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GENETICALLY ENGINEERED MICROBIAL STRAINS INCLUDING PROTOTHECA
LIPID PATHWAY GENES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. 119(e) of US Provisional
Patent Application No. 61/564,247, filed November 28, 2011, US Provisional Patent
Application No. 61/581,538, filed December 29, 2011, and US Provisional Patent
Application No. 61/674,251, filed July 20, 2012. Each of these applications is

incorporated herein by reference in its entirety for all purposes.

REFERENCE TO A SEQUENCE LISTING

[0002] This application includes a sequence listing.

FIELD OF THE INVENTION
[0003] In certain embodiments genetically engineered microbes, ¢.g., Prototheca
strains are provided that show improved oil production and so find uses in the fields of
chemistry, food production, fuel and industrial chemicals production, microbiology, and

molecular biology.

DESCRIPTION OF RELATED DISCLOSURES
[0004] Microalgae, including genetically engineered microalgae, have been identified
as important new sources of oil for use in food and fuels. See PCT Pub. Nos. WO
2008/151149, WO 2009/126843, and WO 2010/045368, each of which is incorporated
herein by reference in its entirety for all purposes. While Chlorella strains have been the
focus of much effort in developing microbial oil production methods, more recently strains
of the genus Prototheca have been identified as also having promise as a new source of
microbial oils, including tailored oils for specific applications. See PCT Pub. Nos. WO
2010/063031, WO 2010/063032, and WO 2011/150410and WO 2012/106560, each of

which is incorporated herein by reference in its entirety for all purposes.

SUMMARY
[0005] In certain embodiments, the invention provides a recombinant (e.g., isolated)
nucleic acid comprising a coding sequence that encodes a Prototheca lipid biosynthesis
protein or portion thereof. In some embodiments, provided is a recombinant nucleic acid
comprising a coding sequence that encodes a Prototheca lipid biosynthesis protein,
provided that the protein is not ketoacyl acyl carrier protein synthase 11, stearoyl acyl

carrier protein desaturase, or delta 12 fatty acid desaturase. In some embodiments the
1
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protein is not a ketoacyl acyl carrier protein synthase II protein of SEQ ID NO: 270, a
stearol acyl carrier protein desaturase of SEQ ID NO: 271, or a delta 12 fatty acid
desaturase of SEQ ID NOs: 272 or 273. In some embodiments, the coding sequence is in
operable linkage with a promoter, an untranslated control element, and/or a targeting
sequence, such as a plastidial targeting sequence and mitochondrial targeting sequence.
The recombinant nucleic acid may be, e.g., a DNA molecule. In certain embodiments,
recombinant nucleic acid is an expression vector. The recombinant nucleic acid can, for
example, include an expression cassette that encodes an mRNA that encodes a functional
Prototheca lipid biosynthesis enzyme. Alternatively or in addition, the recombinant
nucleic acid can include an expression cassette that encodes an inhibitory RNA that
suppresses expression of a Prototheca lipid biosynthesis gene. In some embodiments, the
lipid biosynthesis protein is a protein in Table 1. In some embodiments, the protein has at
least 50%, 60%, 70%, 80%, 85%, 90% or 95% sequence identity to a protein provided
herein or a protein encoded by a gene provided herein. In some embodiments the protein

or the gene encoding the protein is listed in Table 1.

[0006] In some embodiments, the protein encoded by the coding sequence in the
nucleic acid contains one or more point mutations, deletions, substitutions, or
combinations thereof. In other embodiments, the protein has at least one point mutation in
comparison to a protein in Table 1. In some embodiments, the protein encoded by the
coding sequence is a functional protein. In some embodiments, the protein is
diacylglycerol diacyltransferase (DGAT) having at least one point mutation. In other

embodiments, the recombinant nucleic acid further encodes sucrose invertase.

[0007] In certain embodiments, also provided is a genetically engineered microbial
cell transformed with a recombinant nucleic acid provided herein. In some embodiments,
the cell is a microbial, plant, or yeast cell. In particular embodiments, provided is a cell
comprising one or more exogenous gene(s), wherein the exogenous gene is a Prototheca
lipid biosynthesis gene selected from the genes listed in Table 1. The genetically
engineered microbial cell can, for example, be a cell of the genus Prototheca or Chlorella.
In particular embodiments, the cell comprises both an endogenous lipid biosynthesis gene
and one or more exogenous Prototheca lipid biosynthesis gene(s) selected from the genes
listed in Table 1. In certain embodiments, the exogenous gene can encode a lipid
biosynthesis protein, wherein the amino acid sequence of the lipid biosynthesis protein is
identical to the endogenous lipid biosynthesis protein. For example, the exogenous gene

can include a nucleotide sequence in which the codons of the nucleotide sequence
2
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encoding the amino acids of the lipid biosynthesis protein have been altered, as compared
to the codons in the native nucleic acid. In various embodiments, the exogenous gene can
encode a protein with at least 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% amino acid identity to the native Prototheca protein. The exogenous gene
can, in some embodiments, be in operable linkage with a promoter element that is not the
native Prototheca promoter, an untranslated control element that is not the native
Prototheca untranslated control element, and/or a nucleotide sequence encoding a transit
peptide that is not the native Prototheca transit peptide. The transit peptide can, for
example, be a plastidial targeting sequence or a mitochondrial targeting sequence. In
certain embodiments, the cell has a 23S rRNA sequence with at least 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% nucleotide identity to SEQ ID NO: 5. In particular
embodiments, the cell is a Prototheca cell, wherein the cell has a fatty acid profile that is

at least 10% C8-C14.

[0008] In certain embodiments, another aspect of the invention is a method for
obtaining microbial oil comprising culturing a genetically engineered cell, e.g., a
Prototheca cell, described above under conditions such that oil is produced. In certain
embodiments, the microbial oil thus produced has a fatty acid profile that is at least 10%

C8-C14. The invention also includes a microbial oil produced by this method.

[0009] In particular embodiments, the invention provides genetically engineered cell,
¢.g., of the genus Prototheca, wherein the activity of one or more endogenous lipid
biosynthesis gene, selected from the genes listed in Table 1, has been attenuated. In
various embodiments, the activity of the endogenous gene has been attenuated through
chromosomal gene deletion, chromosomal gene insertion, frameshift mutation, point
mutation, and/or inhibitory RNA. The genetically engineered cell can, in certain
embodiments, further comprise an exogenous Prototheca lipid biosynthesis pathway gene
selected from the genes listed in Table 1. In particular embodiments, one or more allele(s)

of an endogenous lipid biosynthesis gene in the genetically engineered cell is attenuated.

[0010] In certain embodiments, one allele of the endogenous lipid biosynthesis gene is
replaced, in the genetically engineered cell, with a polynucleotide encoding, ¢.g., an
exogenous Prototheca lipid biosynthesis pathway gene selected from Table 1 and a
selectable marker. In a variation of this embodiment, two or more alleles of the
endogenous lipid biosynthesis gene are each replaced with a polynucleotide encoding an

exogenous Prototheca lipid biosynthesis pathway gene selected from Table 1 and a
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selectable marker. In certain embodiments, the genetically engineered cell has a 23S
rRNA sequence with at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
nucleotide identity to SEQ ID NO: 5. In particular embodiments, the genetically
engineered cell is a Prototheca cell, wherein the cell has a fatty acid profile that is at least
10% C8-C14. In some embodiments, the cell has a fatty acid profile that is at least at least
50%, 60%, or 70% C12:0. In some embodiments, the cell has a fatty acid profile that is at
least at least 70%, 75%, 80%, 85%, or 90% C18:1. In certain embodiments, the invention
also provides a method for obtaining microbial oil comprising culturing this genetically
engineered cell, which may be, e.g., a Prototheca cell, under conditions such that oil is
produced. In certain embodiments, the microbial oil thus produced has a fatty acid profile
that is at least 10% C8-C14. The invention also includes a microbial oil produced by this
method.

[0011] In another aspect, the present invention provides a genetically engineered
microbial cell, e.g., Prototheca cell, in one or more lipid biosynthesis genes have been
modified to increase or decrease expression of such one or more genes such that the fatty
acid profile of the genetically engineered strain differs from that of the strain from which it
was derived. In one embodiment, at least two genes have been modified. In various
embodiments, the genetic modifications include one or more of the following
modifications: (i) attenuation of a gene or its enzymatic product; and (i1) increased
expression of a gene or its enzymatic product; (iii) altered activity of a gene or its

enzymatic product.

[0012] In various embodiments, the genetically engineered cell has one or more
attenuated genes, wherein the genes attenuated have been attenuated by a means selected
from the group consisting of a homologous recombination event and introduction of an
exogenous gene that codes for an interfering RNA. In various embodiments, one or more

alleles of a gene are attenuated.

[0013] In various embodiments, the genetically engineered cell has one or more over-
expressed genes, wherein the genes over-expressed have been up-regulated by a means
selected from the group consisting of introduction of additional copies of said gene into
said cell; introduction of new expression control elements for said gene; and alteration of
the protein-coding sequence of the gene. In various embodiments, one or more alleles of a

gene arc OVGI‘-GXpI‘GSSGd.
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[0014] In various embodiments, the modified genes of the genetically engineered cell
are selected from the group consisting of Prototheca lipid biosynthesis genes presented in
Table 1. In various embodiments, the genetically engineered cell comprises an exogenous
gene selected from the group consisting of Prototheca lipid biosynthesis genes presented
in Table 1. In various embodiments, the genetically engineered cell comprises one or
more over-expressed alleles of a gene, the gene selected from the group consisting of
Prototheca lipid biosynthesis genes presented in Table 1. In various embodiments, the
genetically engineered cell has an attenuated gene selected from the group consisting of
Prototheca lipid biosynthesis genes presented in Table 1. In various embodiments, the
genetically engineered cell has one more attenuated alleles of a gene, the gene selected

from the group consisting of Prototheca lipid biosynthesis genes presented in Table 1.

[0015] In various embodiments, the genctically engineered cell has a fatty acid profile
selected from the group consisting of: 3% to 60% C8:0, 3% to 60% C10:0, 3% to 70%
C12:0, 3% to 95% C14:0, 3% to 95% C16:0, 3% to 95% C18:0, 3% to 95% C18:1, 0% to
60% C18:2, 0% to 60% C18:3 or combinations thercof. In various embodiments, the ratio
of C10:0 to C12:0 is at least 3:1. In some cases, the ratio of C10:0 to C14:0 is at least
10:1. In various embodiments, the ratio of C12:0 to C14:0 is at least 3:1. In various
embodiments, the genetically engineered cell has a fatty acid profile of at least 40%
saturated fatty acids, of at least 60% saturated fatty acids, or at least 85% saturated fatty

acids.

[0016] In another aspect, the present invention provides methods for obtaining
microbial oil comprising culturing a genetically engineered Prototheca cell of the
invention under conditions such that oil is produced. In various embodiments, the
microbial oil has a fatty acid profile selected from the group consisting of: 3% to 40%
C8:0, 3% to 60% C10:0, 3% to 70% C12:0, 3% to 95% C14:0, 3% to 95% C16:0, 3% to
95% C18:0, 3% to 95% C18:1, 0% to 60% C18:2, 0% to 60% C18:3 or combinations
thereof. In various embodiments, the ratio of C10:0 to C12:0 is at least 3:1. In some
cases, the ratio of C10:0 to C14:0 is at least 10:1. In various embodiments, the ratio of
C12:0 to C14:0 is at least 3:1. In various embodiments, the genetically engineered cell has
a fatty acid profile of at least 40% saturated fatty acids, of at least 60% saturated fatty

acids, or at least 85% saturated fatty acids.

[0017] In an additional aspect, the present invention provides microbial oils and foods,

fuels, and chemicals containing said oil or a chemical derived therefrom.
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[0018] In another aspect, the present invention provides recombinant nucleic acids
useful in methods for making genetically modified Prototheca and other cells. The nucleic
acids of the invention comprise all or some portion of a Prototheca lipid biosynthesis

gene.

[0019] In various embodiments, these nucleic acids include expression cassettes,
which consist of a coding sequence and control sequences that regulate expression of the
coding sequence, which may code for an mRNA that encodes a lipid biosynthesis protein,

enzyme, or for an RNAI that acts to suppress expression of a lipid biosynthesis gene.

[0020] In other embodiments, these nucleic acids are expression vectors that include
one or more expression cassettes and stably replicate in a Prototheca or other host cell,
either by integration into chromosomal DNA of the host cell or as freely replicating

vectors.

[0021] In other embodiments, these nucleic acids comprise only a portion of a
Prototheca lipid biosynthesis gene, which portion may be a portion of a coding sequence,
an ¢xon, or a control element. Such nucleic acids are useful in the construction of
expression cassettes for Prototheca and non-Prototheca host cells, for integration of
exogenous DNA into Prototheca host cells, and for construction of nucleic acids useful for

attenuating Prototheca lipid biosynthetic genes by homologous recombination.

[0022] In some embodiments, provided are sequences, compositions, host cells, and
methods for overexpression of a lipid biosynthesis gene. In some aspects, the
overexpressed lipid biosynthesis gene is one or more of LEC2, DGAT, ATP:citrate lyase
(ACL), malic enzyme, lipase, fatty acyl-CoA reductase, Acyl-CoA Binding Proteins
(ACBPs), or Lipoic Acid Synthase (LS1).

[0023] These and other aspects and embodiments of the invention are described in the
accompanying drawings, a brief description of which immediately follows, the detailed

description of the invention below, and are exemplified in the examples below. Any or all
of the features discussed above and throughout the application can be combined in various

embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] Figure 1 shows Pstl restriction maps of Prototheca moriformis FADc alleles
with and without a targeted gene disruption, as described in Example 37.

[0025] Figure 2 shows the results of the Southern blot described in Example 37.
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DETAILED DESCRIPTION
[0026] For the convenience of the reader, this detailed description of the invention is
divided into sections. Section I provides definitions of terms used herein. Section 11
provides an overview of the Prototheca lipid biosynthesis pathway. Section III describes
culturing methods for Prototheca cells of the invention. Section IV describes genetic
engineering methods for Prototheca and genetically engineered cells of the invention.
Section V describes microbial oils provided by the invention. Section VI describes nucleic

acids of the invention.

SECTION 1. DEFINITIONS

[0027] Unless defined otherwise, all technical and scientific terms used herein have

the meaning commonly understood by a person skilled in the art to which this invention
belongs. The following references provide one of skill with a general definition of many of
the terms used in this invention: Singleton et al., Dictionary of Microbiology and
Molecular Biology (2nd ed. 1994); The Cambridge Dictionary of Science and Technology
(Walker ed., 1988); The Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer
Verlag (1991); and Hale & Marham, The Harper Collins Dictionary of Biology (1991). As
used herein, the following terms have the meanings ascribed to them unless specified

otherwise.

[0028] A nucleic acid “active in microalgae” refers to a nucleic acid that is functional
in microalgae. For example, a promoter that has been used to drive an antibiotic resistance

gene to impart antibiotic resistance to a transgenic microalgae is active in microalgae.

[0029] “Acyl carrier protein” or “ACP” is a protein that binds a growing acyl chain
during fatty acid synthesis as a thiol ester at the distal thiol of the 4'-phosphopantetheine

moiety and comprises a component of the fatty acid synthase complex.

[0030] “Acyl-CoA molecule” or “acyl-CoA” is a molecule comprising an acyl moiety
covalently attached to coenzyme A through a thiol ester linkage at the distal thiol of the 4'-

phosphopantetheine moiety of coenzyme A.

[0031] “Allele” refers to one or two or more forms of a gene or genetic locus. Alleles
of a gene may share 100% or less nucleotide sequence identity. Gene products encoded
by alleles of a gene may share 100% or less amino acid sequence identity.
Overexperession of different alleles of a gene and/or the gene products encoded therein
may confer different phenotypes to a genetically engineered organism. Attenuation of

7
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different alleles of a gene and/or the gene products encoded therein may confer different

phenotypes to a genetically engineered organism.

[0032] " Attenuation of a Gene” refers to (i) genetically engineering a gene so that it
has, relative to a wild-type gene, different control sequences that result in decreased
amounts of a gene product (RNA including mRNA, inhibitory RNA molecules, and other
RNAs, polypeptides); (i) genetically engineering a cell so that it has, relative to a wild-
type cell, fewer or no detectable copies of a gene and decreased amounts of the
corresponding gene product; and/or (ii1) genetically engineering the coding sequence of a
gene to either decrease the stability and/or activity of the gene product (i.c., if the increase
the stability of an RNA gene product, increase translation of an mRNA gene product,
and/or decrease the level of enzymatic activity of a protein encoded by the mRNA gene
product, i.e., by making the protein less stable or less active (which may also be referred to
as “attenuation of an Enzymatic Product”). An “Attenuated Gene Product” is the gene
product of attenuation of a gene by any of the foregoing methods. An “Attenuated Gene”
is a gene that has been genetically engineered by one or more of the methods described
herein that results in decreased amounts of gene product. Attenuation of a gene thus
results in “Decreased Expression of a Gene”, “down-regulation of the gene”, or

“Inactivation of the gene”.

[0033] “Axenic” is a culture of an organism substantially free from contamination by

other living organisms.

[0034] “Biomass” is material produced by growth and/or propagation of cells.
Biomass may contain cells and/or intracellular contents as well as extracellular material,

includes, but is not limited to, compounds secreted by a cell.

[0035] “Catalyst” is an agent, such as a molecule or macromolecular complex, capable
of facilitating or promoting a chemical reaction of a reactant to a product without
becoming a part of the product. A catalyst increases the rate of a reaction, after which, the
catalyst may act on another reactant to form the product. A catalyst generally lowers the
overall activation energy required for the reaction such that it proceeds more quickly or at
a lower temperature. Thus, a reaction equilibrium may be more quickly attained. Examples
of catalysts include enzymes, which are biological catalysts; heat, which is a non-

biological catalyst; and metals used in fossil oil refining processes.

[0036] “Co-culture”, and variants thercof such as “co-cultivate” and “co-ferment”,
refer to the presence of two or more types of cells in the same bioreactor. The two or more

8
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types of cells may both be microorganisms, such as microalgae, or may be a microalgal
cell cultured with a different cell type. The culture conditions may be those that foster
growth and/or propagation of the two or more cell types or those that facilitate growth
and/or proliferation of one, or a subset, of the two or more cells while maintaining cellular

growth for the remainder.

[0037] “Coding Sequence” refers to that portion of a gene or expression cassette that
encodes the RNA transcribed from that gene or expression cassette in a cell, specifically
that portion of the mRNA that is translated into the protein encoded by that mRNA. Any

non-translated portions of a gene between translated portions are referred to as “introns”.

[0038] “Cofactor” or “co-factor” is any molecule, other than the substrate, required for

an enzyme to carry out its enzymatic activity.

[0039] “Complementary DNA” or “cDNA” is a DNA copy of mRNA, usually obtained
by reverse transcription of messenger RNA (mRNA) or amplification (e.g., via
polymerase chain reaction (“PCR”)).

[0040] “Control Sequence” refers to nucleic acid sequences in a gene or expression
cassette that regulate transcription of a coding sequence and so include promoters,

enhancers, transcription termination sequences, and translation initiation sequences.

[0041] “Cultivated”, and variants thereof such as “cultured” and “fermented”, refer to
the intentional fostering of growth (increases in cell size, cellular contents, and/or cellular
activity) and/or propagation (increases in cell numbers via mitosis) of one or more cells by
use of selected and/or controlled conditions. The combination of both growth and
propagation may be termed proliferation. Examples of selected and/or controlled
conditions include the use of a defined medium (with known characteristics such as pH,
ionic strength, and carbon source), specified temperature, oxygen tension, carbon dioxide
levels, and growth in a bioreactor. Cultivate does not refer to the growth or propagation of
microorganisms in nature or otherwise without human intervention; for example, natural
growth of an organism that ultimately becomes fossilized to produce geological crude oil

1s not cultivation.

[0042] “Cytolysis” is the lysis of cells in a hypotonic environment. Cytolysis is caused
by excessive osmosis, or movement of water, towards the inside of a cell
(hyperhydration). The cell cannot withstand the osmotic pressure of the water inside, and

so it explodes.
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[0043] “Delipidated meal” and “delipidated microbial biomass” is microbial biomass
after oil (including lipids) has been extracted or isolated from it, either through the use of
mechanical (i.e., exerted by an expeller press) or solvent extraction or both. Delipidated
meal has a reduced amount of oil/lipids as compared to before the extraction or isolation

of oil/lipids from the microbial biomass but does contain some residual oil/lipid.

[0044] “Desaturase” are enzymes in the lipid synthesis pathway responsible for the
introduction of double bonds (unsaturation) into the fatty acid chains of fatty acid or
triacylglyceride molecules. Examples include but are not limited to stearoyl-Acyl carrier
protein desaturase (SAD) and fatty acid desaturase (FAD), also known as fatty acyl

desaturase.

[0045] “Expression Cassette” refers to a coding sequence and a promoter, optionally
in combination with one or more control sequences. Expression cassettes for enzymes

include, for example and without limitation, a translation initiation control sequence.

[0046] “Expression vector” or “expression construct” or “plasmid” or “recombinant
DNA construct” refer to a nucleic acid that has been generated via human intervention,
including by recombinant means or direct chemical synthesis, with a series of specified
nucleic acid elements that permit transcription and/or translation of a particular nucleic
acid in a host cell. The expression vector may be part of a plasmid, virus, or nucleic acid
fragment. Typically, the expression vector includes a nucleic acid to be transcribed
operably linked to a promoter. Some expression cassettes are expression vectors, but
expression vectors often contain more than one expression cassette, for example
expression cassettes for selectable markers are sometimes included in expression vectors
for introducing exogenous genes into host cells. One of skill in the art understands that a
“recombinant nucleic acid” that encodes a particular gene, or portion thereof, is isolated

from the specific context in which it naturally occurs.

[0047] “Exogenous gene” is a nucleic acid that codes for the expression of an RNA
and/or protein that has been introduced (“transformed”) into a cell, and is also referred to
as a “transgene”. A transformed cell may be referred to as a recombinant cell, into which
additional exogenous gene(s) may be introduced. The exogenous gene may be from a
different species (and so heterologous), or from the same species (and so homologous),
relative to the cell being transformed. Thus, an exogenous gene can include a homologous
gene that occupies a different location in the genome of the cell or is under different

control, relative to the endogenous copy of the gene. An exogenous gene may be present

10
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in more than one copy in the cell. An exogenous gene may be maintained in a cell as an

insertion into the genome (nuclear or plastid) or as an episomal molecule.

[0048] “Exogenously provided” refers to a molecule provided to the culture media of a

cell culture.

[0049] “Expeller pressing” is a mechanical method for extracting oil from raw
materials such as soybeans and rapeseed. An expeller press is a screw type machine,
which presses material through a caged barrel-like cavity. Raw materials enter one side of
the press and spent cake exits the other side while oil seeps out between the bars in the
cage and is collected. The machine uses friction and continuous pressure from the screw
drives to move and compress the raw material. The oil seeps through small openings that
do not allow solids to pass through. As the raw material is pressed, friction typically

causes it to heat up.

[0050] “Fatty acids” shall mean free fatty acids, fatty acid salts, or fatty acyl moieties
in a glycerolipid.

[0051] “Fatty acid modification enzyme” or “fatty acid modifying enzyme” refers to
an enzyme that alters the covalent structure of a fatty acid. Examples of fatty acid
modification enzymes include lipase, fatty acyl-CoA/aldehyde reductase, fatty acyl-CoA
reductase, fatty aldehyde reductase, fatty aldehyde decarbonylase.

[0052] “Fatty acid profile” refers to the distribution of fatty acids in a cell or oil
derived from a cell in terms of chain length and/or saturation pattern. In this context the
saturation pattern can comprise a measure of saturated versus unsaturated acid or a more
detailed analysis of the distribution of the positions of double bonds in the various fatty
acids of a cell. The fatty acid profile in be readily determined, for example by using gas
chromatography. In one method, the fatty acids of the triacylglycerol are converted into a
fatty acid methyl ester (FAME) using well known methods. The FAME molecules are
then detected by gas chromatography. For example, a separate peak is observed for a fatty
acid of 14 carbon atoms with no unsaturation (C14:0) compared to any other fatty acid
such as C14:1. The peak area for cach class of FAME determined using GC-FID is
proportional to the weight percentages of the fatty acids. Unless specified otherwise, the
fatty acid profile is expressed as a weight percent of the total fatty acid content. When
referring to fatty acid profiles, “at least 4% C8-C14” means that at least 4% by weight of
the total fatty acids in a cell or in an extracted glycerolipid composition have a chain

length that includes 8, 10, 12 or 14 carbon atoms.

11
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[0053] “Fatty acid synthesis enzyme” refers to an enzyme that alters the chain length,
saturation, or functional group modification of a fatty acid, or can otherwise lead to an
altered fatty acid profile in a cell. Examples of fatty acid synthesis enzymes include fatty
acyl-ACP thioesterase, desaturase, including stearoyl acyl carrier protein desaturase
(SAD) and fatty acyl destaurase (FAD), fatty acyl hydroxylase, and p-keto-acyl-ACP
synthase.

[0054] “Fatty acyl-ACP thioesterase” is an enzyme that catalyzes the cleavage of a
fatty acid from an acyl carrier protein (ACP) during fatty acid synthesis.

[0055] “Fatty acyl-CoA/aldehyde reductase” is an enzyme that catalyzes the reduction

of an acyl-CoA molecule to a primary alcohol.

[0056] “Fatty acyl-CoA reductase” is an enzyme that catalyzes the reduction of an

acyl-CoA molecule to an aldehyde.

[0057] “Fatty aldehyde decarbonylase” is an enzyme that catalyzes the conversion of a

fatty aldehyde to an alkane.

[0058] “Fatty aldehyde reductase” is an enzyme that catalyzes the reduction of an
aldehyde to a primary alcohol.

[0059] “Fixed carbon source” is a molecule(s) containing carbon, typically an organic
molecule, that is present at ambient temperature and pressure in solid or liquid form in a

culture media that may be utilized by a microorganism cultured therein.

[0060] “Functional protein” refers to a protein whose its activity has been retained

even though it may be attenuated.

(13

[0061] “Genetically engineered”, “genetically engineer”, and “genetic engineering”
refers to alteration of the DNA and/or RNA of a living cell by human intervention.
Typically, the alteration is mediated by the introduction of one or more expression vectors,
but in some instances, functionally equivalent alterations may be achieved by mutagenesis

alone.

[0062] “Glycerolipid” refers to a glycerol molecule esterified at the sn-1, sn-2 or sn-3
position of the glycerol with one or more phosphate, fatty acid, phosphoserine,
phosphocholine, phosphoinositol, or phosphoethanolamine, or other moicties covalently
attached to the glycerol backbone. Examples of glycerolipids include triacylglycerides
(triglycerides), diacylglycerides (diglycerides), monoacylglycerides (monoglycerides),

12
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glycerol-3-phosphate, lysophosphatidic acid, phosphatidic acid, phosphatidylcholine,
phosphatidylserine, phosphatidylglycerol, and phosphatidylethanolamine.

[0063] “Glycerolipid synthesis enzyme” refers to an enzyme involved in the synthesis
of glycerolipids. Glycerolipid synthesis enzymes function, for example, to covalently
attach acyl groups to a substituted glycerol. Examples of glycerolipid synthesis enzymes
include glycerol-3-phosphate acyltransferase, lysophosphatidic acid acyltransferase,
diacylglycerol acyltransferase, phospholipid diacylglycerol acyltransferase, and
phosphatidic acid phosphatase.

[0064] “Glycerophospholipid” is a glycerolipid that at the sn-1, sn-2 or sn-3 positions
of the glycerol backbone has at least one or more covalently bound phosphate or a
covalently bound phosphate containing moiety, for example, phosphocholine,
phosphoserine, phosphoinositol, and phosphoethanolamine. Glycerophospholipids include
phosphoglycerol, lysophosphatidic acid, phosphatidic acid, phosphatidylcholine,
phosphatidylserine, phosphatidylglycerol, and phosphatidylethanolamine.

[0065] “Heterotrophic™ as it pertains to culture conditions is culturing in the

substantial absence of light while utilizing or metabolizing a fixed carbon source.
[0066] “Homogenate” is biomass that has been physically disrupted.

[0067] “Hydrogen:carbon ratio” is the ratio of hydrogen atoms to carbon atoms in a
molecule on an atom-to-atom basis. The ratio may be used to refer to the number of
carbon and hydrogen atoms in a hydrocarbon molecule. For example, the hydrocarbon

with the highest ratio is methane CHy4 (4:1).

[0068] “Hydrophobic fraction” is the portion, or fraction, of a material that is more
soluble in a hydrophobic phase in comparison to an aqueous phase. A hydrophobic

fraction is substantially insoluble in water and usually non-polar.

[0069] “Increase lipid yield” refers to an increase in the productivity of a microbial
culture by, for example, increasing dry weight of cells per liter of culture, increasing the
percentage of cells that constitute lipid, or increasing the overall amount of lipid per liter

of culture volume per unit time.

[0070] “Inducible promoter” is a promoter that mediates transcription of an operably
linked gene in response to a particular stimulus. Examples of such promoters may be

promoter sequences that are induced in conditions of changing pH or nitrogen levels.
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[0071] “In operable linkage” is a functional linkage between two nucleic acid
sequences, such a control sequence (typically a promoter) and the linked sequence
(typically a sequence that encodes a protein, also called a coding sequence). A promoter is

in operable linkage with an exogenous gene if it can mediate transcription of the gene.
[0072] “In situ” means “in place” or “in its original position”.

[0073] “Limiting concentration of a nutrient” is a concentration of a compound in a
culture that limits the propagation of a cultured organism. A “non-limiting concentration
of a nutrient” is a concentration that supports maximal propagation during a given culture
period. Thus, the number of cells produced during a given culture period is lower in the
presence of a limiting concentration of a nutrient than when the nutrient is non-limiting. A
nutrient is said to be “in excess” in a culture, when the nutrient is present at a

concentration greater than that which supports maximal propagation.

[0074] “Lipase” is a water-soluble enzyme that catalyzes the hydrolysis of ester bonds
in water-insoluble, lipid substrates. Lipases catalyze the hydrolysis of lipids into glycerols

and fatty acids.

[0075] “Lipids” are a class of molecules that are soluble in nonpolar solvents (such as
ether and chloroform) and are relatively or completely insoluble in water. Lipid molecules
have these properties, because they consist largely of long hydrocarbon tails which are
hydrophobic in nature. Examples of lipids include fatty acids (saturated and unsaturated);
glycerides or glycerolipids (such as monoglycerides, diglycerides, triglycerides or neutral
fats, and phosphoglycerides or glycerophospholipids); nonglycerides (sphingolipids, sterol
lipids including cholesterol and steroid hormones, prenol lipids including terpenoids, fatty
alcohols, waxes, and polyketides); and complex lipid derivatives (sugar-linked lipids, or
glycolipids, and protein-linked lipids). As used herein, the term “triacylglycerides” and
“triglycerides” are interchangeable. “Fats” and “oils” are a subgroup of lipids called
“triacylglycerides.” “Oil,” as distinguished from “fat’ refers to triacylglycerides that are
generally liquid at ordinary room temperature and pressure. Fatty acids are conventionally
named by the notation that recites number of carbon atoms and the number of double
bonds separated by a colon. For example oleic acid can be referred to as C18:1 and capric

acid can be referred to as C10:0.

[0076] “Lipid biosynthesis pathway’ or “lipid biosynthetic pathway” or “lipid

metabolic pathway” or “lipid pathway” refers to the synthesis or degradation of lipids.

Thus enzymes of the lipid biosynthesis pathway (e.g. lipid pathway enzyme) include fatty
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acid synthesis enzymes, fatty acid modification enzymes, and glycerolipid synthesis
enzymes, as well as proteins (e.g. lipid pathway protein) that affect lipid metabolism, i.c.,
either lipid modification or degradation, and any proteins that chemically modify lipids, as
well as carrier proteins. Lipid biosynthesis proteins also include transcription factors and

kinases that are involved in lipid metabolism.

[0077] “Lipid biosynthesis gene” is any gene that encodes a protein that is involved in
lipid metabolism, either in lipid synthesis, modification, or degradation, and any protein

that chemically modifies lipids including carrier proteins.

[0078] “Lipid pathway enzyme” is any enzyme that plays a role in lipid metabolism,
1.e., either lipid synthesis, modification, or degradation, and any proteins that chemically

modify lipids, as well as carrier proteins.
[0079] “Lysate” is a solution containing the contents of lysed cells.

[0080] “Lysis” is the breakage of the plasma membrane and optionally the cell wall of
a biological organism sufficient to release at least some intracellular content, often by

mechanical, viral or osmotic mechanisms that compromise its integrity.

[0081] “Lysing” is disrupting the cellular membrane and optionally the cell wall of a

biological organism or cell sufficient to release at least some intracellular content.

[0082] “Microalgae” is a cukarytotic microbial organism that contains a chloroplast or
plastid, and optionally that is capable of performing photosynthesis, or a prokaryotic
microbial organism capable of performing photosynthesis. Microalgae include obligate
photoautotrophs, which cannot metabolize a fixed carbon source as energy, as well as
heterotrophs, which can live solely off of a fixed carbon source. Microalgae include
unicellular organisms that separate from sister cells shortly after cell division, such as
Chlamydomonas, as well as microbes such as, for example, Volvox, which is a simple
multicellular photosynthetic microbe of two distinct cell types. Microalgae include cells
such as Chlorella, Dunaliella, and Prototheca. Microalgae also include other microbial
photosynthetic organisms that exhibit cell-cell adhesion, such as Agmenellum, Anabaena,
and Pyrobotrys. Microalgae also include obligate heterotrophic microorganisms that have
lost the ability to perform photosynthesis, such as certain dinoflagellate algae species and

species of the genus Prototheca.

[0083] “Microorganism” and “microbe” are microscopic unicellular organisms.
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[0084] “Naturally co-expressed” with reference to two proteins or genes means that the
proteins or their genes are co-expressed naturally in a tissue or organism from which they
are derived, e.g., because the genes encoding the two proteins are under the control of a
common regulatory sequence or because they are expressed in response to the same
stimulus.

[0085] “Overexpression of a Gene” refers to (i) genetically engineering a gene so that
it has, relative to a wild-type gene, different control sequences that result in increased
amounts of a gene product (RNA and, if the RNA is an mRNA, the protein encoded by the
mRNA) in a cell; (i1) genetically engineering a cell so that it has, relative to a wild-type
cell, more copies of a gene and increased amounts of the corresponding gene product;
and/or (iii) genetically engineering the coding sequence of a gene to either increase the
stability and/or activity of the gene product (i.c., if the increase the stability of an RNA
gene product, increase translation of an mRNA gene product, and/or increase the level of
enzymatic activity of a protein encoded by the mRNA gene product, i.e., by making the
protein more stable or more active (which may also be referred to as “Overexpression of
an Enzymatic Product”). An “Overexpressed Gene” is the product of overexpression of a
gene by any of the foregoing methods. Overexpression of a gene thus results in “Increased

Expression of a Gene”.

[0086] “Promoter” is a nucleic acid control sequence that directs transcription of a
nucleic acid. As used herein, a promoter includes necessary nucleic acid sequences near
the start site of transcription, such as, in the case of a polymerase Il type promoter, a
TATA eclement. A promoter also optionally includes distal enhancer or repressor elements,
which may be located as much as several thousand base pairs from the start site of

transcription.

[0087] “Prototheca cell” refers to any cell, strain, and species of microalgae of the
genus Prototheca. lllustrative Prototheca cells and strains include, without limitation,
those of any of the following species: Prototheca wickerhamii, Prototheca stagnora,
Prototheca portoricensis, Prototheca moriformis, and Prototheca zopfii. In one important
embodiment, a Prototheca cell is a cell or strain of Prototheca moriformis. More
generally, microalgal cells, strains, and species that share greater than 75% sequence

identity with the 23s rRNA of Prototheca moriformis or that listed in SEQ ID NO: 5.

