaaaga aatgaaaaaa 5340
tataaaaaat ttcttttgtt tattaaattt acaactttaa tactagtttc ttttctattt 5400
tttaaaagct tttgtcactt acttaaaaaa aaaaaacttt ttgaaatatt cctacttcca 5460
atgtctgatt agtgcttctg gatttccttt ttggatcatg tgaatcctaa atcagaaaaa 5520
ttcatataat acccaattca gtatattttc atacttcaat ttacaagagt tctctatgtt 5580
tttagcttct ttcttttaag ccaaatgttt taagcatctt ttatacatta aaataattta 5640
gtgttgagtt gagatttttt tttttttttt ttggatttac ttgttcaaaa tctgaaaaaa 5700
tgtttacaga aggttaaaat gaaccaaaag gcatatcaag ctagattttg aattacccta 5760
tttcatcgta tacacaaaac tgataatgtg gacacagttg attttacttc tcgatgacat 5820
cgtagtttta tttaatttgg aaaccacggc ccatatgagc acatttcaat taaaaaccaa 5880
tggtaagagc attttccatg caagattcga gagatattaa cccagtgact gttaaaacag 5940
cttagaaccc taataacgaa tttcaattac tcaatttacc attcgcattt cgcaataacc 6000
aaactgagcc agtcacaagg agtaaaccga accggattat ttatttataa aatgaaagaa 6060
aggaaaccaa acaacaacag cagtagtagt ctgacgtaaa ccaaaaagca ggcagatcaa 6120
caactaaaag aaactcaaat taccaaaaca aacaggaaat tgcaaactaa gtttttttac 6180
catatgcata caaagaccat aaaaggttct gataatcacc ggtttcatct cgtcgagatt 6240
accctgttat ccctatcagt atttaatcecg gccatctect tceccgttatga catcgttgaa 6300
agtgccacca ttcgggatca tcggcaacac atgttcttgg tgcggacaaa tcacatccaa 6360

caggtaaggt cctggtgtat ccagcattgt ctgaatagct tctcggagat ctgetttett 6420
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tgtcacccte geccgcectggaa tcccgcaage tgctgcaaac agcaacatgt tcgggaatat 6480
ctegtectee tgagccggat ccccgagaaa tgtgtgaget cggttagett tgtagaaccg 6540
atcttceccat tgcataacca tgccaagatg ctggttgttt aataaaagta ccttcactgg 6600
aagattctct acacgaatag tggctagctc ttgcacattc attataaagc ttccatctcecce 6660
gtcaatatcc acaactatcg catcagggtt agcaacagac gctccaatcg cagcaggaag 6720
tccaaatcece atagctccaa ggcectcectga tgatagceccac tgceccttggtt tcttgtaatt 6780
gtagaactgc gccgceccaca tttgatgttg cccgacacca gtacttatta tggcecttttece 6840
atcagtcaac tcatcaagga ccttaatcgc atactgtgga ggaatagctt ccccaaacgt 6900
cttaaagctc aacggaaact tctgtttectg tacgttcaac tcattcctec aaactccaaa 6960
atcaagctta agctccteceg ctcecggttete aagaacctta ttcatcccett gcaaagccag 7020
cttaacatca ccacacacag acacatgagg agtcttattc ttcccaatct cagccgagtce 7080
aatatcaata tgaacaatct tagccctact agcaaaagcc tcaagcttac ccgtgacacg 7140
atcatcaaac cttaccccaa acgccaacaa caaatcacta tgctccacag cgtaatttge 7200
atacacagtc ccatgcattc caagcatatg taacgacaac tcatcatcac aaggataaga 7260
tcccagecce atcaacgtac tcgcaacagg gatccccgta agctcaacaa acctacccaa 7320
ttcatcgcta gaattcaaac aaccaccacc aacatacaac acaggcttct tagactcaga 7380
aatcaaccta acaatctgct ccaaatgaga atcttccgga ggtttaggca tcctagacat 7440
ataaccaggt aatctcatag cctgttccca attaggaatc gcaagctgtt gttgaatatc 7500
tttaggaaca tcaaccaaaa caggtccagg tctaccagaa gtagctaaaa agaaagcttce 7560
ctcaataatc ctagggatat cttcaacatc catcacaaga tagttatgct tcgtaatcga 7620
acgcgttacce tcaacaatcg gagtctcttg aaacgcatct gtaccaatca tacgacgagg 7680
gacttgtcct gtgattgcta caagaggaac actatctaac aacgcatcgg ctaatccget 7740
aacgagattt gtagctccgg gacctgaagt ggctatacag atacctggtt tacctgagga 7800
tcgagcgtat ccttetgetg cgaatacace tcececttgtteg tgacgaggaa ggacgttacg 7860
gattgaggaa gagcgggtta aggcttggtg aatctccatt gatgtacctc cagggtaagce 7920
gaatacggtt tctacgcctt gacgttctaa agcttcgacg aggatatcag cgectttgeg 7980
gggttgatct ggagcgaatc gggagatgaa tgtttcgggt ttggtaggtt tggttggaga 8040
gggagtggtt gtgacattgg tggttgtgtt gagcacggeg gagatggagg agggagagct 8100
ggatttgata ccgcggegge gggaggagga ggatgatttg ttggggttta gggagaatgg 8160
gagggagaat ctggagattg gtaatggtga tttggaggag gaaggagatg gtttggtgga 8220
gaaggagatc gaagaagatg ttgttgttgt tgttgttgcc gccgeccatgg ttcagcetgea 8280
catacataac atatcaagat cagaacacac atatacacac acaaatacaa tcaagtcaac 8340
aactccaaaa agtccagatc tacatatata catacgtaaa taacaaaatc atgtaaataa 8400
tcacaatcat gtaatccaga tctatgcaca tatatatata cacaattaat aaaaaaaatg 8460
atataacaga tctatatcta tgtatgtaac aacacaatca gatgagagaa gtgatgtttt 8520
cagatctgta tacatacaaa cacaaacaga tgaacaattg atacgtagat ccatatgtat 8580
acgtacaatt agctacacga ttaaatgaaa aaaatcaacg atttcggatt ggtacacaca 8640