[0088] “Recombinant” is a cell, nucleic acid, protein or vector that has been modified

due to the introduction of an exogenous nucleic acid or the alteration of a native nucleic
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acid. Thus, e.g., recombinant cells express genes that are not found within the native (non-
recombinant) form of the cell or express native genes differently than those genes are
expressed by a non-recombinant cell. A “recombinant nucleic acid” is a nucleic acid
originally formed in vitro, in general, by the manipulation of nucleic acid, e.g., using
polymerases and endonucleases, or otherwise is in a form not normally found in nature,
including an isolated form, i.e., wherein the nucleic acid is separated from at least one
other component with which the native form of the nucleic acid naturally occurs.
Recombinant nucleic acids may be produced, for example, to place two or more nucleic
acids in operable linkage. Thus, an isolated nucleic acid or an expression vector formed in
vitro by ligating DNA molecules that are not normally joined in nature, are both
considered recombinant for the purposes of this invention. Once a recombinant nucleic
acid is made and introduced into a host cell or organism, it may replicate using the in vivo
cellular machinery of the host cell; however, such nucleic acids, once produced
recombinantly, although subsequently replicated intracellularly, are still considered
recombinant for purposes of this invention. Similarly, a “recombinant protein” is a protein
made using recombinant techniques, i.¢., through the expression of a recombinant nucleic

acid.

[0089] The term “replacement” or “replace” or “replaced” when used in reference to
modification of a gene sequence by another refers to the ablation or knockout of an
endogenous gene by homologous recombination with an exogenous gene sequence

containing suitable flanking regions.

[0090] “Inhibitory RNA” refers to RNA that inhibits gene expression. Inhibitory RNA
includes double-stranded interfering RNA. Inhibitory RNA includes long RNA hairpins,
which, in some embodiments, are ~200 to 750 nucleotides in length, and comprise a
coding sequence of the target gene of 50 to 650 nucleotides and its complementary
sequence separated by sequence long enough (typically 25 to 200 nucleotides) to allow the
coding sequence and its complementary to form a double-stranded sequence. RNAI also
includes microRNAs, which are shorter than long RNA hairpins comprising typically only
19-22 nucleotides of the coding sequence of the target gene and its complement together
with flanking sequences to engage the enzymes in the cell that mediate interference with

gene expression by RNALL

[0091] “Sonication” is a process of disrupting biological materials, such as a cell, by

use of sound wave energy.
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[0092] “Sucrose utilization gene” is a gene that, when expressed, aids the ability of a
cell to utilize sucrose as an energy source. Proteins encoded by a sucrose utilization gene
are referred to herein as "sucrose utilization enzymes" and include sucrose transporters,
sucrose invertases, and hexokinases such as glucokinases and fructokinases.

[0093] “Up-regulation of an exogenous gene” refers to (i) genetically engineering a
gene so that it has, relative to a wild-type gene, different control sequences that result in
increased amounts of a gene product (RNA and, if the RNA is an mRNA, the protein
encoded by the mRNA) in a cell; (i1) genetically engineering a cell so that it has, relative
to a wild-type cell, more copies of a gene and increased amounts of the corresponding
gene product; and/or (iii) genetically engineering the coding sequence of a gene to either
increase the stability and/or activity of the gene product (i.e., if the increase the stability of
an RNA gene product, increase translation of an mRNA gene product, and/or increase the
level of enzymatic activity of a protein encoded by the mRNA gene product, i.e., by
making the protein more stable or more active (which may also be referred to as “Up-
regulation of an Enzymatic Product”). An “Up-regulated Gene” is the product of increased
expression of a gene by any of the foregoing methods. Up-regulation of a gene thus results

in “Increased Expression of a Gene”.

SECTION II PROTOTHECA LIPID BIOSYNTHESIS PATHWAY

[0094] In certain embodiments the present invention provides recombinant Prototheca
cells that have been modified to alter the properties and/or proportions of lipids or fatty
acids produced. The lipid biosynthesis pathway can further, or alternatively, be modified
to alter the properties and/or proportions of various lipid molecules produced through
enzymatic processing of lipids and intermediates in the lipid biosynthesis pathway. In
various embodiments, the recombinant Prototheca cells of the invention have, relative to
their untransformed counterparts, optimized lipid yield per unit volume and/or per unit
time, carbon chain length (e.g., for renewable diesel production or for industrial chemicals
applications requiring lipid feedstock), reduced number of double or triple bonds,
optionally to zero, and increasing the hydrogen:carbon ratio of a particular species of lipid
or of a population of distinct lipid. In other embodiments, the lipids have increased

number of double bonds.

[0095] In particular embodiments, one or more key enzymes that control branch points
of metabolism of fatty acids and glycerolipids have been up-regulated or down-regulated

to improve lipid production. Up-regulation, or over-expression, of genes may be achieved,
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for example, by transforming cells with expression constructs in which a gene encoding
the enzyme of interest is expressed, e.g., using a strong promoter and/or enhancer elements
that increase transcription. Such constructs can include a selectable marker such that the
transformants may be subjected to selection, which can result in amplification of the
construct and an increase in the expression level of the encoded enzyme. Down-regulation,
or attenuation, of genes may be achieved, for example, by transforming cells with
expression cassettes that ablate, through homologous recombination, all or a portion of the
chromosomally-encoded corresponding gene. Expression levels of lipid pathway enzymes
can also optionally be reduced through the use of inhibitory RNA constructs. Optionally,
endogenous lipid pathway genes may be modified to alter individually or in combination
their enzymatic specificity, level of expression, or cellular localization. The expression
cassettes used in up- or down-regulation can replicate by integration into chromosomal

DNA of the host cell or as a freely replicating vector.

[0096] Genes and gene products of the Prototheca morifomis (UTEX 1435) lipid
biosynthesis pathway are listed in Table 1 and detailed in the subsections A-K below.
Where noted, different alleles of genes are provided. Typically, modest amino acid
changes are seen between the two proteins, with alleles typically being 0-2% polymorphic

in exons, and 4-7% polymorphic in introns.

Table 1. Prototheca Lipid Biosynthesis Genes

NAD-dependent glycerol-3-phosphate dehydrogenase (SEQ ID NO: 204, nucleotide, SEQ
ID NO: 205, protein),

Fumarate hydratase (SEQ ID NO: 170, nucleotide, SEQ ID NO: 171, protein),

Pyruvate dehydrogenase, Alpha subunit (SEQ ID NO: 238, nucleotide, SEQ ID NO: 239,
protein)

Pyruvate dehydrogenase, Beta subunit (SEQ ID NO: 240, nucleotide, SEQ ID NO: 241,
protein)

Pyruvate Dehydrogenase, DLAT E2 subunit (SEQ ID NO: 242, nucleotide, SEQ ID NO:
243, protein)

Acetate kinase 1 (ACK1) allele 1 (SEQ ID NO: 107, nucleotide, SEQ ID NO: 108,

protein),

Acetate kinase 1 (ACK1) allele 2 (SEQ ID NO: 109, nucleotide, SEQ ID NO: 110,

protein),
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Acetate kinase 2 (ACK2) (SEQ ID NO: 111, nucleotide, SEQ ID NO: 112, protein),
Lactate dehydrogenase (SEQ ID NO: 117, nucleotide, SEQ ID NO: 118, protein),

Phosphate acetyltransferase allele 1 (SEQ ID NO: 113, nucleotide, SEQ ID NO: 114,

protein),

Phosphate acetyltransferase allele 2 (SEQ ID NO: 115, nucleotide, SEQ ID NO: 116,

protein),
Lactate dehydrogenase (SEQ ID NO: 117, nucleotide, SEQ ID NO: 118, protein)

ACCase, Homomeric acetyl-CoA carboxylase, (SEQ ID NO: 262, nucleotide, SEQ ID
NO: 263, protein)

Heteromeric acetyl-CoA carboxylase BC subunit allele 1 (SEQ ID NO: 104, nucleotide,
SEQ ID NO: 93 protein),

Heteromeric acetyl-CoA carboxylase BC subunit allele 2 (SEQ ID NO: 103, nucleotide,
SEQ ID NO: 94 protein),

Heteromeric acetyl-CoA carboxylase BCCP subunit allele 1 (SEQ ID NO: 101,
nucleotide, SEQ ID NO:95, protein),

Heteromeric acetyl-CoA carboxylase BCCP subunit allele 2 (SEQ ID NO: 102,
nucleotide, SEQ ID NO: 96, protein),

Acetyl-CoA carboxylase alpha-CT subunit allele 1 (SEQ ID NO: 92, nucleotide, SEQ ID
NO: 97, protein),

Acetyl-CoA carboxylase alpha-CT subunit allele 2 (SEQ ID NO: 99, nucleotide, SEQ ID
NO: 98, protein),

Heteromeric acetyl-CoA carboxylase b-CT subunit, (SEQ ID NO: 222, nucleotide, SEQ
ID NO: 223, protein)

Plastidial ACP allele 2 (SEQ ID NO: 90, protein)

Plastidial Acyl-Carrier Protein (ACP) allele 1 (SEQ ID NO: 206, nucleotide, SEQ ID NO:
207, protein)

Mitochondrial Acyl-Carrier Protein (ACP) allele 1 (SEQ ID NO: 64, nucleotide, SEQ ID
NO: 65, protein)

Mitochondrial Acyl-Carrier Protein (ACP) allele 2 (SEQ ID NO: 194, nucleotide, SEQ ID
NO: 195, protein)

[\
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Malonyl-CoA:ACP transacylase (MAT) (SEQ ID NO: 174, nucleotide, SEQ ID NO: 175

protein),

Ketoacyl-ACP synthase I allele 1 (KASI allele 1, SEQ ID NO: 69, nucleotide, SEQ ID
NO:70, protein),

Ketoacyl-ACP synthase I allele 2 (KASI allele 2, SEQ ID NO: 67, nucleotide, SEQ ID
NO:68, protein),

Ketoacyl-ACP synthase III (KASIII) (SEQ ID NO: 214, nucleotide, SEQ ID NO: 215,

protein),
Ketoacyl-ACP reductase (KAR), SEQ ID NO: 258, nucleotide, SEQ ID NO: 259, protein)
Ketoacyl-CoA reductase (KCR) (SEQ ID NO: 184, nucleotide, SEQ ID NO: 185, protein),

3-Hydroxyacyl-ACP dehydrase (HD) (SEQ ID NO: 208, nucleotide, SEQ ID NO: 209,

protein),

Enoyl-ACP reductase 1 version 1 (ENR1-1) (SEQ ID NO: 218 nucleotide, 220 protein)
Enoyl-ACP reductase 1 version 2 (ENR1-1) (SEQ ID NO: 219 nucleotide, 221 protein)
Trans-2-enoyl-CoA reductase (SEQ ID NO: 196, nucleotide, SEQ ID NO: 197, protein),

Stearoyl-ACP desaturase 1 allele 1 (SAD1 allele 1, SEQ ID NO: 87 nucleotide, SEQ ID
NO:88, protein),

Stearoyl-ACP desaturase 1 allele 2 (SADI1 allele 2, SEQ ID NO:86 nucleotide, SEQ ID
NO:85, protein),

Fatty acyl-ACP thioesterease A (FATA) allele 1 (SEQ ID NO: 71, nucleotide, SEQ ID
NO: 72, protein),

Glycerol-3-phosphate acyltransferase (GPAT), (SEQ ID NO: 224, nucleotide, SEQ ID
NO: 225, protein),

Glycerol-3-phosphate acyltransferase (GPAT) (SEQ ID NO: 186, nucleotide, SEQ ID NO:
187, protein),

LPAAT-E, 1-Acyl-sn-glycerol-3-phosphate acyltransferase isoform E (SEQ ID NO:81
nucleotide, SEQ ID NO:82 protein),

LPAAT-A, 1-Acyl-sn-glycerol-3-phosphate acyltransferase isoform A (SEQ ID NO:84
nucleotide, SEQ ID NO:83 protein),
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Posphatidic acid phosphatase (PAP), (SEQ ID NO: 226, nucleotide, SEQ ID NO: 227,

protein)
Long-chain acyl-CoA ligase (SEQ ID NO: 198, nucleotide, SEQ ID NO: 199, protein),

DGATI1-1, Acyl-CoA:Diacylglycerol Acyltransferase 1, Alelle 1 (SEQ ID NO: 228,
nucleotide, SEQ ID NO: 229, protein)

DGATI1-1, Acyl-CoA:Diacylglycerol Acyltransferase 1, Alelle 2 (SEQ ID NO: 230,
nucleotide, SEQ ID NO: 231, protein)

DGAT?2, Acyl-CoA:Diacylglycerol Acyltransferase 2 (SEQ ID NO: 232, nucleotide, SEQ
ID NO: 233, protein)

Diacylglycerol kinase (DGK) / Sphingosine Kinase (Spik) (SEQ ID NO: 256, nucleotide,
SEQ ID NO: 257, protein)

Choline kinase (SEQ ID NO: 236, nucleotide, SEQ ID NO: 237, protein)
Leafy cotyledon2 (LEC2) (SEQ ID NO: 254, nucleotide, SEQ ID NO: 255, protein)

ACLA, ATP:Citrate Lyase, Subunit A (SEQ ID NO: 250, nucleotide, SEQ ID NO: 251,

protein)

ACLB, ATP:Citrate Lyase, Subunit B (SEQ ID NO: 252, nucleotide, SEQ ID NO: 253

protein)

Malic Enzyme (SEQ ID NO: 248, nucleotide, SEQ ID NO: 249, protein)

ACBP1, Acyl-CoA Binding Protein 1 (SEQ ID NO: 244, nucleotide, SEQ ID NO: 245,

protein)

ACBP2, Acyl-CoA Binding Protein 2 (SEQ ID NO: 246, nucleotide, SEQ ID NO: 247,

protein)

Phosphatidate cytidylyltransferase (SEQ ID NO: 176, nucleotide, SEQ ID NO: 177,

protein),
Enoyl-CoA hydratase (SEQ ID NO: 192, nucleotide, SEQ ID NO: 193, protein),
Acyl-CoA oxidase (SEQ ID NO: 190, nucleotide, SEQ ID NO: 191, protein),

Lineolate FAD3 desaturase allele 1 (SEQ ID NO: 75, nucleotide, SEQ ID NO: 76,

protein),
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Lineolate FAD3 desaturase allele 2 (SEQ ID NO: 73, nucleotide, SEQ ID NO: 74,

protein),
LS, lipoate synthase, (SEQ ID NO: 260, nucleotide, SEQ ID NO: 261, protein)

Glyoxysomal fatty acid beta-oxidation multifunctional protein (SEQ ID NO: 166,
nucleotide, SEQ ID NO: 167, protein),

Monoglyceride lipase (SEQ ID NO: 188, nucleotide, SEQ ID NO: 189, protein),
Triacylglycerol lipase (SEQ ID NO: 168, nucleotide, SEQ ID NO: 169, protein),

Glycerophosphodiester phosphodiesterase (SEQ ID NO: 180, nucleotide, SEQ ID NO:
181, protein),

Membrane bound O-acyl transferase domain-containing protein (SEQ ID NO: 202,
nucleotide, SEQ ID NO: 203, protein),

Lipid droplet protein 1, LDP1 (SEQ ID NO: 119, nucleotide, SEQ ID NO: 120, protein),

Succinate semialdehyde dehydrogenase (SEQ ID NO: 172, nucleotide, SEQ ID NO: 173,

protein),
Sterol 14 desaturase (SEQ ID NO: 212, nucleotide, SEQ ID NO: 213, protein)

Nitrogen Response Regulator (NRR1) (SEQ ID NO: 264, SEQ ID NO: 265)

Monoacylglycerol Acyltransferase (MGAT1) (LPLAT-MGAT-like acyltransferase,
DAGAT-domain containing) (also known in the art as 2-acylglycerol O-acyltransferase)

(SEQ ID NO: 266, nucleotide, SEQ ID NO: 267, protein)

Cellulase / Endoglucanase (EG1) (SEQ ID NO: 268, nucleotide, SEQ ID NO: 269,

protein)

A . ACETYL-COA —MALONY-COA TO ACYL-ACP

[0097] The early stages of fatty acid synthesis involve the conversion of a fixed carbon
(e.g., glucose, sucrose, etc.) or other carbon sources into pyruvate. Next, the pyruvate
dehydrogenase complex (PDH), comprising pyruvate dehydrogenase, dihydrolipoyl
transacetylase, and dihydrolipoyl dehydrogenase, converts the three carbon metabolite
pyruvate into the two carbon metabolite acetyl-CoA. The acetyl-CoA carboxylase (ACC)
complex, utilizing bicarbonate as a substrate, generates the 3-carbon compound malonyl-

CoA. Malonyl-CoA:ACP acyltransferase (MAT) then catalyzes the transfer of a malonyl
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group from malonyl-CoA to the acyl carrier protein (ACP), thereby generating malonyl-
ACP. ACP is used as the acyl carrier for the various intermediate reactions in fatty acid
biosynthesis. The metabolites acetyl-CoA and malonyl-CoA and the ACP protein are thus
important starting points for fatty acid biosynthesis.

[0098] To genetically engineer a microbe for increased production of fatty acids and
lipids, recombinant modifications may be made, either individually or in combination to
obtain increased acetyl-CoA/malonyl-CoA/ACP production. For example, to increase
malonyl-CoA production, an expression cassette may be generated and used to transform a
microbe to overexpress polynucleotides encoding one or more components of the ACC
enzyme complex under the control of a constitutive or regulated promoter. Additional
examples of enzymes suitable for up-regulation according to embodiments of the
invention include enzymes of the pyruvate dehydrogenase complex (examples, some from
microalgae, include GenBank Accession Numbers NP 415392; AAA53047; Q1XDMI;
and CAF05587). Up-regulation of pyruvate dehydrogenase can increase production of
acetyl-CoA, and thereby increase fatty acid synthesis.

[0099] The acetyl-CoA carboxylase complex catalyzes the initial step in fatty acid
synthesis. Accordingly, one or more enzymes comprising this complex may be up-
regulated to increase production of fatty acids (examples, some from microalgae, include
GenBank accession numbers BAA94752; AAA75528; AAA81471; YP_537052;
YP_536879; NP_045833; and BAA57908). Enzymes of the ACCase complex may
include the heteromeric ACCase BC subunit 1, the heteromeric ACCase BCC subunit, the
heteromeric ACCase a-CT subunit, and the heteromeric ACCase b-CT subunit 1.

[0100] The ACC exists in two forms, a cytosolic, homomeric (single subunit) form
and a heteromeric (multi-subunit) form in the plastid. Both types of ACC are found in
Prototheca (UTEX 1435 strain). A plastid transit peptide was identified in the homomeric
ACCase, indicating it may be localized to both the plastid and cytoplasm. In some
embodiments, provided are sequences and related compositions and methods for
expression of one or more a plastid-targeted homomeric ACC subunit(s). Plastid targeting
can be achieved by attaching a leader plastid transit peptide selected from any of those
provided herein, using the endogenous plastid transit peptide on the gene of interest itself,
or obtained from any endogenous plastid-targeted gene in Prototheca containing a plastid
transit peptide, or by using a heterologous plastid transit peptide. In other embodiments,

provided are sequences and related compositions and methods for overexpression of one
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or more plastid-targeted, heteromeric ACC subunit(s). In some embodiments, the ACC
overexpression decreases the ratio of C18:2 and C18:3 fatty acids by at least 5%, 10%,
15%., 20%, 30%, 40%, or 50%.

[0101] In some embodiments, ACC and one or more downstream lipid biosynthesis
genes are simultaneously overexpressed. In one embodiment, provided are sequences,
compositions, and methods for the simultancous overexpression of ACC and DGAT.
Starch levels, generally low in Prototheca, can be further reduced in favor of lipid
biosynthesis by overexpressing ACC. In some embodiments, starch production is
attenuated in concert with overexpression of one or more downstream lipid biosynthesis

genes.

[0102] In other embodiments, provided are sequences, compositions, and methods for
fatty acid production by up-regulation of polynucleotides encoding acyl carrier protein
(ACP), which carries the growing acyl chains during fatty acid synthesis. Examples of
ACPs, some from microalgae, include GenBank accession numbers AOTOFS; P51280;
NP_849041; YP_874433 as well as SEQ ID NO: 207. Acyl carrier proteins can differ in
subcellular localization (SEQ ID NOs: 63-65, SEQ ID NO: 195, and SEQ ID NO: 207).
The sequences listed in SEQ ID NO: 194 and SEQ ID NO: 206 provide the coding
sequences of the Prototheca moriformis amino acid sequence given in SEQ ID NO: 195
and SEQ ID NO: 207, respectively. In one embodiment of the present invention, it is
advantageous to overexpress a first exogenous ACP and concomitantly down-regulate a

different ACP.

[0103] Recombinant modifications may be made to increase the production of other
intermediates in the lipid biosynthesis pathway. For example, to increase malonyl-ACP
production, an expression cassette may be generated and used to transform a microbe to
overexpress polynucleotides given in SEQ ID NO: 174 encoding P. moriformis malonyl-
CoA:ACP transacylase (MAT) (SEQ ID NO: 175) active to transfer a malonyl group from
malonyl-CoA to acyl carrier protein (ACP). This expression cassette may comprise a

constitutive or inducible promoter active to drive expression of MAT.

[0104] In some embodiments, provide are sequences and methods for down regulation
of Pyruvate Dehydrogenase Kinase (PDHK), a negative regulator of pyruvate

dehydrogenase complex.

[0105] Enzymes that deplete pools of pyruvate or acetyl-CoA for the synthesis of
metabolites other than fatty acids may compete with lipid biosynthesis pathway enzymes
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for precursor metabolites. Attenuation of these competitor enzymes may increase the
production of fatty acids or lipids. To genetically engineer a microbe for increased
production of fatty acids and lipids, recombinant modifications may be made, either
individually or in combination to attenuate enzymes that compete for metabolite
precursors. For example, to decrease the use of acetyl-CoA for acetate production, an
expression cassette may be generated to ablate the gene or genes encoding P. morifomis
(UTEX 1435) acetate kinase enzymes (SEQ ID NOs: 107-112). Attenuation of acetate
kinase can also be achieved through the construction and use of expression cassettes
comprising an antisense RNA under the control of a constitutive or regulated promoter.
Additional examples of enzymes suitable for down-regulation according to embodiments
of the present invention include P. morifomis (UTEX 1435) lactate dehydrogenase (SEQ
ID NO: 117, nucleotide, SEQ ID NO: 118, protein), which synthesizes lactate from
pyruvate or P. morifomis (UTEX 1435) phosphate acetyltransferase (PTA, SEQ ID NOs:
113-116), which catalyzes the conversion of acetyl-CoA to acetylphosphate, a step in the
metabolism of acetate.

B. ACYL-ACP TO FATTY ACID

[0106] A growing acyl-ACP chain is elongated in 2-carbon increments through a set
of four enzymatic reactions involving condensation, a first reduction reaction, dehydration,
and a second reduction reaction. These reactions are catalyzed by a condensing enzyme
(B-ketoacyl-ACP synthase, KAS), a first reductase enzyme (p-ketoacyl-ACP reductase,
KAR), adehydrase (B-hydroxyacyl-ACP dehydrase, HR) and a second reductase (enoyl-
ACP reductase, ENR).

[0107] The initial condensation reaction between malonyl-ACP and acetyl-CoA to
produce a 4-carbon compound is catalyzed by B-ketoacyl-ACP synthase (KAS) II1.
Successive 2-carbon additions to the elongating acyl-ACP chain, through C16:0, are
catalyzed by KAS I. The enzyme KASII performs a 2-carbon extension of C16:0-ACP to
C18:0-ACP. Depending on the desired properties of fatty acids to be produced, one or
more KAS enzymes may be attenuated or over-expressed in the microbe. For example, to
engineer a microbe for increased production of fatty acids with 18 or more carbon atoms,
an expression cassette may be generated and used to transform a microbe to overexpress
polynucleotides encoding a KASII enzyme under the control of a constitutive or inducible
promoter. Examples of KASII enzymes suitable for use with embodiments of the present
invention are the Prototheca moriformis KASII enzymes provided in SEQ ID NO: 106
(see Example 6) and SEQ ID NO: 211. The protein coding sequences for these enzymes
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are provided in SEQ ID NO: 105 and SEQ ID NO: 210. To genetically engineer a microbe
for the increased production of short or mid chain fatty acids, an expression cassette may
be generated and used to transform microbes to decrease the expression of KASII, such as
through targeted knockdown or the use of inhibitory RNA. Optionally, the knockout or
knockdown of KASII may be combined with use of polynucleotides to transform a
microbe to overexpress polynucleotides encoding either a KASI or KASIII enzyme. An
example of a KASIII enzyme suitable for use with embodiments of the present invention
is the P. moriformis KASIII enzyme (provided in SEQ ID NO: 215), encoded by the
polynucleotide sequence given in SEQ ID NO: 214. Examples of KASI enzymes suitable
for use with embodiments of the present invention are the P. moriformis KASI enzymes
alleles 1 and 2 provided in SEQ ID NO: 70 and 68, respectively. The protein coding
sequence for these enzymes are provided in SEQ ID NO: 69 and SEQ ID NO: 67

respectively.

[0108] In an additional embodiment, a recombinant cell is engineered to overexpress a
KASI and/or KASIII enzyme in a genetic background wherein KASII enzyme activity has
not been attenuated. In still a further embodiment, recombinant polynucleotides are
generated and used to transform a microbe to ablate or down-regulate a KASI enzyme to
increase the production of fatty acids with greater than 16 carbons. Optionally, the
knockout or knockdown of KASI may be combined with the use of polynucleotides to

transform a microbe to overexpress polynucleotides encoding KASII.

[0109] To genetically engineer a microbe for increased production of specific fatty
acids and lipids, recombinant modifications may be made, either individually or in
combination to attenuate or overexpress enzymes that participate in fatty acid elongation.
Such enzymes include B-ketoacyl-ACP reductase (KAR), B-hydroxyacyl-ACP dehydrase
(HD), and enoyl-ACP reductase (ER). For example, an expression cassette may be
generated and used to transform a microbe to overexpress polynucleotides encoding a
KAR enzyme, a B-hydroxyacyl-ACP dehydrase, or an enoyl-ACP reductase under the
control of a constitutive or inducible promoter. Alternatively, an expression cassette may
be generated and used to transform a microbe to overexpress polynucleotides operable to
knockout or attenuate the expression of a KAR enzyme, an HD enzyme, or an ER enzyme.
An example of a KAR enzyme suitable for use with embodiments of the present invention
is the P. moriformis KAR enzyme (provided in SEQ ID NO: 185), encoded by the
polynucleotide sequence given in SEQ ID NO: 184. An example of an HD enzyme

suitable for use with embodiments of the present invention is the P. moriformis HD
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enzyme (provided in SEQ ID NO: 209), encoded by the polynucleotide sequence given in
SEQ ID NO: 208. Examples of ER enzymes suitable for use with embodiments of the
present invention are P. moriformis ER (provided in SEQ ID NO: 201), encoded by the
polynucleotide sequence given in SEQ ID NO: 200 and P. moriformis (UTEX 1435) trans-
2-enoyl-CoA reductase (SEQ ID NO: 197, encoded by the polynucleotide sequence given
in SEQ ID NO: 196). According to embodiments of the present invention, it may be
advantageous to up-regulate or down-regulate a KAR, HD, or ER enzyme under specific
culture conditions, for example during lipid production and/or in a genetic background of
a microbe that has been engineered to alter additional lipid biosynthesis genes or gene

products.

[0110] Fatty acyl-ACP thioesterase (TE) enzymes terminate elongation by hydrolyzing
the acyl-ACP into free fatty acids and ACP. TEs may show specificity for acyl-ACPs of
certain carbon lengths and degree of saturation or may be broad TEs, able to cleave acyl-
ACP chains of varying length and level of saturation. The substrate specificity of TEs is
an important contributor to establishing the chain length and degree of saturation of fatty
acids. Depending on the desired length or degree of saturation of the fatty acid to be
produced, one or more genes encoding acyl-ACP thioesterases may be attenuated or over-
expressed in the microbe. For example, an endogenous fatty acyl-ACP thioesterase gene
showing preference for C18:1-ACP (may be knocked out or reduced in expression while
concomitantly a different TE, showing specificity for saturated C12 and C14-ACPs is
overexpressed in the microbe, thereby altering the population of fatty acids in the microbe.
An example an of acyl-ACP thioesterase suitable for use in embodiments of the present
invention includes the P. moriformis acyl-ACP thioesterase FATA1 (provided in SEQ ID
NO: 72), encoded by the polynucleotide sequence given in SEQ ID NO:71. Example 5,
Example 34, and Example 36 describe the attenuation of a P. moriformis acyl-ACP
thioesterase.

C. UNSATURATED FATTY ACIDS AND FATTY ACYL CHAINS

[0111] The introduction of carbon-carbon double bonds into a fatty acid, fatty acyl-
CoA, or fatty acyl-ACP chains relies on the activity of desaturases. Desaturase enzymes
may show specificity for the carbon chain length and degree of saturation of their
substrates. Specific desaturases can convert saturated fatty acids or saturated fatty acyl-
ACPs to unsaturated fatty acids or unsaturated fatty acyl-ACPs. Other desaturases
enzymes may increase the number of carbon-carbon double bonds of unsaturated fatty

acids.
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[0112] Stearoyl-ACP desaturase (see, e.g., GenBank Accession numbers AAF15308;
ABM45911; AAY 86086, and SEQ ID Nos: 59-62), for example, catalyzes the conversion
of stearoyl-ACP to oleoyl-ACP. Up-regulation of this gene can increase the proportion of
monounsaturated fatty acids produced by a cell; whereas down-regulation can reduce the
proportion of monounsaturates. For illustrative purposes, SADs are responsible for the

synthesis of C18:1 fatty acids from C18:0 precursors.

[0113] Additional desaturases are the fatty acyl desaturases (FADs), including the
phosphatidylglycerol desaturase (FAD4), the plastidial oleate desaturase (FAD6), the
plastidial linoleate desaturase (FAD7/FADS), endoplasmic reticulum oleate desaturase
(FAD?2), the endoplasmic reticulum linolate desaturase (FAD3), the delta 12 fatty acid
desaturase (A12 FAD) and the delta 15 fatty acid desaturase (A15 FAD). These
desaturases also provide modifications with respect to lipid saturation. For illustrative
purposes, Al12 fatty acid desaturases are responsible for the synthesis of C18:2 fatty acids
from C18:1 precursors and Al5 fatty acid desaturases are responsible for the synthesis of

C18:3 fatty acids from C18:2 precursors.

[0114] Still additional desaturases, including the palmitate-specific
monogalactosyldiacylglycerol desaturase (FADS), the linoleoyl desaturase, -6 fatty acid
desaturases, -3 fatty acid desaturases, and w-6-oleate desaturases, provide modifications
with respect to lipid saturation. The expression of one or more desaturases, such as ®-6
fatty acid desaturase, -3 fatty acid desaturase, or w-6-oleate desaturase, may be

controlled to alter the ratio of unsaturated to saturated fatty acids.

[0115] We have found Prototheca to have an extremely compact genome, with very
compact promoter regions and extensive use of bi-directional promoters. For example,
Prototheca has a single copy of FAD2 and FAD3 which are capable of multiple
localization. FAD3 encodes two alternate start positions, one of which encodes a plastid
transit peptide and the other of which does not. In addition FAD3 contains an ER
retention signal in its 3° UTR which is shifted away from the COOH carboxy terminal in
the plastid-targeted form, and shifted back in the ER-bound form. This allows the same

gene to go to different sub-cellular locations depending on the needs of the organism.

[0116] Acyl-ACPs synthesized in the plastid are either used directly within that
organelle to form lipids, including glycerolipids, or exported outside the plastid for
synthesis of lipids including phospholipids, triacygylcerol, or waxes. Lipid biosynthesis

genes may show specificity for activity in specific subcellular locations.
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D. FATTY ACID TO FATTY ACYL-COA

[0117] Upon export from the plastid, fatty acids are re-esterified to CoA to form acyl-
CoA via the catalytic action of acyl-CoA synthetase. Different acyl-CoA synthetase
enzymes can differ in subcellular localization and show specificity for fatty acids of
differing chain length. An example of an acyl-CoA synthetase is the enzyme long chain
fatty acyl-CoA synthetase. Depending on the desired properties of the triacylglycerol to
be produced, one or more genes encoding an acyl-CoA synthetase may be attenuated or

over-expressed in the microbe.

E. FATTY ACYL-COA TO TRIACYLGLYCEROL

[0118] Triacylglycerides may be formed through three sequential acyl-CoA-
dependent acylations of a sn-glycerol-3-phosphate molecule. The first acylation, the rate-
limiting step of glycerolipid synthesis, is catalyzed by glycerol-3-phosphate
acyltransferase (GPAT) to produce lyso-phosphatidic acid. The second acylation step is
catalyzed by the enzyme acyl-CoA:lyso-phosphatidic acid acyltransferase (LPAAT).
Prior to the third acylation step, the enzyme phosphatidic acid phosphatase (PAP) (or
lipins) carries out the removal of the phosphate group from phosphatidic acid to generate
sn-1,2-diacylglycerol (DAG). The final acyl-CoA-dependent acylation is catalyzed by
acyl-CoA:diacylglycerol acyltransferase (DGAT).

[0119] Microbes may be genetically engineered for increased production of lipids. For
example, to increase the production of TAGs, an expression cassette may be generated and
used to transform a microbe to polynucleotides operable to increase the expression of
GPAT. This expression cassette may comprise a constitutive or inducible promoter active
to drive expression of GPAT and may be utilized in the genetic background of a strain in
which endogenous GPAT activity has been attenuated. An example of a GPAT suitable
for use in an embodiment of the present invention is the P. moriformis GPAT, given here

as SEQ ID NO: 187, encoded by the sequences given here in SEQ ID NO: 186.

[0120] Microbes may be genetically engineered for increased production of
triacylglycerol molecules with desired properties. Certain acyltransferase enzymes,
including GPATs, LPAATSs, and DGATs may demonstrate specificity for a subcellular
localization or substrate specificity for the length and degree of saturation of the acyl-CoA
chain they transfer to the substituted glycerol backbone. Additionally, LPAAT and DGAT
enzymes may show substrate specificity for the form of substituted glycerol to which they

transfer an acyl-CoA. Depending on the desired properties of the triacylglyceridesto be
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produced, one or more genes encoding GPATs, LPAATs, DGATS, or other acyltranferases
may be attenuated or over-expressed in the microbe. For example, to increase the
production of TAGs with midchain fatty acids esterified at the sn-2 position, an expression
cassette may be generated and used to transform a microbe to overexpress an LPAAT
having specificity for transferring midchains. This expression cassette may comprise a
constitutive or inducible promoter active to drive expression of LPAAT and may be
utilized in the genetic background of a strain in which endogenous LPAAT activity has
been attenuated. Examples of LPAATS suitable for use in embodiments of the present
invention include the P. moriformis LPAAT E and LPAAT A, given in SEQ ID NO: 82
and SEQ ID NO: 83, encoded by the sequences given in SEQ ID NO: 81 and SEQ ID NO:
84, respectively.

[0121] In a similar fashion, to increase production of TAGs, an expression cassette
may be generated and used to transform a microbe to overexpress polynucleotides
encoding a DGAT, active to transfer a acyl-CoA to a DAG molecule. This expression
cassette may comprise a constitutive or inducible promoter active to drive expression of
DGAT2. An example of a DGAT suitable for use in the present invention is P. moriformis
diacylglycerol acyltransferase type 2 (DGAT2) (SEQ ID NO: 183, encoded by the
sequence given in SEQ ID NO: 182). According to the desired characteristics of the fatty
acids or lipids to be produced by the recombinant microbe, it may be advantageous to
couple up-regulation of a TE characterized by substrate specificity with one or more

GPAT, LPAAT, or DGAT enzymes showing the same substrate specificity.

[0122] Additional acyltranferases suitable for use in embodiments of the present
invention include P. moriformis membrane bound O-acyl transferase domain-containing
protein (SEQ ID NO: 203, encoded by the nucleotide sequence provided in SEQ ID NO:
202), P. moriformis putative 1-acyl-sn-glycerol-3-phosphate acyltransferase (SEQ ID NO:
179, encoded by the nucleotide sequence provided in SEQ ID NO: 178), and P.
moriformis acyl transferase (SEQ ID NO: 217, encoded by the nucleotide sequence
provided in SEQ ID NO: 216). The Monoacylglycerol Acyltransferase (MGAT) gene,
catalyzed the synthesis of diacyglycerol, and can generally also catalyze the final step in
triacylglycerol biosynthesis. Hence, upregulation of the MGAT gene provided in this

invention may be desirable.

[0123] Alternate lipid pathway enzymes can generate triacylglyceride molecules

through a route separate from that above. Enzymes of the fatty acyl-CoA-independent
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triacylglycerol pathway transfer fatty acyl groups between phosphatidylcholine (PC)
moieties employing acyl-lysophosphatidylcholine acyl transferases that may exhibit

selective substrate specificity, ultimately transferring them to diacylglycerol.

F. ADDITIONAL LIPID MOLECULES
[0124] In addition to their incorporation into DAGs and TAGs, fatty acids or fatty acyl

molecules may be incorporated into a range of lipid molecules including but not limited to
phospholipids, phosphatidylcholine (PC), phosphatidylserine (PS), phosphatidylinositol
(PI), sphingolipids (SL), monogalactosyldiacylglycerol, digalactosyldiacylglycerol,
liponucleotides, and wax esters. Enzymes that synthesize molecules of PC, PS, PI, SL,
wax esters, liponucleotides, or the galactolipids monogalactosyldiacylglycerol (MGDG) or
digalactosyldiacylglycerol (DGDG) may compete with enzymes that lead to or ultimately
synthesize DAGs and TAGs for substrates including fatty acids or fatty acyl molecules.
Genes encoding proteins involved in the synthesis, utilization, or degradation of PC, PS,
PI, SL, monogalactosyldiacylglycerol, digalactosyldiacylglycerol, or wax esters may
include diacylglycerol cholinephosphotransferase (DAG-CPT), cytidine diphosphate
diacylglycerol synthase (CTP-DAG synthase), phosphatidylinositol synthase (P1
synthase), choline kinase (CK), phosphatidylinositol-3-kinase (P13-Kinase),
phosphatidylinositol-4-kinase (PI4-Kinase), diacyerolglycerol kinase (DGK),
phosphatidylglycerol-3-phosphate phosphatase (PGPP), cholinephosphate
cytidylyltransferase (CPCT), phosphatidate cytidylyltransferase, phosphatidylserine
decarboxylase (PSD), phospholipase C (P1iC), phospholipase D (P1iD), sphingolipid
desaturase (SD), monogalactosyldiacylglycerol synthase (MGDG synthase),
digalactosyldiacylglycerol synthase (DGDG synthase), ketoacyl-CoA synthase (KCS), 3-
ketoacyl reductase (KR), and wax synthase (WS). Depending on the desired properties of
the fatty acids or lipid molecules to be produced, one or more genes encoding enzymes
that utilize fatty acids or fatty acyl molecules as substrates to produce lipid molecules may

be attenuated or over-expressed in the microbe.

[0125] In one embodiment, provided are sequences, compositions, and methods for
inhibition of DGK, which converts DAG to PA. For example, DGK can be inhibited
through use of RNAI, hairpin constructs, or double or single knockouts. In other
embodiments, provided are sequences, compositions, and methods for overexpression of
epsilon subtype (DGKe). In some aspects, overexpression of DGKe results in selective

removal of DAGs with certain acyl groups such as C20:4.
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[0126] To engineer a microbe for the increased production of triglycerides, it may be
advantageous to attenuate enzymes that support phospholipid synthesis. For example, to
decrease production of the phospholipid cytidine diphosphate (CDP)-diacylglycerol, an
expression cassette may be generated and used to transform a microbe to attenuate
phosphatidate cytidylyltransferase, which catalyzes condensation of phosphatidic acid and
cytidine triphosphate to produce to CDP-diacylglycerol. An example of a phosphatidate
cytidylyltransferase suitable for use in an embodiment of the present invention is P.
moriformis phosphatidate cytidylyltransferase (SEQ ID NO: 177), encoded by the
polynucleotide sequence given by SEQ ID NO: 176. This expression cassette may
comprise a constitutive or inducible promoter active to drive down-regulate expression of

the phosphatidate cytidylyltransferase.

[0127] Further, additional lipid moieties other than triacylglycerides may utilize
derivations of phosphorylated glycerol as a backbone. Enzymes such as
phosphatidylglycerophosphate synthase (PGP Synthase), involved in the synthesis of
phopholipids may compete with enzymes that provide for triacylglycerols for substrates
including phosphorylated forms of glycerol. Depending on the desired properties of the
lipid molecule to be produced, one or more genes encoding phosphatidylglycerophosphate
synthase may be attenuated or over-expressed in the microbe. Lipoate Synthase (LS), also
called Lipoyl Synthase or Lipoic Acid Synthase, is generally localized to the mitochondria
and utilized in the synthesis of lipoic acid. Lipoic acid is an important co-factor and

antioxidant.

G. FATTY ACID DEGRADATION

[0128] To genetically engineer a microbe for increased production of specific fatty
acids and lipids, recombinant modifications may be made, either individually or in
combination, to decrease the degradation of fatty acids and lipids. As proteins such as
acyl-CoA oxidase, 3-ketoacyl-CoA thiolase, acyl-CoA dehydrogenase, glyoxysomal fatty
acid beta-oxidation multifunctional protein, and enoyl-CoA hydratase are involved in the
degradation of fatty acids, these and other proteins may be attenuated in the microbe to
slow or prevent fatty acid degradation. For example, to engineer a microbe to decrease
fatty acid degradation, an expression cassette may be generated and used to transform a
microbe to down-regulate one or more of acyl-CoA oxidase, enoyl-CoA hydratase, and
glyoxysomal fatty acid beta-oxidation multifunctional protein, either through a knockout
or knockdown approach. An example of an acyl-CoA oxidase enzyme suitable for use

with embodiments of the present invention is the Prototheca moriformis acyl-CoA oxidase
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(provided in SEQ ID NO: 191), encoded by the polynucleotide sequence given in SEQ ID
NO: 190). An example of an enoyl-CoA hydratase suitable for use with embodiments of
the present invention is the Prototheca moriformis enoyl-CoA hydratase (provided in SEQ
ID NO: 193), encoded by the polynucleotide sequence given in SEQ ID NO: 192. An
example of a glyoxysomal fatty acid beta-oxidation multifunctional protein suitable for
use in embodiments of the present invention is the P. moriformis (UTEX 1435)
glyoxysomal fatty acid beta-oxidation multifunctional protein, presented in SEQ ID NO:
167, encoded by the polynucleotide sequence given in SEQ ID NO: 166. According to the
desired chain length and degree of saturation of the fatty acids to be produced by the
recombinant microbe, it may be advantageous to down-regulate fatty acid or lipid
degradation enzymes in the genetic background of a microbe that has been engineered to

alter additional lipid pathway genes or gene products.

[0129] Long-chain acyl-CoA synthetases (also known in the art as long-chain acyl-
CoA ligases) convert free fatty acids into acyl-CoA thioesters. These acyl-CoA thioesters
may then be degraded by enzymes involved in fatty f-oxidation. To engineer a microbe
for decreased fatty acid degradation, an expression cassette may be generated and used to
transform a microbe to down-regulate long-chain acyl-CoA synthetase, either through a
knockout or knockdown approach. An example of long-chain acyl-CoA synthetase
suitable for use in an embodiment of the present invention is the P. moriformis (UTEX
1435), long-chain acyl-CoA synthetase presented in SEQ ID NO: 199, encoded by the
polynucleotide sequence given in SEQ ID NO: 198. According to the desired chain length
and degree of saturation of the fatty acids to be produced by the recombinant microbe, it
may be advantageous to down-regulate long-chain acyl-CoA synthetase in the genetic
background of a microbe that has been engineered to alter additional lipid pathway genes

or gene products.

H. MONOGLYCERIDE, TRIGLYCERIDE. AND LIPID DEGRADATION

[0130] A strategy to increase the recombinant microbial production of triglycerides is
to prevent or reduce the enzymatic degradation of these molecules. Enzymes such as
monoglyceride lipase and triacylglycerol lipase that hydrolyze triglycerides to fatty acids
and glycerol are examples of proteins that may be attenuated in a microbe to slow or
prevent degradation of triglycerides. For example, to engineer a microbe to decrease
triglyceride degradation an expression cassette may be generated and used to transform a
microbe to down-regulate monoglyceride lipase or triacylglycerol lipase, either through a

knockout or knockdown approach. An example of a monoglyceride lipase suitable for use
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in embodiments of the present invention is the P. moriformis (UTEX 1435) monoglyceride
lipase presented in SEQ ID NO: 189, encoded by the polynucleotide sequence given in
SEQ ID NO: 188. An example of a triacylglycerol lipase suitable for use in embodiments
of the present invention is the P. moriformis (UTEX 1435) triacylglycerol lipase presented
in SEQ ID NO: 169, encoded by the polynucleotide sequence given in SEQ ID NO: 168.
According to embodiments of the present invention, it may be advantageous to attenuate

one or more lipases under specific culture conditions, for example during lipid production.

I. GLOBAL REGULATORS

[0131] Furthermore, up- and/or down-regulation of genes may be applied to global
regulators controlling the expression of the genes of the lipid biosynthetic pathway.
Accordingly, one or more global regulators of lipid synthesis may be up- or down-
regulated, as appropriate, to inhibit or enhance, respectively, the expression of a plurality
of fatty acid synthetic genes and, ultimately, to increase lipid production. Examples
include sterol regulatory element binding proteins (SREBPs), such as SREBP-1a and
SREBP-1¢ (for examples see GenBank accession numbers NP_035610 and QOWTN3). In
one embodiment, a global regulator such as the endogenous LEC2 homolog, may be
upregulated to increase lipid production. Decoupling or alteration of nitrogen sensing
from the process of lipid biosynthesis may also be of value (Boyle et al, J. Biol. Chem,
May 4, 2012). Also presented in this invention is a Nitrogen Response Regulator, NRR1,
a Squamosa Binding protein. In some instance it may be desirable, for example, to

increase the response to nitrogen starvation by enhancing expression of NRR1.

J. LIPID DROPLET PROTEINS

[0132] Eukaryotic cells store triacylglycerol molecules in distinct organelles, often
called lipid droplets. Proteins associated with lipid droplet proteins, such as lipid droplet
protein 1 (LDP1, SEQ ID NOs: 119-120), are crucial to lipid droplet structure, formation,
size, and number. In some instances, attenuation of lipid droplet proteins results in
increases in lipid droplet size. In other instances, overexpression of mutated sequences of
lipid droplet proteins results in increased lipid droplet size and number. To genetically
engineer a microbe for the production of fatty acids and lipids, recombinant modifications
may be made, either individually or in combination to alter the expression of lipid droplet
proteins. For example, an expression cassette may be generated to attenuate or ablate the
gene or gene products encoding lipid droplet proteins (SEQ ID NOs: 119-120).
Attenuation of gene products through the use of RNA1, RNA hairpin, or other antisense-

mediated strategy may be coupled to an inducible or constitutive promoter. In an
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additional embodiment, an expression cassette may be generated to overexpress one or
more lipid droplet proteins. Overexpression of lipid droplet proteins may be driven by
constitutive or inducible promoters. P. moriformis (UTEX 1435) does not contain
oleosins, the plant equivalent of algal Lipid Droplet Proteins (LDPs). Instead, algal Lipid
Droplet Proteins, such as the LDP1 presented here, are suitable for overexpression to alter
lipid droplet morphology.

K. ALTERING CARBON METABOLISM

[0133] Numerous enzymatic pathways are involved in metabolizing sugars and
metabolites into intermediates suitable for use in fatty acid or lipid synthesis or for other
cellular pathways. In one embodiment of the present invention, it is advantageous to alter
the regulation or activity of enzymes that contribute to production of metabolites involved
in lipid synthesis or that utilize the intermediates or metabolites of lipid synthesis for
pathways other than the fatty acid and lipid pathways. The Kreb’s cycle is such a
metabolic pathway that consumes acetyl-CoA to ultimately produce carbon dioxide.
Enzymatic participants of the Kreb’s Cycle include fumarate hydratase (also known in the
art as fumarase). To engineer a microbe for the increased production of specific fatty acids
or lipids, an expression cassette may be generated and used to transform a microbe to
attenuate fumarate hydratase, either through a knockout or knockdown approach. An
example of a fumarate hydratase suitable for use in embodiments of the present invention
is the P. moriformis (UTEX 1435) fumarate hydratase presented in SEQ ID NO: 171,
encoded by the polynucleotide sequence given in SEQ ID NO: 170. According to
embodiments of the present invention, it may be advantageous to attenuate fumarate
hydratase under specific culture conditions, for example during lipid production.

[0134] An additional example of an enzyme involved in carbon metabolism is NAD-
dependent glycerol-3-phosphate dehydrogenase that reversibly converts sn-glycerol 3-
phosphate to dihydrohyxacetone phosphate, (also known in the art as glycerone
phosphate). To increase the level of the triacylglycerol backbone precursor molecule, the
sn-glycerol 3-phosphate metabolite, an expression cassette may be generated and used to
transform a microbe to enhance expression of NAD-dependent glycerol-3-phosphate
dehydrogenase. An example of an NAD-dependent glycerol-3-phosphate dehydrogenase
suitable for use in embodiments of the present invention is the P. moriformis (UTEX
1435) NAD-dependent glycerol-3-phosphate dehydrogenase presented in SEQ ID NO:
205, encoded by the polynucleotide sequence given in SEQ ID NO: 204. According to

embodiments of the present invention, it may be advantageous to attenuate NAD-
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dependent glycerol-3-phosphate dehydrogenase under specific culture conditions, for
example during lipid production. In some embodiments, it may be advantageous to
combine the expression of several pathway enzymes for triacylglycerol production, for
example the PAP, G3PDH, GPAT, LPPAT, and DGAT combination.

[0135] Other proteins, such as glycerophosphodiester phosphodiesterase, synthesize
intermediates of the lipid pathway. Glycerophosphodiester phosphodiesterase hydrolyses a
glycerophosphodiester to form sn-glycerol 3-phosphate, which may be used in lipid
synthesis. To engineer a microbe for increased production of lipids, an expression cassette
may be generated and used to transform a microbe to overexpress polynucleotides
encoding glycerophosphodiester phosphodiesterase. An example of a
glycerophosphodiester phosphodiesterase suitable for use in embodiments of the present
invention is P. moriformis (UTEX 1435) glycerophosphodiester phosphodiesterase (SEQ
ID NO: 181), encoded by the the polynucleotide sequence given in SEQ ID NO: 180.
Celluases, such as endoglucanase, are useful for breaking down cellulosic compounds into
sugar utilizable by the cell. Provided is an endogenous endoglucanase that may
potentially find uses in secretion to break down cellulosic material, or as a mechanism for

loosening cell walls to allow for enhanced lipid droplet formation.

SECTION II1. CULTIVATION

[0136] In certain embodiments, the present invention generally relates to cultivation of
microbes, ¢.g., oleaginous microbes, such as microalgae, including Chlorella and
Prototheca species and strains, and yeast, fungi, plant, and bacteria species and strains, for
the production of microbial oil (lipids). In particular embodiments, the microbes are
recombinant microbes. The following discussion focuses on Profotheca as an illustrative
species. For the convenience of the reader, this section is subdivided into subsections.
Subsection 1 describes Prototheca species and strains and how to identify new Prototheca
species and strains and related microalgae by genomic DNA comparison. Subsection 2
describes bioreactors useful for cultivation. Subsection 3 describes media for cultivation.
Subsection 4 describes oil production in accordance with illustrative cultivation methods

of the invention.

1. PROTOTHECA SPECIES AND STRAINS

[0137] Prototheca 1s a remarkable microorganism for use in the production of lipid,
because it can produce high levels of lipid, particularly lipid suitable for fuel production.

The lipid produced by Prototheca has hydrocarbon chains of shorter chain length and a
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higher degree of saturation than that produced by other microalgae. Moreover, Prototheca
lipid is generally free of pigment (low to undetectable levels of chlorophyll and certain
carotenoids) and in any event contains much less pigment than lipid from other
microalgae. Moreover, recombinant Prototheca cells provided by the invention may be
used to produce lipid in greater yield and efficiency, and with reduced cost, relative to the
production of lipid from other microorganisms. Illustrative Prototheca strains for use in
the methods of the invention include Prototheca wickerhamii, Prototheca stagnora
(including UTEX 327), Prototheca portoricensis, Prototheca moriformis (including UTEX
strains 1441, 1435), and Prototheca zopfii. In addition, this microalgae grows
heterotrophically and may be genetically engineered. Species of the genus Prototheca are

obligate heterotrophs.

[0138] Species of Prototheca for use in the invention may be identified by
amplification of certain target regions of the genome. For example, identification of a
specific Prototheca species or strain may be achieved through amplification and
sequencing of nuclear and/or chloroplast DNA using primers and methodology using any
region of the genome, for example using the methods described in Wu et al., Bot. Bull.
Acad. Sin. (2001) 42:115-121 Identification of Chlorella spp. isolates using ribosomal
DNA sequences. Well established methods of phylogenetic analysis, such as amplification
and sequencing of ribosomal internal transcribed spacer (ITS1 and ITS2 rDNA), 23S
rRNA, 18S rRNA, and other conserved genomic regions may be used by those skilled in
the art to identify species of not only Prototheca, but other hydrocarbon and lipid
producing organisms with similar lipid profiles and production capability. For examples of
methods of identification and classification of algae also see for example Genetics, 2005

Aug;170(4):1601-10 and RNA, 2005 Apr;11(4):361-4.

[0139] Thus, genomic DNA comparison may be used to identify suitable species of
microalgae to be used in the present invention. Regions of conserved genomic DNA, such
as but not limited to DNA encoding for 23S rRNA, may be amplified from microalgal
species and compared to consensus sequences in order to screen for microalgal species
that are taxonomically related to the preferred microalgae used in the present invention.
Examples of such DNA sequence comparison for species within the Prototheca genus are
shown below. Genomic DNA comparison can also be useful to identify microalgal species
that have been misidentified in a strain collection. Often a strain collection will identify
species of microalgae based on phenotypic and morphological characteristics. The use of

these characteristics may lead to miscategorization of the species or the genus of a
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microalgae. The use of genomic DNA comparison may be a better method of categorizing

microalgae species based on their phylogenetic relationship.

[0140] Microalgae for use in the present invention typically have genomic DNA
sequences encoding for 23S rRNA that have at least 99%, least 95%, at least 90%, or at
least 85% nucleotide identity to at least one of the sequences listed in SEQ ID NOs: 1-9.

[0141] For sequence comparison to determine percent nucleotide or amino acid
identity, typically one sequence acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm, test and reference sequences are
input into a computer, subsequence coordinates are designated, if necessary, and sequence
algorithm program parameters are designated. The sequence comparison algorithm then
calculates the percent sequence identity for the test sequence(s) relative to the reference

sequence, based on the designated program parameters.

[0142] Optimal alignment of sequences for comparison may be conducted, e.g., by the
local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by
the search for similarity method of Pearson & Lipman, Proc. Nat’l. Acad. Sci. USA
85:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, WI), or by visual inspection (see generally Ausubel et

al., supra).

[0143] Another example algorithm that is suitable for determining percent sequence
identity and sequence similarity is the BLAST algorithm, which is described in Altschul et
al., J. Mol. Biol.215:403-410 (1990). Software for performing BLAST analyses is
publicly available through the National Center for Biotechnology Information (at the web
address www.ncbi.nlm.nih.gov). This algorithm involves first identifying high scoring
sequence pairs (HSPs) by identifying short words of length W in the query sequence,
which either match or satisfy some positive-valued threshold score T when aligned with a
word of the same length in a database sequence. T is referred to as the neighborhood word
score threshold (Altschul et al., supra.). These initial neighborhood word hits act as seeds
for initiating searches to find longer HSPs containing them. The word hits are then
extended in both directions along each sequence for as far as the cumulative alignment
score may be increased. Cumulative scores are calculated using, for nucleotide sequences,

the parameters M (reward score for a pair of matching residues; always > 0) and N
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(penalty score for mismatching residues; always < 0). For amino acid sequences, a scoring
matrix is used to calculate the cumulative score. Extension of the word hits in each
direction are halted when: the cumulative alignment score falls off by the quantity X from
its maximum achieved value; the cumulative score goes to zero or below due to the
accumulation of one or more negative-scoring residue alignments; or the end of either
sequence is reached. For identifying whether a nucleic acid or polypeptide is within the
scope of the invention, the default parameters of the BLAST programs are suitable. The
BLASTN program (for nucleotide sequences) uses as defaults a word length (W) of 11, an
expectation (E) of 10, M=5, N=-4, and a comparison of both strands. For amino acid
sequences, the BLASTP program uses as defaults a word length (W) of 3, an expectation
(E) of 10, and the BLOSUMG62 scoring matrix. The TBLASTN program (using protein
sequence for nucleotide sequence) uses as defaults a word length (W) of 3, an expectation
(E) of 10, and a BLOSUM 62 scoring matrix. (see Henikoff & Henikoff, Proc. Natl. Acad.
Sci. US4 89:10915 (1989)).

[0144] In addition to calculating percent sequence identity, the BLAST algorithm also
performs a statistical analysis of the similarity between two sequences (see, e.g., Karlin &
Altschul, Proc. Nat’l. Acad. Sci. USA 90:5873-5787 (1993)). One measure of similarity
provided by the BLAST algorithm is the smallest sum probability (P(N)), which provides
an indication of the probability by which a match between two nucleotide or amino acid
sequences would occur by chance. For example, a nucleic acid is considered similar to a
reference sequence if the smallest sum probability in a comparison of the test nucleic acid
to the reference nucleic acid is less than about 0.1, more preferably less than about 0.01,

and most preferably less than about 0.001.

[0145] It is understood that the peptide and protein sequences provided herein can
have conservative or non-essential amino acid substitutions that do not have a substantial
effect on the function of the peptide. Conservative amino acid substitutions include
replacement of an aliphatic amino acid, such as alanine, valine, leucine, and isoleucine,
with another aliphatic amino acid; replacement of a serine with a threonine; replacement
of a threonine with a serine; replacement of an acidic residue, such as aspartic acid and
glutamic acid, with another acidic residue; replacement of a residue bearing an amide
group, such as asparagine and glutamine, with another residue bearing an amide group;
exchange of a basic residue, such as lysine and arginine, with another basic residue; and
replacement of an aromatic residue, such as phenylalanine and tyrosine, with another

aromatic residue. In some embodiments, the polypeptide has about 1, 2, 3,4, 5,6, 7,8, 9,
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10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100 or more amino acid substitutions, additions,

insertions, or deletions.

[0146] Other considerations affecting the selection of microorganisms for use in the
invention include, in addition to production of suitable lipids or hydrocarbons for
production of oils, fuels, and oleochemicals: (1) high lipid content as a percentage of cell
weight; (2) ease of growth; (3) ease of genetic engineering; and (4) ease of biomass
processing. In particular embodiments, the wild-type or genetically engineered
microorganism yields cells that are at least 40%, at least 45%, at least 50%, at least 55%,
at least 60%, at least 65%, or at least 70% or more lipid. Preferred organisms grow

heterotrophically (on sugars in the absence of light).

[0147] Examples of algae that may be used to practice the present invention include,
but are not limited to the following algae: Prototheca wickerhamii, Prototheca stagnora,

Prototheca portoricensis, Prototheca moriformis, Prototheca zopfii.

2. BIOREACTOR

[0148] Microorganisms are cultured both for purposes of conducting genetic
manipulations and for production of hydrocarbons (¢.g., lipids, fatty acids, aldehydes,
alcohols, and alkanes). The former type of culture is conducted on a small scale and
initially, at least, under conditions in which the starting microorganism can grow. Culture
for purposes of hydrocarbon production is usually conducted on a large scale (e.g., 10,000
L, 40,000 L, 100,000 L or larger bioreactors) in a bioreactor. Microalgae, including
Prototheca species are typically cultured in the methods of the invention in liquid media

within a bioreactor. Typically, the bioreactor does not allow light to enter.

[0149] The bioreactor or fermentor is used to culture microalgal cells through the
various phases of their physiological cycle. Bioreactors offer many advantages for use in
heterotrophic growth and propagation methods. To produce biomass for use in food,
microalgae are preferably fermented in large quantities in liquid, such as in suspension
cultures as an example. Bioreactors such as steel fermentors can accommodate very large
culture volumes (40,000 liter and greater capacity bioreactors are used in various
embodiments of the invention). Bioreactors also typically allow for the control of culture
conditions such as temperature, pH, oxygen tension, and carbon dioxide levels. For
example, bioreactors are typically configurable, for example, using ports attached to

tubing, to allow gascous components, like oxygen or nitrogen, to be bubbled through a
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liquid culture. Other culture parameters, such as the pH of the culture media, the identity
and concentration of trace elements, and other media constituents can also be more readily

manipulated using a bioreactor.

[0150] Bioreactors may be configured to flow culture media though the bioreactor
throughout the time period during which the microalgae reproduce and increase in
number. In some embodiments, for example, media may be infused into the bioreactor
after inoculation but before the cells reach a desired density. In other instances, a
bioreactor is filled with culture media at the beginning of a culture, and no more culture
media is infused after the culture is inoculated. In other words, the microalgal biomass is
cultured in an aqueous medium for a period of time during which the microalgae
reproduce and increase in number; however, quantities of aqueous culture medium are not
flowed through the bioreactor throughout the time period. Thus in some embodiments,

aqueous culture medium is not flowed through the bioreactor after inoculation.

[0151] Bioreactors equipped with devices such as spinning blades and impellers,
rocking mechanisms, stir bars, or means for pressurized gas infusion may be used to
subject microalgal cultures to mixing. Mixing may be continuous or intermittent. For
example, in some embodiments, a turbulent flow regime of gas entry and media entry is
not maintained for reproduction of microalgae until a desired increase in number of said

microalgae has been achieved.

[0152] Bioreactor ports may be used to introduce, or extract, gases, solids, semisolids,
and liquids, into the bioreactor chamber containing the microalgae. While many
bioreactors have more than one port (for example, one for media entry, and another for
sampling), it is not necessary that only one substance enter or leave a port. For example, a
port may be used to flow culture media into the bioreactor and later used for sampling, gas
entry, gas exit, or other purposes. Preferably, a sampling port may be used repeatedly
without altering compromising the axenic nature of the culture. A sampling port may be
configured with a valve or other device that allows the flow of sample to be stopped and
started or to provide a means of continuous sampling. Bioreactors typically have at least
one port that allows inoculation of a culture, and such a port can also be used for other

purposes such as media or gas entry.

[0153] Bioreactors ports allow the gas content of the culture of microalgae to be
manipulated. To illustrate, part of the volume of a bioreactor may be gas rather than liquid,

and the gas inlets of the bioreactor to allow pumping of gases into the bioreactor. Gases
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that may be beneficially pumped into a bioreactor include air, air/CO, mixtures, noble
gases, such as argon, and other gases. Bioreactors are typically equipped to enable the user
to control the rate of entry of a gas into the bioreactor. As noted above, increasing gas flow

into a bioreactor may be used to increase mixing of the culture.

[0154] Increased gas flow affects the turbidity of the culture as well. Turbulence may
be achieved by placing a gas entry port below the level of the aqueous culture media so
that gas entering the bioreactor bubbles to the surface of the culture. One or more gas exit
ports allow gas to escape, thereby preventing pressure buildup in the bioreactor. Preferably
a gas exit port leads to a “one-way” valve that prevents contaminating microorganisms

from entering the bioreactor.

3. MEDIA

[0155] Microalgal culture media typically contains components such as a fixed
nitrogen source, a fixed carbon source, trace elements, optionally a buffer for pH
maintenance, and phosphate (typically provided as a phosphate salt). Other components
can include salts such as sodium chloride, particularly for seawater microalgae. Nitrogen
sources include organic and inorganic nitrogen sources, including, for example, without
limitation, molecular nitrogen, nitrate, nitrate salts, ammonia (pure or in salt form, such as,
(NH4),SO4 and NH4OH), protein, soybean meal, cornsteep liquor, and yeast extract.
Examples of trace elements include zinc, boron, cobalt, copper, manganese, and
molybdenum in, for example, the respective forms of ZnCl,, H;BO;, CoCl,-6H,0,

CuCl; 2H,0, MnCl,-4H,0 and (NH4)sMo070,4:4H,0.

[0156] Microorganisms useful in accordance with the methods of the present invention
are found in various locations and environments throughout the world. As a consequence
of their isolation from other species and their resulting evolutionary divergence, the
particular growth medium for optimal growth and generation of lipid and/or hydrocarbon
constituents may be difficult to predict. In some cases, certain strains of microorganisms
may be unable to grow on a particular growth medium because of the presence of some
inhibitory component or the absence of some essential nutritional requirement required by

the particular strain of microorganism.

[0157] Solid and liquid growth media are generally available from a wide variety of
sources, and instructions for the preparation of particular media that is suitable for a wide
variety of strains of microorganisms may be found, for example, online at

http://www.utex.org/, a site maintained by the University of Texas at Austin, 1 University

43


http://www.utex.org/

10

15

20

25

30

WO 2013/082186 PCT/US2012/066893

Station A6700, Austin, Texas, 78712-0183, for its culture collection of algae (UTEX). For
example, various fresh water and salt water media include those described in PCT Pub.

No. 2008/151149, incorporated herein by reference.

[0158] In a particular example, Proteose Medium is suitable for axenic cultures, and a
1L volume of the medium (pH ~6.8) may be prepared by addition of 1g of protecose
peptone to 1 liter of Bristol Medium. Bristol medium comprises 2.94 mM NaNO3, 0.17
mM CaCl,-2H,0, 0.3 mM MgS0,4-7H,0, 0.43 mM, 1.29 mM KH;PO,, and 1.43 mM
NaCl in an aqueous solution. For 1.5% agar medium, 15 g of agar may be added to 1 L of
the solution. The solution is covered and autoclaved, and then stored at a refrigerated
temperature prior to use. Another example is the Prototheca isolation medium (PIM),
which comprises 10g/L postassium hydrogen phthalate (KHP), 0.9g/L. sodium hydroxide,
0.1g/L magnesium sulfate, 0.2g/L potassium hydrogen phosphate, 0.3g/L. ammonium
chloride, 10g/L glucose 0.001g/L thiamine hydrochloride, 20g/L agar, 0.25g/L 5-
fluorocytosine, at a pH in the range of 5.0 to 5.2 (see Pore, 1973, App. Microbiology, 26:
648-649). Other suitable media for use with the methods of the invention may be readily
identified by consulting the URL identified above, or by consulting other organizations
that maintain cultures of microorganisms, such as SAG, CCAP, or CCALA. SAG refers to
the Culture Collection of Algae at the University of Gottingen (Gottingen, Germany),
CCAP refers to the culture collection of algae and protozoa managed by the Scottish
Association for Marine Science (Scotland, United Kingdom), and CCALA refers to the
culture collection of algal laboratory at the Institute of Botany (Tiebon, Czech Republic).
Additionally, US Patent No. 5,900,370 describes media formulations and conditions

suitable for heterotrophic fermentation of Prototheca species.

[0159] For oil production, selection of a fixed carbon source is important, as the cost
of the fixed carbon source must be sufficiently low to make oil production economical.
Thus, while suitable carbon sources include, for example, acetate, floridoside, fructose,
galactose, glucuronic acid, glucose, glycerol, lactose, mannose, N-acetylglucosamine,
rhamnose, sucrose, and/or xylose, selection of feedstocks containing those compounds is
an important aspect of the methods of the invention. Suitable feedstocks useful in
accordance with the methods of the invention include, for example, black liquor, corn
starch, depolymerized cellulosic material, milk whey, molasses, potato, sorghum, sucrose,
sugar beet, sugar cane, rice, and wheat. Carbon sources can also be provided as a mixture,
such as a mixture of sucrose and depolymerized sugar beet pulp. The one or more carbon

source(s) may be supplied at a concentration of at least about 50 uM, at least about 100
44



10

15

20

25

30

WO 2013/082186 PCT/US2012/066893

uM, at least about 500 uM, at least about 5 mM, at least about 50 mM, and at least about
500 mM, of one or more exogenously provided fixed carbon source(s). Highly
concentrated carbon sources as feedstock for fermentation are preferred. For example, in
some embodiments glucose levels of at least 300g/L, at least 400g/L, at least 500g/L, or at
least 600g/L or more of glucose level of the feedstock prior to the cultivation step, is
added to a fed batch cultivation, in which the highly concentrated fixed carbon source is
fed to the cells over time as the cells grow and accumulate lipid. In other embodiments,
sucrose levels of at least 500g/L, at least 600g/L, at least 700g/L, at least 800g/L or more
of sucrose prior to the cultivation is added to a fed batch cultivation, in which the highly
concentrated fixed carbon source is fed to the cells over time as the cells grow and
accumulate lipid. Non-limiting examples of highly concentrated fixed carbon source such
as sucrose include thick cane juice, sugar cane juice, sugar beet juice and molasses.
Carbon sources of particular interest for purposes of the present invention include
cellulose (in a depolymerized form), glycerol, sucrose, and sorghum, each of which is

discussed in more detail below.

[0160] In accordance with the present invention, microorganisms may be cultured
using depolymerized cellulosic biomass as a feedstock. Cellulosic biomass (e.g., stover,
such as corn stover) is inexpensive and readily available; however, attempts to use this
material as a feedstock for yeast have failed. In particular, such feedstocks have been
found to be inhibitory to yeast growth, and yeast cannot use the 5-carbon sugars produced
from cellulosic materials (e.g., xylose from hemi-cellulose). By contrast, microalgae can
grow on processed cellulosic material. Cellulosic materials generally include about 40-

60% cellulose; about 20-40% hemicellulose; and 10-30% lignin.

[0161] Suitable cellulosic materials include residues from herbaceous and woody
energy crops, as well as agricultural crops, i.e., the plant parts, primarily stalks and leaves,
not removed from the fields with the primary food or fiber product. Examples include
agricultural wastes such as sugarcane bagasse, rice hulls, corn fiber (including stalks,
leaves, husks, and cobs), wheat straw, rice straw, sugar beet pulp, citrus pulp, citrus peels;
forestry wastes such as hardwood and softwood thinnings, and hardwood and softwood
residues from timber operations; wood wastes such as saw mill wastes (wood chips,
sawdust) and pulp mill waste; urban wastes such as paper fractions of municipal solid
waste, urban wood waste and urban green waste such as municipal grass clippings; and

wood construction waste. Additional cellulosics include dedicated cellulosic crops such as
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switchgrass, hybrid poplar wood, and miscanthus, fiber cane, and fiber sorghum. Five-

carbon sugars that are produced from such materials include xylose.

[0162] Cellulosic materials are treated to increase the efficiency with which the
microbe can utilize the sugar(s) contained within the materials. The invention provides
novel methods for the treatment of cellulosic materials after acid explosion so that the
materials are suitable for use in a heterotrophic culture of microbes (e.g., microalgae and
oleaginous yeast). As discussed above, lignocellulosic biomass is comprised of various
fractions, including cellulose, a crystalline polymer of beta 1,4 linked glucose (a six-
carbon sugar), hemicellulose, a more loosely associated polymer predominantly comprised
of xylose (a five-carbon sugar) and to a lesser extent mannose, galactose, arabinose, lignin,
a complex aromatic polymer comprised of sinapyl alcohol and its derivatives, and pectins,
which are linear chains of an alpha 1,4 linked polygalacturonic acid. Because of the
polymeric structure of cellulose and hemicellulose, the sugars (e.g., monomeric glucose
and xylose) in them are not in a form that may be efficiently used (metabolized) by many
microbes. For such microbes, further processing of the cellulosic biomass to generate the
monomeric sugars that make up the polymers may be very helpful to ensuring that the

cellulosic materials are efficiently utilized as a feedstock (carbon source).