aacgcaacaa tatgaagaaa ttcatatctg attagatata aacataacca cgtgtagata 8700
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cacagtcaaa tcaacaaatt tatagcttct aaacggatga gatgaacaag ataaagatat 8760
tcacataagg catacataag ataagcagat taacaaacta gcaataatac atacctaatt 8820
aaaacaagga ataacagaga gagagagaga gagagagatt taccttgaaa atgaagagga 8880
gaagagagga tttcttaaaa ttgggggtag agaaagaaag atgatgaatt gtgagaaagg 8940
agagatagaa gggggggttg tatatatagg ctgtagaaga ttatttttgt gtttgaggcg 9000
gtgaaggaag aggggatctg actatgacac gtttgcggtt acgtatttcg ataggagtct 9060
ttcaacgctt aacgccgtta ctcectatatga ccgtttggge cgtaacgggg ccgtttgtta 9120
acgctgatgt tgattctttt ctttetttet ttettecttt tttaaagaag caattgtaca 9180
atcgttgcta gctgtcaaac ggataattcg gatacggata tgcctatatt catatccgta 9240
atttttggat tcgaattttc ccctctaggg ataacagggt aatggatcta tattgttttt 9300
gtttcacata aatgtcgttt tggattattc atgtaatatt ttaaactaaa gtacaatttt 9360
tgactacttt agtttactag ttaagctttt atttttttga ctaaccattg aatgatgaag 9420
agatcaacgc atcatattta caacttacat agtcttttgg aagtgtaaat tgctaatact 9480
acctaaaata tatctataat taactaatat tttttcgtca attataatag atcaattaaa 9540
aggctatcaa aaggaaaaaa atgaaatcca catcctgcca tcataacctce atgctggaaa 9600
aagaaatgaa aaaatataaa aaatttcttt tgtttattaa atttacaact ttaatactag 9660
tttcttttet attttttaaa agettttgtce acttacttaa aaaaaaaaaa ctttttgaaa 9720
tattcctact tccaatgtct gattagtgcet tctggattte ctttttggat catgtgaatc 9780
ctaaatcaga aaaattcata taatacccaa ttcagtatat tttcatactt caatttacaa 9840
gagttctcta tgtttttage ttctttecttt taagccaaat gttttaagca tcttttatac 9900
attaaaataa tttagtgttg agttgagatt tttttttttt ttttttggat ttacttgttc 9960
aaaatctgaa aaaatgttta cagaaggtta aaatgaacca aaaggcatat caagctagat 10020
tttgaattac cctatttcat cgtatacaca aaactgataa tgtggacaca gttgatttta 10080
cttctcgatg acatcgtagt tttatttaat ttggaaacca cggcccatat gagcacattt 10140
caattaaaaa ccaatggtaa gagcattttc catgcaagat tcgagagata ttaacccagt 10200
gactgttaaa acagcttaga accctaataa cgaatttcaa ttactcaatt taccattcge 10260
atttcgcaat aaccaaactg agccagtcac aaggagtaaa ccgaaccgga ttatttattt 10320
ataaaatgaa agaaaggaaa ccaaacaaca acagcagtag tagtctgacg taaaccaaaa 10380
agcaggcaga tcaacaacta aaagaaactc aaattaccaa aacaaacagg aaattgcaaa 10440
ctaagttttt ttaccatatg catacaaaga ccataaaagg ttctgataat caccggtttc 10500
atctcagatc cgcgatcgec aattgacgcg tactagtgta caagcttgcg gccgcgaatt 10560
cggtacatcc ggccagtgaa ttatcaacta tgtataataa agttgggtac cggcctatta 10620
ggccacggtc cgtacagtgt ttaaacgatt gacctgcagg atacaagtgc gcacagacta 10680
gcggecgceta atceccgggaa ttaccggtag taggegecta ctttggeegg cctagtagat 10740
ttaaattggc cttagtggcc aagcttggcg taatcatgge cactttgtac aagaaagctg 10800
ggtggtaccg gcctattagg ccacggtceceg tacagtgttt gccattgatg catgttgtca 10860
atcaattggc aagtcataaa atgcattaaa aaatattttc atactcaact acaaatccat 10920

gagtataact ataattataa agcaatgatt agaatctgac aaggattctg gaaaattaca 10980
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taaaggaaag ttcataaatg tctaaaacac aagaggacat acttgtattc agtaacattt 11040
gcagctttte taggtctgaa aatatatttg ttgcctagtg aataagcata atggtacaac 11100
tacaagtgtt ttactcctca tattaacttc ggtcattaga ggccacgatt tgacacattt 11160
ttactcaaaa caaaatgttt gcatatctct tataatttca aattcaacac acaacaaata 11220
agagaaaaaa caaataatat taatttgaga atgaacaaaa ggaccatatc attcattaac 11280
tcttctecat ccatttccat ttcacagttc gatagcgaaa accgaataaa aaacacagta 11340
aattacaagc acaacaaatg gtacaagaaa aacagttttc ccaatgccat aatactcgaa 11400
ccaatcaatt attaattaac tagagcttgt tcttgtagaa caccaccttt ccatcatcct 11460
caacgaactt gcaatgggtg taagatctcc agagagcaac aggaacagga gtggtatcct 11520
tcaagtagaa ctttccgagg agaggcttaa tagcgttggt agcectccteg caatgataga 11580
aaggcatctt ggagaagatg tggtggcaaa catgggtatc cacgattcta tgcaccacag 11640
aatcgaggaa tggaccaaat gatctatcca cagtgcacaa agctcctctce aaccaattcc 11700
actctcecte tctgaaatga gggatgtagg tatcggtgtg ttggaggtag gtaatcaaca 11760
ccaagtaagc gttcacaatg aagtaaggca ccacgtagaa cttcaccatg gtgttgaagg 11820
agaaagtgtg caccaaagca gccaaaacag ccaacatagc caccaagaaa atatcggaga 11880
gcacgatcat ccatctctce ctatcagcat agatagcgga gtaagggttg aagtgagacc 11940
tagactttcce ccagtactta gtaggtccag tagcgttgaa gaagaggtat ccaggcatcc 12000
atccaacaac caacatgtac acgatacggt agagttggta gagaggagaa tcctccaagg 12060
tctegttecca agaagaagcc aacacagatc tggtcacagg aacgaaaacc tcatcgttet 12120
cgcaagatcc agtgttggaa tggtgcttte tgtgagagat tctccaagag tggtaaggca 12180
ccaacaaagc agaatgcaac acgagtccaa tcaagttgtt caccacctca gaagagcaat 12240
aagcctgatg tccacactca tgagcgataa cccacactcc agtcaagtaa gatccctgga 12300
agaaccagta cacaggccac aaaacataag cagcagctcc agctctatca atgaaggtag 12360
cagcgtagaa caaagcagcg caagtcaaca cgttcttgat catgtagtag gtggaggtca 12420
cgaaagatct ctcgaagcag tgcttaggaa tagcagctct gagatctctg agagagaaat 12480
gaggcaactc caaaggcaaa ggagcaggag caccctcaac atgagtgtat ccagecctcag 12540
ccaattgtcet ttgcttagec tcagaatcag tagcgaggtt agcagcagaa tcagcectcag 12600
ggttcaaaat agccatggcg gatccggege ggtgttttta atcttgtttg tattgatgag 12660
ttttggtttg agtaaagagt gaagccgatg agttaattta taggctataa aggagatttg 12720
catggcgatc acgtgtaata atgcatgcac gcatgtgatt gtatgtgtgt gctgtgagag 12780
agaagctctt aggtgtttga agggagtgac aagtggcgaa gaaaaacaat tctccgcgge 12840
tgcatgctat gtgtaacgtg tagctaatgt tctggcatgg catcttatga acgattcttt 12900
ttaaaaacaa ggtaaaaact taacttcata aaattaaaaa aaaaacgttt actaagttgg 12960
tttaaaaggg gatgagagtc tataaatttt ggaggtagtg ccgttgggaa tataaattgg 13020
gagcttaatc agaattatag aagttaaagt tgatttagtc acggtcaata taaattggga 13080
atttgagtca aaatcttcca aattcggaat ccgtcttgtt acacccecggtg gataggagecc 13140
gaacggtttg aaaatacttg aaatgtggat gcaggtgcag gctggtttaa ttttatgttg 13200

aatggataca tgtcaatcga atttgagtta taggtacaca ttttactctg atactaaaat 13260
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gtaacatttg tctcaagaat gggtaggtca tccttatgge cggcectaacc tgcaggatac 13320
aagtgcgcac agactagcgg ccgctaatcce cgggaattac cggtagtagg cgccattgat 13380
gcatgttgtc aatcaattgg caagtcataa aatgcattaa aaaatatttt catactcaac 13440
tacaaatcca tgagtataac tataattata aagcaatgat tagaatctga caaggattct 13500
ggaaaattac ataaaggaaa gttcataaat gtctaaaaca caagaggaca tacttgtatt 13560
cagtaacatt tgcagctttt ctaggtctga aaatatattt gttgcctagt gaataagcat 13620
aatggtacaa ctacaagtgt tttactcctc atattaactt cggtcattag aggccacgat 13680
ttgacacatt tttactcaaa acaaaatgtt tgcatatctc ttataatttc aaattcaaca 13740
cacaacaaat aagagaaaaa acaaataata ttaatttgag aatgaacaaa aggaccatat 13800
cattcattaa ctcttctcca tccatttcca tttcacagtt cgatagcgaa aaccgaataa 13860
aaaacacagt aaattacaag cacaacaaat ggtacaagaa aaacagtttt cccaatgcca 13920
taatactcga actcaggtag acttggtctt agcagcagct tcagtagcag ccttagecctc 13980
cttcaaagtg aagagcttag cctcttgatc aaccactccg tagttagcat acaaccttcc 14040
cactctgaag aaagccttga tgattggctce atcggacttt ctcacaagct ctgggaaagce 14100
ttggtggaaa gcagcagtag ccttcttgag cttgtagtgt gggataattg ggaagaggtg 14160
gtggatctgg tgagttccga tgttgtggga gaggttatcg atgagagcac cgtaagatct 14220
atccacagag gacaagtttc ccttcacgta agtccactca gaatcagcat accatggagt 14280
ctcctecatceg ttgtggtgca agaaggtggt aatcaccaac atagatccga acacgaaaac 14340
tggtcecgtag tagtagatag ccatggtctt aagtcccaac tggagagaca agtagataga 14400
gagtccagca acgaagaagt gagcgagcaa agagataacc acagcggaca cttgtctcac 14460
aaaaagtggc tcgaatgggt tgaagtggtt cacctttcett ggtgggaatc cctccaccaa 14520
ataagcaagc caagcagctc ccaaagccaa gatcaagttc ctggacaatg ggtgatcatc 14580
agcectttete tgtgggtaga acacctcatce tctatcgatg tttecggtgt tettgtggtg 14640
gtgtctgtgg gtcaacttce aagactcgaa tggggtcaag atgagagagt gcatgaaggt 14700
tcccacaacg aagttcaaga ggtggtatct agagaaagct ccgtgtccag catcgtgtcce 14760
aacagtgaag aatccccaga acacaattcce ctggaggagg atatatccag tgcacaaagc 14820
agcatccaaa gcccagaaag actcaacctce tggcaaaget ctagecgtagt tcaatccgaa 14880
ggtcaaagcce acagcaataa ccaagcatct cacagtgtag tagagagaca aaggcacaga 14940
agcctcgaag caatcctttg ggagagatct cttgatcteg gtgagagttg ggaaaacgta 15000
agcctecttt gtagccatgg ttgtttttaa tecttgtttgt attgatgagt tttggtttga 15060
gtaaagagtg aagccgatga gttaatttat aggctataaa ggagatttgc atggcgatca 15120
cgtgtaataa tgcatgcacg catgtgattg tatgtgtgtg ctgtgagaga gaagctctta 15180
ggtgtttgaa gggagtgaca agtggcgaag aaaaacaatt ctccgcggct gcatgctatg 15240
tgtaacgtgt agctaatgtt ctggcatggce atcttatgaa cgattctttt taaaaacaag 15300
gtaaaaactt aacttcataa aattaaaaaa aaaacgttta ctaagttggt ttaaaagggg 15360
atgagagtct ataaattttg gaggtagtgc cgttgggaat ataaattggg agcttaatca 15420
gaattataga agttaaagtt gatttagtca cggtcaatat aaattgggaa tttgagtcaa 15480

aatcttccaa attcggaatc cgtcttgtta cacceggtgg ataggagccg aacggtttga 15540
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aaatacttga aatgtggatg caggtgcagg ctggtttaat tttatgttga atggatacat 15600
gtcaatcgaa tttgagttat aggtacacat tttactctga tactaaaatg taacatttgt 15660
ctcaagaatg ggtaggtcat ccttatggecc ggcctagtag atttaaattg geccttagtgg 15720
ccaagcttgg cgtaatcatg gagcctgett ttttgtacaa acttgggtac cggcctatta 15780
ggccacggtc cgtacagtgt ttgcccccca ctccgecccta cactcgtata tatatgecta 15840
aacctgecccece gttectcata tgtgatatta ttatttcatt attaggtata agatagtaaa 15900
cgataaggaa agacaattta ttgagaaagc catgctaaaa tatagataga tataccttag 15960
caggtgttta ttttacaaca taacataaca tagtagctag ccagcaggca ggctaaaaca 16020
tagtatagtc tatctgcagg gggtacggtc gaggcggcct taattaatca agcggtcttt 16080
ccagagtgtt gtccgtgcac gtagtagtge tttcccacat tatcgaggtt tcccaaagta 16140
gccttecaag ctccagcata agtcatcacce ttgtagttga ggttccactt cttagcgaaa 16200
gcaacgaatc ttctggacac ctcaggttgt ctgaattgag gcatagaagg gaagaggtgg 16260
tgaatcactt ggcagttcaa gtatcccatc aaccagttaa cccatccctg agaaggatcg 16320
atatcaatgg tgtgatccac agcgtaccta acccaagaca agtgctcatc agcaggaaca 16380
acatccaagt gggtgtgaga agtagagaag tgagcgaaca agtagcatcc ggaaacccaa 16440
gaagtagcca agaagagtcc gtaggattgc atagcggtga atccagtaac agcecttaatg 16500
gtccaggtte taatcacgtg agcagccaac atccacacaa gctcectegta ctttectece 16560
ttcaaagcct tagaagggtg gaggaagaac atccagaaga gcaacaccaa tccagaagtce 16620
acaggaatga aggtccaagc ttgcaatctg agccagtact tagagaatcc cctaggtcta 16680
ttatcctcca cagcggtgtt gaagaaagca acagcaggag tggtatccaa atccatatcg 16740
tgcctcactt tttgaggagt agcgtggtge ttgttgtgca tggagttcca catatctcca 16800
gatccagcca atccgaatcce agcagtgaaa gcttggatte tcecttatccca ccagatgttt 16860
ccggtcaaag aagagtgtece tccectegtgt tgaacccatce cacatctage tccgaagaag 16920
caagcgtaaa ccaacacaga ggacacaacg tatctagcgt acatcaagta ggttcccaaa 16980
gcgtacatag cagccaactc agcgaatctg taagcaacat gagcaggaga aggcttgaag 17040
aatccgtcecece tectceccaacte ctttecteccac ttagecgaaat cctggagcat ctcagcatca 17100
tccactttag cggtcttage aggtctagaa ggcaaagcag ccaaagcctt cctagecttt 17160
ctagatctgt ggtggaactc cttgaaagcc tcagtagcat cagctccagt gttagagaga 17220
gcgtagaaaa tcacggttcc tccaggatgt ttgaaatcgg tcacatcgta ctcaactcce 17280
tcgataacca cgtatcttet agcgaaggtce ttagccaaag cagcaggttc catcttctca 17340
gcagacaact tcacgttagc ctcagctctt tctctctcecte catcgaaagce gatctccaca 17400
gtagggattc catcgttgtt ctecggtctca acacacatgg tagggttcag cttgatcget 17460
ctattaatta gttcattgtt ttatacgtga agaaaaagaa agagacggaa tatatggcaa 17520
aaaacatgca aggggacgtg tgttaacata cgtgtcttat gactaattat tcgtagtggce 17580
agtttctacc atctggaaat ggaattgata tacacaggcc agcaagacac tctagcttac 17640
catagagcat tttcatgcac acttttttaa aagacaaagg aagtatatta atagatggtc 17700
ataattctga atgttttatt acctttaaca ttccaacaag gttaaaacca atgtttcaag 17760