[0163] In another embodiment of the methods of the invention, the carbon source is
glycerol, including acidulated and non-acidulated glycerol byproduct from biodiesel
transesterification. In one embodiment, the carbon source includes glycerol and at least
one other carbon source. In some cases, all of the glycerol and the at least one other fixed
carbon source are provided to the microorganism at the beginning of the fermentation. In
some cases, the glycerol and the at least one other fixed carbon source are provided to the
microorganism simultancously at a predetermined ratio. In some cases, the glycerol and
the at least one other fixed carbon source are fed to the microbes at a predetermined rate

over the course of fermentation.

[0164] Some microalgae undergo cell division faster in the presence of glycerol than
in the presence of glucose (see PCT Pub. No. 2008/151149). In these instances, two-stage
growth processes in which cells are first fed glycerol to rapidly increase cell density, and
are then fed glucose to accumulate lipids can improve the efficiency with which lipids are
produced. The use of the glycerol byproduct of the transesterification process provides
significant economic advantages when put back into the production process. Other feeding

methods are provided as well, such as mixtures of glycerol and glucose. Feeding such

46



10

15

20

25

30

WO 2013/082186 PCT/US2012/066893

mixtures also captures the same economic benefits. In addition, the invention provides
methods of feeding alternative sugars to microalgae such as sucrose in various

combinations with glycerol.

[0165] In another embodiment of the methods of the invention, the carbon source is
invert sugar. Invert sugar is produced by splitting the sucrose into its monosaccharide
components, fructose and glucose. Production of invert sugar may be achieved through
several methods that are known in the art. One such method is heating an aqueous
solution of sucrose. Often, catalysts are employed in order to accelerate the conversion of
sucrose into invert sugar. These catalysts may be biological, for example enzymes such as
invertases and sucrases may be added to the sucrose to accelerate the hydrolysis reaction
to produce invert sugar. Acid is an example of non-biological catalyst, when paired with
heat, can accelerate the hydrolysis reaction. Once the invert sugar is made, it is less prone
to crystallization compared to sucrose and thus, provides advantages for storage and in fed
batch fermentation, which in the case of heterotrophic cultivation of microbes, including
microalgae, there is a need for concentrated carbon source. In one embodiment, the
carbon source is invert sugar, preferably in a concentrated form, preferably at least
800g/liter, at least 900 g/liter, at least 1000 g/liter or at least 1100 g/liter prior to the
cultivation step, which is optionally a fed batch cultivation. The invert sugar, preferably in

a concentrated form, is fed to the cells over time as the cells grow and accumulate lipid.

[0166] In another embodiment of the methods of the invention, the carbon source is
sucrose, including a complex feedstock containing sucrose, such as thick cane juice from
sugar cane processing. Because of the higher densities of the cultures for heterotrophic oil
production, the fixed carbon source (e.g., sucrose, glucose, etc.) is preferably in a
concentrated form, preferably at least 500 g/liter, at least 600 g/liter, at least 700 g/liter or
at least 800 g/liter of the fixed carbon source prior to the cultivation step, which is
optionally a fed batch cultivation in which the material is fed to the cells over time as the
cells grow and accumulate lipid. In the some cases, the carbon source is sucrose in the
form of thick cane juice, preferably in a concentrated form, preferably at least 60% solids
or about 770 g/liter sugar, at least 70% solids or about 925 g/liter sugar, or at least 80%
solids or about 1125 g/liter sugar prior to the cultivation step, which is optionally a fed
batch cultivation. The concentrated thick cane juice is fed to the cells over time as the

cells grow and accumulate lipid
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[0167] In one embodiment, the culture medium further includes at least one sucrose
utilization enzyme. In some cases, the culture medium includes a sucrose invertase. In one
embodiment, the sucrose invertase enzyme is a secrectable sucrose invertase enzyme
encoded by an exogenous sucrose invertase gene expressed by the population of
microorganisms. Thus, in some cases, as described in more detail in Section IV, below,
the microalgae has been genetically engineered to express a sucrose utilization enzyme,
such as a sucrose transporter, a sucrose invertase, a hexokinase, a glucokinase, or a

fructokinase.

[0168] Complex feedstocks containing sucrose include waste molasses from sugar
cane processing; the use of this low-value waste product of sugar cane processing can
provide significant cost savings in the production of hydrocarbons and other oils. Another
complex feedstock containing sucrose that is useful in the methods of the invention is
sorghum, including sorghum syrup and pure sorghum. Sorghum syrup is produced from
the juice of sweet sorghum cane. Its sugar profile consists of mainly glucose (dextrose),

fructose and sucrose.

SECTION IV-1. GENETIC ENGINEERING METHODS AND MATERIALS
[0169] The present invention provides methods and materials for genentically
modifying Prototheca cells and recombinant host cells useful in the methods of the present
invention, including but not limited to recombinant Prototheca moriformis, Prototheca
zopfii, Prototheca krugani, and Prototheca stagnora host cells. The description of these
methods and materials is divided into subsections for the convenience of the reader. In
subsection 1, transformation methods are described. In subsection 2, genetic engineering
methods using homologous recombination are described. In subsection 3, expression
vectors and components are described. In subsection 4, selectable markers and

components are described.

1. ENGINEERING METHODS - TRANSFORMATION

[0170] Cells may be transformed by any suitable technique including, ¢.g., biolistics,
electroporation (see Maruyama et al. (2004), Biotechnology Techniques 8:821-826), glass
bead transformation and silicon carbide whisker transformation. Another method that may
be used involves forming protoplasts and using CaCl; and polyethylene glycol (PEG) to
introduce recombinant DNA into microalgal cells (see Kim et al. (2002), Mar. Biotechnol.

4:63-73, which reports the use of this method for the transformation of Chorella
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ellipsoidea). Co-transformation of microalgae may be used to introduce two distinct vector
molecules into a cell simultaneously (see for example Jakobiak et al. (2004)
Protist;155(4):381-93).

[0171] Biolistic methods (see, for example, Sanford, Trends In Biotech. (1988) 6:299-
302, U.S. Patent No. 4,945,050; clectroporation (Fromm et al., Proc. Nat’l. Acad. Sci.
(USA) (1985) 82:5824-5828); use of a laser beam, microinjection or any other method
capable of introducing DNA into a microalgae can also be used for transformation of a

Prototheca cell.

2. ENGINEERING METHODS - HOMOLOGOUS RECOMBINATION

[0172] Homologous recombination is the ability of complementary DNA sequences to
align and exchange regions of homology. Transgenic DNA (“donor”) containing
sequences homologous to the genomic sequences being targeted (“template”) is introduced
into the organism and then undergoes recombination into the genome at the site of the
corresponding genomic homologous sequences. The mechanistic steps of this process, in
most casees, include: (1) pairing of homologous DNA segments; (2) introduction of
double-stranded breaks into the donor DNA molecule; (3) invasion of the template DNA
molecule by the free donor DNA ends followed by DNA synthesis; and (4) resolution of

double-strand break repair events that result in final recombination products.

[0173] The ability to carry out homologous recombination in a host organism has
many practical implications for what may be carried out at the molecular genetic level and
is useful in the generation of an oleaginous microbe that can produced tailored oils. By its
very nature homologous recombination is a precise gene targeting event, hence, most
transgenic lines generated with the same targeting sequence will be essentially identical in
terms of phenotype, necessitating the screening of far fewer transformation events.
Homologous recombination also targets gene insertion events into the host chromosome,
resulting in excellent genetic stability, even in the absence of genetic selection. Because
different chromosomal loci will likey impact gene expression, even from heterologous
promoters/UTRs, homologous recombination may be a method of querying loci in an
unfamiliar genome environment and to assess the impact of these environments on gene

expression.

[0174] Particularly useful genetic engineering applications using homologous
recombination is to co-opt specific host regulatory elements such as promoters/UTRs to

drive heterologous gene expression in a highly specific fashion. For example, ablation or
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knockout of desaturase genes/gene families with a heterologous gene encoding a selective
marker might be expected to increase overall percentage of saturated fatty acids produced
in the host cell. Example 3 describes the homologous recombination targeting constructs
and a working example of such desaturase gene ablations or knockouts generated in
Prototheca moriformis. Another approach to decreasing expression of an endogenous gene
is to use an RNA-induced down-regulation or silencing of gene expression including, but
not limited to an RNAIi or antisense approach, as well as a dSRNA approach. Antisense,
RNA1, RNA hairpin, and dsRNA approaches are well known in the art and include the
introduction of an expression construct that when expressed as mRNA would lead to the
formation of hairpin RNA or an expression construct containing a portion of the target
gene that would be transcribed in the antisense orientation. All four approaches would
result in the decreased expression of the target gene. Examples 3 and 4 describe expression
constructs and working examples of the attenuation, or down-regulation of endogenous

Prototheca moriformis lipid biosynthesis genes by an RNA hairpin approach.

[0175] Because homologous recombination is a precise gene targeting event, it may be
used to precisely modify any nucleotide(s) within a gene or region of interest, so long as
sufficient flanking regions have been identified. Therefore, homologous recombination
may be used as a means to modify regulatory sequences impacting gene expression of
RNA and/or proteins. It can also be used to modify protein coding regions in an effort to
modify enzyme activites such as substrate specificity, affinities and Km, and thus affecting
the desired change in metabolism of the host cell. Homologous recombination provides a
powerful means to manipulate the gost genome resulting in gene targeting, gene
conversion, gene deletion, gene duplication, gene inversion and exchanging gene

expression regulatory elements such as promoters, enhancers and 3’UTRs.

[0176] Homologous recombination may be achieve by using targeting constructs
containing pieces of endogenous sequences to “target” the gene or region of interest within
the endogenous host cell genome. Such targeting sequences can either be located 5° of the
gene or region of interest, 3° of the gene/region of interest or even flank the gene/region of
interest. Such targeting constructs may be transformed into the host cell either as a
supercoiled plasmid DNA with additional vector backbone, a PCR product with no vector
backbone, or as a linearized molecule. In some cases, it may be advantageous to first
expose the homologous sequences within the transgenic DNA (donor DNA) with a
restriction enzyme. This step can increase the recombination efficiency and decrease the

occurance of undesired events. Other methods of increasing recombination efficiency
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include using PCR to generate transforming transgenic DNA containing linear ends

homologous to the genomic sequences being targeted.

[0177] For purposes of non-limiting illustration, regions of donor DNA sequences that
are useful for homologous recombination include the KE858 region of DNA in Prototheca
moriformis. KE858 is a 1.3 kb, genomic fragment that encompasses part of the coding
region for a protein that shares homology with the transfer RNA (tRNA) family of
proteins. Southern blots have shown that the KE858 sequence is present in a single copy in
the Prototheca moriformis (UTEX 1435) genome. This region and Examples of using this
region for homologous recombination targeting has been described in PCT Publication
No. WO 2010/063032. Another region of donor DNA that is useful is portions of the 6S
genomic sequence. The use of this sequence in homologous recombination in Prototheca

morifomis is described below in the Examples.

3. VECTORS AND VECTOR COMPONENTS

[0178] Vectors for transformation of microorganisms in accordance with embodiments
ofthe present invention may be prepared by known techniques familiar to those skilled in
the art in view of the disclosure herein. A vector typically contains one or more genes, in
which each gene codes for the expression of a desired product (the gene product) and is
operably linked to one or more control sequences that regulate gene expression or target
the gene product to a particular location in the recombinant cell. To aid the reader, this
subsection is divided into subsections. Subsection A describes control sequences typically
contained on vectors as well as novel control sequences provided by the present invention.
Subsection B describes genes typically contained in vectors as well as novel codon
optimization methods and genes prepared using them provided by the invention.
Subsection C describes selectable markers contained on vectors and provided by the

present invention. Subsection D describes methods and procedures used to identify genes.

A, Control Sequences

[0179] Control sequences are nucleic acids that regulate the expression of a coding
sequence or direct a gene product to a particular location in or outside a cell. Control
sequences that regulate expression include, for example, promoters that regulate
transcription of a coding sequence and terminators that terminate transcription of a coding
sequence. Another control sequence is a 3’ untranslated sequence located at the end of a

coding sequence that encodes a polyadenylation signal. Control sequences that direct gene
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products to particular locations include those that encode signal peptides, which direct the

protein to which they are attached to a particular location in or outside the cell.

[0180] Thus, an exemplary vector design for expression of an exogenous gene in a
microalgae contains a coding sequence for a desired gene product (for example, a
selectable marker, a lipid pathway enzyme, or a sucrose utilization enzyme) in operable
linkage with a promoter active in microalgae. Alternatively, if the vector does not contain
a promoter in operable linkage with the coding sequence of interest, the coding sequence
may be transformed into the cells such that it becomes operably linked to an endogenous
promoter at the point of vector integration. The promoterless method of transformation has

been proven to work in microalgae (see for example Lumbreras, et. al. Plant Journal

(1988), 14(4), pp.441-447.

[0181] Many promoters are active in microalgae, including promoters that are
endogenous to the algae being transformed, as well as promoters that are not endogenous
to the algae being transformed (i.e., promoters from other algae, promoters from higher
plants, and promoters from plant viruses or algae viruses). Illustrative exogenous and/or
endogenous promoters that are active in microalgae (as well as antibiotic resistance genes
functional in microalgae) are described in PCT Pub. No. 2008/151149 and references cited

therein

[0182] The promoter used to express an exogenous gene may be the promoter
naturally linked to that gene or may be a heterologous gene. Some promoters are active in
more than one species of microalgae. Other promoters are species-specific. Illustrative
promoters include promoters such as B-tubulin from Chlamydomonas reinhardtii, used in
the Examples below, and viral promoters, such as cauliflower mosaic virus (CMV) and
chlorella virus, which have been shown to be active in multiple species of microalgae (see
for example Plant Cell Rep. 2005 Mar;23(10-11):727-35; J Microbiol. 2005
Aug;43(4):361-5; Mar Biotechnol (NY). 2002 Jan;4(1):63-73). Another promoter that is
suitable for use for expression of exogenous genes in Prototheca is the Chlorella
sorokiniana glutamate dehydrogenase promoter/5’UTR. Optionally, at least 10, 20, 30,
40, 50, or 60 nucleotides or more of these sequences containing a promoter are used.
lustrative promoters useful for expression of exogenous genes in Profotheca are listed in
the sequence listing of this application, such as the promoter of the Chlorella HUP1 gene
(SEQ ID NO:10) and the Chlorella ellipsoidea nitrate reductase promoter (SEQ ID

NO:11). Chlorella virus promoters can also be used to express genes in Prototheca, such
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as sequence numbers 1 to 7 of U.S. Patent 6,395,965. Additional promoters active in
Prototheca may be found, for example, in Biochem Biophys Res Commun. 1994 Oct
14;204(1):187-94; Plant Mol Biol. 1994 Oct;26(1):85-93; Virology. 2004 Aug
15;326(1):150-9; and Virology. 2004 Jan 5;318(1):214-23. Other useful promoters are

described in detail in the Examples below.

[0183] A promoter can generally be characterized as either constitutive or inducible.
Constitutive promoters are generally active or function to drive expression at all times (or
at certain times in the cell life cycle) at the same level. Inducible promoters, conversely,
are active (or rendered inactive) or are significantly up- or down-regulated only in
response to a stimulus. Both types of promoters find application in embodiments of the
present invention. Inducible promoters useful in embodiments of the present invention
include those that mediate transcription of an operably linked gene in response to a
stimulus, such as an exogenously provided small molecule (e.g, glucose, as in SEQ ID
NO:10), temperature (heat or cold), lack of nitrogen in culture media, pH, etc. Suitable
promoters can activate transcription of an essentially silent gene or upregulate, preferably
substantially, transcription of an operably linked gene that is transcribed at a low level.
Examples below describe additional inducible promoters that are useful in Prototheca

cells.

[0184] The termination region, also referred to as a 3° untranslated region, may be
native to the transcriptional initiation region (the promoter), may be native to the DNA
sequence of interest, or may be obtainable from another source. See, for example, Chen

and Orozco, Nucleic Acids Res. (1988), 16:8411.

[0185] In an embodiment of the present invention, control sequences that provide for
the compartmentalized expression of an exogenous enzyme or protein are utilized to direct
the exogenous enzyme or protein to one or more intracellular ogranelles. Organelles for
targeting are chloroplasts, plastids, mitochondria, and endoplasmic reticulum. An
additional embodiment of the present invention provides recombinant polynucleotides that

enable secretion of a protein outside the cell.

[0186] Proteins encoded in the nuclear genome of Prototheca may be targeted to the
plastid using plastid targeting signals. Plastid targeting sequences endogenous to Chlorella
are known, such as genes in the Chlorella nuclear genome that encode proteins that are

targeted to the plastid; see for example GenBank Accession numbers AY646197 and
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AF499684, and in one embodiment, such control sequences are used in the vectors of the

present invention to target expression of a protein to a Prototheca plastid.

[0187] The Examples below describe the use of algal plastid targeting sequences to
target exogenous enzymes and proteins to the correct compartment in the host cell. Algal
plastid targeting sequences were obtained from cDNA libraries made using Prototheca
moriformis and Chlorella protothecodies cells and are described in PCT Publication No.

WO 2010/063032.

[0188] In another embodiment, the expression of an exogenous enzyme or protein in
Prototheca is targeted to the endoplasmic reticulum. The inclusion of an appropriate
retention or sorting signal in an expression vector ensure that proteins are retained in the
endoplasmic reticulum (ER) and do not go downstream into Golgi. For example, the
IMPACTVECTOR1.3 vector, from Wageningen UR- Plant Research International,
includes the well known KDEL retention or sorting signal. With this vector, ER retention
has a practical advantage in that it has been reported to improve expression levels 5-fold or
more. The main reason for this appears to be that the ER contains lower concentrations
and/or different proteases responsible for post-translational degradation of expressed
proteins than are present in the cytoplasm. ER retention signals functional in green
microalgae are known. For example, see Proc. Natl. Acad. Sci. U S A. 2005 Apr
26;102(17):6225-30.

[0189] In another embodiment of the present invention, a polypeptide is targeted for
secretion outside the cell into the culture media. See Hawkins et al., Current Microbiology
Vol. 38 (1999), pp. 335-341 for examples of secretion signals active in Chlorella that may

be used, in accordance with the methods of the invention, in Prototheca.

B. Genes and Codon Optimization

[0190] Typically, a gene includes a promoter, coding sequence, and termination
control sequences. When assembled by recombinant DNA technology, a gene may be
termed an expression cassette and may be flanked by restriction sites for convenient
insertion into a vector that is used to introduce the recombinant gene into a host cell. The
expression cassette may be flanked by DNA sequences from the genome or other nucleic
acid target to facilitate stable integration of the expression cassette into the genome by
homologous recombination. Alternatively, the vector and its expression cassette may
remain unintegrated, in which case, the vector typically includes an origin of replication,

which is capable of providing for replication of the heterologous vector DNA.
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[0191] A common gene present on a vector is a gene that codes for a protein, the
expression of which allows the recombinant cell containing the protein to be differentiated
from cells that do not express the protein. Such a gene, and its corresponding gene
product, is called a selectable marker. Any of a wide variety of selectable markers may be
employed in a transgene construct useful for transforming Prototheca. Examples of
suitable selectable markers include the G418 resistance gene, the nitrate reductase gene
(see Dawson et al. (1997), Current Microbiology 35:356-362), the hygromycin
phosphotransferase gene (HPT; see Kim et al. (2002), Mar. Biotechnol. 4:63-73), the
neomycin phosphotransferase gene, and the ble gene, which confers resistance to
phleomycin (Huang et al. (2007), Appl. Microbiol. Biotechnol. 72:197-205). Methods of
determining sensitivity of microalgae to antibiotics are well known. For example, Mol

Gen Genet. 1996 Oct 16;252(5):572-9.

[0192] Other selectable markers that are not antibiotic-based can also be employed in
a transgene construct useful for transforming microalgae in general, including Prototheca
species. Genes that confer the ability to utilize certain carbon sources that were previously
unable to be utilized by the microalgae can also be used as a selectable marker. By way of
illustration, Prototheca moriformis strains typically grow poorly, if at all, on sucrose.
Using a construct containing a sucrose invertase gene can confer the ability of positive
transformants to grow on sucrose as a carbon substrate. Additional details on using
sucrose utilization as a selectable marker along with other selectable markers are discussed

below.

[0193] For purposes of the present invention, the expression vector used to prepare a
recombinant host cell of the invention will include at least two, and often three, genes, if
one of the genes is a selectable marker. For example, a genetically engineered Prototheca
of the invention may be made by transformation with vectors of the invention that
comprise, in addition to a selectable marker, one or more exogenous genes, such as, for
example, sucrose invertase gene or acyl ACP-thioesterase gene. One or both genes may be
expressed using an inducible promoter, which allows the relative timing of expression of
these genes to be controlled to enhance the lipid yield and conversion to fatty acid esters.
Expression of the two or more exogenous genes may be under control of the same
inducible promoter or under control of different inducible (or constitutive) promoters. In
the latter situation, expression of a first exogenous gene may be induced for a first period

of time (during which expression of a second exogenous gene may or may not be induced)
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and expression of a second exogenous gene may be induced for a second period of time

(during which expression of a first exogenous gene may or may not be induced).

[0194] In other embodiments, the two or more exogenous genes (in addition to any
selectable marker) are: a fatty acyl-ACP thioesterase and a fatty acyl-CoA/aldehyde

reductase, the combined action of which yields an alcohol product.

[0195] Other illustrative vectors of embodiments of theinvention that express two or
more exogenous genes include those encoding both a sucrose transporter and a sucrose
invertase enzyme and those encoding both a selectable marker and a secreted sucrose
invertase. The recombinant Prototheca transformed with either type of vector produce
lipids at lower manufacturing cost due to the engineered ability to use sugar cane (and
sugar cane-derived sugars) as a carbon source. Insertion of the two exogenous genes
described above may be combined with the disruption of polysaccharide biosynthesis
through directed and/or random mutagenesis, which steers ever greater carbon flux into
lipid production. Individually and in combination, trophic conversion, engineering to alter
lipid production and treatment with exogenous enzymes alter the lipid composition
produced by a microorganism. The alteration may be a change in the amount of lipids
produced, the amount of one or more hydrocarbon species produced relative to other
lipids, and/or the types of lipid species produced in the microorganism. For example,

microalgae may be engineered to produce a higher amount and/or percentage of TAGs.

[0196] For optimal expression of a recombinant protein, it is beneficial to employ
coding sequences that produce mRNA with codons preferentially used by the host cell to
be transformed. Thus, proper expression of transgenes can require that the codon usage of
the transgene matches the specific codon bias of the organism in which the transgene is
being expressed. The precise mechanisms underlying this effect are many, but include the
proper balancing of available aminoacylated tRNA pools with proteins being synthesized
in the cell, coupled with more efficient translation of the transgenic messenger RNA
(mRNA) when this need is met. When codon usage in the transgene is not optimized,
available tRNA pools are not sufficient to allow for efficient translation of the
heterologous mRNA resulting in ribosomal stalling and termination and possible

instability of the transgenic mRNA.

[0197] The present invention provides codon-optimized nucleic acids useful for the
successful expression of recombinant proteins in Prototheca. Codon usage in Prototheca

species was analyzed by studying cDNA sequences isolated from Prototheca moriformis.

56



10

15

20

25

30

35

40

WO 2013/082186

This analysis represents the interrogation over 24,000 codons and resulted in Table 2

below.

PCT/US2012/066893

Table 2. Illustrative preferred codon usage in Prototheca strains.

Ala  GCG 345 (0.36) Asn  AAT  8(0.04)
GCA 66 (0.07) AAC 201 (0.96)

GCT 101 (0.11)
GCC 442 (0.46) Pro CCG 161 (0.29)
CCA 49 (0.09)
Cys  TGT 12 (0.10) CCT  71(0.13)
TGC 105 (0.90) CCC 267 (0.49)
Asp  GAT 43 (0.12) Gln CAG 226 (0.82)
GAC 316 (0.88) CAA  48(0.18)
Glu  GAG 377 (0.96) Arg  AGG 33 (0.06)
GAA 14 (0.04) AGA 14 (0.02)
CGG 102 (0.18)
Phe  TTT 89 (0.29) CGA 49 (0.08)
TTC 216 (0.71) CGT 51 (0.09)
CGC 331 (0.57)

Gly GGG 92 (0.12)
GGA 56 (0.07) Ser AGT 16(0.03)
GGT 76 (0.10) AGC 123 (0.22)
GGC 559 (0.71) TCG 152 (0.28)
TCA 31 (0.06)
His  CAT 42 (0.21) TCT 55 (0.10)
CAC 154 (0.79) TCC 173 (0.31)
Tle ATA 4(0.01) Thr  ACG 184 (0.38)
ATT 30 (0.08) ACA 24 (0.05)
ATC 338 (0.91) ACT  21(0.05)
ACC 249 (0.52)

Lys  AAG 284 (0.98)
AAA 7(0.02) val  GTG 308 (0.50)
GTA  9(0.01)
Leu  TTG 26 (0.04) GTT 35 (0.06)
TTA 3 (0.00) GTC 262 (0.43)

CTG 447 (0.61)
CTA 20 (0.03) Trp TGG 107 (1.00)

CTT 45 (0.06)
CTC 190 (0.26) Tyr TAT 10 (0.05)
TAC 180 (0.95)

Met  ATG 191 (1.00)

Stop TGA/TAG/TAA

[0198] In other embodiments, the gene in the recombinant vector has been codon-
optimized with reference to a microalgal strain other than a Prototheca strain. For

example, methods of recoding genes for expression in microalgae are described in U.S.
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Patent 7,135,290. Additional information for codon optimization is available, e.g., at the

codon usage database of GenBank.

[0199] While the methods and materials of the invention allow for the introduction of
any exogenous gene into Prototheca, genes relating to sucrose utilization and lipid

pathway modification are of particular interest, as discussed in the following sections.

C. Selectable Markers

Sucrose Utilization

[0200] In one embodiment, the recombinant Prototheca cell of the invention further
contains one or more exogenous sucrose utilization genes. In various embodiments, the
one or more genes encode one or more proteins selected from the group consisting of a
fructokinase, a glucokinase, a hexokinase, a sucrose invertase, a sucrose transporter. For
example, expression of a sucrose transporter and a sucrose invertase allows Prototheca to
transport sucrose into the cell from the culture media and hydrolyze sucrose to yield
glucose and fructose. Optionally, a fructokinase may be expressed as well in instances
where endogenous hexokinase activity is insufficient for maximum phosphorylation of
fructose. Examples of suitable sucrose transporters are GenBank accession numbers
CAD91334, CAB92307, and CAA53390. Examples of suitable fructokinases are
GenBank accession numbers P26984, P26420 and CAA43322.

[0201] In one embodiment, the present invention provides a Prototheca host cell that
secretes a sucrose invertase. Secretion of a sucrose invertase obviates the need for
expression of a transporter that can transport sucrose into the cell. This is because a
secreted invertase catalyzes the conversion of a molecule of sucrose into a molecule of
glucose and a molecule of fructose, both of which may be transported and utilized by
microbes provided by the invention. For example, expression of a sucrose invertase with a
secretion signal (such as that of SEQ ID NO: 12 (from yeast), SEQ ID NO: 13 (from
higher plants), SEQ ID NO: 14 (eukaryotic consensus secretion signal), and SEQ ID NO:
15 (combination of signal sequence from higher plants and eukaryotic consensus)
generates invertase activity outside the cell. Expression of such a protein, as enabled by
the genetic engineering methodology disclosed herein, allows cells already capable of
utilizing extracellular glucose as an energy source to utilize sucrose as an extracellular

energy source.

[0202] Prototheca species expressing an invertase in media containing sucrose are a

preferred microalgal species for the production of oil. The expression and extracellular
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targeting of this fully active protein allows the resulting host cells to grow on sucrose,
whereas their non-transformed counterparts cannot. Thus, the present invention provides
Prototheca recombinant cells with a codon-optimized invertase gene (SEQ ID NO: 16),
including but not limited to the yeast invertase gene, integrated into their genome such that

the invertase gene is expressed as assessed by invertase activity and sucrose hydrolysis.

[0203] Examples of suitable sucrose invertases include those identified by GenBank
accession numbers CAB95010, NP 012104 (SEQ ID NO: 17), and CAA06839. Non-
limiting examples of suitable invertases include those described in PCT Publication No.

WO 2010/063032, incorporated herein by reference.

[0204] The secretion of an invertase to the culture medium by Prototheca enable the
cells to grow as well on waste molasses from sugar cane processing as they do on pure
reagent-grade glucose; the use of this low-value waste product of sugar cane processing
can provide significant cost savings in the production of lipids and other oils. Thus, the
present invention provides a microbial culture containing a population of Prototheca
microorganisms, and a culture medium comprising (i) sucrose and (ii) a sucrose invertase
enzyme. In various embodiments the sucrose in the culture comes from sorghum, sugar
beet, sugar cane, molasses, or depolymerized cellulosic material (which may optionally
contain lignin). In another aspect, the methods and reagents of the invention significantly
increase the number and type of feedstocks that may be utilized by recombinant
Prototheca. While the microbes exemplified here are altered such that they can utilize
sucrose, the methods and reagents of the invention may be applied so that feedstocks such
as cellulosics are utilizable by an engineered host microbe of the invention with the ability
to secrete cellulases, pectinases, isomerases, or the like, such that the breakdown products
of the enzymatic reactions are no longer just simply tolerated but rather utilized as a

carbon source by the host.

D. Sequence Determination

[0205] A variety of methods may be employed for the identification of gene sequences
and amino acid sequences of lipid biosynthetic pathway genes and enzymes. Sequences of
polynucleotides (e.g., genomic DNA, cDNA, RNA, PCR-amplified nucleotides) may be
determined through sequencing technologies including but not limited to Sanger
sequencing, pyrosequencing, sequencing by synthesis, sequencing by oligonucleotide
probe ligation, and real time sequencing. One skilled in the art may compare nucleotide

sequences to published databases of genomic sequences or expressed sequences. Where a
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DNA sequence is determined or disclosed, one skilled in the art may compare segments
from published exon sequences, or may assemble exon sequences into a reconstructed
sequence that does not contain intronic sequences. Sequences of polynucleotides may also
be translated into amino acids, peptides, polypeptides or proteins through a variety of
methods including but not limited to manual translation or computer-automated translation
with bioinformatics software commonly known in the art. Comparison methods of
sequenced DNA, RNA, amino acids, peptides, or proteins may include but are not limited
to manual evaluation of the sequence or computer-automated sequence comparison and
identification using algorithms such as BLAST (Basic Local 55 Alignment Search Tool;
Altschul, S. E, et al, (1993) /. Mol. Biol. 215:403-410; see¢ also www.ncbi.nlm.nih.gov/
BLAST)).

[0206] The instant specification teaches partial or complete amino acid and nucleotide
sequences encoding one or more particular microbial genes and proteins. The skilled
artisan, having the benefit of the sequences as reported herein, may now use all or a

portion of the disclosed sequences for purposes known to those skilled in this art.

[0207] Genomic sequencing of P. moriformis (UTEX 1435) was performed using
Illumina HiSeq and paired-end reads were obtained (100bp reads, ~450bp fragment size).
Genomic DNA is prepared using standard protocols and fragmented by hydrodynamic
shearing. Genomic data using Roche 454 technology was also obtained (400 bp fragment
size) as were 8kb mate pair libraries. Transcriptome data consisted of Illumina HiSeq
paired end data (100bp reads, ~450bp fragment size). Sequencing reads were quality
trimmed and filtered using fastx tools. Genome data was assembled using Velvet (Zerbino
et al, Velvet: algorithms for de novo short read assembly using de Bruijn graphs, Genome
Research, May 2008) using an optimized kmer and other default parameters, and using the
Pacific Biosciences ALLORA assembler. Annotation was performed using the MAKER
pipeline and genes were identified by BLAST against the nr database (NCBI). In addition,
a cDNA library was constructed, and ~1200 cDNAs from this library were sequenced
using Sanger sequencing. These cDNAs where then annotated and used as initial entry
points to find transcripts from Illumina transcriptomes and to help verify the accuracy of
[llumina transcriptome and genome sequence data. Pacific Biosciences technology was
also utilized to obtain long reads from genomic samples. A given base position is
indicated with a code as shown in the table below. In some cases, two representative

sequences were constructed, with the two possible bases respectively, as well as
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corresponding protein translations for the two alternatives. Such sequences are referred to
as “version 1” and “version 2”.

Base codes

Adenine

Cytosine

Guanine

(or U) [ Thymine (or Uracil)
AorG

CorT

GorC

AorT

GorT

AorC

CorGorT
AorGorT
AorCorT
AorCorG

any base

gap

stop / nonsense codon
unknown amino acid

= Q| (>

—
1

| z|<|z|o|w|z|~|2|w|<|m

SECTION IV-II.  GENETICALLY ENGINEERED PROTOTHECA CELLS
[0208] In a first aspect, the present invention provides a genetically engineered
Prototheca cell in one or more lipid biosynthesis genes have been modified to increase or
decrease expression of such one or more genes such that the fatty acid profile of the
genetically engineered strain differs from that of the strain from which it was derived. In
one embodiment, at least two genes have been modified. In various embodiments, the
genetic modifications include one or more of the following modifications: (i) attenuation
of a gene or its enzymatic product; and (ii) increased expression of a gene or its enzymatic

product; (iii) altered activity of a gene or its enzymatic product.

[0209] In various embodiments, the genetically engineered cell has one or more
attenuated genes, wherein the genes attenuated have been attenuated by a means selected
from the group consisting of a homologous recombination event and introduction of an
exogenous gene that codes for an interfering RNA. In various embodiments, one or more

alleles of a gene are attenuated.

[0210] In various embodiments, the genetically engineered cell has one or more over-
expressed genes, wherein the genes over-expressed have been up-regulated by a means
selected from the group consisting of introduction of additional copies of said gene into

said cell; introduction of new expression control elements for said gene; and alteration of
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the protein-coding sequence of the gene. In various embodiments, one or more alleles of a

gene arc OVGI‘-GXpI‘GSSGd.

[0211] In various embodiments, the modified genes of the genetically engineered cell
are selected from the group consisting of Prototheca lipid biosynthesis genes presented in
Table 1. In various embodiments, the genetically engineered cell comprises an exogenous
gene selected from the group consisting of Prototheca lipid biosynthesis genes presented
in Table 1. In various embodiments, the genetically engineered cell comprises one more
over-expressed alleles of a gene, the gene selected from the group consisting of
Prototheca lipid biosynthesis genes presented in Table 1. In various embodiments, the
genetically engineered cell has an attenuated gene selected from the group consisting of
Prototheca lipid biosynthesis genes presented in Table 1. In various embodiments, the
genetically engineered cell has one more attenuated alleles of a gene, the gene selected

from the group consisting of Prototheca lipid biosynthesis genes presented in Table 1.

[0212] In various embodiments, the genetically engineered cell has one or more
overexpressed genes, wherein the expression of the genes have been increased by a means
selected from the group consisting of introduction of additional copies of said gene into
said cell; and introduction of new expression control elements for said gene. In various

embodiments, the overexpressed gene is an exogenous gene.

[0213] In various embodiments, the modified genes of the genetically engineered cell
are selected from the group consisting of Prototheca lipid biosynthesis genes presented in

Table 1.