atgtcaatgt gtccttcaca aactcatata ttgaattact agtttgacca agatataagg 17820



US 2016/0272951 Al Sep. 22, 2016
98

-continued

gttaactcta aaacataaga aaatatgaca caaatataaa ataaatatca gatatattga 17880
gagatctcaa aattattaag aataaaatat ctaagtatta atattgttgg tggtattcta 17940
aaggtgacag gtgataaatt atattattgt aaaatttaaa ataagagaat atttttatat 18000
tgttgtaaaa tttaaaataa gagaatattt ttgagttacg ttttgtacta aatttctatt 18060
gatggatttt ggactttgaa ataccataat ttctattcaa ttcattacac atttttttcc 18120
agcatacaat ttagcattac aaagttttta tataggcttg aagaaaagta acatagaaaa 18180
caataattca aaaatcaaga cgaggactat ttggttttct caatcttaat gatacaactt 18240
tatcataatt ttaaataagg acaataatta taatgtgatg attacaattt tcttataata 18300
cttactaaag gtagtggtgg ttacaacaca ttaattttaa cactccccct taatgtgttg 18360
ctctttaact cccattactt ctctaagttg ttaaaatctt cctcectttgta gtattttagt 18420
aaaagtgtct gtaagttgct cttatgaact gcagaaaggt aactgcacat ttccttcttc 18480
aatcactctt cgaatgaagt ggtgttttat gttaatgtgt ctagtccgac tatgaaaaac 18540
aggattcttt gtgttgtact acaaaatttt tcctctcagt cttcaagaat tttctcataa 18600
gatcttccat gacatcaagt ttgcagcact gatacatcaa tttaggtttg gaattggcac 18660
aagagcaaaa tggtcaattg cacactgaaa agtcaaactt tgacttttgc atcaacatca 18720
aatttcaaga atcacatttc atcaagacat gttagaatat gaagtttgtt ttattaagaa 18780
agtcaaaagt caagtttgct ttggaaaagt caaaattcta aacacttaga aatttttcta 18840
actgttaaga aatatgacaa gttcagaact tctggccaga ttttcaccat gatgcaagtt 18900
gattctggaa gaacttctga cacaagagtt gtagatttca atgagatcta agacattgcg 18960
gaacagaact tctcttaaaa atgatgggat ttcaagttat aaatctttga agacacgtcc 19020
atgaaactga agtactcaat aaattttggg ccttcccaag acggaatttg gttagaactt 19080
ctggagcagt tttcacgtag gttcaatcag agtttgcaag agtaattcaa agaaagtcta 19140
caaagcatgt tacaagcttt ctgaaaagtc ttagaactcc ttcagaacat gttggaacag 19200
agagattcaa agatcagaag ttggatacag tccgggccgt cgatggccgg cctaacctge 19260
aggatacaag tgcgcacaga ctagcggccg caatcggacc gataccggta ggcgccacaa 19320
tcagtaaatt gaacggagaa tattattcat aaaaatacga tagtaacggg tgatatattc 19380
attagaatga accgaaaccg gcggtaagga tctgagctac acatgctcag gttttttaca 19440
acgtgcacaa cagaattgaa agcaaatatc atgcgatcat aggcgtcteg catatctcat 19500
taaagcagca atcaattatt aattaatcaa tcctgcttet tggtatcagce tccaacagaa 19560
tgtccaacag agtagaggtt agcgaaggta gtagaaacag cagaggtgta tggcaaatcg 19620
tagtaaggga ggttatgtct cttgaagaga gcctcaactc ttggagagat ctccttgaac 19680
ctgaattgtg gagcggttgg gaacaaatga tgctcgattt ggaagttgag gttagacatc 19740
caccaggtaa ccaaccaaga cttggtagag atgttcacgg tatgatcagc agcgtactca 19800
agccaatgca attgatccte tgggttggta actggcaaat gggtatgaga cacagcgaat 19860
tggaggaaga tgtagatgca tccaagtccg aaagagcaga ggtacattcc cacagaagtt 19920
ccaggagaat atcccaaagce tcccatcaag gagaaccatc cgatatatct agcgaagatc 19980
cacacaaact ccatatgtct cttggtcctg agcatatatc ttgggtgcaa gtacaaggtc 20040

catcccaatc cgatcaacaa gcaagacact ggagcgaaca aataagcctg aactctgagce 20100
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cacaaagcca acaaagatcc tggcttaacc ttcectcacaa ctctctegtt gaaagcaacg 20160
agtggcaagg tgttcaaatc cacatcgtge tccaatctgt ttggagcagce atggtgctta 20220
gaatgctggt tcttccagta gtgtccagac attccacatce caactccgta gaagaactcg 20280
cacatcctat catcgagcca gataactcca gtgaaagatc cgtgtcccat ctcatgcata 20340
acccatccge atcttceccttg agcgattccg ttcatcacca ctcccaaaac caaagaggtt 20400
ggagaagcct tagacatcaa ccagaaagac aaagcgaaca aagccacaat ctccaccact 20460
ctgtagatca tgtgtgggat agatggatcg aagtatccct cagcaaccaa ctectcectetg 20520
aaagcagcgt aatccctggt catagcgtcce cttctagect getccttage agagaaccta 20580
gactccacct tagaagcatc caactttggg agggacttga ggtacttatc agcctttccg 20640
gatctctgat ggaactctct gtaagcttgg gtagcatcaa ctccagette tceccteggtg 20700
aggaagttaa taatggaacc tcctgggtgt ttgaagttgg tagcatcgta caacactccc 20760
tcaatgagga tggtctttect cttatctceg ttagcctcag cagtcatctce tctagcagca 20820
gatcttcect cagatccttt tceccatggag gtgtgagagt gagttgtgag ttgtgtggtg 20880
ggtttggtga gattggggat ggtgggttta tatagtggag actgaggaat ggggtcgtga 20940
gtgttaactt tgcatgggct acacgtgggt tcttttgggce ttacacgtag tattattcat 21000
gcaaatgcag ccaatacata tacggtattt taataatgtg tgggaataca atatgccgag 21060
tattttacta attttggcaa tgacaagtgt acatttggat tatcttactt ggecctctett 21120
getttaattt ggattatttt tattctctta ccttggcegt tcatattcac atccctaaag 21180
gcaagacaga attgaatggt ggccaaaaat taaaacgatg gatatgacct acatagtgta 21240
ggatcaatta acgtcgaagg aaaatactga ttctattagg ggtgagagtt gatcggttaa 21300
ttatccaata catgccgttg gttaattagg attatataaa aaatcgatca tctattagaa 21360
tcgattacgg ttaaataggt ataaaaatgg agagaattga atcagttata aatttgtttt 21420
cagttaaaat atttctatga tcttcaatcg atttcggtat tttatactca acatggaaaa 21480
aatttcaaat gtatttcttc taaaagcaaa agaatctata aaaactatca ttttatccaa 21540
aacaccaaaa tagtctttta caatctttta cagccttcac ataaacgaaa acaaaagtga 21600
acaatttctt tttacagcct ttacaccaaa aagactacga tgaactatga taaaatttca 21660
taatctaaaa acattaatga ggtaaagact ctctcaaatg ggatattctt cgaaaatttt 21720
cataatcgaa cgatatactt gaatttgcaa ctcatgaccg aaattgtccc aatccataat 21780
actctttgac accctatcag atcccaacgt tgtccctggt ttcgaaacca ccatttcaaa 21840
catgaacata tcacaaaata aacatttaga caccaaatat ctgctaatgg ccggcctaac 21900
ctgcaggtat cccgggaatt accggtagta ggcgcctact ttggccggec ctgaattaac 21960
gccgaattaa ttcgggggat ctggatttta gtactggatt ttggttttag gaattagaaa 22020
ttttattgat agaagtattt tacaaataca aatacatact aagggtttct tatatgctca 22080
acacatgagc gaaaccctat aggaacccta attcccttat ctgggaacta ctcacacatt 22140
attatggaga aactcgagct tgtcgatcac tcggtcttag ctcecttttg ctttceccateg 22200
gatggcttga tgtacttttg cacgtagaag tttccgaaga ggaacaagag ggagatcatg 22260
tagtagaaga ggatcttgat gagccattgt ggatatggag cgttggtttt catatcgtag 22320