[0214] In various embodiments, the genetically engineered cell has an up-regulated
gene selected from the group consisting of Prototheca lipid biosynthesis genes presented
in Table 1. In various embodiments, the genetically engineered cell has an attenuated
gene selected from the group consisting of Prototheca lipid biosynthesis genes presented
in Table 1. In various embodiments, the genetically engineered cell has a fatty acid profile
selected from the group consisting of: 3% to 60% C8:0, 3% to 60% C10:0, 3% to 70%
C12:0, 3% to 95% C14:0, 3% to 95% C16:0, 3% to 95% C18:0, 3% to 95% C18:1, 3% to
60% C18:2, 1% to 60% C18:3 or combinations thercof. In various embodiments, the ratio
of C10:0 to C12:0 is at least 3:1. In various embodiments, the ratio of C12:0 to C14:0 is at
least 3:1. In some cases, the ratio of C10:0 to C14:0 is at least 10:1. In various
embodiments, the genetically engineered cell has a fatty acid profile of at least 40%

saturated fatty acids, of at least 60% saturated fatty acids, or at lecast 85% saturated fat
y y
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acids. In various embodiments, the genetically engineered cell has a fatty acid profile of at
least 85% unsaturated fatty acids, of at least 90% unsaturated fatty acids, of at least 95%

unsaturated fatty acids, or at least 97% unsaturated fatty acids.

[0215] An embodiment of the present invention also provides recombinant Prototheca
cells that have been modified to contain one or more exogenous genes encoding lipid
biosyntheis enzymes such as, for example, a fatty acyl-ACP thioesterase (see Example 5)
or a ketoacyl-ACP synthase II (see Example 6). In some embodiments, genes encoding a
fatty acyl-ACP thioesterase and a naturally co-expressed acyl carrier protein are
transformed into a Prototheca cell, optionally with one or more genes encoding other lipid
biosynthesis genes. In other embodiments, the ACP and the fatty acyl-ACP thioesterase
may have an affinity for one another that imparts an advantage when the two are used
together in the microbes and methods of the present invention, irrespective of whether
they are or are not naturally co-expressed in a particular tissue or organism. Thus,
embodiments of the present invention contemplate both naturally co-expressed pairs of
these enzymes as well as those that share an affinity for interacting with one another to

facilitate cleavage of a length-specific carbon chain from the ACP.

[0216] In still other embodiments, an exogenous gene encoding a desaturase is
transformed into the Prototheca cell in conjunction with one or more genes encoding other
lipid biosynthesis genes to provide modifications with respect to lipid saturation. In other
embodiments, an endogenous desaturase gene is overexpressed (e.g., through the
introduction of additonal copies off the gene) in a Prototheca cell. In some embodiments,
the desaturase may be selected with reference to a desired carbon chain length, such that
the desaturase is capable of making location specific modifications within a specified
carbon-length substrate, or substrates having a carbon-length within a specified range. In
another embodiment, if the desired fatty acid profile is an increase in monounsaturates
(such as C16:1 and/or C18:1) overexpression of a SAD or expression of a heterologous
SAD may be coupled with the silencing or inactivation (e.g., through mutation, RNAI,
antisense, or knockout of an endogenous desaturase gene, etc.) of a fatty acyl desaturase

(FAD) or another desaturase gene.

[0217] In other embodiments, the Prototheca cell has been modified to have an
attenuated endogenous desaturase gene, wherein the attenuation renders the gene or
desaturase enzyme inactive. In some cases, the mutated endogenous desaturase gene is a

fatty acid desaturase (FAD). In other cases, the mutated endogenous desaturase gene is a
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stearoyl acyl carrier protein desaturase (SAD). Example 4 describes the targeted ablation
of stearoyl-ACP desaturases and delta 12 fatty acid desaturases. Example 4 also describes
the use of RNA antisense constructs to decrease the expression of an endogenous

desaturase gene. Example

[0218] In some cases, it may be advantageous to pair one or more of the genetic
engineering techniques in order to achieve a trangenic cell that produces the desired fatty
acid profile. In one embodiment, a Prototheca cell comprises an attenuated endogenous
thioestease gene and one or more exogenous gene. In non-limiting examples, a
Prototheca cell with an attenuated endogenous thioesterase gene can also express an
exogenous fatty acyl-ACP thioesterase gene and/or a sucrose invertase gene. Example 5
below describes a transgenic Prototheca cell containing a targeted ablation or knockout of
an endogenous thioesterase and also expresses a Cuphea wrightii FatB2 C10:0-C14:0

preferring thioesterase and a sucrose invertase.

[0219] In other embodiments, one allele of a Prototheca lipid biosyntheis gene has
been attenuated. In additional embodiments, two or more alleles of a Prototheca lipid
biosyntheis gene have been attenuated. In additional embodiments, one or more alleles of
different Prototheca lipid biosyntheis genes have been attenuated. Example 37 below
describes the targeted knockout of multiple alleles of stearoyl-ACP desaturase. Example
34 below describes the targeted knockout of multiple alleles of acyl-ACP thioesterase.
Example 8 below describes the targeted knockout of acyl-ACP thioesterase and fatty acid
desaturase. In some cases, the targeted knockout of different alleles of a gene may result in

different effects on fatty acid profiles.

SECTION V. MICROBIAL OILS

[0220]  For the production of oil in accordance with the methods of the invention, it is
preferable to culture cells in the dark, as is the case, for example, when using extremely
large (40,000 liter and higher) fermentors that do not allow light to strike the culture.
Prototheca species are grown and propagated for the production of oil in a medium
containing a fixed carbon source and in the absence of light; such growth is known as

heterotrophic growth.

[0221] As an example, an inoculum of lipid-producing microalgal cells are introduced
into the medium; there is a lag period (lag phase) before the cells begin to propagate.

Following the lag period, the propagation rate increases steadily and enters the log, or
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exponential, phase. The exponential phase is in turn followed by a slowing of propagation
due to decreases in nutrients such as nitrogen, increases in toxic substances, and quorum
sensing mechanisms. After this slowing, propagation stops, and the cells enter a stationary
phase or steady growth state, depending on the particular environment provided to the
cells. For obtaining lipid rich biomass, the culture is typically harvested well after then end
of the exponential phase, which may be terminated early by allowing nitrogen or another
key nutrient (other than carbon) to become depleted, forcing the cells to convert the carbon
sources, present in excess, to lipid. Culture condition parameters may be manipulated to
optimize total oil production, the combination of lipid species produced, and/or production

of a specific oil.

[0222] As discussed above, a bioreactor or fermentor is used to allow cells to undergo
the various phases of their growth cycle. As an example, an inoculum of lipid-producing
cells may be introduced into a medium followed by a lag period (lag phase) before the
cells begin growth. Following the lag period, the growth rate increases steadily and enters
the log, or exponential, phase. The exponential phase is in turn followed by a slowing of
growth due to decreases in nutrients and/or increases in toxic substances. After this
slowing, growth stops, and the cells enter a stationary phase or steady state, depending on
the particular environment provided to the cells. Lipid production by cells disclosed herein
can occur during the log phase or thereafter, including the stationary phase wherein
nutrients are supplied, or still available, to allow the continuation of lipid production in the

absence of cell division.

[0223] Preferably, microorganisms grown using conditions described herein and
known in the art comprise at least about 20% by weight of lipid, preferably at least about
40% by weight, more preferably at least about 50% by weight, and most preferably at least
about 60% by weight. Process conditions may be adjusted to increase the yield of lipids
suitable for a particular use and/or to reduce production cost. For example, in certain
embodiments, a microalgae is cultured in the presence of a limiting concentration of one
or more nutrients, such as, for example, nitrogen, phosphorous, or sulfur, while providing
an excess of fixed carbon energy such as glucose. Nitrogen limitation tends to increase
microbial lipid yield over microbial lipid yield in a culture in which nitrogen is provided in
excess. In particular embodiments, the increase in lipid yield is at least about: 10%, 50%,
100%, 200%, or 500%. The microbe may be cultured in the presence of a limiting amount
of a nutrient for a portion of the total culture period or for the entire period. In particular

embodiments, the nutrient concentration is cycled between a limiting concentration and a
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non-limiting concentration at least twice during the total culture period. Lipid content of
cells may be increased by continuing the culture for increased periods of time while

providing an excess of carbon, but limiting or no nitrogen.

[0224] In another embodiment, lipid yield is increased by culturing a lipid-producing
microbe (e.g., microalgae) in the presence of one or more cofactor(s) for a lipid pathway
enzyme (e.g., a fatty acid synthetic enzyme). Generally, the concentration of the
cofactor(s) is sufficient to increase microbial lipid (e.g., fatty acid) yield over microbial
lipid yield in the absence of the cofactor(s). In a particular embodiment, the cofactor(s) are
provided to the culture by including in the culture a microbe (e.g., microalgae) containing
an exogenous gene encoding the cofactor(s). Alternatively, cofactor(s) may be provided to
a culture by including a microbe (e.g., microalgae) containing an exogenous gene that
encodes a protein that participates in the synthesis of the cofactor. In certain embodiments,
suitable cofactors include any vitamin required by a lipid pathway enzyme, such as, for
example: biotin, pantothenate. Genes encoding cofactors suitable for use in the invention
or that participate in the synthesis of such cofactors are well known and may be introduced
into microbes (e.g., microalgae), using contructs and techniques such as those described

above.

[0225] The specific examples of bioreactors, culture conditions, and heterotrophic
growth and propagation methods described herein may be combined in any suitable

manner to improve efficiencies of microbial growth and lipid and/or protein production.

[0226] Microalgal biomass with a high percentage of oil/lipid accumulation by dry
weight has been generated using different methods of culture, which are known in the art
(see PCT Pub. No. 2008/151149). Microalgal biomass generated by the culture methods
described herein and useful in accordance with the present invention comprises at least 2%
microalgal oil by dry weight. In some embodiments, the microalgal biomass comprises at
least 10%, at least 25%, at least 50%, at least 55%, or at least 60% microalgal oil by dry
weight. In some embodiments, the microalgal biomass contains from 10-90% microalgal

oil, from 25-75%.

[0227] The microalgal oil of the biomass described herein, or extracted from the
biomass for use in the methods and compositions of the present invention can comprise
glycerolipids with one or more distinct fatty acid ester side chains. Glycerolipids are
comprised of a glycerol molecule esterified to one, two or three fatty acid molecules,

which may be of varying lengths and have varying degrees of saturation. The length and
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saturation characteristics of the fatty acid molecules (and the microalgal oils) may be
manipulated to modify the properties or proportions of the fatty acid molecules in the
microalgal oils of the present invention via culture conditions or via lipid pathway
engineering, as described in more detail in Section IV, below. Thus, specific blends of
algal oil may be prepared either within a single species of algae by mixing together the
biomass or algal oil from two or more species of microalgae, or by blending algal oil of
the invention with oils from other sources such as soy, rapeseed, canola, palm, palm
kernel, coconut, corn, waste vegetable, Chinese tallow, olive, sunflower, cottonseed,
chicken fat, beef tallow, porcine tallow, microalgae, macroalgae, microbes, Cuphea, flax,
peanut, choice white grease, lard, Camelina sativa, mustard seed, cashew nut, oats, lupine,
kenaf, calendula, help, coffee, linseed (flax), hazelnut, euphorbia, pumpkin seed,
coriander, camellia, sesame, safflower, rice, tung tree, cocoa, copra, pium poppy, castor
beans, pecan, jojoba, macadamia, Brazil nuts, avocado, petroleum, or a distillate fraction

of any of the preceding oils.

[0228] The oil composition, i.e., the properties and proportions of the fatty acid
constituents of the glycerolipids, can also be manipulated by combining biomass or oil
from at least two distinct species of microalgae. In some embodiments, at least two of the
distinct species of microalgae have different glycerolipid profiles. The distinct species of
microalgae may be cultured together or separately as described herein, preferably under
heterotrophic conditions, to generate the respective oils. Different species of microalgae
can contain different percentages of distinct fatty acid constituents in the cell’s

glycerolipids

[0229] Generally, Prototheca strains have very little or no fatty acids with the chain
length C8-C14. For example, Prototheca moriformis (UTEX 1435), Prototheca krugani
(UTEX 329), Prototheca stagnora (UTEX 1442) and Prototheca zopfii (UTEX 1438)
contains no (or undectable amounts) C8 fatty acids, between 0-0.01% C10 fatty acids,
between 0.03-2.1% C12 fatty acids and between 1.0-1.7% C14 fatty acids.

[0230] Microalgal oil can also include other constituents produced by the microalgae,
or incorporated into the microalgal oil from the culture medium. These other constituents
may be present in varying amount depending on the culture conditions used to culture the
microalgae, the species of microalgae, the extraction method used to recover microalgal
oil from the biomass and other factors that may affect microalgal oil composition. Non-

limiting examples of such constituents include carotenoids, present from 0.025-0.3 mcg/g,
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preferably from 0.05 to 0.244 micrograms/gram, of oil; chlorophyll A present from 0.025-
0.3 mcg/g, preferably from 0.045 to 0.268 micrograms/gram, of oil; total chlorophyll of
less than 0.03 mcg/g, preferably less than 0.025 micrograms/gram, of oil; gamma
tocopherol present from 35-175 mcg/g, preferably from 38.3-164 micrograms/gram, of oil;
total tocopherols present from 50-300 mcg/g, preferably from 60.8 to 261.7
microgram/gram, of oil; less than 0.5%, preferably less than 0.25%, brassicasterol,
campesterol, stigmasterol, or betasitosterol; total tocotrienols less than 300
micrograms/gram of oil; and total tocotrienols present from 225-350 meg/g, preferably

from 249.6 to 325.3 micrograms/gram, of oil.

[0231] Other constituents can include, without limitation, phospholipids, tocopherols,
tocotrienols, carotenoids (e.g., alpha-carotene, beta-carotene, lycopene, etc.), xanthophylls
(e.g., lutein, zeaxanthin, alpha-cryptoxanthin and beta-crytoxanthin), and various organic
or inorganic compounds. In some cases, the oil extracted from Prototheca species
comprises between 0.001 to 0.05, preferably from 0.003 to 0.039, microgram lutein/gram
of oil, less than 0.005, preferably less than 0.003, micrograms lycopene/gram of oil; and

less than 0.005, preferably less than 0.003, microgram beta carotene/gram of oil.

[0232] The stable carbon isotope value 613C is an expression of the ratio of 13C/12C
relative to a standard (e.g. PDB, carbonite of fossil skeleton of Belemnite americana from
Peedee formation of South Carolina). The stable carbon isotope value 313C (%/g0) of the
oils can be related to the 613C value of the feedstock used. In some embodiments the oils
are derived from oleaginous organisms heterotrophically grown on sugar derived from a
C4 plant such as corn or sugarcane. In some embodiments the 313C (°/g) of the oil is
from -10 to -17 %o or from -13 to -16 %/go.

[0233] In a second aspect, the present invention provides methods for obtaining
microbial oil comprising culturing a genetically engineered Prototheca cell of the
invention under conditions such that oil is produced. In various embodiments, the
microbial oil has a fatty acid profile selected from the group consisting of: 0.1% to 60%
C8:0, 0.1% to 60% C10:0, 0.1% to 60% C12:0, 0.1% to 95% C14:0, 1% to 95% C16:0,
0.1% to 95% C18:0, 0.1% to 95% C18:1, 0.1% to 60% C18:2, 0.1% to 60% C18:3 or
combinations thercof. In various embodiments, the ratio of C10:0 to C12:0 is at least 3:1.
In some cases, the ratio of C10:0 to C14:0 is at least 10:1. In some cases, the ratio of
C10:0 to C14:0 is at least 2:1. In some cases, the ratio of C12:0 to C14:0 is at least 2:1. In
some cases, the ratio of C12:0 to C14:0 is at least 3:1. In various embodiments, the

genetically engineered cell has a fatty acid profile of at least 40% saturated fatty acids, of
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at least 60% saturated fatty acids, or at least 85% saturated fatty acids. In various
embodiments, the genetically engineered cell has a fatty acid profile of at least 85%
unsaturated fatty acids, of at least 90% unsaturated fatty acids, of at least 95% unsaturated

fatty acids, or at least 97% unsaturated fatty acids.

[0234] In a third aspect, the present invention provides microbial oils and foods, fuels,

and chemicals containing said oil or a chemical derived therefrom.

SECTION VI NUCLEIC ACIDS

[0235] In a fifth aspect, the present invention provides recombinant nucleic acids
useful in methods for making genetically modified Prototheca and other cells.
Embodiments of the present invention provide polynucleotides that encode some portion

of a coding sequence of a Prototheca lipid biosynthesis gene.

[0236] In various embodiments, these nucleic acids include expression cassettes,
which consist of a coding sequence and control sequences that regulate expression of the
coding sequence, which may code for an mRNA that encodes a lipid biosynthesis enzyme

or for an RNAI that acts to suppress expression of a fatty acid biosynthesis gene.

[0237] In other embodiments, these nucleic acids are expression vectors that include
one or more expression cassettes and stably replicate in a Prototheca or other host cell,
either by integration into chromosomal DNA of the host cell or as freely replicating

plasmids.

[0238] In other embodiments, these nucleic acids comprise a portion of a Prototheca
lipid biosynthesis gene, which portion may be a portion of a coding sequence, an exon, or
a control element. Such nucleic acids are useful in the construction of expression cassettes
for Prototheca and non-Prototheca host cells, for integration of exogenous DNA into
Prototheca host cells, for regulating expression of exogenous genes expressed in
Prototheca and non-Prototheca host cells, and for construction of nucleic acids useful for
inactivating Prototheca lipid synthesis genes such as through homologous recombination

or antisense RNA mediated knockdown.

EXAMPLES
EXAMPLE 1: METHODS FOR CULTURING PROTOTHECA
[0239] Prototheca strains were cultivated to achieve a high percentage of oil by dry

cell weight. Cryopreserved cells were thawed at room temperature and 500 ul of cells were
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added to 4.5 ml of medium (4.2 g/L K,HPOy, 3.1 g/L NaH,POy4, 0.24 /1. MgS0O4-7H,0,
0.25 g/L Citric Acid monohydrate, 0.025 g/L CaCl, 2H,0, 2g/L yeast extract) plus 2%
glucose and grown for 7 days at 28°C with agitation (200 rpm) in a 6-well plate. Dry cell
weights were determined by centrifuging 1 ml of culture at 14,000 rpm for 5 min in a pre-
weighed Eppendorf tube. The culture supernatant was discarded and the resulting cell
pellet washed with 1 ml of deionized water. The culture was again centrifuged, the
supernatant discarded, and the cell pellets placed at -80°C until frozen. Samples were then
lyophilized for 24 hrs and dry cell weights calculated. For determination of total lipid in
cultures, 3 ml of culture was removed and subjected to analysis using an Ankom system
(Ankom Inc., Macedon, NY) according to the manufacturer’s protocol. Samples were
subjected to solvent extraction with an Amkom XT10 extractor according to the
manufacturer’s protocol. Total lipid was determined as the difference in mass between
acid hydrolyzed dried samples and solvent extracted, dried samples. Percent oil dry cell

weight measurements are shown in Table 3.

Table 3. Percent oil by dry cell weight

Species Strain % Qil
Prototheca stagnora UTEX 327 13.14
Prototheca moriformis UTEX 1441 18.02
Prototheca moriformis UTEX 1435 27.17

[0240] Microalgae samples from multiple strains from the genus Prototheca were
genotyped. Genomic DNA was isolated from algal biomass as follows. Cells
(approximately 200 mg) were centifuged from liquid cultures 5 minutes at 14,000 x g.
Cells were then resuspended in sterile distilled water, centrifuged 5 minutes at 14,000 x g
and the supernatant discarded. A single glass bead ~2mm in diameter was added to the
biomass and tubes were placed at -80°C for at least 15 minutes. Samples were removed
and 150 pl of grinding buffer (1% Sarkosyl, 0.25 M Sucrose, 50 mM NaCl, 20 mM
EDTA, 100 mM Tris-HCI, pH 8.0, RNase A 0.5 ug/ul) was added. Pellets were
resuspended by vortexing briefly, followed by the addition of 40 ul of 5M NaCl. Samples
were vortexed briefly, followed by the addition of 66 pl of 5% CTAB (Cetyl
trimethylammonium bromide) and a final brief vortex. Samples were next incubated at
65°C for 10 minutes after which they were centrifuged at 14,000 x g for 10 minutes. The
supernatant was transferred to a fresh tube and extracted once with 300 pl of
Phenol:Chloroform:Isoamyl alcohol 12:12:1, followed by centrifugation for 5 minutes at

14,000 x g. The resulting aqueous phase was transferred to a fresh tube containing 0.7 vol
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of isopropanol (~190 pl), mixed by inversion and incubated at room temperature for 30
minutes or overnight at 4°C. DNA was recovered via centrifugation at 14,000 x g for 10
minutes. The resulting pellet was then washed twice with 70% ethanol, followed by a final
wash with 100% ethanol. Pellets were air dried for 20-30 minutes at room temperature
followed by resuspension in 50 pl of 10mM TrisCl, ImM EDTA (pH 8.0).

[0241] Five pl of total algal DNA, prepared as described above, was diluted 1:50 in 10
mM Tris, pH 8.0. PCR reactions, final volume 20 pl, were set up as follows. Ten pl of 2 x
iProof HF master mix (BIO-RAD) was added to 0.4 ul primer SZ02613 (5°-
TGTTGAAGAATGAGCCGGCGAC-3’) at 10mM stock concentration. This primer
sequence runs from position 567-588 in GenBank accession no. L43357 and is highly
conserved in higher plants and algal plastid genomes. This was followed by the addition of
0.4 ul primer SZ02615 (5’-CAGTGAGCTATTACGCACTC-3") at 10 mM stock
concentration. This primer sequence is complementary to position 1112-1093 in GenBank
accession no. L43357 and is highly conserved in higher plants and algal plastid genomes.
Next, 5 ul of diluted total DNA and 3.2 pul dH,O were added. PCR reactions were run as
follows: 98°C, 45°7; 98°C, 8’’; 53°C, 12°; 72°C, 20"’ for 35 cycles followed by 72°C for
1 min and holding at 25°C. For purification of PCR products, 20 pl of 10 mM Tris, pH
8.0, was added to each reaction, followed by extraction with 40 pl of
Phenol:Chloroform:isoamyl alcohol 12:12:1, vortexing and centrifuging at 14,000 x g for
5 minutes. PCR reactions were applied to S-400 columns (GE Healthcare) and centrifuged
for 2 minutes at 3,000 x g. Purified PCR products were subsequently TOPO cloned into
PCR8/GW/TOPO and positive clones selected for on LB/Spec plates. Purified plasmid
DNA was sequenced in both directions using M 13 forward and reverse primers. In total,
twelve Prototheca strains were selected to have their 23S rRNA DNA sequenced and the
sequences are listed in the Sequence Listing. A summary of the strains and Sequence
Listing Numbers is included below. The sequences were analyzed for overall divergence
from the UTEX 1435 (SEQ ID NO: 5) sequence. Two pairs emerged (UTEX 329/UTEX
1533 and UTEX 329/UTEX 1440) as the most divergent. In both cases, pairwise
alignment resulted in 75.0% pairwise sequence identity. The percent sequence identity to

UTEX 1435 is also included below:

Species Strain % nt identity SEQ ID NO.

Prototheca kruegani UTEX 329 75.2 SEQ ID NO: 1
Prototheca wickerhamii UTEX 1440 99 SEQ ID NO: 2
Prototheca stagnora UTEX 1442 75.7 SEQ ID NO: 3
Prototheca moriformis UTEX 288 75.4 SEQ ID NO: 4
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Prototheca moriformis

Prototheca wikerhamii
Prototheca moriformis
Prototheca zopfii

Prototheca moriformis

[0242]

UTEX 1439; 1441;
1435; 1437

UTEX 1533
UTEX 1434
UTEX 1438
UTEX 1436

100

99.8
75.9
75.7
88.9

acid profile using HPLC. Results are shown below in Table 4.

Table 4. Diversity of fatty acid chains in Prototheca species

PCT/US2012/066893

SEQ ID NO: 5

SEQ ID NO: 6
SEQ ID NO: 7
SEQ ID NO: 8
SEQ ID NO: 9

Lipid samples from a subset of the above-listed strains were analyzed for fatty

Strain C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1
UTEX 0 12.01 0 0 50.33 17.14 0 0 0
327
UTEX 1.41 29.44 0.70 3.05 57.72 12.37 0.97 033 0
1441
UTEX 1.09 25.77 0 2.75 54.01 11.90 2.44 0 0
1435

[0243] Oil extracted from Prototheca moriformis UTEX 1435 (via solvent extraction

or using an expeller press) was analyzed for carotenoids, chlorophyll, tocopherols, other

sterols and tocotrienols. The results are summarized below in Table 5.

Table 5. Carotenoid, chlorophyll, tocopherol/sterols and tocotrienol analysis in oil

extracted from Prototheca moriformis (UTEX 1435).

Pressed oil

Solvent extracted

(mcg/ml) oil (mcg/ml)
cis-Lutein 0.041 0.042
trans-Lutein 0.140 0.112
trans-Zeaxanthin 0.045 0.039
cis-Zeaxanthin 0.007 0.013
t-alpha-Crytoxanthin 0.007 0.010
t-beta-Crytoxanthin 0.009 0.010
t-alpha-Carotene 0.003 0.001
c-alpha-Carotene none detected none detected
t-beta-Carotene 0.010 0.009
9-cis-beta-Carotene 0.004 0.002
Lycopene none detected none detected
Total Carotenoids 0.267 0.238
Chlorophyll <0.01 mg/kg <0.01 mg/kg

Tocopherols and Sterols

Pressed oil

Solvent extracted

(mg/100g) oil (mg/100g)
gamma Tocopherol 0.49 0.49
Campesterol 6.09 6.05
Stigmasterol 47.6 47.8
Beta-sitosterol 11.6 11.5
Other sterols 445 446

Tocotrienols
Pressed oil Solvent extracted
(mg/g) oil (mg/g)

alpha Tocotrienol 0.26 0.26
beta Tocotrienol <0.01 <0.01
gamma Tocotrienol 0.10 0.10
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detal Tocotrienol <0.01 <0.01

Total Tocotrienols 0.36 0.36

[0244] Oil extracted from Prototheca moriformis, from four separate lots, was refined
and bleached using standard vegetable oil processing methods. Briefly, crude oil extracted
from Prototheca moriformis was clarified in a horizontal decanter, where the solids were
separated from the oil. The clarified oil was then transferred to a tank with citric acid and
water and left to settle for approximately 24 hours. After 24 hours, the mixture in the tank
formed 2 separate layers. The bottom layer was composed of water and gums that were
then removed by decantation prior to transferring the degummed oil into a bleaching tank.
The oil was then heated along with another dose of citric acid. Bleaching clay was then
added to the bleaching tank and the mixture was further heated under vacuum in order to
evaporate off any water that was present. The mixture was then pumped through a leaf
filter in order to remove the bleaching clay. The filtered oil was then passed through a
final S5um polishing filter and then collected for storage until use. The refined and
bleached (RB) oil was then analyzed for carotenoids, chlorophyll, sterols, tocotrienols and
tocopherols. The results of these analyses are summarized in Table 6 below. “Nd” denotes
none detected and the sensitivity of detection is listed below:

Sensitivity of Detection

Carotenoids (mcg/g) nd = <0.003 mcg/g
Chlorophyll (mcg/g) nd = <0.03 mcg/g
Sterols (%) nd = 0.25%

Tocopherols (mcg/g); nd = 3 mcg/g

Table 6. Carotenoid, chlorophyll, sterols, tocotrienols and tocopherol analysis from

refined and bleached Prototheca moriformis oil.

| Lot A | Lot B | Lot C | Lot D
Carotenoids (mcg/g)
Lutein 0.025 0.003 nd 0.039
Zeaxanthin nd nd nd nd
cis-Lutein/Zeaxanthin nd nd nd nd
trans-alpha-Cryptoxanthin nd nd nd nd
trans-beta-Cryptoxanthin nd nd nd nd
trans-alpha-Carotene nd nd nd nd
cis-alpha-Carotene nd nd nd nd
trans-beta-Carotene nd nd nd nd
cis-beta-Carotene nd nd nd nd
Lycopene nd nd nd nd
Unidentified 0.219 0.066 0.050 0.026
Total Carotenoids 0.244 0.069 0.050 0.065
Chlorophyll (mcg/g)
Chlorophyll A 0.268 0.136 0.045 0.166
Chlorophyll B nd nd nd nd
Total Chlorophyll 0.268 0.136 0.045 0.166
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Sterols (%)
Brassicasterol nd nd nd nd
Campesterol nd nd nd nd
Stigmasterol nd nd nd nd
beta-Sitosterol nd nd nd nd
Total Sterols nd nd nd nd
Tocopherols (mcg/g)
alpha-Tocopherol 23.9 22.8 12.5 8.2
beta-Tocopherol 3.72 nd nd nd
gamma-Tocopherol 164 85.3 43.1 383
delta-Tocopherol 70.1 31.1 18.1 14.3
Total Tocopherols 262 139.2 73.7 60.8
Tocotrienols (mcg/g)
alpha-Tocotrienol 190 225 253 239
beta-Tocotrienol nd nd nd nd
gamma-Tocotrienol 473 60.4 54.8 60.9
delta-Tocotrienol 12.3 16.1 17.5 15.2
Total Tocotrienols 250 302 325 315

[0245] The same four lots of Prototheca moriformis oil was also analyzed for trace
clements and the results are summarized below in Table 7.

Table 7. Elemental analysis of refined and bleached Prototheca moriformis oil.

| Lot A | Lot B | Lot C | Lot D
Elemental Analysis (ppm)
Calcium 0.08 0.07 < 0.04 0.07
Phosphorous <0.2 0.38 <0.2 0.33
Sodium <0.5 0.55 <0.5 <0.5
Potassium 1.02 1.68 <0.5 0.94
Magnesium <0.04 <0.04 <0.04 0.07
Manganese <0.05 < 0.05 < 0.05 < 0.05
Iron <0.02 <0.02 <0.02 <0.02
Zinc <0.02 <0.02 <0.02 <0.02
Copper <0.05 <0.05 <0.05 <0.05
Sulfur 2.55 4.45 2.36 4.55
Lead <0.2 <0.2 <0.2 <0.2
Silicon 0.37 041 0.26 0.26
Nickel <0.2 <0.2 <0.2 <0.2
Organic chloride <1.0 <1.0 <1.0 2.2
Inorganic chloride <1.0 <1.0 <1.0 <1.0
Nitrogen 4.4 7.8 4.2 6.9
Lithium <0.02 <0.02 <0.02 <0.02
Boron 0.07 0.36 0.09 0.38
Aluminum -- <0.2 <0.2 <0.2
Vanadium <0.05 < 0.05 <0.05 <0.05
Lovibond Color (°L)
Red 5.0 43 3.2 5.0
Yellow 70.0 70.0 50.0 70.0
Mono & Diglycerides by HPLC (%)

Diglycerides 1.68 2.23 1.25 1.61
Monoglycerides 0.03 0.04 0.02 0.03
Free fatty acids (FFA) 1.02 1.72 0.86 0.83
Soaps 0 0 0

Oxidized and Polymerized Triglycerides
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Oxidized Triglycerides 341 2.41 411 1.00
(%)
Polymerized 1.19 0.45 0.66 0.31
Triglycerides (%)
Peroxide Value 0.75 0.80 0.60 1.20
(meg/kg)
p-Anisidine value 5.03 9.03 5.44 20.1
(dimensionless)

Water and Other Impurities (%)
Karl Fisher Moisture 0.8 0.12 0.07 0.18
Total polar 5.02 6.28 4.54 5.23
compounds
Unsaponificable 0.92 1.07 0.72 1.04
matter
Insoluble impurities <0.01 <0.01 0.01 <0.01

Total oil (%)

Neutral oil | 98.8 | 98.2 | 99.0 | 98.9

EXAMPLE 2: GENERAL METHODS FOR BIOLISTIC TRANSFORMATION OF
PROTOTHECA

[0246] Seashell Gold Microcarriers (550 nanometers) were prepared according to the
protocol from manufacturer. Plasmid (20 pg) was mixed with 50 ul of binding buffer and
60 ul (30 mg) of S550d gold carriers and incubated in ice for 1 min. Precipitation buffer
(100 ul) was added, and the mixture was incubated in ice for another 1 min. After
vortexing, DNA-coated particles were pelleted by spinning at 10,000 rpm in an Eppendorf
5415C microfuge for 10 seconds. The gold pellet was washed once with 500 ul of cold
100% ethanol, pelleted by brief spinning in the microfuge, and resuspended with 50 pl of
ice-cold ethanol. After a brief (1-2 sec) sonication, 10 ul of DNA-coated particles were
immediately transferred to the carrier membrane.

[0247] Prototheca strains were grown in proteose medium (2g/L yeast extract,
2.94mM NaNO3, 0.17mM CaCl2+2H20, 0.3mM MgS04+7H20, 0.4mM K2HPOA4,
1.28mM KH2PO4, 0.43mM NaCl) with 2% glucose on a gyratory shaker until it reaches a
cell density of 2x10°ells/ml. The cells were harvested, washed once with sterile distilled
water, and resuspended in 50 ul of medium. 1 x 107 cells were spread in the center third of
a non-selective proteose media plate. The cells were bombarded with the PDS-1000/He
Biolistic Particle Delivery system (Bio-Rad). Rupture disks (1350 psi) were used, and the
plates are placed 6 cm below the screen/macrocarrier assembly. The cells were allowed to
recover at 25°C for 12-24 h. Upon recovery, the cells were scraped from the plates with a
rubber spatula, mixed with 100 pl of medium and spread on plates containing the
appropriate antibiotic selection. After 7-10 days of incubation at 25°C, colonies

representing transformed cells were visible on the plates. Colonies were picked and

75



10

15

20

25

30

WO 2013/082186 PCT/US2012/066893

spotted on selective (either antibiotic or carbon source) agar plates for a second round of

selection.

EXAMPLE 3: FATTY ACID ANALYSIS BY FATTY ACID METHYL ESTER
DETECTION

[0248] Lipid samples were prepared from dried biomass. 20-40 mg of dried biomass
was resuspended in 2 mL of 5% H,SO4 in MeOH, and 200 ul of toluene containing an
appropriate amount of a suitable internal standard (C19:0) was added. The mixture was
sonicated briefly to disperse the biomass, then heated at 70 -75°C for 3.5 hours. 2 mL of
heptane was added to extract the fatty acid methyl esters, followed by addition of 2 mL of
6% K,COs (aq) to neutralize the acid. The mixture was agitated vigorously, and a portion
of the upper layer was transferred to a vial containing Na,SO, (anhydrous) for gas

chromatography analysis using standard FAME

EXAMPLE 4: ALTERING THE LEVELS OF SATURATED FATTY ACIDS IN
THE MICROALGAE PROTOTHECA MORIFORMIS

A. DECREASING STEAROYL ACP DESATURASE AND DELTA 12 FATTY
ACID DESATURASE EXPRESSION BY A GENE KNOCKOUT APPROACH

[0249] As part of a genomics screen using a bioinformatics based approach based on
cDNAs, Illumina transcriptome and Roche 454 sequencing of genomic DNA from
Prototheca moriformis (UTEX 1435), two specific groups of genes involved in fatty acid
desaturation were identified: stearoyl ACP desaturases (SAD) and delta 12 fatty acid
desaturases (A12 FAD). Stearoyl ACP desaturase enzymes are part of the lipid synthesis
pathway and they function to introduce double bonds into the fatty acyl chains, for
example, the synthesis of C18:1 fatty acids from C18:0 fatty acids. Delta 12 fatty acid
desaturases are also part of the lipid synthesis pathway and they function to introduce
double bonds into already unsaturated fatty acids, for example, the synthesis of C18:2 fatty
acids from C18:1 fatty acids. The genes encoding stearoyl ACP desaturases fell into two
distinct families. Based on these results, three gene disruption constructs were designed to
potentially disrupt multiple gene family members by targeting more highly conserved
coding regions within each family of desaturase enzymes.

[0250] Three homologous recombination targeting constructs were designed using: (1)
highly conserved portions of the coding sequence of delta 12 fatty acid desaturase

(d12FAD) or FAD2 family members and (2) two constructs targeting each of the two
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distinct families of SAD (SAD1 and SAD?2), each with conserved regions of the coding
sequences from each family. This strategy would embed a selectable marker gene into
these highly conserved coding regions (targeting multiple family members) rather than a
classic gene replacement strategy where the homologous recombination would target
flanking regions of the targeted gene.

[0251] All constructs were introduced into the cells by biolistic transformation using
the methods described above and constructs were linearized before being shot into the
cells. Transformants were selected on sucrose containing plates/media and changes in
lipid profile were assayed using the above-described method. Relevant sequences from
cach of the three targeting constructs are listed below.

Description SEQ ID NO:

5’ sequence from coding region of d12FAD targeting construct ~ SEQ ID NO: 18
3’ sequence from coding region of d12FAD targeting construct ~ SEQ ID NO: 19

d12FAD targeting construct cDNA sequence SEQ ID NO: 20
5’ sequence from coding region of SAD2A SEQ ID NO: 21
3’ sequence from coding region of SAD2A SEQ ID NO: 22
SAD2A targeting construct cDNA sequence SEQ ID NO: 23
5’ sequence from coding region os SAD2B SEQ ID NO: 24
3’ sequence from coding region of SAD2B SEQ ID NO: 25
SAD?2B targeting construct cDNA sequence SEQ ID NO: 26

[0252] Representative positive clones from transformations with each of the
constructs were picked and the fatty acid profiles for these clones were determined.
Lipid samples were prepared from dried biomass from each transformant and fatty acid
profiles from these samples were analyzed using standard fatty acid methyl ester gas
chromatography flame ionization (FAME GC/FID) detection methods as described in
Example 3. The fatty acid profiles (expressed as Area % of total fatty acids) from the
transgenic lines arising from transformation are shown in Table 8.

Table 8. Fatty acid profiles of desaturase knockouts.

Fatty Acid d12FAD KO SAD2A KO SAD2B KO | wt UTEX 1435

C8:0 0 0 0 0

C10:0 0.01 0.01 0.01 0.01
C12:0 0.03 0.03 0.03 0.03
C14:0 1.08 0.985 0.795 1.46
C16:0 24.42 25.335 23.66 29.87
C18:0 6.85 12.89 19.555 3.345
C18:1 58.35 47.865 43.115 54.09
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C18:2 7.33 10.27 9.83 9.1
C18:3 alpha 0.83 0.86 1 0.89
C20:0 0.48 0.86 1.175 0.325

[0253] Each construct had a measurable impact on the desired class of fatty acid and

in all three cases C18:0 levels increased markedly, particularly with the two SAD
knockouts. Further comparison of multiple clones from the SAD knockouts indicated that
the SAD2B knockout lines had significantly greater reductions in C18:1 fatty acids than
the C18:1 fatty acid levels observed with the SAD2A knockout lines.

[0254] Additional A12 FAD knockouts were generated in a Prototheca moriformis
background using the methods described above. In order to identify potential homologous
of A12FADs, the following primers were used in order to amplify a genomic region
encoding a putative FAD:

Primer 1 5’-TCACTTCATGCCGGCGGTCC-3’
Primer 2 5’- GCGCTCCTGCTTGGCTCGAA-3’

SEQ ID NO: 27

SEQ ID NO: 28

The sequences resulting from the genomic amplification of Prototheca moriformis
genomic DNA using the above primers were highly similar, but indicated that multiple
genes or alleles of A12FADs exist in Prototheca.

[0255] Based on this result, two gene disruption constructs were designed that sought to
inactivate one or more A12FAD genes. The strategy would embed a sucrose invertase
(suc2 from S. cerevisiae) cassette (SEQ ID NO: 29), thus conferring the ability to
hydrolyze sucrose as a selectable marker, into highly conserved coding regions rather than
use a classic gene replacement strategy. The first construct, termed pSZ1124, contained 5’
and 3’ genomic targeting sequences flanking a C. reinhardtii B-tubulin promoter (SEQ ID
NO: 30) driving the expression of the S. cerevisiae suc2 gene (SEQ ID NO: 31) and a
Chlorella vulgaris nitrate reductase 3°’UTR (SEQ ID NO: 32). The second construct,
termed pSZ1125, contained 5 and 3’ genomic targeting sequences flanking a C.
reinhardtii B-tubulin promoter driving the expression of the S. cerevisiae suc2 gene and a
Chlorella vulgaris nitrate reductase 3’UTR. The relevant sequences of the constructs are

listed in the Sequence Listing:

S. cerevisiae suc?2 cassette SEQ ID NO: 29
pSZ1124 (FAD2B) 5’ genomic targeting sequence SEQ ID NO: 33
pSZ1124 (FAD2B) 3’ genomic targeting sequence SEQ ID NO: 34
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pSZ1125 (FAD2C) 5’ genomic targeting sequence SEQ ID NO: 35
pSZ1125 (FAD2C) 3’ genomic targeting sequence SEQ ID NO: 36

[0256] pSZ1124 and pSZ1125 were each introduced into a Prototheca moriformis
background. Positive clones were selected based on the ability to hydrolyze sucrose.
Table 9 summarizes the fatty acid profiles (in Area %, generated using methods described
above) obtained in two transgenic lines in which pSZ1124 and pSZ1125 targeting vectors
were utilized.

Table 9. Fatty acid profiles of A12 FAD knockouts

C10:0 C12:0 C14:0 C16:0 Clé6:1 C18:0 C18:1 C18:2 C18:3a
parent 0.01 0.03 1.15 26.13 1.32 4.39 57.20 8.13 0.61
FAD2B 0.02 0.03 0.80 12.84 1.92 0.86 74.74 7.08 0.33
FAD2C 0.02 0.04 1.42 25.85 1.65 2.44 66.11 1.39 0.22

[0257] The transgenic containing the FAD2B (pSZ1124) construct gave a very
interesting and unexpected result in fatty acid profile, in that the C18:2 levels, which
would be expected to decrease, only decreased by about one area %. However, the C18:1
fatty acid levels increased significantly, almost exclusively at the expense of the C16:0
levels, which decreased significantly. The transgenic containing the FAD2C (pSZ1125)
construct also gave a change in lipid profile: the levels of C18:2 are reduced significantly

along with a corresponding increase in C18:1 levels.

B. RNA HAIRPIN APPROACH TO DOWN-REGULATION OF DELTA 12
DESATURASE (FADC) IN PROTOTHECA CELLS

[0258]  Vectors constructed to down-regulate FADc (delta 12 desaturase gene) gene
expression by long hairpin RNAs were introduced into a Prototheca moriformis UTEX
1435 genetic background. The Saccharomyces cerevisiae suc2 sucrose invertase gene was
utilized as a selectable marker, conferring the ability to grow on sucrose as a sole-carbon
source to positive clones, and two types of constructs were used. The first type of
construct utilized a portion of the first exon of the FADc coding region linked in cis to its
first intron followed by a repeat unit of the first exon in reverse orientation. This type of
construct was designed to form a hairpin when expressed as mRNA. Two constructs of
this first type were created, one driven by the Prototheca moriformis Amt03 promoter
(SEQ ID NO:37), termed pSZ1468, and a second driven by the Chlamydomomas
reinhardtii B-tubulin promoter (SEQ ID NO:30), termed pSZ1469. The second type of
construct utilized the large FADc exon 2 in the antisense orientation driven by either the

Prototheca moriformis Amt03 promoter (SEQ ID NO:37), termed pSZ1470, or driven by
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the Chlamydomomas reinhardtii B-tubulin promoter (SEQ ID NO:30), termed pSZ1471.
All four constructs had a S. cerevisiae suc2 sucrose invertase cassette (SEQ ID NO:29)
and a 5’ (SEQ ID NO:38) and 3’ (SEQ ID NO:39) homologous recombination targeting
sequences (flanking the construct) to the 6S genomic region for integration into the
nuclear genome. Sequences of the FADc portions of each long hairpin RNA construct

along with the relevant portions of each construct are listed in the Sequence Listing as:

Description SEQ ID NO:

pSZ1468 FADc RNA hairpin cassette SEQ ID NO:40
Relevant portions of the pSZ 1468 construct SEQ ID NO:41
pSZ1469 FADc RNA hairpin cassette SEQ ID NO:42
Relevant portions of the pSZ1469 construct SEQ ID NO:43
pSZ1470 FADc exon 2 RNA hairpin cassette SEQ ID NO:44
Relevant portions of the pSZ1470 construct SEQ ID NO:45
pSZ1471 FADc exon 2 RNA hairpin cassette SEQ ID NO:46
Relevant portions of the pSZ1471 construct SEQ ID NO:47

[0259] Each of the four constructs was transformed into a Prototheca moriformis
(UTEX 1435) background and positive clones were screened using plates with sucrose as
the sole carbon source. Positive clones were picked from each transformation and a subset
were selected to determine the impact of the hairpin and antisense cassettes contained in
pSZ1468, pSZ1469, pSZ1470 and pSZ1471 on fatty acid profiles. The selected clones
from each transformation were grown under lipid producing conditions and the fatty acid
profiles were determined using direct transesterification methods as described above.
Representative fatty acid profiles from each of the transformations are summarized below
in Table 10. Wildtype 1 and 2 cells were untransformed Prototheca moriformis (UTEX

1435) cells that were run with each of the transformants as a negative control.

Table 10. Fatty acid profiles of Prototheca moriformis cells containing long hairpin
RNA constructs to down-regulate the expression of delta 12 desaturase gene (FADc).

Strain C10:0 C12:0 C14:0 C16:0 C18:0 C18:1 C18:2

wildtype 1 0.01 0.03 1.20 27.08 4.01 57.58 7.81

PSZ1468 0.01 0.04 1.33 25.95 3.68 65.60 1.25
clone A

PSZ1468 0.01 0.03 1.18 23.43 2.84 65.32 491
clone B

PSZ1468 0.01 0.04 1.34 23.18 4.27 63.65 5.17
clone C

PSZ1468 0.01 0.03 1.24 23.00 3.85 61.92 7.62
clone D
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pSZ1470 0.01 0.03 1.23 24.79 433 58.43 8.92
clone A

pSZ1470 0.01 0.03 1.26 2491 4.14 57.59 9.64
clone B

pSZ1470 0.01 0.03 1.21 23.35 4.75 58.52 9.70
clone C

wildtype 2 0.01 0.03 0.98 24.65 3.68 62.48 6.26

PSZ1469 0.01 0.03 1.05 21.74 2.71 71.33 1.22
clone A

PSZ1469 0.01 0.03 1.01 22.60 2.98 70.19 1.27
clone B

PSZ1469 0.01 0.03 1.03 19.82 2.38 72.95 1.82
clone C

PSZ1469 0.01 0.03 1.03 20.54 2.66 70.96 2.71
clone D

pSZ1471 0.01 0.03 1.03 18.42 2.63 66.94 8.55
clone A

pSZ1471 0.01 0.03 0.94 18.61 2.58 67.13 8.66
clone B
pSZ1471 0.01 0.03 1.00 18.31 2.46 67.41 8.71
clone C
pSZ1471 0.01 0.03 0.93 18.82 2.54 66.84 8.77
clone D

[0260] The above results show that the hairpin constructs pSZ1468 and pSZ1469
showed expected phenotypes: a reduction in C18:2 fatty acid levels and an increase in
C18:1 fatty acid levels as compared to wildtypel and wildtype 2, respectively. The
antisense constructs, pSZ1470 and pSZ1471 did not result in a decrease in C18:2 fatty acid
levels but instead showed a slight increase when compared to wildtype 1 and wildtype 2,

respectively and a slight decrease in C16:0 fatty acid levels.

EXAMPLE 5: ENGINEERED MICROALGAE WITH ALTERED FATTY ACID
PROFILES

[0261] As described above, integration of heterologous genes to attenuate specific
endogenous lipid pathway genes, through knockout or knockdown, in Prototheca species
can alter fatty acid profiles. Plasmid constructs (listed in Table 11) were created to assess
whether the fatty acid profile of a host cell may be affected as a result of a knockout an
endogenous fatty acyl-ACP thioesterase gene, FATAL.

[0262] A classically mutagenized derivative of Protheca moriformis UTEX 1435,

Strain J, was transformed with one of the following plasmid constructs in Table 11 using
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the methods of Example 2. Each construct contained a region for integration into the
nuclear genome to interrupt the endogenous FATA1 gene and a S. cerevisiae suc2 sucrose
invertase coding region under the control of C. reinhardtii B-tubulin promoter/5’UTR
(SEQ ID NO: 30) and Chlorella vulgaris nitrate reductase 3 UTR (SEQ ID NO: 32). This
S. cerevisiae suc2 expression cassette is listed as SEQ ID NO: 29 and served as a selection
marker. All protein coding regions were codon optimized to reflect the codon bias inherent
in Prototheca moriformis UTEX 1435 (see Table 2) nuclear genes. Relevant sequences for

the targeting regions for the FATA1 gene used for nuclear genome integration are shown

below.

Description SEQ ID NO:

57 sequence for integration into FATA1 locus SEQ ID NO: 48
3’ sequence for integration into FATA1 locus SEQ ID NO: 49

Table 11. Plasmid constructs used to transform Protheca moriformis (UTEX 1435)
STRAIN J.

Plasmid Relevant Sequence Elements SEQ ID NO:

Construct

pSZ1883 FATA1-CrbTub_yInv nr-FATAI1 SEQ ID NO: 50
FATA1-CrbTub_yInv_nr::amt03 CwTE2 nr-

pSZ1925 FATAI1 SEQ ID NO: 51

[0263] To introduce the Cuphea wrightii ACP-thioesterase 2 (CwFatB2) gene
(Accession No: U56104) into STRAIN J at the FATA1-1 locus, a construct was generated
to express the protein coding region of the CwFatB2 gene under the control of the
Prototheca moriformis Amt03 promoter/5’UTR (SEQ ID NO: 37) and C. vulgaris nitrate
reductase 3’UTR (SEQ ID NO: 32). Relevant portions of this construct are provided in the
Sequcence Listing as SEQ ID NO: 51. The codon-optimized cDNA sequences and amino
acid sequences of the Cuphea wrightii FatB2 thioesterase are listed in the Sequence
Listing as SEQ ID NO: 52 and SEQ ID NO: 53, respectively.

[0264] Upon transformation of FATA1-CrbTub_yInv_nr-FATAT1 into STRAIN J,
primary transformants were clonally purified and grown under standard lipid production
conditions at pH 5.0 similar to the conditions as disclosed in Example 1. Lipid samples

were prepared from dried biomass from each transformant and fatty acid profiles from
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these samples were analyzed using standard fatty acid methyl ester gas chromatography
flame ionization (FAME GC/FID) detection methods as described in Example 3. The fatty
acid profiles (expressed as Area % of total fatty acids) from the transgenic lines arising
from transformation with pSZ1883 into Strain J are shown in Table 12.

Table 12. Fatty acid profiles of Prototheca moriformis cells containing a selectable

marker to disrupt an endogenous FATALI allele.

Transformation | % C14:0 | % C16:0 | % C18:0 | % C18:1 | % C18:2
Wildtype 1.23 25.68 2.83 60.54 7.52
Transformant 1 | 0.86 16.95 1.75 68.44 9.78
Transformant 2 | 0.85 17.33 1.71 68.57 931
Transformant 3 | 0.82 17.40 1.78 68.55 922
Transformant 4 | 0.84 17.43 1.78 68.25 9.53
Transformant 5 | 0.75 17.64 2.02 69.02 8.61

[0265] These results show that ablation of the host’s endogenous FATA1-1 allele
alters the fatty acid profile of the engineered microalgae. The impact of targeting a
selectable marker to the endogenous FATAL allele is a clear diminution of C16:0 fatty
acid production with an increase in C18:1 fatty acid production.

[0266] Upon transformation of FATA1-CrbTub_yInv_nr::amt03 CwTE2 nr-FATAI
into STRAIN J, primary transformants were clonally purified and grown under standard
lipid production conditions at pH 7.0 with different carbon sources provided to a total
concentration of 40 g/L.. The sucrose concentration was 40 g/L.. Where only glucose was
used as the carbon source, glucose was provided at 40 g/L.. Where glucose and fructose
was used as the carbon source, gluces was provided at 20 g/L and fructose was provided at
20 g/L.. Lipid samples were prepared from dried biomass from each transformant and fatty
acid profiles from these samples were analyzed using standard fatty acid methyl ester gas
chromatography flame ionization (FAME GC/FID) detection methods as described in
Example 3. The fatty acid profiles (expressed as Area % of total fatty acids) from the
transgenic line arising from transformation with pSZ1925into Strain J are shown in Table
13.

The resulting fatty acid profiles are listed in Table 13.

Table 13. Fatty acid profiles of Prototheca moriformis cells containing a selectable

marker and an exogenous thioesterase to disrupt an endogenous FATAL1 allele.
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Transformant | Carbon % C10:0 | % % % % % %
source C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2
Strain J | Wildtype Glucose 0.01 0.04 1.38 | 28.83 [ 3.00 | 56.05 | 8.21
Wildtype Glucose 0.01 0.04 1.50 | 29.38 [ 3.00 | 55.29 | 8.23
Wildtype Glucose/ 0.01 0.05 148 | 2858 [ 3.20 |57.14 | 7.27
Fructose
Wildtype Glucose/ 0.01 0.04 1.54 |29.05 | 3.23 56.47 | 7.32
Fructose
>7 1 Glucose/ 4.29 19.98 1 9.17 |20.68 | 3.47 |34.38 | 6.37
copies Fructose
2 Glucose/ 3.11 16.17 | 9.91 1597 | 1.57 | 45.72 | 5.81
Fructose
3 Sucrose 4.84 2422 | 11.56 | 19.48 | 2.67 | 29.56 | 6.02
Sucrose 3.24 16.67 | 10.39 | 16.34 | 1.43 | 44.41 | 6.00
1-2 1 Glucose/ 0.18 1.64 1.85 1443 |1 2.12 | 70.30 | 7.63
copies Fructose
2 Glucose/ 0.18 1.56 1.74 13.56 | 2.25 | 71.04 | 7.72
Fructose
3 Sucrose 0.19 1.69 1.89 13.79 | 3.15 | 69.97 | 7.68
4 Sucrose 0.15 1.26 1.49 13.44 | 2.73 71.46 | 7.77

[0267] Concordant with targeting a selectable marker alone to the host’s FATA1-
lallele, integration of a selectable marker concomitant with an exogenous thioesterase
alters the fatty acid profile of the engineered microalgae. As above, targeting an
exogenous gene to the FATAT-1 allele results in a clear diminution of C16:0 fatty acid
production. The additional expression of the CwTE2 thioesterase at the FATA1-1 locus
also impacts mid chain fatty acids and C18:1 fatty acid production to an extent that is
dependent upon the level of exogenous thioesterase activity present in the transformants
analyzed. Genes bordered by repeat units such as the C. vulgaris nitrate reductase 3> UTR
in constructs such as FATA1-CrbTub_yInv_nr::amt03 CwTE2 nr-FATATI, may be
amplified upon integration in the host genome. There is good concordance between copy
number of the amplified transgene at the target integration site and thioesterase levels as
revealed either by impacts on fatty acid profiles or recombinant protein accumulation as
assessed by western blotting.

[0268] Transgenic lines in which the CwTE2 gene has undergone amplification show a
marked increase in mid chain (C10:0-C14:0) fatty acids and a concurrent decrease in
C18:1 fatty acids. In contrast, those transformants in which CwTE2 has undergone little or
no amplification (likely 1-2 copies) are consistent with lower expression of the exogenous
thioesterase, resulting in a slight increase in mid chain fatty acids and a far greater impact

on the increase of C18:1 fatty acids.
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[0269] Collectively, these data show that ablation of the host’s endogenous FATA1-1

allele alters the lipid profile of the engineered microalgae.

EXAMPLE 6: ALTERING FATTY ACID PROFILES OF MICROALGAE
THROUGH OVEREXPRESSION OF A PROTOTHECA LIPID BIOSYNTHESIS
GENE.

[0270] As described above, the p-ketoacyl-ACP synthase II (KASII) catalyzes the 2-
carbon extension of C16:0-ACP to C18:0-ACP during fatty acid biosynthesis. It is an
important lipid biosynthesis enzyme in establishing the fatty acid profile of the host
organism and is critical for stearate and oleate production. Plasmid constructs were
created to assess whether the fatty acid profile of a host cell may be affected as a result of
expression of a KASII gene. Sources of KASII gene sequences were selected from
Protheca moriformis UTEX 1435 or from higher plants (Glycine max, Helianthus annus,
or Ricinus communis).

[0271] A classically mutagenized derivative of Protheca moriformis UTEX 1435,
STRAIN J, was transformed individually with one of the following plasmid constructs in
Table 14 using the methods of Example 2. Each construct contained a region for
integration into the nuclear genome at the 6S locus and a S. cerevisiae suc2 sucrose
invertase coding region under the control of C. reinhardtii B-tubulin promoter/5’UTR and
Chlorella vulgaris nitrate reductase 3° UTR. This S. cerevisiae suc2 expression cassette is
listed as SEQ ID NO: 29 and served as a selection marker. For each construct, the KASII
coding region was under the control of the Prototheca moriformis Amt03 promoter/5S’UTR
(SEQ ID NO: 37) and C. vulgaris nitrate reductase 3’UTR (SEQ ID NO: 32). The native
transit peptide of each KASII enzyme was replaced with the Chlorella protothecoides
stearoyl-ACP desaturase transit peptide (SEQ ID NO: 54). All protein coding regions were
codon optimized to reflect the codon bias inherent in Prototheca moriformis UTEX 1435
nuclear genes (see Table 2).

[0272] Relevant sequences for the targeting regions to the 6S locus for nuclear

genome integration are shown below.

Description SEQ ID NO:
5’ sequence for integration into 6S locus SEQ ID NO: 38
3’ sequence for integration into 6S locus SEQ ID NO: 39
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Table 14. Plasmid constructs used to transform Protheca moriformis (UTEX 1435)
STRAIN J.

Plasmid Source of KASII Sequence Elements SEQ ID. NO:
Construct cnzyme

6S::B- SEQ ID NO: 55
pSZ1747 | Glycine max tub:suc2:nr::Amt03:S106SA

D:GImKASII:nr::6S

6S::B- SEQ ID NO: 56

pSZ1750 | Helianthus annuus tub:suc2:nr::Amt03:S106SA
D:HaKASIL:nr::6S
6S::B- SEQ ID NO: 57
pSZ1754 | Ricinus communis tub:suc2:nr::Amt03:S106SA
D:RcKASII:nr::6S
6S::p- SEQ ID NO: 58
pSZ2041 | Protheca moriformis | tub:suc2:nr::Amt03:S106SA
D:PmKASII:nr::6S

[0273] The relevant nucleotide sequence of the construct 6S::[3-
tub:suc2:nr::Amt03:S106SAD:PmKASII:nr::6S is provided in the sequence listings as
SEQ ID. NO: 58. The codon-optimized sequence of PmKASII comprising a Chlorella
protothecoides S106 stearoyl-ACP desaturase transit peptide is provided the sequence
listings as SEQ ID. NO: 105. SEQ ID NO: 106 provides the protein translation of SEQ ID
NO. 105.

[0274] Upon individual transformation of each plasmid construct into Strain J, positive
clones were screened on plates with sucrose as the sole carbon source. As in the previous
examples, primary transformants were clonally purified and grown under standard lipid
production conditions. Here, transformants were cultivated at pH 7 and lipid samples were
prepared from dried biomass from each transformant as described above. Fatty acid
profiles (expressed as Area %) of several positive transformants as compared to a wildtype

negative control are summarized for each plasmid construct in Table 15 below.

Table 15. Fatty acid profiles of Prototheca moriformis cells engineered to overexpress

KAS II genes.

Plasmid | KASIL ) formant | %C14:0 | %C16:0 | %C18:0 | %C18:1 | %C18:2
Construct | Source

I 136 2869 292| 5636| 8.16

None | Mo over- 2 135 28.13 357 5563| 879

expression 3 1.22 2574 282| 606 731

4 1.22 2574 282| 606 731

1 2.23 2534  269| 5735| 953

pSZ1747 | Glm 2 2.18 25.46 274 | 5735 9.46
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3 2.18 25.33 2.89 57.34 9.5
4 2.2 25.69 2.66 57.28 9.43
5 2.17 25.38 3.03 56.99 9.72
1 2.43 26.82 2.72 55.17 9.87
2 2.44 27.14 2.62 54.89 9.81
pSZ1750 Ha 3 2.61 26.9 2.67 5443 10.25
4 1.96 30.32 2.87 53.87 8.26
5 2.55 27.64 2.98 53.82 10.07
1 1.84 24.41 2.89 59.26 9.08
2 1.3 25.04 2.81 58.75 9.65
pSZ1754 Re 3 1.27 25.98 2.76 58.33 9.22
4 1.95 25.34 2.77 58.15 9.22
5 1.3 26.53 2.75 57.87 9.09
1 1.63 11.93 3.62 70.95 9.64
2 1.85 11.63 3.34 69.88 10.93
pSZ2041 Pm 3 1.84 12.01 3.81 69.56 10.45
4 1.63 14.22 3.72 68.86 9.6
5 1.67 15.04 3.05 68.63 9.24

[0275] The data presented in Table 15 show that none of the higher plant KASII genes
effected a change in the fatty acid profile of the transformed microalgal cells. Additional
plasmid constructs expressing KASII genes from higher plants driven by promoters other
than the Prototheca Amt03 promoter also failed to alter fatty acid profiles in transformed
cells. In stark contrast, a clear diminution of C16:0 chain lengths with a concomitant
increase in C18:1 length fatty acids was observed upon overexpression of the Prototheca
moriformis KASII gene codon optimized using the codon frequency denoted in Table 2.
Similar fatty acid profile changes were observed upon transformation of constructs
expressing the PmKASII gene driven by a -tublin promoter.

[0276] These results show that exogenous expression of a Prototheca lipid

biosynthesis gene can alter the fatty acid profile of genetically engineered microalgae.

EXAMPLE 7: CHARACTERISTICS OF PROCESSED OIL PRODUCED FROM
ENGINEERED MICROORGANISMS
[0277] Methods and effects of transforming Prototheca moriformis (UTEX 1435) with
transformation vector pSZ1500 (SEQ ID NO: 137) have been previously described in PCT
Application Nos. PCT/US2011/038463, PCT/US2011/038464, and PCT/US2012/023696.
[0278] A classically mutagenized (for higher oil production) derivative of Protheca
moriformis (UTEX 1435), Strain A, was transformed with pSZ1500 according to biolistic
transformation methods as described in herein and in PCT/US2009/066141,
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PCT/US2009/066142, PCT/US2011/038463, PCT/US2011/038464, and
PCT/US2012/023696. pSZ1500 comprised nucleotide sequence of the Carthamus
tinctorius oleyl-thioesterase (CtOTE) gene, codon-optimized for expression in P.
moriformis UTEX 1435. The pSZ1500 expression construct included 5° (SEQ ID NO:
138) and 3’ (SEQ ID NO: 139) homologous recombination targeting sequences (flanking
the construct) to the FADc genomic region for integration into the nuclear genome and a
S. cerevisiae suc2 sucrose invertase coding region under the control of C. reinhardtii -
tubulin promoter/5’UTR (SEQ ID NO: 5) and Chlorella vulgaris nitrate reductase 3° UTR
(SEQ ID NO: 126). This S. cerevisiae suc2 expression cassette is listed as SEQ ID NO:
127 and served as a selection marker. The CtOTE coding region was under the control of
the P. moriformis Amt03 promoter/5’UTR (SEQ ID NO: 128) and C. vulgaris nitrate
reductase 3’UTR, and the native transit peptide was replaced with the C. protothecoides
stearoyl-ACP desaturase transit peptide (SEQ ID NO: 129). The protein coding regions of
CrOTE and suc2 were codon optimized to reflect the codon bias inherent in P. moriformis
UTEX 1435 nuclear genes as described in PCT/US2009/066141, PCT/US2009/066142,
PCT/US2011/038463, PCT/US2011/038464, and PCT/US2012/023696.

[0279] Primary pSZ1500 transformants of Strain A were selected on agar plates
containing sucrose as a sole carbon source, clonally purified, and a single engineered line,
Strain D was selected for analysis. Strain D was grown as described in
PCT/US2009/066141, PCT/US2009/066142, PCT/US2011/038463,
PCT/US2011/038464, and PCT/US2012/023696. Hexane extraction of the oil from the
generated biomass was then performed using standard methods, and the resulting
triglyceride oil was determined to be free of residual hexane. Other methods of extraction
of oil from microalgae using an expeller press are described in PCT Application No.
PCT/US2010/031108 and are hereby incorporated by reference.

[0280] Different lots of oil extracted from biomass of Strain D were refined, bleached,
and deodorized using standard vegetable oil processing processing methods. These
procedures generated oil samples RBD437, RBD469, RBD501, RBD 502, RBD503, and
RBD529, which were subjected to analytical testing protocols according to methods
defined through the American Oil Chemists’ Society, the American Society for Testing
and Materials, and the International Organization for Standardization. The results of these

analyses are summarized below in Tables 16-21.

Table 16. Analytical results for oil sample RBD469.

| Method Number | Test Description | Results Units
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AOCS Ca 3a-46 Insoluble impurities <0.01 %
AOCS Ca 5a-40 Free Fatty Acids (Oleic) 0.02 %
AOCS Ca 5a-40 Acid Value 0.04 mg KOH/g
AOCS CA 91-57 Neutral oil 98.9 %

D97 Cloud Point -15 deg C

D97 Pour Point -18 deg C
Karl Fischer Moisture 0.01 %

AOCS Cc 13d-55

(modified) Chlorophyll <0.01 ppm

Iodine Value 78.3 g 1,/100g

AOCS Cd 8b-90 Peroxide Value 0.31 meqg/kg

ISO 6885 p-Anisidine Value 0.65

AOCS Cc 18-80 Dropping Melting point (Mettler) 6.2 deg C

AOCS Cd 11d-96 Tricylglicerides 98.6 %

AOCS Cd 11d-96 Monoglyceride <0.01 %

AOCS Cd 11d-96 Diglicerides 0.68 %

AOCS Cd 20-91 Total Polar Compounds 2.62 %
Oxidized & Polymerized

TUPAC, 2.507 and 2.508 Tricylglicerides 17.62 %

AOCS Cc¢ 9b-55 Flash Point 244 deg C

AOCS Cc¢ 9a-48 Smoke Point 232 deg C
Oxidataive Stability Index

AOCS Cd 12b-92 Rancimat (110°C) 31.6 hours

AOCS Ca 6a-40 Unsaponified Matter 2.28 %
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[0281] RBD469 oil was analyzed for trace element content, solid fat content, and
Lovibond color according to AOCS methods. Results of these analyses are presented below

in Table 17, Table 18, and Table 19.

Table 17. ICP Elemental Analysis of RBD469 oil.

Method Number Test Description Results in ppm
Phosphorus 1.09
Calcium 0.1
Magnesium 0.04
Iron <0.02
Sulfur 28.8
Copper <0.05
Potassium <0.50
Sodium <0.50
Silicon 0.51
AOCS Ca 20-99 and AOCS | PO™" 0.06
Ca 17-01 (modified)
Aluminum <0.20
Lead <0.20
Lithium <0.02
Nickel <0.20
Vanadium <0.05
Zinc <0.02
Arsenic <0.20
Mercury <0.20
Cadmium <0.03
Chromium <0.02
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Manganese <0.05
Silver <0.05
Titanium <0.05
Selenium <0.50
UOP779 Chloride organic <1
UOP779 Chloride inorganic 7.24
AOCS Ba 4¢-93 Nitrogen 6.7

Table 18. Solid Fat Content of RBD469 Oil

Method Number Solid Fat Content Result
M o] 0
AOCS Cd 12b-93 Solid Fat Content 10°C 0.13%
AOCS Cd 12b-93 Solid Fat Content 15°C 0.13%
AOCS Cd 12b-93 Solid Fat Content 20°C 0.28%
AOCS Cd 12b-93 Solid Fat Content 25°C 0.14%
AOCS Cd 12b-93 Solid Fat Content 30°C 0.08%
AOCS Cd 12b-93 Solid Fat Content 35°C 0.25%
Table 19. Lovibond Color of RBD469 Oil
Method Number Color Result Unit
AOQOCS Cc¢ 133-97 red 2 Unit
AOQOCS Cc 135-97 yellow 27 Unit

[0282]

RBD469 oil was subjected to transesterification to produce fatty acid methyl

esters (FAMESs). The resulting FAME profile of RBD469 is shown in Table 20.

Table 20. FAME Profile of RBD469 Oil

Fatty Acid

Area %

C10

0.01
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C12:0 0.04
C14:0 0.64
C15:0 0.08
C16:0 8.17
C16:1 iso 0.39
Cl6:1 0.77
C17:0 0.08
C18:0 1.93
C18:1 85.88
C18:1 iso 0.05
C18:2 0.05
C20:0 0.3
C20:1 0.06
C20:1 0.44
C22:0 0.11
C23:0 0.03
C24:0 0.1
Total FAMEs Identified | 99.13

[0283] The oil stability indexes (OSI) of 6 RBD oil samples without supplemented
antioxidants and 3 RBD oil samples supplemented with antioxidants were analyzed
according to the Oil Stability Index AOCS Method Cd 12b-92. Shown in Table 21 are the
results of OSI AOCS Cd 12b-92 tests, conducted at 110°C, performed using a Metrohm
873 Biodiesel Rancimat. Results, except where indicated with an astericks (*), are the

average of multiple OSI runs. Those samples not analyzed are indicated (NA).

Table 21. Oil Stability Index at 110°C of RBD oil samples with and without
antioxidants

OSI (hours) for each RBD Sample
RBD437 RBD469 RBDS502 RBD501 RBD503 RBDS529
Antioxidant Antioxidant

added Concentration

None 0 65.41 38.33 72.10 50.32 63.04 26.68
Tocopherol 35 ppm/16.7 77.72 48.60 82.67 NA NA NA
& Ascorbyl  ppm

Palmitate

Tocopherol 140 ppm/66.7  130.27 81.54* 211.49% NA NA NA
& Ascorbyl  ppm

Palmitate

Tocopherol 1050 ppm/500 >157* >144 242.5%*  NA NA NA
& Ascorbyl  ppm

Palmitate

Tocopherol 50 ppm NA 46.97 NA NA NA NA
TBHQ 20 ppm 63.37 374 NA NA NA NA

[0284] The untransformed P. moriformis (UTEX 1435) acid profile comprises less
than 60% C18:1 fatty acids and greater than 7% C18:2 fatty acids. In contrast, Strain D

(comprising pSZ1500) exhibited fatty acid profiles with an increased composition of
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C18:1 fatty acids (to above 85%) and a decrease in C18:2 fatty acids (to less than 0.06%).
Upon refining, bleaching, and degumming, RBD oils samples prepared from the oil made
from strain E exhibited OSI values > 26 hrs. With addition of antioxidants, the OSI of
RBD oils prepared from oils of Strain D increased from 48.60 hours to greater than 242

hours.

EXAMPLE 8: IMPROVING THE LEVELS OF OLEIC ACID OF ENGINEERED
MICROBES THROUGH ALLELIC DISRUPTION OF A FATTY ACID
DESATURASE AND AN ACYL-ACP THIOESTERASE

[0285] This example describes the use of a transformation vector to disrupt a FATA
locus of a Prototheca moriformis strain previously engineered for high oleic acid and low
linoleic acid production. The transformation cassette used in this example comprised a
selectable marker and nucleotide sequences encoding a P. moriformis KASII enzyme to
engineer microorganisms in which the fatty acid profile of the transformed microorganism
has been altered for further increased oleic acid and lowered palmitic acid levels.