taagcttgca ccaagttgag catgaactgg aacatctgga attgggtgag gtatcttccc 22380
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cagaagaggt acttgttctt gagctttggg gaagatctca agcaagcagc caagaagtag 22440
taagcgtaca tcaacacgtg cactccagag ttgagagcag cactccaata agcctctect 22500
cctggagegt ggtgagcaat agcccaccag ataagggaga tagaagagtg gtggtacacg 22560
tggaggaaag aaatctgtct ggtggatctc ttgaggatca tgatcacggt atccatgaac 22620
tccacgtact tggacatgta gaagaggtaa acgaggatag ccatctcctt gtgectttggg 22680
ttataagcgt ttccccacaa ggaatatctce caggtgatag cttggtaagce gatacccacg 22740
cacatgtaaa gagacaaagc gaagcagaac aagttgtgca ccaacaccaa agcttgcaac 22800
aagaatggct cagaagctct tggcttgaga tctctagect tgatccaaag caatcctceg 22860
atcacgatgg tcaagtaaac agacactccc aacacaattg gagttggaga atcaacgagt 22920
ggcaatccct tagtagttgg ggtatcagtc aactcaactc cgaaagatcc caacaaagcg 22980
ttcactcctt gggaaacctt tccatccaac tctccgtaga acctctcaac aacttccatg 23040
gtactggcta tgaagaaatt ataatcgtgt aaaacttagt gagtgtgtat gaatgaaagt 23100
attgcaaaat cctcattata tagactacat gcataactag ttgcatgtaa atttgtagtt 23160
ttcttcatta ttgcatcctc caagtggatg tcatggtttt acacatggct tccatgcaaa 23220
tcatttccaa aatattttta aactttccac agggcatcca tgcatgcacc tcaaaacttg 23280
tgtgtggtaa cattgttgtc ttgaaaaatt actaaacctt ttgtccacgt gacgttcatg 23340
cacctcaaat cttgtgtggt accattatta tcctcaagaa ttattgaatg tttggtgtat 23400
atgccatcca tgcagcattg caacaattaa atctccaaac cttgtggtac catattcact 23460
cactttaatt ctcctatagt agaaatatta gcaaatattt acatttccag ttgattagta 23520
tatgtattta gaagacaaaa ataatttaga atcaattaat caacttgcaa attgctaagt 23580
gttggcaaac gttagcataa aaggtgttat aaatttagta ccaaatataa aaatttatcg 23640
caaatcaaat acataacaca catagtaaaa caaaaacaaa ttacaagggt ttagacgttt 23700
agtggcaatg tgtaaatttg ctgcagggcg cgaaattggce cttagtggcc aagcttggeg 23760
taatcatggc aactttt 23777
<210> SEQ ID NO 102

<211> LENGTH: 960

<212> TYPE: DNA

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 102

atggecgeca tctcaccgeg caaacatcct ccgectgate ttaaggageg catgatcggyg 60
ggtctgctece tggctteget catctacgta tggctcectttg gtgtcattgt tgtacccttg 120
gctacgtaca agatgetgge acagggcgac tatcgecteg cecteggect cctectttat 180
tacgcctace gttgggtcta tccgaccaag gaatgggecce tcegtgegega catctaccga 240
gccggcaacce gatatttcecta cccacaagag gtcctttttg atggecttcaa ggagatcaaa 300
cccgaatecga ggtcattgat ttgcatgcac ccgcatggaa tcecttgactat tggttgggeyg 360
ttgaccagca cgagtcccac catgacgcac gccaatgtga agtggetggt gacggagget 420
ttgttgeget tgecttttat cagcgactte ctgtectgga acggetgtge acacgctage 480
aagagctaca tgcaaaaccg tatgacgaag ggtgcgaatc ttgccctget ccccggaggyg 540

tttgaagagg cttccctcta tcaacacagc tcttaccgtg tctacatccg aaagcgcaca 600
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ggctttgttg tgtatgccct cagatatggt tataagattt atccttegtt cgtetttggg 660
gaggagaagt gttatttctc tttgatgcce gactgggggt ggctaacggce ggcgaggcta 720
tggttgaatc agttccggtt cccggcagtt gegtttgteg gaaagttgtt tttggtgect 780
gggtgggatt cgcatttgat cacggtgatc ggegeccceg tggtgttgcce gaggctagag 840
aagccaacgg aagaggaggt gaggaagtac cattcgttgt atgtgcgtge attgatggaa 900
ttgtttgaga agcacaaaac ccaatattgt gagaaggggg cgaagttgga ggtgtggtag 960

<210> SEQ ID NO 103

<211> LENGTH: 319

<212> TYPE: PRT

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 103

Met Ala Ala Ile Ser Pro Arg Lys His Pro Pro Pro Asp Leu Lys Glu
1 5 10 15

Arg Met Ile Gly Gly Leu Leu Leu Ala Ser Leu Ile Tyr Val Trp Leu
20 25 30

Phe Gly Val Ile Val Val Pro Leu Ala Thr Tyr Lys Met Leu Ala Gln
35 40 45

Gly Asp Tyr Arg Leu Ala Leu Gly Leu Leu Leu Tyr Tyr Ala Tyr Arg
Trp Val Tyr Pro Thr Lys Glu Trp Ala Leu Val Arg Asp Ile Tyr Arg
65 70 75 80

Ala Gly Asn Arg Tyr Phe Tyr Pro Gln Glu Val Leu Phe Asp Gly Phe
85 90 95

Lys Glu Ile Lys Pro Glu Ser Arg Ser Leu Ile Cys Met His Pro His
100 105 110

Gly Ile Leu Thr Ile Gly Trp Ala Leu Thr Ser Thr Ser Pro Thr Met
115 120 125

Thr His Ala Asn Val Lys Trp Leu Val Thr Glu Ala Leu Leu Arg Leu
130 135 140

Pro Phe Ile Ser Asp Phe Leu Ser Trp Asn Gly Cys Ala His Ala Ser
145 150 155 160

Lys Ser Tyr Met Gln Asn Arg Met Thr Lys Gly Ala Asn Leu Ala Leu
165 170 175

Leu Pro Gly Gly Phe Glu Glu Ala Ser Leu Tyr Gln His Ser Ser Tyr
180 185 190

Arg Val Tyr Ile Arg Lys Arg Thr Gly Phe Val Val Tyr Ala Leu Arg
195 200 205

Tyr Gly Tyr Lys Ile Tyr Pro Ser Phe Val Phe Gly Glu Glu Lys Cys
210 215 220

Tyr Phe Ser Leu Met Pro Asp Trp Gly Trp Leu Thr Ala Ala Arg Leu
225 230 235 240

Trp Leu Asn Gln Phe Arg Phe Pro Ala Val Ala Phe Val Gly Lys Leu
245 250 255

Phe Leu Val Pro Gly Trp Asp Ser His Leu Ile Thr Val Ile Gly Ala
260 265 270

Pro Val Val Leu Pro Arg Leu Glu Lys Pro Thr Glu Glu Glu Val Arg
275 280 285

Lys Tyr His Ser Leu Tyr Val Arg Ala Leu Met Glu Leu Phe Glu Lys
290 295 300
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His Lys Thr Gln Tyr Cys Glu Lys Gly Ala Lys Leu Glu Val Trp
310

305

<210> SEQ ID NO 104
<211> LENGTH: 1265

<212> TYPE:

DNA

315

<213> ORGANISM: Nannochloropsis oculata

<400> SEQUENCE: 104

attttcagca
gcgcatcate
atcttaagga
ttggtgtcat
tcgeectegg
cecetegtgeg
ttgatggett
gaatcttgac
tgaagtggcet
ggaacggetyg
atcttgecct
gtgtctacat
tttatccectte
ggtggctaac
tcggaaagtt
cegtggtgtt
tgtatgtgeg
gggcgaagtt
cagagctatg
aagaaagaga
tgtggagecce

aaaaa

aagtaatcaa
tacgacgata
gcgeatgate
tgttgtacce
cctectectt
cgacatctac
caaggagatc
tattggttygg
ggtgacggag
tgcacacgcet
gcteccegga
ccgaaagege
gttegtettt
ggeggegagy
gtttttggty
gcegaggeta
tgcattgatg
ggaggtgtygy
accaaagtaa

gagggggagy

ttgatatttg

<210> SEQ ID NO 105
<211> LENGTH: 1563

<212> TYPE:

DNA

gataataaac

gecatggeeg

gggggtetge
ttggctacgt
tattacgeet
cgagecggea
aaacccgaat
gegttgacca
getttgttge
agcaagagct
gggtttgaag
acaggcetttyg
ggggaggaga
ctatggttga
cctgggtggy
gagaagccaa
gaattgtttg
taggataggg
tcgactgatg
ctgccacacce

aaataaaaat

aaaaacaatc
ccatctcace
tcetggette
acaagatget
accgttgggt
accgatattt
cgaggtcatt
gcacgagtce
gcttgecttt
acatgcaaaa
aggctteect
ttgtgtatge
agtgttattt
atcagttceg
attcgecattt
cggaagagga
agaagcacaa
agagagggaa
ggaggaggga
gCganCth

taaaaataaa

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 105

atggcgattt

gtcgatcettg

ctetetggtt

gatcggattyg

aataacggtg

gecgatgceta

tggattctge

ataggctteg

ccgataataa

attcegttgt

gtggcgataa

cgtttacgta

tggcgttact

tcgacggaaa

ttetectteg

taacgatgac

taacggtggt

tecgaccgteg

acggtgacgg

tcgagatcegg

gatgatgttg

gctcagggaa

dggaagaggcg

gttccagcete

ctataaagga
gcgcaaacat
gcteatctac
ggcacagggce
ctatccgace
ctacccacaa
gatttgcatg
caccatgacg
tatcagcgac
ccgtatgacyg
ctatcaacac
ccteagatat
ctetttgatg
gttceeggea
gatcacggtyg
ggtgaggaag
aacccaatat
gggaaggtaa
gagggaaagt
gtgagtgcgt

aaaaaaaaaa

agaacggtgg

attcttctaa

gagctecege

cagccaattt

gcggagaagg

atcggagggc

aaaacaacag
cctecgectyg
gtatggctet
gactatcgec
aaggaatggg
gaggtecttt
cacccgeatg
cacgccaatg
ttectgtect
aagggtgcga
agctcttacce
ggttataaga
ccegactggg
gttgegtttyg
ateggegece
taccattegt
tgtgagaagg
cacacatgta
gaaagggaga
ggtgtgtgtg

aaaaaaaaaa

cggagagttce

cggacttett

cgacgttagg

ggccggagat

aagaggaaac

gagagagagt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1265

60

120

180

240

300

360
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ccacttagct ccgacgcaat cttcaaacag agccatgccg gattattcaa cctctgtgta 420
gtagttctta ttgctgtaaa cagtagactc atcatcgaaa atcttatgaa gtatggttgg 480
ttgatcagaa cggatttctg gtttagttca agatcgctgc gagattggec gcttttcatg 540
tgttgtatat ccctttcgat ctttcctttg gctgecttta cggttgagaa attggtactt 600
cagaaataca tatcagaacc tgttgtcatc tttcttcata ttattatcac catgacagag 660
gttttgtatc cagtttacgt caccctaagg tgtgattctg cttttttatc aggtgtcact 720
ttgatgctecce tcacttgcat tgtgtggcta aagttggttt cttatgectca tactagctat 780
gacataagat ccctagccaa tgcagctgat aaggccaatc ctgaagtctc ctactacgtt 840
agcttgaaga gcttggcata tttcatggtc gctcccacat tgtgttatca gccaagttat 900
ccacgttctg catgtatacg gaagggttgg gtggctegtc aatttgcaaa actggtcata 960

ttcaccggat tcatgggatt tataatagaa caatatataa atcctattgt caggaactca 1020
aagcatcctt tgaaaggcga tcttctatat gctattgaaa gagtgttgaa gcectttcagtt 1080
ccaaatttat atgtgtggct ctgcatgttc tactgcttet tccacctttg gttaaacata 1140
ttggcagagc ttctcectgett cggggatcgt gaattctaca aagattggtg gaatgcaaaa 1200
agtgtgggag attactggag aatgtggaat atgcctgttc ataaatggat ggttcgacat 1260
atatacttcc cgtgcttgeg cagcaagata ccaaagacac tcgccattat cattgcttte 1320
ctagtctctg cagtctttca tgagctatge atcgcagttce cttgtegtet cttcaagceta 1380
tgggctttte ttgggattat gtttcaggtg cctttggtct tcatcacaaa ctatctacag 1440
gaaaggtttg gctcaacggt ggggaacatg atcttctggt tcatcttctg cattttcgga 1500
caaccgatgt gtgtgcttet ttattaccac gacctgatga accgaaaagg atcgatgtca 1560
tga 1563
<210> SEQ ID NO 106

<211> LENGTH: 520

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 106

Met Ala Ile Leu Asp Ser Ala Gly Val Thr Thr Val Thr Glu Asn Gly
1 5 10 15

Gly Gly Glu Phe Val Asp Leu Asp Arg Leu Arg Arg Arg Lys Ser Arg
20 25 30

Ser Asp Ser Ser Asn Gly Leu Leu Leu Ser Gly Ser Asp Asn Asn Ser
35 40 45

Pro Ser Asp Asp Val Gly Ala Pro Ala Asp Val Arg Asp Arg Ile Asp
50 55 60

Ser Val Val Asn Asp Asp Ala Gln Gly Thr Ala Asn Leu Ala Gly Asp
65 70 75 80

Asn Asn Gly Gly Gly Asp Asn Asn Gly Gly Gly Arg Gly Gly Gly Glu
Gly Arg Gly Asn Ala Asp Ala Thr Phe Thr Tyr Arg Pro Ser Val Pro
100 105 110

Ala His Arg Arg Ala Arg Glu Ser Pro Leu Ser Ser Asp Ala Ile Phe
115 120 125

Lys Gln Ser His Ala Gly Leu Phe Asn Leu Cys Val Val Val Leu Ile
130 135 140
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Ala Val Asn Ser Arg Leu Ile Ile Glu Asn Leu Met Lys Tyr Gly Trp
145 150 155 160