[0286] Strain D, described in Example 7 and in PCT/US2012/023696, is a classically
mutagenized (for higher oil production) derivative of P. moriformis (UTEX 1435)
subsequently transformed with the transformation construct pSZ1500 (SEQ ID NO: 137)
according to biolistic transformation methods in Example 2 and as described in
PCT/US2009/066141, PCT/US2009/066142, PCT/US2011/038463,
PCT/US2011/038464, and PCT/US2012/023696. This strain was used as the host for
transformation with construct pSZ2276 to increase expression of a KASII enzyme while
concomitantly ablating an endogenous acyl-ACP thioesterase genetic locus to generate
Strain E. The pSZ2276 transformation construct included 5° (SEQ ID NO: 140) and 3’
(SEQ ID NO: 141) homologous recombination targeting sequences (flanking the
construct) to the FATAT genomic region for integration into the P. moriformis nuclear
genome, an A. thaliana THIC protein coding region under the control of the C.
protothecoides actin promoter/5’UTR (SEQ ID NO: 142) and C. vulgaris nitrate reductase
3° UTR (SEQ ID NO: 126). This AfTHIC expression cassette is listed as SEQ ID NO: 143
and served as a selection marker. The P. moriformis KASII protein coding region was
under the control of the P. moriformis Amt03 promoter/5’UTR (SEQ ID NO: 128) and C.
vulgaris nitrate reductase 3’UTR, and the native transit peptide of the KASII enzyme was
replaced with the C. protothecoides stearoyl-ACP desaturase transit peptide (SEQ ID NO:
129). The codon-optimized sequence of PmKASII comprising a C. protothecoides S106
stearoyl-ACP desaturase transit peptide is provided the sequence listings as SEQ ID NO:
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144. SEQ ID NO: 145 provides the protein translation of SEQ ID NO: 144. The protein
coding regions of PmKASII and suc2 were codon optimized to reflect the codon bias
inherent in P. moriformis UTEX 1435 nuclear genes as described in PCT/US2009/066141,
PCT/US2009/066142, PCT/US2011/038463, PCT/US2011/038464, and
PCT/US2012/023696.

[0287] Primary pSZ2276 transformants of Strain D were selected on agar plates
lacking thiamine, clonally purified, and a single engineered line, strain E was selected for
analysis. Strain E was cultivated under heterotrophic lipid production conditions at pH5.0
and pH7.0 as described in PCT/US2009/066141, PCT/US2009/066142,
PCT/US2011/038463, PCT/US2011/038464, and PCT/US2012/023696. Lipid samples
were prepared from dried biomass from each transformant and fatty acid profiles from
these samples were analyzed using standard fatty acid methyl ester gas chromatography
flame ionization (FAME GC/FID) detection methods as described in Example 3. The fatty
acid profiles (expressed as Area % of total fatty acids) from the transgenic line arising

from transformation with pSZ2276 into Strain D are shown in Table 22.

Table 22. Fatty acid profiles of Prototheca moriformis (UTEX 1435) Strains A, D,

and E engineered for increased oleic acid and lowered linoleic acid levels.

Area % Fatty Acid

Strain Transformation

Construct(s) pH | Cl6:0 [ C18:0 | Cig:l | Ci82 | €20
Strain A

None pH5 |266 |33 605 |67 0.07
Strain A | None pH7 [283 |41 58 6.5 0.06
Strain D | pSZ1500 pH5 |17 |36 771 001 |o0.14
Strain D | pSZ1500 pH7 |195 |53 726 1001 0.09
Stram £ | pS2IS00+pSZ2276 | s |41 |236  |ss5 004 |31
Strain E | pSZ1500+ pSZ2276 pH 7 21 78 87.9 0.01 0.5

[0288] As shown in Table 22, targeted interruption of FADc alleles with a CtOTE
expression cassette impacted the fatty acid profiles of transformed microorganisms. Fatty
acid profiles of Strain D (comprising the pSZ1500 transformation vector) showed
increased composition of C18:1 fatty acids with a concomitant decrease in C16:0 and

C18:2 fatty acids relative to Strain A. Subsequent transformation of Strain D with
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pSZ2276 to overexpress a P. moriformis (UTEX 1435) KASII protein while
concomitantly ablating a FATA genetic locus (thereby generating Strain E) resulted in still
further impact on the fatty acid profiles of the transformed microorganisms. Fatty acid
profiles of Strain E showed increased composition of C18:1 fatty acids, with a further
decrease in C16:0 fatty acids relative to Strains A and D. Propagation of Strain E in
culture conditions at pH 7, to induce expression from the Amt03 promoter, resulted in a
fatty acid profile that was higher in C18:0 and C18:1 fatty acids and lower in C16:0 fatty
acids, relative to the same strain cultured at pH 5.

[0289] These data demonstrate the utility of multiple genetic modifications to impact
the fatty acid profile of a host organism for increased levels of oleic acid with concomitant
decreased levels of linoleic acid and palmitic acid. Further, this example illustrates the use
of recombinant polynucleotides to target gene interruption of an endogenous FATA allele
with a cassette comprising a pH-regulatable promoter to control expression of an
exogenous KASII protein-coding region in order to alter the fatty acid profile of a host

microbe.

EXAMPLE 9: CONDITIONAL EXPRESSION OF A FATTY ACID DESATURASE
[0290] This example describes the use of a transformation vector to conditionally
express a delta 12 fatty acid desaturase (FAD) in a Prototheca moriformis strain
previously engineered for high oleic acid and very low linoleic acid production in both
seed and lipid productivity stages of propagation. Very low linoleic acid levels in natural
oils are sought for use in certain applications. However, absence of linoleic acid during
cell division phase (“seed stage™) of a host microbe is disadvantageous. Linoleic acid may
be supplemented to the seed medium to hasten cell division and not added during lipid
production, but this addition imposes unwanted costs. To overcome this challenge, a
transformation cassette was constructed for regulated expression of a FAD2 enzyme such
that levels of linoleic acids sufficient for cell division could be achieved and oil with very
low levels of linoleic acids could be produced during the oil production phase of culture of
a microorgansim. The transformation cassette used in this example comprised a selectable
marker, a pH-regulatable promoter, and nucleotide sequences encoding a P. moriformis
FAD2 enzyme to engineer microorganisms in which the fatty acid profile of the
transformed microorganism has been altered for increased oleic acid production and

regulatable linoleic acid production.
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[0291] Strain D, described in Examples 7 and 8 and in PCT/US2012/023696, is a
classically mutagenized (for higher oil production) derivative of P. moriformis (UTEX
1435) subsequently transformed with the transformation construct pSZ1500 (SEQ ID NO:
137) according to biolistic transformation methods as described in PCT/US2009/066141,
PCT/US2009/066142, PCT/US2011/038463, PCT/US2011/038464, and
PCT/US2012/023696. This strain was used as the host for transformation with construct
pSZ2413 to introduce a pH-driven promoter for regulation of a P. moriformis FAD2
enzyme. The pSZ2413 transformation construct included 5’ (SEQ ID NO: 121) and 3’
(SEQ ID NO: 122) homologous recombination targeting sequences (flanking the
construct) to the 6S genomic region for integration into the P. moriformis nuclear genome,
an A. thaliana THIC protein coding region under the control of the C. protothecoides actin
promoter/5’UTR (SEQ ID NO: 142) and C. vulgaris nitrate reductase 3° UTR (SEQ ID
NO: 126). This AfTHIC expression cassette is listed as SEQ ID NO: 143 and served as a
selection marker. The P. moriformis FAD2 protein coding region was under the control of
the P. moriformis Amt03 promoter/5’UTR (SEQ ID NO: 128) and C. vulgaris nitrate
reductase 3’UTR. The codon-optimized sequence of PmFAD?2 is provided the sequence
listings as SEQ ID NO: 146. SEQ ID NO: 147 provides the protein translation of SEQ ID
NO: 146. The protein coding regions of PmFAD2 and suc2 were codon optimized to
reflect the codon bias inherent in P. moriformis UTEX 1435 nuclear genes as described in
PCT/US2009/066141, PCT/US2009/066142, PCT/US2011/038463,
PCT/US2011/038464, and PCT/US2012/023696.

[0292] Primary pSZ2413 transformants of Strain D were selected on agar plates
lacking thiamine, clonally purified, and isolates of the engineered line, Strain F were
selected for analysis. These isolates were cultivated under heterotrophic lipid production
conditions at pH7.0 (to activate expression of FAD2 from the PmAmt03 promoter) and at
pHS5.0, as described in PCT/US2009/066141, PCT/US2009/066142,
PCT/US2011/038463, PCT/US2011/038464, and PCT/US2012/023696. Lipid samples
were prepared from dried biomass from each transformant and fatty acid profiles from
these samples were analyzed using standard fatty acid methyl ester gas chromatography
flame ionization (FAME GC/FID) detection methods as described in Example 3. The
resulting profile of C18:2 fatty acids (expressed in Area %) from nine representative
isolates of transgenic Strain F (F-1 through F-9) arising from transformation with

pSZ2413 into Strain D are shown in Table 23.
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Table 23. C18:2 fatty acid profiles of Prototheca moriformis (UTEX 1435) Strains A,
D, and F.

Strain Transformation Construct
(s) Area % C18:2
pHS5.0 | pHT7.0

A None 6.07 7.26
D pSZ1500 0.01 0.01
F-1 pSZ1500 + pSZ2413 0.37 5.29
F-2 pSZ1500 + pSZ2413 0.45 6.87
F-3 pSZ1500 + pSZ2413 0.50 6.79
F-4 pSZ1500 + pSZ2413 0.57 5.06
F-5 pSZ1500 + pSZ2413 0.57 7.58
F-6 pSZ1500 + pSZ2413 0.60 6.88
F-7 pSZ1500 + pSZ2413 0.62 6.52
F-8 pSZ1500 + pSZ2413 0.63 5.79
F-9 pSZ1500 + pSZ2413 0.77 4.53

[0293] As shown in Table 23 the impact of regulated expression of the PmFAD?2
enzyme, effected though strain culture at different pH levels, is a clear increase in the
composition of C18:2 fatty acids in the transformed microorganism. Linoleic acid
comprises about 6% to about 7.3% of fatty acids of Strain A. In contrast, Strain D
(comprising the pSZ1500 transformation vector to ablate both FAD2 alleles) is
characterized by a fatty acid profile of 0.01% linoleic acid. Transformation of Strain D
with pSZ2413 to generate Strain F results in a recombinant microbe in which the
production of linoleic acid is regulated by the Amt03 promoter. Propagation of Strain F
isolates in culture conditions at pH 7, to induce FAD2 expression from the Amt03
promoter, resulted in a fatty acid profile characterized by about 4.5% to about 7.5%
linoleic acid. In contrast, propagation of Strain F isolates in culture conditions at pH 5
resulted in a fatty acid profile characterized by about 0.33 to about 0.77% linoleic acid.
[0294] These data demonstrate the utility of and effectiveness of recombinant
polynucleotides permitting conditional expression of a FAD2 enzyme to alter the fatty
acid profile of engineered microorganisms, and in particular in regulating the production

of C18:2 fatty acids in microbial cells.

EXAMPLES 10-33: INTRODUCTION AND TABLES

[0295] Examples 10-33 below describe the engineering of various microorganisms in
accordance with the present invention. To alter the fatty acid profile of a microorganism,
microorganisms may be genetically modified wherein endogenous or exogenous lipid
biosynthesis pathway enzymes are expressed, overexpressed, or attenuated. Steps to

genetically engineer a microbe to alter its fatty acid profile as to the degree of fatty acid
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unsaturation and to decrease or increase fatty acid chain length comprise the design and
construction of a transformation vector (e.g., a plasmid), transformation of the microbe
with one or more vectors, selection of transformed microbes (transformants), growth of
the transformed microbe, and analysis of the fatty acid profile of the lipids produced by
the engineered microbe.

[0296] Transgenes that alter the fatty acid profiles of host organisms may be expressed
in numerous cukaryotic microbes. Examples of expression of transgenes in eukaryotic
microbes including Chlamydomonas reinhardtii, Chlorella ellipsoidea, Chlorella
protothecoides, Chlorella saccarophila, Chlorella vulgaris, Chlorella kessleri, Chlorella
sorokiniana, Haematococcus pluvialis, Gonium pectorale, Volvox carteri, Dunaliella
tertiolecta, Dunaliella viridis, Dunaliella salina, Closterium peracerosum—strigosum—
littorale complex, Nannochloropsis sp., Thalassiosira pseudonana, Phaeodactylum
tricornutum, Navicula saprophila, Cylindrotheca fusiformis, Cyclotella

cryptica, Symbiodinium microadriacticum, Amphidinium sp., Chaetoceros sp., Mortierella
alpina, and Yarrowia lipolytica may be found in the scientific literature. These expression
techniques may be combined with the teachings of the present invention to produce
engineered microorganisms with altered fatty acid profiles.

[0297] Transgenes that alter the fatty acid profiles of host organisms or alter the

regiospecific distribution of glycerolipds produced by host organisms can also be

expressed in numerous prokaryotic microbes. Examples of expression of transgenes in

oleaginous microbes including Rhodococcus opacus may be found in the literature. These

expression techniques may be combined with the teachings of the present invention to

produce engineered microorganisms with altered fatty acid profiles.

Tables 24A-E. Codon preference listing

Table 24A
Chlorella Chlorella Dunaliella

Amino sorokini- | Chlorella ellip- | Chlorella tertio- | Volvox | Haematococcus
Acid | Codon ana vulgaris soidea kessleri lecta | carteri pluvialis
Ala GCG 0.20 0.25 0.15 0.14 0.09 0.25 0.21
Ala GCA 0.05 0.24 0.32 0.10 0.17 0.13 0.27
Ala GCT 0.12 0.16 0.26 0.18 0.31 0.26 0.17
Ala GCC 0.63 0.35 0.27 0.58 0.43 0.36 0.35
Arg AGG 0.03 0.09 0.10 0.09 0.26 0.08 0.14
Arg AGA 0.04 0.05 0.14 0.01 0.09 0.03 0.05
Arg CGG 0.06 0.19 0.09 0.06 0.06 0.17 0.15
Arg CGA 0.00 0.10 0.08 0.00 0.08 0.08 0.10
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Arg CGT 0.06 0.09 0.37 0.14 0.12 0.22 0.13
Arg CGC 0.81 0.48 0.22 0.71 0.40 0.43 0.42
Asn AAT 0.04 0.16 0.43 0.06 0.27 0.23 0.21
Asn AAC 0.96 0.84 0.57 0.94 0.73 0.77 0.79
Asp GAT 0.13 0.25 0.47 0.12 0.40 0.35 0.27
Asp GAC 0.87 0.75 0.53 0.88 0.60 0.65 0.73
Cys TGT 0.06 0.13 0.43 0.09 0.20 0.17 0.27
Cys TGC 0.94 0.87 0.57 0.91 0.80 0.83 0.64
End TGA 0.00 0.72 0.14 0.14 0.36 0.24 0.70
End TAG 0.33 0.11 0.29 0.00 0.00 0.18 0.22
End TAA 0.67 0.17 4.00 0.86 0.64 0.59 0.09
Gln CAG 0.42 0.40 0.15 0.40 0.27 0.29 0.33
Gln CAA 0.04 0.04 0.21 0.40 0.27 0.07 0.10
Glu GAG 0.53 0.50 0.33 0.40 0.27 0.53 0.49
Glu GAA 0.02 0.06 0.31 0.40 0.27 0.11 0.07
Gly GGG 0.04 0.16 0.19 0.08 0.10 0.12 0.22
Gly GGA 0.02 0.11 0.13 0.07 0.13 0.12 0.11
Gly GGT 0.03 0.12 0.39 0.24 0.25 0.23 0.15
Gly GGC 0.91 0.61 0.29 0.96 0.51 0.53 0.52
His CAT 0.14 0.16 0.30 0.08 0.25 0.35 0.27
His CAC 0.86 0.84 0.70 0.93 0.75 0.65 0.73
lle ATA 0.00 0.04 0.07 0.01 0.04 0.08 0.09
lle ATT 0.15 0.30 0.63 0.29 0.31 0.35 0.29
lle ATC 0.85 0.66 0.65 0.69 0.65 0.57 0.62
Leu TTG 0.03 0.07 0.03 0.05 0.14 0.14 0.16
Leu TTA 0.00 0.01 0.32 0.00 0.02 0.03 0.02
Leu CTG 0.72 0.61 0.34 0.61 0.60 0.45 0.53
Leu CTA 0.01 0.03 0.03 0.04 0.04 0.07 0.07
Leu CTT 0.04 0.08 0.16 0.06 0.06 0.14 0.09
Leu CTC 0.20 0.20 0.12 0.24 0.14 0.17 0.13
Lys AAG 0.98 0.94 0.54 0.98 0.90 0.90 0.84
Lys AAA 0.02 0.06 0.46 0.02 0.10 0.10 0.16
Met ATG 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Phe 11T 0.28 0.32 0.42 0.31 0.24 0.27 0.35
Phe TTC 0.72 0.68 0.58 0.69 0.76 0.73 0.65
Pro CCG 0.18 0.31 0.09 0.07 0.04 0.34 0.15
Pro CCA 0.06 0.17 0.36 0.07 0.04 0.20 0.24
Pro CCT 0.10 0.14 0.25 0.17 0.04 0.19 0.29
Pro CcCC 0.66 0.38 0.29 0.69 0.04 0.27 0.32
Ser AGT 0.03 0.04 0.14 0.02 0.08 0.08 0.07
Ser AGC 0.27 0.38 0.18 0.18 0.31 0.27 0.31
Ser TCG 0.12 0.14 0.08 0.10 0.02 0.19 0.10
Ser TCA 0.03 0.08 0.14 0.08 0.09 0.09 0.14
Ser TCT 0.09 0.11 0.26 0.18 0.19 0.14 0.13
Ser TCC 0.47 0.24 0.20 0.44 0.30 0.24 0.24
Thr ACG 0.11 0.20 0.13 0.05 0.12 0.27 0.19

99




WO 2013/082186 PCT/US2012/066893
Thr ACA 0.01 0.20 0.32 0.07 0.20 0.12 0.23
Thr ACT 0.12 0.13 0.29 0.12 0.24 0.20 0.18
Thr ACC 0.76 0.47 0.26 0.76 0.44 0.41 0.40
Trp TGG 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tyr TAT 0.07 0.15 0.43 0.27 0.28 0.24 0.19
Tyr TAC 0.93 0.85 0.57 0.73 0.72 0.76 0.81
Val GTG 0.71 0.54 0.37 0.60 0.54 0.46 0.62
Val GTA 0.00 0.05 0.25 0.03 0.09 0.07 0.09
Val GTT 0.11 0.14 0.24 0.09 0.14 0.17 0.09
Val GTC 0.18 0.27 0.14 0.28 0.23 0.30 0.21
Table 24B
Closterium
peracerosum
-strigosum- Chaetoceros
Amino littorale Dunaliell | Dunaliell | Gonium Phaeodactylu compressu
Acid Codon | complex a viridis a salina pectorale | m tricornutum | m
Ala GCG 0.48 0.13 0.15 0.43 0.15 0.08
Ala GCA 0.10 0.27 0.20 0.09 0.10 0.37
Ala GCT 0.15 0.25 0.27 0.08 0.23 0.36
Ala GCC 0.26 0.35 0.39 0.41 0.52 0.18
Arg AGG 0.04 0.25 0.22 0.13 0.02 0.14
Arg AGA 0.00 0.06 0.05 0.00 0.04 0.29
Arg CGG 0.18 0.08 0.12 0.40 0.10 0.00
Arg CGA 0.00 0.06 0.06 0.05 0.12 0.19
Arg CGT 0.13 0.15 0.13 0.08 0.41 0.38
Arg CGC 0.64 0.39 0.43 0.35 0.31 0.00
Asn AAT 0.04 0.17 0.23 0.07 0.30 0.58
Asn AAC 0.96 0.83 0.77 0.93 0.65 0.42
Asp GAT 0.30 0.38 0.40 0.11 0.41 0.53
Asp GAC 0.70 0.62 0.60 0.89 0.59 0.47
Cys TGT 0.06 0.24 0.17 0.20 0.39 0.44
Cys TGC 0.94 0.76 0.83 0.90 0.61 0.56
End TGA 0.75 0.31 0.37 0.50 0.06 0.50
End TAG 0.00 0.15 0.14 0.00 0.13 0.00
End TAA 0.25 0.54 0.49 0.50 0.81 0.50
Gln CAG 0.53 0.36 0.32 0.31 0.23 0.16
Gln CAA 0.09 0.12 0.08 0.07 0.14 0.19
Glu GAG 0.31 0.44 0.51 0.56 0.21 0.28
Glu GAA 0.06 0.09 0.09 0.07 0.42 0.37
Gly GGG 0.31 0.14 0.10 0.18 0.08 0.12
Gly GGA 0.06 0.11 0.12 0.09 0.34 0.33
Gly GGT 0.09 0.22 0.22 0.07 0.30 0.39
Gly GGC 0.53 0.54 0.56 0.65 0.28 0.16
His CAT 0.33 0.25 0.25 0.43 0.28 0.84
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His CAC 0.67 0.75 0.75 0.57 0.72 0.16
lle ATA 0.03 0.03 0.03 0.07 0.03 0.12
lle ATT 0.23 0.25 0.31 0.33 0.51 0.65
lle ATC 0.74 0.72 0.66 0.59 0.46 0.23
Leu TTG 0.04 0.11 0.12 0.04 0.26 0.11
Leu TTA 0.00 0.01 0.01 0.00 0.02 0.14
Leu CTG 0.31 0.60 0.61 0.64 0.15 0.05
Leu CTA 0.01 0.05 0.04 0.01 0.05 0.08
Leu CTT 0.04 0.07 0.08 0.05 0.18 0.51
Leu CTC 0.60 0.16 0.14 0.26 0.34 0.11
Lys AAG 0.86 0.87 0.89 0.93 0.75 0.52
Lys AAA 0.14 0.13 0.11 0.07 0.25 0.48
Met ATG 1.00 1.00 1.00 1.00 1.00 1.00
Phe TIT 0.09 0.25 0.29 0.10 0.44 0.65
Phe TTC 0.91 0.75 0.71 0.90 0.56 0.35
Pro CCG 0.28 0.10 0.08 0.53 0.29 0.05
Pro CCA 0.15 0.10 0.17 0.09 0.12 0.45
Pro CCT 0.12 0.10 0.30 0.04 0.20 0.33
Pro CCC 0.44 0.10 0.45 0.34 0.40 0.17
Ser AGT 0.04 0.09 0.06 0.02 0.12 0.14
Ser AGC 0.05 0.31 0.32 0.20 0.12 0.07
Ser TCG 0.22 0.04 0.06 0.42 0.19 0.08
Ser TCA 0.16 0.08 0.10 0.09 0.06 0.31
Ser TCT 0.05 0.17 0.15 0.07 0.15 0.23
Ser TCC 0.47 0.31 0.30 0.20 0.35 0.18
Thr ACG 0.30 0.16 0.13 0.42 0.23 0.10
Thr ACA 0.06 0.21 0.18 0.03 0.13 0.38
Thr ACT 0.22 0.18 0.23 0.08 0.19 0.27
Thr ACC 0.42 0.46 0.46 0.47 0.45 0.25
Trp TGG 1.00 1.00 1.00 1.00 1.00 1.00
Tyr TAT 0.07 0.16 0.21 0.12 0.18 0.67
Tyr TAC 0.93 0.84 0.79 0.88 0.82 0.33
Val GTG 0.50 0.64 0.62 0.57 0.22 0.30
Val GTA 0.02 0.03 0.05 0.04 0.09 0.27
Val GTT 0.06 0.11 0.11 0.04 0.22 0.10
Val GTC 0.42 0.22 0.23 0.35 0.47 0.33

Table 24C

Cylindro Symbiodi- Navi- Thalassi-

Amin -theca Amphi- | niummicro- | Nanno- | Cyclo- cula osira
o fusiform | dinium adriacticu chlorop | tella pelliculo | pseudona | C. rein-
Acid | Codon | is carterge | m Sis sp cryptica | sa na hardtii
Ala GCG 0.07 0.17 0.22 0.24 0.11 0.00 0.11 0.35
Ala GCA 0.14 0.33 0.26 0.10 0.16 0.13 0.25 0.08
Ala GCT 0.35 0.29 0.20 0.17 0.45 0.44 0.33 0.13
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Ala GCC 0.43 0.20 0.32 0.48 0.27 0.44 0.30 0.43
Arg AGG 0.09 0.15 0.27 0.00 0.09 0.05 0.18 0.05
Arg AGA 0.14 0.03 0.27 0.00 0.05 0.10 0.17 0.01
Arg CGG 0.06 0.08 0.09 0.00 0.04 0.05 0.06 0.20
Arg CGA 0.16 0.18 0.09 0.29 0.08 0.35 0.11 0.04
Arg CGT 0.34 0.18 0.09 0.14 0.47 0.20 0.34 0.09
Arg CGC 0.22 0.40 0.18 0.57 0.28 0.25 0.15 0.62
Asn AAT 0.42 0.37 0.21 0.00 0.25 0.47 0.43 0.09
Asn AAC 0.58 0.63 0.79 1.00 0.75 0.53 0.57 0.91
Asp GAT 0.54 0.54 0.50 0.20 0.52 0.20 0.56 0.14
Asp GAC 0.46 0.46 0.50 0.80 0.48 0.80 0.44 0.86
Cys TGT 0.44 0.75 0.50 0.00 0.29 0.10 0.54 0.10
Cys TGC 0.56 0.25 0.50 1.00 0.71 0.90 0.46 0.90
End | TGA 0.13 0.50 1.00 0.00 0.10 0.00 0.31 0.27
End | TAG 0.10 0.00 0.00 0.00 0.00 0.00 0.38 0.22
End | TAA 0.77 0.50 0.00 1.00 0.90 1.00 0.31 0.52
Gln CAG 0.12 0.33 0.28 0.41 0.19 0.21 0.16 0.38
Gln CAA 0.25 0.15 0.17 0.00 0.17 0.28 0.19 0.04
Glu GAG 0.23 0.41 0.50 0.59 0.38 0.17 0.40 0.55
Glu GAA 0.39 0.10 0.06 0.00 0.26 0.34 0.26 0.03
Gly GGG 0.06 0.19 0.32 0.10 0.10 0.03 0.12 0.11
Gly GGA 0.47 0.10 0.12 0.05 0.45 0.28 0.51 0.06
Gly GGT 0.35 0.34 0.16 0.25 0.22 0.13 0.23 0.11
Gly GGC 0.12 0.37 0.40 0.60 0.24 0.56 0.14 0.72
His CAT 0.39 0.12 0.40 0.00 0.42 1.00 0.50 0.11
His CAC 0.61 0.88 0.60 1.00 0.58 0.00 0.50 0.89
lle ATA 0.06 0.05 0.00 0.00 0.04 0.00 0.08 0.03
lle ATT 0.42 0.53 0.38 0.14 0.53 0.73 0.38 0.22
lle ATC 0.52 0.42 0.63 0.86 0.42 0.27 0.54 0.75
Leu TTG 0.26 0.35 0.39 0.22 0.20 0.16 0.29 0.04
Leu TTA 0.09 0.01 0.00 0.00 0.03 0.00 0.05 0.01
Leu CTG 0.09 0.22 0.39 0.09 0.06 0.12 0.08 0.73
Leu CTA 0.05 0.00 0.04 0.00 0.03 0.04 0.06 0.03
Leu CTT 0.37 0.31 0.13 0.04 0.39 0.36 0.20 0.05
Leu CT1C 0.13 0.12 0.04 0.65 0.29 0.32 0.32 0.15
Lys AAG 0.60 0.93 0.85 1.00 0.70 0.83 0.76 0.95
Lys AAA 0.40 0.07 0.15 0.00 0.30 0.17 0.24 0.05
Met | ATG 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Phe | TTT 0.37 0.21 0.25 0.20 0.31 0.78 0.38 0.16
Phe | TTC 0.63 0.79 0.75 0.80 0.69 0.22 0.62 0.84
Pro CCG 0.11 0.14 0.18 0.08 0.10 0.21 0.16 0.33
Pro CCA 0.33 0.42 0.09 0.08 0.16 0.29 0.31 0.08
Pro CCT 0.32 0.22 0.41 0.25 0.35 0.21 0.31 0.13
Pro CCC 0.24 0.22 0.32 0.58 0.39 0.29 0.23 0.47
Ser AGT 0.12 0.13 0.09 0.00 0.09 0.13 0.18 0.04
Ser AGC 0.09 0.24 0.14 0.13 0.08 0.28 0.11 0.35
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Ser TCG 0.13 0.03 0.05 0.00 0.15 0.25 0.17 0.25
Ser TCA 0.12 0.25 0.05 0.00 0.12 0.08 0.12 0.05
Ser TCT 0.30 0.16 0.23 0.13 0.39 0.25 0.23 0.07
Ser TCC 0.24 0.19 0.45 0.75 0.18 0.03 0.19 0.25
Thr ACG 0.09 0.14 0.10 0.28 0.10 0.18 0.21 0.30
Thr ACA 0.15 0.28 0.10 0.00 0.15 0.09 0.19 0.08
Thr ACT 0.39 0.12 0.10 0.17 0.33 0.41 0.28 0.10
Thr ACC 0.37 0.47 0.70 0.56 0.43 0.32 0.32 0.52
Trp TGG 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tyr TAT 0.38 0.32 0.20 0.00 0.38 0.20 0.39 0.10
Tyr TAC 0.62 0.68 0.80 1.00 0.62 0.80 0.61 0.90
Val GTG 0.11 0.65 0.67 0.31 0.16 0.18 0.29 0.67
Val GTA 0.06 0.05 0.00 0.00 0.09 0.09 0.16 0.03
Val GTT 0.38 0.08 0.11 0.15 0.42 0.09 0.28 0.07
Val GTC 0.46 0.21 0.22 0.54 0.33 0.64 0.27 0.22
Table 24D

Amino Yarrowia | Mortierella | Rhodococcus

Acid Codon | lipolytica | alpina opacus

Ala GCG 0.08 0.14 0.35

Ala GCA 0.11 0.12 0.14

Ala GCT 0.35 0.29 0.09

Ala GCC 0.46 0.45 0.43

Arg AGG 0.05 0.05 0.05

Arg AGA 0.13 0.06 0.02

Arg CGG 0.12 0.06 0.26

Arg CGA 0.52 0.09 0.12

Arg CGT 0.11 0.32 0.11

Arg CGC 0.07 0.42 0.44

Asn AAT 0.17 0.15 0.21

Asn AAC 0.83 0.85 0.79

Asp GAT 0.35 0.42 0.24

Asp GAC 0.65 0.58 0.76

Cys TGT 0.46 0.13 0.26

Cys TGC 0.54 0.87 0.74

End TGA 0.16 0.05 0.72

End TAG 0.38 0.25 0.17

End TAA 0.46 0.70 0.11

Gln CAG 0.33 0.36 0.28

Gln CAA 0.08 0.06 0.06

Glu GAG 0.44 0.49 0.45

Glu GAA 0.14 0.09 0.22

Gly GGG 0.05 0.03 0.18
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Gly GGA 0.28 0.29 0.15
Gly GGT 0.32 0.32 0.20
Gly GGC 0.34 0.36 0.48
His CAT 0.34 0.27 0.20
His CAC 0.66 0.73 0.80
lle ATA 0.03 0.01 0.05
lle ATT 0.44 0.33 0.14
lle ATC 0.53 0.66 0.81
Leu 171G 0.09 0.27 0.09
Leu TTA 0.02 0.00 0.01
Leu CTG 0.37 0.26 0.41
Leu CTA 0.05 0.02 0.03
Leu CTT 0.18 0.12 0.06
Leu CTC 0.29 0.32 0.40
Lys AAG 0.84 0.91 0.80
Lys AAA 0.16 0.09 0.20
Met ATG 1.00 1.00 1.00
Phe TIT 0.38 0.39 0.09
Phe TTC 0.62 0.61 0.91
Pro CCG 0.10 0.07 0.52
Pro CCA 0.10 0.08 0.09
Pro CCT 0.32 0.36 0.07
Pro CCC 0.47 0.49 0.32
Ser AGT 0.07 0.05 0.08
Ser AGC 0.11 0.14 0.23
Ser TCG 0.16 0.32 0.33
Ser TCA 0.08 0.08 0.07
Ser TCT 0.28 0.12 0.05
Ser TCC 0.30 0.29 0.24
Thr ACG 0.11 0.17 0.28
Thr ACA 0.14 0.10 0.11
Thr ACT 0.26 0.23 0.07
Thr ACC 0.49 0.49 0.53
Trp TGG 1.00 1.00 1.00
Tyr TAT 0.18 0.20 0.18
Tyr TAC 0.82 0.80 0.82
Val GTG 0.33 0.22 0.37
Val GTA 0.05 0.02 0.05
Val GTT 0.26 0.27 0.10
Val GTC 0.36 0.49 0.49
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Table 24E

Preferred codon usage in Chlorella protothecoides

TTC (Phe) TAC (Tyr) TGC (Cys) TGA (Stop)
TGG (Trp) CCC (Pro) CAC (His) CGC (Arg)
CTG (Leu) CAG (GIn) ATC (lle) ACC (Thr)
GAC (Asp) TCC (Ser) ATG (Met) AAG (Lys)
GCC (Ala) AAC (Asn) GGC (Gly) GTG (Val)
GAG (Glu)

Table 25. Lipid biosynthesis pathway proteins.