Leu Ile Arg Thr Asp Phe Trp Phe Ser Ser Arg Ser Leu Arg Asp Trp
165 170 175

Pro Leu Phe Met Cys Cys Ile Ser Leu Ser Ile Phe Pro Leu Ala Ala
180 185 190

Phe Thr Val Glu Lys Leu Val Leu Gln Lys Tyr Ile Ser Glu Pro Val
195 200 205

Val Ile Phe Leu His Ile Ile Ile Thr Met Thr Glu Val Leu Tyr Pro
210 215 220

Val Tyr Val Thr Leu Arg Cys Asp Ser Ala Phe Leu Ser Gly Val Thr
225 230 235 240

Leu Met Leu Leu Thr Cys Ile Val Trp Leu Lys Leu Val Ser Tyr Ala
245 250 255

His Thr Ser Tyr Asp Ile Arg Ser Leu Ala Asn Ala Ala Asp Lys Ala
260 265 270

Asn Pro Glu Val Ser Tyr Tyr Val Ser Leu Lys Ser Leu Ala Tyr Phe
275 280 285

Met Val Ala Pro Thr Leu Cys Tyr Gln Pro Ser Tyr Pro Arg Ser Ala
290 295 300

Cys Ile Arg Lys Gly Trp Val Ala Arg Gln Phe Ala Lys Leu Val Ile
305 310 315 320

Phe Thr Gly Phe Met Gly Phe Ile Ile Glu Gln Tyr Ile Asn Pro Ile
325 330 335

Val Arg Asn Ser Lys His Pro Leu Lys Gly Asp Leu Leu Tyr Ala Ile
340 345 350

Glu Arg Val Leu Lys Leu Ser Val Pro Asn Leu Tyr Val Trp Leu Cys
355 360 365

Met Phe Tyr Cys Phe Phe His Leu Trp Leu Asn Ile Leu Ala Glu Leu
370 375 380

Leu Cys Phe Gly Asp Arg Glu Phe Tyr Lys Asp Trp Trp Asn Ala Lys
385 390 395 400

Ser Val Gly Asp Tyr Trp Arg Met Trp Asn Met Pro Val His Lys Trp
405 410 415

Met Val Arg His Ile Tyr Phe Pro Cys Leu Arg Ser Lys Ile Pro Lys
420 425 430

Thr Leu Ala Ile Ile Ile Ala Phe Leu Val Ser Ala Val Phe His Glu
435 440 445

Leu Cys Ile Ala Val Pro Cys Arg Leu Phe Lys Leu Trp Ala Phe Leu
450 455 460

Gly Ile Met Phe Gln Val Pro Leu Val Phe Ile Thr Asn Tyr Leu Gln
465 470 475 480

Glu Arg Phe Gly Ser Thr Val Gly Asn Met Ile Phe Trp Phe Ile Phe
485 490 495

Cys Ile Phe Gly Gln Pro Met Cys Val Leu Leu Tyr Tyr His Asp Leu
500 505 510

Met Asn Arg Lys Gly Ser Met Ser

515 520

<210> SEQ ID NO 107
<211> LENGTH: 1506
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-continued
<212> TYPE: DNA
<213> ORGANISM: Brassica napus
<400> SEQUENCE: 107
atggagattt tggattctgg aggcgtcact atgccgacgg agaacggtgg tgccgatcte 60
gatacgctte gtcaccggaa accgagatcg gattcttcca atggacttet tcectgattcec 120
gtaactgttt ccgatgctga cgtgagggat cgggttgatt cagctgttga ggatactcaa 180
ggaaaagcca atttggccgg agaaaacgaa attagggaat ccggtggaga agcgggggga 240
aacgtggatg taaggtacac gtatcggccg tcecggttcecag ctcatcecggag ggtgcgggag 300
agtccactca getctgacge catcttcaaa cagagecatg ctggactatt caacctgtgt 360
gtagtagttc ttgttgetgt aaacagtaga ctcatcatcg aaaatctcat gaagtacggt 420
tggttgatca gaactgattt ctggtttagt tcaacgtctc tgcgagattg gcccctttte 480
atgtgttgtc tctccecttte aatctttect ttggctgect ttaccgtcga gaaattagta 540
cttcagaaat gcatatctga acctgttgte atcattctte atattattat caccatgacc 600
gaggtcttgt atccagtcta tgtcactcta aggtgtgatt ccgecttett atcaggtgte 660
acgttgatge tcctcacttg cattgtgtgg ctgaagttgg tttcttacge tcatactaac 720
tatgacataa gaaccctagc taattcatct gataaggcca atcctgaagt ctcecctactat 780
gttagcttga agagcttgge gtatttcatg cttgecteccca cattgtgtta tcagccgage 840
tatccacgtt ctccatgtat ccggaagggt tgggtggctce gtcaatttge aaagctgatce 900
atattcactg gattcatggg atttataata gagcaatata taaatcctat tgttaggaac 960

tcaaaacatc ctttgaaagg ggatctctta tacggtgttg aaagagtgtt gaagctttca 1020
gttccaaatt tatacgtgtg gctctgcatg ttctactget tcetteccacct ttggttaaac 1080
atattggcag agctcctectg ctteggggat cgtgaattct acaaagattg gtggaatgca 1140
aaaagcgtgg gagattattg gagaatgtgg aatatgcctg ttcataaatg gatggttcga 1200
catgtatact ttccgtgcct tcgcagaaat ataccgaaag tacccgctat tatccttget 1260
ttcttagtct ctgcagtctt tcatgagtta tgcatcgcag ttccttgtceg tcectcettcaaa 1320
ctatgggctt tcttggggat tatgtttcag gtgcctttgg tatttatcac aaactaccta 1380
caagaaaggt ttggctccat ggtgggaaac atgatattct ggtttacctt ctgcattttce 1440
ggacaaccga tgtgtgtgcet tctttattat cacgacttga tgaaccgcaa aggaaagatg 1500
tcatag 1506
<210> SEQ ID NO 108

<211> LENGTH: 501

<212> TYPE: PRT

<213> ORGANISM: Brassica napus

<400> SEQUENCE: 108

Met Glu Ile Leu Asp Ser Gly Gly Val Thr Met Pro Thr Glu Asn Gly
1 5 10 15

Gly Ala Asp Leu Asp Thr Leu Arg His Arg Lys Pro Arg Ser Asp Ser
20 25 30

Ser Asn Gly Leu Leu Pro Asp Ser Val Thr Val Ser Asp Ala Asp Val
35 40 45

Arg Asp Arg Val Asp Ser Ala Val Glu Asp Thr Gln Gly Lys Ala Asn
50 55 60
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Leu
65

Asn

Arg

Ser

Thr

145

Met

Glu

Leu

Thr

Leu

225

Tyr

Val

Pro

Lys

Phe

305

Ser

Leu

Cys

Gly

Asp

385

Ile

Ala

Phe

Ala

Val

Val

Ala

Arg

130

Asp

Cys

Lys

His

Leu

210

Thr

Asp

Ser

Thr

Gly

290

Met

Lys

Lys

Phe

Asp

370

Tyr

Val

Ile

Val

Gln
450

Gly

Asp

Arg

Gly

115

Leu

Phe

Cys

Leu

Ile

195

Arg

Cys

Ile

Tyr

Leu

275

Trp

Gly

His

Leu

Phe

355

Arg

Trp

Tyr

Leu

Pro
435

Val

Glu

Val

Glu

100

Leu

Ile

Trp

Leu

Val

180

Ile

Cys

Ile

Arg

Tyr

260

Cys

Val

Phe

Pro

Ser

340

His

Glu

Arg

Phe

Ala
420

Cys

Pro

Asn

Arg

Ser

Phe

Ile

Phe

Ser

165

Leu

Ile

Asp

Val

Thr

245

Val

Tyr

Ala

Ile

Leu

325

Val

Leu

Phe

Met

Pro
405
Phe

Arg

Leu

Glu

70

Tyr

Pro

Asn

Glu

Ser

150

Leu

Gln

Thr

Ser

Trp

230

Leu

Ser

Gln

Arg

Ile

310

Lys

Pro

Trp

Tyr

Trp

390

Cys

Leu

Leu

Val

Ile

Thr

Leu

Leu

Asn

135

Ser

Ser

Lys

Met

Ala

215

Leu

Ala

Leu

Pro

Gln

295

Glu

Gly

Asn

Leu

Lys

375

Asn

Leu

Val

Phe

Phe
455

Arg

Tyr

Ser

Cys

120

Leu

Thr

Ile

Cys

Thr

200

Phe

Lys

Asn

Lys

Ser

280

Phe

Gln

Asp

Leu

Asn

360

Asp

Met

Arg

Ser

Lys
440

Ile

Glu

Arg

Ser

105

Val

Met

Ser

Phe

Ile

185

Glu

Leu

Leu

Ser

Ser
265

Tyr

Ala

Tyr

Leu

Tyr

345

Ile

Trp

Pro

Arg

Ala
425

Leu

Thr

Ser

Pro

90

Asp

Val

Lys

Leu

Pro

170

Ser

Val

Ser

Val

Ser

250

Leu

Pro

Lys

Ile

Leu

330

Val

Leu

Trp

Val

Asn
410
Val

Trp

Asn

Gly

75

Ser

Ala

Val

Tyr

Arg

155

Leu

Glu

Leu

Gly

Ser

235

Asp

Ala

Arg

Leu

Asn

315

Tyr

Trp

Ala

Asn

His

395

Ile

Phe

Ala

Tyr

Gly Glu Ala

Val

Ile

Leu

Gly

140

Asp

Ala

Pro

Tyr

Val

220

Tyr

Lys

Tyr

Ser

Ile

300

Pro

Gly

Leu

Glu

Ala

380

Lys

Pro

His

Phe

Leu
460

Pro

Phe

Val

125

Trp

Trp

Ala

Val

Pro

205

Thr

Ala

Ala

Phe

Pro

285

Ile

Ile

Val

Cys

Leu

365

Lys

Trp

Lys

Glu

Leu
445

Gln

Ala

Lys

110

Ala

Leu

Pro

Phe

Val

190

Val

Leu

His

Asn

Met
270

Cys

Phe

Val

Glu

Met

350

Leu

Ser

Met

Val

Leu
430

Gly

Glu

Gly

His

95

Gln

Val

Ile

Leu

Thr

175

Ile

Tyr

Met

Thr

Pro

255

Leu

Ile

Thr

Arg

Arg

335

Phe

Cys

Val

Val

Pro
415
Cys

Ile

Arg

Gly

80

Arg

Ser

Asn

Arg

Phe

160

Val

Ile

Val

Leu

Asn

240

Glu

Ala

Arg

Gly

Asn

320

val

Tyr

Phe

Gly

Arg

400

Ala

Ile

Met

Phe
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Gly Ser Met Val Gly Asn Met Ile Phe Trp Phe Thr Phe Cys Ile Phe
465 470 475 480

Gly Gln Pro Met Cys Val Leu Leu Tyr Tyr His Asp Leu Met Asn Arg
485 490 495

Lys Gly Lys Met Ser
500

<210> SEQ ID NO 109

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 109
ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

accccggate ggegegecac catggecgece atctcaccge gcaa

<210> SEQ ID NO 110

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 110
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaact accacaccte caacttegec ¢

<210> SEQ ID NO 111

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 111

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa
accccggatce ggcgegccac catggcgatt ttggattcetg ctgg

<210> SEQ ID NO 112

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 112

aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt

tagagcggat ttaattaatc atgacatcga tcettttegg t

<210> SEQ ID NO 113

<211> LENGTH: 104

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 113

ataaaagtat caacaaaaaa ttgttaatat acctctatac tttaacgtca aggagaaaaa

60

104

60

101

60

104

60

101

60



US 2016/0272951 Al

Sep. 22, 2016

-continued
accccggate ggcgcgccac catggagatt ttggattcectg gagg 104
<210> SEQ ID NO 114
<211> LENGTH: 101
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 114
aactataaaa aaataaatag ggacctagac ttcaggttgt ctaactcctt cctttteggt 60
tagagcggat ttaattaact atgacatctt tcetttgegg t 101

We claim:

1. A polynucleotide comprising an expression control
sequence operatively linked to a heterologous nucleic acid
sequence selected from the group consisting of:

a) the nucleic acid sequence of SEQ ID NO: 52 or 54;

b) a nucleic acid sequence encoding a polypeptide com-
prising the amino acid sequence of SEQ ID NO: 53;

¢) a nucleic acid sequence having at least 60% sequence
identity to the nucleic acid sequence of a) or b),
wherein said nucleic acid sequence encodes a polypep-
tide having diacylglycerol acyltransferase activity; and

d) a nucleic acid sequence encoding a polypeptide having
at least 60% sequence identity to the amino acid
sequence of SEQ ID NO: 53, wherein said polypeptide
has diacylglycerol acyltransferase activity.

2. The polynucleotide of claim 1, wherein said polynucle-
otide further comprises a terminator sequence operatively
linked to the nucleic acid sequence.

3. A vector comprising the polynucleotide of claim 1.

4. A host cell comprising:

a) the polynucleotide of claim 1; or

b) a vector comprising said polynucleotide.

5. The host cell of claim 4, wherein the host cell is a plant
cell or a microorganism.

6. The host cell of claim 4, wherein the host cell is yeast,
fungus, algae, moss, or an insect cell.

7. A method for the manufacture of a polypeptide, com-
prising:

a) cultivating the host cell of claim 4 under conditions

which allow for the production of said polypeptide; and

b) obtaining the polypeptide from said host cell.

8. A non-human transgenic organism comprising:

a) the polynucleotide of claim 1; or

b) a vector comprising said polynucleotide,

wherein the non-human transgenic organism is a plant or
a microorganism.

9. The non-human transgenic organism of claim 8,
wherein the microorganism is a fungus, algae, moss, or
yeast.

10. A method for the manufacture of polyunsaturated fatty
acids, comprising:

a) cultivating the host cell of claim 4 under conditions
which allow for the production of polyunsaturated fatty
acids in said host cell; and

b) obtaining said polyunsaturated fatty acids from said
host cell.

11. A method for the manufacture of polyunsaturated fatty
acids, comprising:

a) cultivating the non-human transgenic organism of
claim 8 under conditions which allow for the produc-
tion of polyunsaturated fatty acids in said host cell; and

b) obtaining said polyunsaturated fatty acids from said
non-human transgenic organism.

12. The method of claim 11, wherein said polyunsaturated
fatty acid is arachidonic acid (ARA), eicosapentaenoic acid
(EPA), and/or docosahexaenoic acid (DHA).

13. A method for the manufacture of an oil, lipid, or fatty
acid composition, comprising:

a) cultivating the host cell of claim 4 under conditions
which allow for the production of polyunsaturated fatty
acids in said host cell;

b) obtaining said polyunsaturated fatty acids from said
host cell; and

¢) formulating the polyunsaturated fatty acid as an oil,
lipid, or fatty acid composition.

14. The method of claim 13, wherein said oil, lipid, or
fatty acid composition is to be used for feed, foodstuffs,
cosmetics, or pharmaceuticals.

15. A method for the manufacture of polyunsaturated fatty
acids, comprising:

a) cultivating a plant comprising the polynucleotide of
claim 1 or a vector comprising said polynucleotide
under conditions which allow for the production of
polyunsaturated fatty acids in said plant or seeds
thereof; and

b) obtaining said polyunsaturated fatty acids from said
plant or seeds thereof.

16. The method of claim 15, wherein the polyunsaturated

fatty acids are obtained from the seeds of said plant.

17. A method for the manufacture of an oil, lipid or fatty
acid composition, comprising:

a) providing a polyunsaturated fatty acid produced by the

method of claim 15; and

b) formulating said polyunsaturated fatty acid as an oil,
lipid or fatty acid composition.

18. A method for the manufacture of an oil, lipid or fatty

acid composition, comprising:

a) cultivating a plant comprising the polynucleotide of
claim 1 or a vector comprising said polynucleotide
under conditions which allow for the production of
polyunsaturated fatty acids in said plant or seeds
thereof; and
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b) obtaining an oil, lipid or fatty acid composition from

said plant or seeds thereof.

19. The method of claim 18, wherein the oil, lipid or fatty
acid composition is obtained from the seeds of said plant.

20. A method for the production of feed, foodstuffs,
cosmetics or pharmaceuticals, comprising:

a) obtaining an oil, lipid or fatty acid composition pro-

duced by the method of claim 18; and

b) processing said oil, lipid or fatty acid composition to

produce feed, foodstuffs, cosmetics or pharmaceuticals.

21. A method for the manufacture of polyunsaturated fatty
acids, comprising:

a) obtaining an oil, lipid or fatty acid composition pro-

duced by the method of claim 18; and

b) obtaining polyunsaturated fatty acids from said oil,

lipid or fatty acid composition.

22. A plant, or a plant part, plant cell, or seed thereof,
wherein said plant, or said plant part, plant cell, or seed
thereof, comprises:

a) the polynucleotide of claim 1; or

b) a vector comprising said polynucleotide.

Ed * * * Ed