3-Ketoacyl ACP synthase

Cuphea hookeriana 3-ketoacyl-ACP synthase (GenBank Acc. No. AAC68861.1), Cuphea
wrightii beta-ketoacyl-ACP synthase II (GenBank Acc. No. AAB37271.1), Cuphea
lanceolata beta-ketoacyl-ACP synthase IV (GenBank Acc. No. CAC59946.1), Cuphea
wrightii beta-ketoacyl-ACP synthase I (GenBank Acc. No. AAB37270.1), Ricinus
communis ketoacyl-ACP synthase (GenBank Acc. No. XP_002516228 ), Gossypium
hirsutum ketoacyl-ACP synthase (GenBank Acc. No. ADK23940.1), Glycine max plastid
3-keto-acyl-ACP synthase II-A (GenBank Acc No. AAWS88763.1), Elaeis guineensis beta-
ketoacyl-ACP synthase II (GenBank Acc. No. AAF26738.2), Helianthus annuus plastid 3-
keto-acyl-ACP synthase I (GenkBank Acc. No. ABM53471.1), Glycine max3-keto-acyl-
ACP synthase I (GenkBank Acc. No. NP_001238610.1), Helianthus annuus plastid 3-
keto-acyl-ACP synthase II (GenBank Acc ABI18155.1), Brassica napus beta-ketoacyl-
ACP synthetase 2 (GenBank Acc. No. A4F61739.1), Perilla frutescens beta-ketoacyl-ACP
synthase II (GenBank Acc. No. AAC04692.1), Helianthus annus beta-ketoacyl-ACP
synthase II (GenBank Accession No. ABI18155), Ricinus communis beta-ketoacyl-ACP
synthase Il (GenBank Accession No. AAA33872), Haematococcus pluvialis beta-ketoacyl
acyl carrier protein synthase (GenBank Accession No. HM560033.1), Jatropha
curcasbeta ketoacyl-ACP synthase I (GenBank Accession No. ABJ90468.1), Populus
trichocarpa beta-ketoacyl-ACP synthase I (GenBank Accession No. XP _002303661.1),
Coriandrum sativum beta-ketoacyl-ACP synthetase I (GenBank Accession No.
AAKS8535.1), Arabidopsis thaliana 3-oxoacyl-[acyl-carrier-protein] synthase I (GenBank
Accession No. NP_001190479.1), Vitis vinifera 3-oxoacyl-[acyl-carrier-protein] synthase
I (GenBank Accession No. XP 002272874.2)

Fatty acyl-ACP Thioesterases

Umbellularia californica fatty acyl-ACP thioesterase (GenBank Acc. No. AAC49001),
Cinnamomum camphora fatty acyl-ACP thioesterase (GenBank Acc. No. Q39473),
Umbellularia californica fatty acyl-ACP thioesterase (GenBank Acc. No. Q41635),
Mpyristica fragrans fatty acyl-ACP thioesterase (GenBank Acc. No. AAB71729),
Mpyristica fragrans fatty acyl-ACP thioesterase (GenBank Acc. No. AAB71730), Elaeis
guineensis fatty acyl-ACP thioesterase (GenBank Acc. No. ABD83939), Elaeis guineensis
fatty acyl-ACP thioesterase (GenBank Acc. No. AADA42220), Populus tomentosa fatty
acyl-ACP thioesterase (GenBank Acc. No. ABC47311), Arabidopsis thaliana fatty acyl-
ACP thioesterase (GenBank Acc. No. NP_172327), Arabidopsis thaliana fatty acyl-ACP
thioesterase (GenBank Acc. No. CAA85387), Arabidopsis thaliana fatty acyl-ACP
thioesterase (GenBank Acc. No. CAA85388), Gossypium hirsutum fatty acyl-ACP
thioesterase (GenBank Acc. No. Q9SQI3), Cuphea lanceolata fatty acyl-ACP thioesterase
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(GenBank Acc. No. CAA54060), Cuphea hookeriana fatty acyl-ACP thioesterase
(GenBank Acc. No. AAC72882), Cuphea calophylla subsp. mesostemon fatty acyl-ACP
thioesterase (GenBank Acc. No. ABB71581), Cuphea lanceolata fatty acyl-ACP
thioesterase (GenBank Acc. No. CAC19933), Elaeis guineensis fatty acyl-ACP
thioesterase (GenBank Acc. No. AAL15645), Cuphea hookeriana fatty acyl-ACP
thioesterase (GenBank Acc. No. Q39513), Gossypium hirsutum fatty acyl-ACP
thioesterase (GenBank Acc. No. AADO01982), Vitis vinifera fatty acyl-ACP thioesterase
(GenBank Acc. No. CAN81819), Garcinia mangostana fatty acyl-ACP thioesterase
(GenBank Acc. No. AAB51525), Brassica juncea fatty acyl-ACP thioesterase (GenBank
Acc. No. ABI18986), Madhuca longifolia fatty acyl-ACP thioesterase (GenBank Acc. No.
AAXS51637), Brassica napus fatty acyl-ACP thioesterase (GenBank Acc. No.
ABH11710),B rassica napus fatty acyl-ACP thioesterase (GenBank Acc. No.
CAA52070.1), Oryza sativa (indica cultivar-group) fatty acyl-ACP thioesterase (GenBank
Acc. No. EAY86877), Oryza sativa (japonica cultivar-group) fatty acyl-ACP thioesterase
(GenBank Acc. No. NP _001068400), Oryza sativa (indica cultivar-group) fatty acyl-ACP
thioesterase (GenBank Acc. No. EAY99617), Cuphea hookeriana fatty acyl-ACP
thioesterase (GenBank Acc. No. AAC49269), Ulmus Americana fatty acyl-ACP
thioesterase (GenBank Acc. No. AAB71731), Cuphea lanceolata fatty acyl-ACP
thioesterase (GenBank Acc. No. CAB60830), Cuphea palustris fatty acyl-ACP
thioesterase (GenBank Acc. No. AAC49180), Iris germanica fatty acyl-ACP thioesterase
(GenBank Acc. No. AAG43858, Iris germanica fatty acyl-ACP thioesterase (GenBank
Acc. No. AAG43858.1), Cuphea palustris fatty acyl-ACP thioesterase (GenBank Acc. No.
AAC49179), Myristica fragrans fatty acyl-ACP thioesterase (GenBank Acc. No.
AAB71729), Myristica fragrans fatty acyl-ACP thioesterase (GenBank Acc. No.
AAB717291.1), Cuphea hookeriana fatty acyl-ACP thioesterase GenBank Acc. No.
U39834), Umbelluaria californica fatty acyl-ACP thioesterase (GenBank Acc. No.
M94159), Cinnamomum camphora fatty acyl-ACP thioesterase (GenBank Acc. No.
U31813), Ricinus communis fatty acyl-ACP thioesterase (GenBank Acc. No.
ABS30422.1), Helianthus annuus acyl-ACP thioesterase (GenBank Accession No.
AAL79361.1), Jatropha curcas acyl-ACP thioesterase (GenBank Accession No.
ABX82799.3), Zea mays oleoyl-acyl carrier protein thioesterase, (GenBank Accession No.
ACG40089.1), Haematococcus pluvialis fatty acyl-ACP thioesterase (GenBank Accession
No. HM560034.1)

Desaturase Enzymes

Linum usitatissimum fatty acid desaturase 3C, (GenBank Acc. No. ADV92272.1), Ricinus
communis omega-3 fatty acid desaturase, endoplasmic reticulum, putative, (GenBank Acc.
No. EEF36775.1), Vernicia fordii omega-3 fatty acid desaturase, (GenBank Acc. No.
AAF12821), Glycine max chloroplast omega 3 fatty acid desaturase isoform 2, (GenBank
Acc. No. ACF19424.1), Prototheca moriformis FAD-D omega 3 desaturase (SEQ ID NO:
155), Prototheca moriformis linoleate desaturase (SEQ ID NO: 156), Carthamus
tinctorius delta 12 desaturase, (GenBank Accession No. ADM48790.1), Gossypium
hirsutum omega-6 desaturase, (GenBank Accession No. CAA71199.1), Glycine max
microsomal desaturase (GenBank Accession No. BAD89862.1), Zea mays fatty acid
desaturase (GenBank Accession No. ABF50053.1), Brassica napa linoleic acid desaturase
(GenBank Accession No. AAA32994.1), Camelina sativa omega-3 desaturase (SEQ ID
NO: 157), Prototheca moriformis delta 12 desaturase allele 2 (SEQ ID NO: 158, Camelina
sativa omega-3 FAD7-1 (SEQ ID NO: 159), Helianthus annuus stearoyl-ACP desaturase,
(GenBank Accession No. AAB65145.1), Ricinus communis stearoyl-ACP desaturase,
(GenBank Accession No. AACG59946.1), Brassica juncea plastidic delta-9-stearoyl-ACP
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desaturase (GenBank Accession No. AAD40245.1), Glycine max stearoyl-ACP desaturase
(GenBank Accession No. ACJ39209.1), Olea europaea stearoyl-ACP desaturase
(GenBank Accession No. AAB67840.1), Vernicia fordii stearoyl-acyl-carrier protein
desaturase, (GenBank Accession No. ADC32803.1), Descurainia sophia delta-12 fatty
acid desaturase (GenBank Accession No. ABS86964.2), Euphorbia lagascae deltal2-oleic
acid desaturase (GenBank Acc. No. AAS57577.1), Chlorella vulgaris delta 12 fatty acid
desaturease (GenBank Accession No. ACF98528), Chlorella vulgaris omega-3 fatty acid
desaturease (GenBank Accession No. BAB78717), Haematococcus pluvialis omega-3
fatty acid desaturase (GenBank Accession No. HM560035.1), Haematococcus pluvialis
stearoyl-ACP-desaturase GenBank Accession No. EF586860.1, Haematococcus pluvialis
stearoyl-ACP-desaturase GenBank Accession No. EF523479.1

Oleate 12-hydroxylase Enzymes

Ricinus communis oleate 12-hydroxylase (GenBank Acc. No. AAC49010.1),

Physaria lindheimeri oleate 12-hydroxylase (GenBank Acc. No. ABQO01458.1),
Physaria lindheimeri mutant bifunctional oleate 12-hydroxylase:desaturase (GenBank
Acc. No. ACF17571.1), Physaria lindheimeri bifunctional oleate 12-
hydroxylase:desaturase (GenBank Accession No. ACQ42234.1), Physaria lindheimeri
bifunctional oleate 12-hydroxylase:desaturase (GenBank Acc. No. AAC32755.1),
Arabidopsis lyrata subsp. Lyrata (GenBank Acc. No. XP_002884883.1)

Glycerol-3-phosphate Enzymes

Arabidopsis thaliana glycerol-3-phosphate acyltransferase BAA00575, Chlamydomonas
reinhardtii glycerol-3-phosphate acyltransferase (GenBank Acc. No. EDP02129),
Chlamydomonas reinhardtii glycerol-3-phosphate acyltransferase (GenBank Acc. No.
Q886Q7), Cucurbita moschata acyl-(acyl-carrier-protein):glycerol-3-phosphate
acyltransferase (GenBank Acc. No. BAB3968R8), Elaeis guineensis glycerol-3-phosphate
acyltransferase, ((GenBank Acc. No. AAF64066), Garcina mangostana glycerol-3-
phosphate acyltransferase (GenBank Acc. No. ABS86942), Gossypium hirsutum glycerol-
3-phosphate acyltransferase (GenBank Acc. No. ADK23938), Jatropha curcas glycerol-3-
phosphate acyltransferase (GenBank Acc. No. ADV77219), Jatropha curcas plastid
glycerol-3-phosphate acyltransferase (GenBank Acc. No. ACR61638), Ricinus communis
plastidial glycerol-phosphate acyltransferase (GenBank Acc. No. EEF43526), Vica faba
glycerol-3-phosphate acyltransferase (GenBank Accession No. AAD05164), Zea mays
glycerol-3-phosphate acyltransferase (GenBank Acc. No. ACG45812)

Lysophosphatidic acid acyltransferase Enzymes

Arabidopsis thaliana 1-acyl-sn-glycerol-3-phosphate acyltransferase (GenBank Accession
No. AEES85783), Brassica juncea 1-acyl-sn-glycerol-3-phosphate acyltransferase
(GenBank Accession No. ABQ42862 ), Brassica juncea 1-acyl-sn-glycerol-3-phosphate
acyltransferase (GenBank Accession No. ABM92334), Brassica napus 1-acyl-sn-glycerol-
3-phosphate acyltransferase (GenBank Accession No. CAB09138), Chlamydomonas
reinhardtii lysophosphatidic acid acyltransferase (GenBank Accession No. EDP02300),
Cocos nucifera lysophosphatidic acid acyltransferase (GenBank Acc. No. AAC49119),
Limnanthes alba lysophosphatidic acid acyltransferase (GenBank Accession No.
EDP02300), Limnanthes douglasii 1-acyl-sn-glycerol-3-phosphate acyltransferase
(putative) (GenBank Accession No. CAA88620), Limnanthes douglasii acyl-CoA:sn-1-
acylglycerol-3-phosphate acyltransferase (GenBank Accession No. ABD62751),
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Limnanthes douglasii 1-acylglycerol-3-phosphate O-acyltransferase (GenBank Accession
No. CAAS58239), Ricinus communis 1-acyl-sn-glycerol-3-phosphate acyltransferase
(GenBank Accession No. EEF39377)

Diacylglycerol acyltransferase Enzymes

Arabidopsis thaliana diacylglycerol acyltransferase (GenBank Acc. No. CAB45373),
Brassica juncea diacylglycerol acyltransferase (GenBank Acc. No. AAY40784), Elaeis
guineensis

putative diacylglycerol acyltransferase (GenBank Acc. No. AEQ94187), Elaeis guineensis
putative diacylglycerol acyltransferase (GenBank Acc. No. AEQ94186), Glycine max acyl
CoA:diacylglycerol acyltransferase (GenBank Acc. No. AAT73629), Helianthus annus
diacylglycerol acyltransferase (GenBank Acc. No. ABX61081), Olea europaea acyl-
CoA:diacylglycerol acyltransferase 1 (GenBank Acc. No. AAS01606), Ricinus communis
diacylglycerol acyltransferase (GenBank Acc. No. AAR11479)

Phospholipid diacylglycerol acyltransferase Enzymes

Arabidopsis thaliana phospholipid:diacylglycerol acyltransferase (GenBank Acc. No.
AED91921), Elaeis guineensis putative phospholipid:diacylglycerol acyltransferase
(GenBank Acc. No. AEQ94116), Glycine max phospholipid:diacylglycerol
acyltransferase 1-like (GenBank Acc. No. XP_003541296), Jatropha curcas
phospholipid:diacylglycerol acyltransferase (GenBank Acc. No. AEZ56255), Ricinus
communis phospholipid:diacylglycerol acyltransferase (GenBank Acc. No. ADK92410),
Ricinus communis phospholipid:diacylglycerol acyltransferase (GenBank Acc. No.
AEW99982)

EXAMPLE 10: ENGINEERING CHLORELLA SOROKINIANA

[0298] Expression of recombinant genes in accordance with the present invention in
Chlorella sorokiniana may be accomplished by modifying the methods and vectors taught
by Dawson et al. as discussed herein. Briefly, Dawson et al., Current Microbiology Vol.
35 (1997) pp. 356-362, reported the stable nuclear transformation of Chlorella
sorokiniana with plasmid DNA. Using the transformation method of microprojectile
bombardment, Dawson introduced the plasmid pSV72-NRg, encoding the full Chlorella
vulgaris nitrate reductase gene (NR, GenBank Accession No. U39931), into mutant
Chlorella sorokiniana (NR-mutants). The NR-mutants are incapable of growth without
the use of nitrate as a source of nitrogen. Nitrate reductase catalyzes the conversion of
nitrate to nitrite. Prior to transformation, Chlorella sorokiniana NR-mutants were unable
to grow beyond the microcolony stage on culture medium comprising nitrate (NO5’) as the
sole nitrogen source. The expression of the Chlorella vulgaris NR gene product in NR-
mutant Chlorella sorokiniana was used as a selectable marker to rescue the nitrate

metabolism deficiency. Upon transformation with the pSV72-NRg plasmid, NR-mutant
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Chlorella sorokiniana stably expressing the Chlorella vulgaris NR gene product were
obtained that were able to grow beyond the microcolony stage on agar plates comprising
nitrate as the sole carbon source. Evaluation of the DNA of the stable transformants was
performed by Southern analysis and evaluation of the RNA of the stable transformants
was performed by RNase protection. Selection and maintenance of the transformed
Chlorella sorokiniana (NR mutant) was performed on agar plates (pH 7.4) comprising 0.2
g/L MgSQ,, 0.67 g/l KH,PO4, 3.5 g/l K;HPO,, 1.0 g/L Na;C¢HsO7-H,0 and 16.0 g/
agar, an appropriate nitrogen source (€.g., NO3"), micronutrients, and a carbon source.
Dawson also reported the propagation of Chlorella sorokiniana and Chlorella sorokiniana
NR mutants in liquid culture medium. Dawson reported that the plasmid pSV72-NRg and
the promoter and 3’ UTR/terminator of the Chlorella vulgaris nitrate reductase gene were
suitable to enable heterologous gene expression in Chlorella sorokiniana NR-mutants.
Dawson also reported that expression of the Chlorella vulgaris nitrate reductase gene
product was suitable for use as a selectable marker in Chlorella sorokiniana NR-mutants.
[0299] In an embodiment of the present invention, vector pSV72-NRg, comprising
nucleotide sequence encoding the Chlorella vulgaris nitrate reductase (CvNR) gene
product for use as a selectable marker, is constructed and modified to further comprise a
lipid biosynthesis pathway expression cassette sequence, thereby creating a transformation
vector. The lipid biosynthesis pathway expression cassette encodes one or more lipid
biosynthesis pathway proteins selected from Table 25, each protein-coding sequence
codon-optimized for expression in Chlorella sorokiniana to reflect the codon bias inherent
in nuclear genes of Chlorella sorokiniana in accordance with Tables 24A-D. For each
lipid biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the CvNR promoter upstream of the protein-coding
sequence and operably linked to the CvNR 3’UTR/terminator at the 3’ region, or
downstream, of the protein-coding sequence. The transformation construct may
additionally comprise homology regions to the Chlorella sorokiniana genome for targeted
genomic integration of the transformation vector. Homology regions may be selected to
disrupt one or more genomic sites of endogenous lipid biosynthesis pathway genes. Stable
transformation of Chlorella sorokiniana with the transformation vector is achieved
through well-known transformation techniques including microprojectile bombardment or
other known methods. Activity of the CvNR gene product may be used as a selectable
marker to rescue the nitrogen assimiliation deficiency of Chlorella sorokiniana NR mutant

strains and to select for Chlorella sorokiniana NR-mutants stably expressing the
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transformation vector. Growth media suitable for Chlorella sorokiniana lipid production
include, but are not limited to 0.5 g/L. KH,PO4, 0.5g/L K,HPO4, 0.25 g/I. MgS04-7H20,
with supplemental micronutrients and the appropriate nitrogen and carbon sources
(Patterson, Lipids Vol.5:7 (1970), pp.597-600). Evaluation of fatty acid profiles of
Chlorella sorokiniana lipids may be assessed through standard lipid extraction and

analytical methods described herein.

EXAMPLE 11: ENGINEERING CHLORELLA VULGARIS

[0300] Expression of recombinant genes in accordance with the present invention in
Chlorella vulgaris may be accomplished by modifying the methods and vectors taught by
Chow and Tung et al. as discussed herein. Briefly, Chow and Tung et al., Plant Cell
Reports, Volume 18 (1999), pp. 778-780, reported the stable nuclear transformation of
Chlorella vulgaris with plasmid DNA. Using the transformation method of
electroporation, Chow and Tung introduced the plasmid pIG121-Hm (GenBank Accession
No. AB489142) into Chlorella vulgaris. The nucleotide sequence of pIG121-Hm
comprised sequence encoding a beta-glucuronidase (GUS) reporter gene product operably-
linked to a CaMV 35S promoter upstream of the GUS protein-coding sequence and further
operably linked to the 3’ UTR/terminator of the nopaline synthase (nos) gene downstream
of the GUS protein-coding sequence. The sequence of plasmid pIG121-Hm further
comprised a hygromycin B antibiotic resistance cassette. This hygromycin B antibiotic
resistance cassette comprised a CaMV 35S promoter operably linked to sequence
encoding the hygromycin phosphotransferase (4pt, GenBank Accession No. BAH24259)
gene product. Prior to transformation, Chlorella vulgaris was unable to be propagated in
culture medium comprising 50 ug/ml hygromycin B. Upon transformation with the
plG121-Hm plasmid, transformants of Chlorella vulgaris were obtained that were
propagated in culture medium comprising 50 ug/ml hyrgromycin B. The expression of the
hpt gene product in Chlorella vulgaris enabled propagation of transformed Chlorella
vulgaris in the presence of 50 ug/mL hyrgromycin B, thereby establishing the utility of the
a hygromycin B resistance cassette as a selectable marker for use in Chlorella vulgaris.
Detectable activity of the GUS reporter gene indicated that CaMV 35S promoter and nos
3’UTR are suitable for enabling heterologous gene expression in Chlorella vulgaris.
Evaluation of the genomic DNA of the stable transformants was performed by Southern
analysis. Selection and maintenance of transformed Chlorella vulgaris was performed on

agar plates comprising YA medium (agar and 4 g/L yeast extract). The propagation of
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Chlorella vulgaris in liquid culture medium was conducted as discussed by Chow and
Tung. Propagation of Chlorella vulgaris in media other than YA medium has been
described (for examples, see Chader et al., Revie des Energies Renouvelabes, Volume 14
(2011), pp. 21-26 and Illman et al., Enzyme and Microbial Technology, Vol. 27 (2000),
pp. 631-635). Chow and Tung reported that the plasmid pIG121-Hm, the CaMV 35S
promoter, and the Agrobacterium tumefaciens nopaline synthase gene 3’UTR/terminator
are suitable to enable heterologous gene expression in Chlorella vulgaris. In addition,
Chow and Tung reported the hyromycin B resistance cassette was suitable for use as a
selectable marker in Chlorella vulgaris. Additional plasmids, promoters,
3’UTR/terminators, and selectable markers suitable for enabling heterologous gene
expression in Chlorella vulgaris have been discussed in Chader et al., Revue des Energies
Renouvelabes, Volume 14 (2011), pp. 21-26.

[0301] In an embodiment of the present invention, pIG121-Hm, comprising the
nucleotide sequence encoding the hygromycin B gene product for use as a selectable
marker, is constructed and modified to further comprise a lipid biosynthesis pathway
expression cassette sequence, thereby creating a transformation vector. The lipid
biosynthesis pathway expression cassette encodes one or more lipid biosynthesis pathway
proteins selected from Table 25, each protein-coding sequence codon-optimized for
expression in Chlorella vulgaris to reflect the codon bias inherent in nuclear genes of
Chlorella vulgaris in accordance with Tables 24A-D. For each lipid biosynthesis pathway
protein of Table 25, the codon-optimized gene sequence can individually be operably
linked to the CaMV 35S promoter upstream of the protein-coding sequence and operably
linked to the Agrobacterium tumefaciens nopaline synthase gene 3’UTR/terminator at the
3’ region, or downstream, of the protein-coding sequence. The transformation construct
may additionally comprise homology regions to the Chlorella vulgaris genome for
targeted genomic integration of the transformation vector. Homology regions may be
selected to disrupt one or more genomic sites of endogenous lipid biosynthesis pathway
genes. Stable transformation of Chlorella vulgaris with the transformation vector is
achieved through well-known transformation techniques including electroporation or other
known methods. Activity of the hygromycin B resistance gene product may be used as a
marker to select for Chlorella vulgaris transformed with the transformation vector on, but
not limited to, agar medium comprising hygromycin. Growth media suitable for Chlorella
vulgaris lipid production include, but are not limited to BG11 medium (0.04 g/L. KH,PO,,
0.075 g/L CaCl,, 0.036 g/L citric acid, 0.006 g/ Ammonium Ferric Citrate, Img/L
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EDTA, and 0.02 g/L Na,CO3) supplemented with trace metals, and optionally 1.5 g/L
NaNO3. Additional media suitable for culturing Chlorella vulgaris for lipid production
include, for example, Watanabe medium (comprising 1.5 g/L. KNOs, 1.25 g/ KH,POy,,
1.25¢g ! MgS0O,4-7H,0, 20 mg 1! FeSO,4-7H,0 with micronutrients and low-nitogen
medium (comprising 203 mg/l (NH4),HPOj4, 2.236 g/l KCl, 2.465 g/l MgS0s, 1.361 g/l
KH;PO, and 10 mg/l FeSQO,) as reported by Illman et al., Enzyme and Microbial
Technology, Vol. 27 (2000), pp. 631-635. Evaluation of fatty acid profiles of Chlorella
vulgaris lipids may be assessed through standard lipid extraction and analytical methods

described herein.

EXAMPLE 12: ENGINEERING CHLORELLA ELLIPSOIDEA

[0302] Expression of recombinant genes in accordance with the present invention in
Chlorella ellipsoidea may be accomplished by modifying the methods and vectors taught
by Chen et al. as discussed herein. Briefly, Chen et al., Current Genetics, Vol. 39:5
(2001), pp. 365-370, reported the stable transformation of Chlorella ellipsoidea with
plasmid DNA. Using the transformation method of electroporation, Chen introduced the
plasmid pBinUQNP-1 into Chlorella ellipsoidea. The nucleotide sequence of
pBinUQNP-1 comprised sequence encoding the neutrophil peptide-1 (NP-1) rabbit gene
product operably linked to a Zea mays Ubiquitin (ubil) gene promoter upstream of the
NP-1 protein-coding region and operably linked to the 3° UTR/terminator of the nopaline
synthase (nos) gene downstream of the NP-1 protein-coding region. The sequence of
plasmid pBinUQNP-1 further comprised a G418 antibiotic resistance cassette. This G418
antibiotic resistance cassette comprised sequence encoding the aminoglycoside 3°-
phosphotransferase (aph 3°) gene product. The aph 3’ gene product confers resistance to
the antibiotic G418. Prior to transformation, Chlorella ellipsoidea was unable to be
propagated in culture medium comprising 30 ug/mL G418. Upon transformation with the
pBinUQNP-1 plasmid, transformants of Chlorella ellipsoidea were obtained that were
propagated in selective culture medium comprising 30 ug/mL G418. The expression of
the aph 3’ gene product in Chlorella ellipsoidea enabled propagation of transformed
Chlorella ellipsoidea in the presence of 30 ug/mL G418, thereby establishing the utility of
the G418 antibiotic resistance cassette as selectable marker for use in Chlorella
ellipsoidea. Detectable activity of the NP-1 gene product indicated that the ubil promoter
and nos 3° UTR are suitable for enabling heterologous gene expression in Chlorella

ellipsoidea. Evaluation of the genomic DNA of the stable transformants was performed
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by Southern analysis. Selection and maintenance of the transformed Chlorella ellipsoidea
was performed on Knop medium (comprising 0.2 g/L. K;HPO4, 0.2 g/ MgSQO4-7H,0,
0.12 g/I. KCl, and 10 mg/L FeCl3, pH 6.0-8.0 supplemented with 0.1% yeast extract and
0.2% glucose) with 15 ug/mL G418 (for liquid cultures) or with 30 ug/mL G418 (for solid
cultures comprising 1.8% agar). Propagation of Chlorella ellipsoidea in media other than
Knop medium has been reported (see Cho et al., Fisheries Science, Vol. 73:5 (2007), pp.
1050-1056, Jarvis and Brown, Current Genetics, Vol. 19 (1991), pp.317-321 and Kim et
al., Marine Biotechnology, Vol. 4 (2002), pp.63-73). Additional plasmids, promoters,
3’UTR/terminators, and selectable markers suitable for enabling heterologous gene
expression in Chlorella ellipsoidea have been reported (see Jarvis and Brown and Kim et
al., Marine Biotechnology, Vol. 4 (2002), pp.63-73). Chen reported that the plasmid
pBinUQNP-1, the ubil promoter, and the Agrobacterium tumefaciens nopaline synthase
gene 3’UTR/terminator are suitable to enable exogenous gene expression in Chlorella
ellipsoidea. In addition, Chen reported that the G418 resistance cassette encoded on
pBinUQNP-1 was suitable for use as a selectable marker in Chlorella ellipsoidea.

[0303] In an embodiment of the present invention, vector pBinUQNP-1, comprising
the nucleotide sequence encoding the aph 3’ gene product, conferring resistance to G418,
for use as a selectable marker, is constructed and modified to further comprise a lipid
biosynthesis pathway expression cassette sequence, thereby creating a transformation
vector. The lipid biosynthesis pathway expression cassette encodes one or more lipid
biosynthesis pathway proteins selected from Table 25, each protein-coding sequence
codon-optimized for expression in Chlorella ellipsoidea to reflect the codon bias inherent
in nuclear genes of Chlorella ellipsoidea in accordance with Tables 24A-D. For each
lipid biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the Zea mays ubil promoter upstream of the protein-
coding sequence and operably linked to the Agrobacterium tumefaciens nopaline synthase
gene 3’UTR/terminator at the 3’ region, or downstream, of the protein-coding sequence.
The transformation construct may additionally comprise homology regions to the
Chlorella ellipsoidea genome for targeted genomic integration of the transformation
vector. Homology regions may be selected to disrupt one or more genomic sites of
endogenous lipid biosynthesis pathway genes. Stable transformation of Chlorella
ellipsoidea with the transformation vector is achieved through well-known transformation
techniques including electroporation or other known methods. Activity of the aph 3 gene

product may be used as a marker to select for Chlorella ellipsoidea transformed with the
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transformation vector on, but not limited to, Knop agar medium comprising G418.
Growth media suitable for Chlorella ellipsoidea lipid production include, but are not
limited to, Knop medium and those culture medium reported by Jarvis and Brown and
Kim et al. Evaluation of fatty acid profiles of Chlorella ellipsoidea lipids may be assessed

through standard lipid extraction and analytical methods described herein.

EXAMPLE 13: ENGINEERING CHLORELLA KESSLERI

[0304] Expression of recombinant genes in accordance with the present invention in
Chlorella kessleri may be accomplished by modifying the methods and vectors taught by
El-Sheekh et al. as discussed herein. Briefly, El-Sheekh et al., Biologia Plantarium, Vol.
42:2 (1999), pp. 209-216, reported the stable transformation of Chlorella kessleri with
plasmid DNA. Using the transformation method of microprojectile bombardment, El-
Sheekh introduced the plasmid pBI121 (GenBank Accession No. AF485783) into
Chlorella kessleri. Plasmid pBI121 comprised a kanamycin/neomycin antibiotic
resistance cassette. This kanamycin/neomycin antibiotic resistance cassette comprised the
Agrobacterium tumefaciens nopaline synthase (nos) gene promoter, sequence encoding the
neomycin phosphotransferase Il (npfll) gene product (GenBank Accession No.
AAL92039) for resistance to kanamycin and G418, and the 3’ UTR/terminator of the
Agrobacterium tumefaciens nopaline synthase (nos) gene. pBI121 further comprised
sequence encoding a beta-glucuronidase (GUS) reporter gene product operably linked to a
CaMV 358 promoter and operably linked to a 3’ UTR/terminator of the nos gene. Prior
to transformation, Chlorella kessleri was unable to be propagated in culture medium
comprising 15 ug/L kanamycin. Upon transformation with the pBI121plasmid,
transformants of Chlorella kessleri were obtained that were propagated in selective culture
medium comprising 15 mg/L kanamycin. The express ion of the nprll gene product in
Chlorella kessleri enabled propagation in the presence of 15 mg/L kanamycin, thereby
establishing the utility of the kanamycin/neomycin antibiotic resistance cassette as
selectable marker for use in Chlorella kessleri. Detectable activity of the GUS gene
product indicated that the CaMV 35S promoter and nos 3’ UTR are suitable for enabling
heterologous gene expression in Chlorella kessleri. Evaluation of the genomic DNA of
the stable transformants was performed by Southern analysis. As reported by El-Sheekh,
selection and maintenance of transformed Chlorella kessleri was conducted on semisolid
agar plates comprising YEG medium (1% yeast extract, 1% glucose) and 15 mg/L
kanamycin. El-Sheekh also reported the propagation of Chlorella kessleri in YEG liquid
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culture media. Additional media suitable for culturing Chlorella kessleri for lipid
production are disclosed in Sato ef al., BBA Molecular and Cell Biology of Lipids, Vol.
1633 (2003), pp. 27-34). El-Sheekh reported that the plasmid pBI121, the CaMV
promoter, and the nopaline synthase gene 3’UTR/terminator are suitable to enable
heterologous gene expression in Chlorella kessleri. In addition, El-Sheekh reported that
the kanamycin/neomycin resistance cassette encoded on pBI121 was suitable for use as a
selectable marker in Chlorella kessleri.

[0305] In an embodiment of the present invention, vector pBI121, comprising the
nucleotide sequence encoding the kanamycin/neomycin resistance gene product for use as
a selectable marker, is constructed and modified to further comprise a lipid biosynthesis
pathway expression cassette sequence, thereby creating a transformation vector. The lipid
biosynthesis pathway expression cassette encodes one or more lipid biosynthesis pathway
proteins selected from Table 25, each protein-coding sequence codon-optimized for
expression in Chlorella kessleri to reflect the codon bias inherent in nuclear genes of
Chlorella kessleri in accordance with Tables 24A-D. For each lipid biosynthesis pathway
protein of Table 25, the codon-optimized gene sequence can individually be operably
linked to the CaMV 35S promoter upstream of the protein-coding sequence and operably
linked to the Agrobacterium tumefaciens nopaline synthase gene 3’UTR/terminator at the
3’ region, or downstream, of the protein-coding sequence. The transformation construct
may additionally comprise homology regions to the Chlorella kessleri genome for targeted
genomic integration of the transformation vector. Homology regions may be selected to
disrupt one or more genomic sites of endogenous lipid biosynthesis pathway genes. Stable
transformation of Chlorella kessleri with the transformation vector is achieved through
well-known transformation techniques including microprojectile bombardment or other
known methods. Activity of the npt/l gene product may be used as a marker to select for
Chlorella kessleri transformed with the transformation vector on, but not limited to, YEG
agar medium comprising kanamycin or neomycin. Growth media suitable for Chlorella
kessleri lipid production include, but are not limited to, YEG medium, and those culture
media reported by Sato et al. Evaluation of fatty acid profiles of Chlorella kessleri lipids
may be assessed through standard lipid extraction and analytical methods described

herein.
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EXAMPLE 14: ENGINEERING DUNALIELLA TERTIOLECTA

[0306] Expression of recombinant genes in accordance with the present invention in
Dunaliella tertiolecta may be accomplished by modifying the methods and vectors taught
by Walker et al. as discussed herein. Briefly, Walker et al., Journal of Applied Phycology,
Vol. 17 (2005), pp. 363-368, reported stable nuclear transformation of Dunaliella
tertiolecta with plasmid DNA. Using the transformation method of electroporation,
Walker introduced the plasmid pDbleFLAG1.2 into Dunaliella tertiolecta.
pDbleFLAG1.2 comprised sequence encoding a bleomycin antibiotic resistance cassette,
comprising sequence encoding the Streptoalloteichus hindustanus Bleomycin binding
protein (ble), for resistance to the antibiotic phleomycin, operably linked to the promoter
and 3’ UTR of the Dunaliella tertiolecta ribulose-1,5-bisphosphate carboxylase/oxygenase
small subunit gene (rbcS1, GenBank Accession No. AY530155). Prior to transformation,
Dunaliella tertiolecta was unable to be propagated in culture medium comprising 1 mg/L
phleomycin. Upon transformation with the pDbleFLAG1.2 plasmid, transformants of
Dunaliella tertiolecta were obtained that were propagated in selective culture medium
comprising 1 mg/L phleomycin. The expression of the ble gene product in Dunaliella
tertiolecta enabled propagation in the presence of 1 mg/L phleomycin, thereby
establishing the utility of the bleomycin antibiotic resistance cassette as selectable marker
for use in Dunaliella tertiolecta. Evaluation of the genomic DNA of the stable
transformants was performed by Southern analysis. As reported by Walker, selection and
maintenance of transformed Dunaliella tertiolecta was conducted in Dunaliella medium
(DM, as described by Provasoli et al., Archiv fur Mikrobiologie, Vol. 25 (1957), pp. 392-
428) further comprising 4.5 g/L NaCl and 1 mg/L pheomycin. Additional media suitable
for culturing Dunaliella tertiolecta for lipid production are discussed in Takagi et al.,
Journal of Bioscience and Bioengineering, Vol. 101:3 (2006), pp. 223-226 and in Massart
and Hanston, Proceedings Venice 2010, Third International Symposium on Energy from
Biomass and Waste. Walker reported that the plasmid pDbleFLAG1.2 and the promoter
and 3’ UTR of the Dunaliella tertiolecta ribulose-1,5-bisphosphate carboxylase/oxygenase
small subunit gene are suitable to enable heterologous expression in Dunaliella
tertiolecta. In addition, Walker reported that the bleomycin resistance cassette encoded on
pDbleFLAG1.2 was suitable for use as a selectable marker in Dunaliella tertiolecta.
[0307] In an embodiment of the present invention, vector pDbleFLAG1.2, comprising

the nucleotide sequence encoding the ble gene product for use as a selectable marker, is
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constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in
Dunaliella tertiolecta to reflect the codon bias inherent in nuclear genes of Dunaliella
tertiolecta in accordance with Tables 24A-D. For ecach lipid biosynthesis pathway protein
of Table 25, the codon-optimized gene sequence can individually be operably linked to the
rbcS1 promoter upstream of the protein-coding sequence and operably linked to the rbeS1
3’UTR/terminator at the 3’ region, or downstream, of the protein-coding sequence. The
transformation construct may additionally comprise homology regions to the Dunaliella
tertiolecta genome for targeted genomic integration of the transformation vector.
Homology regions may be selected to disrupt one or more genomic sites of endogenous
lipid biosynthesis pathway genes. Stable transformation of Dunaliella tertiolecta with the
transformation vector is achieved through well-known transformation techniques
including electroporation or other known methods. Activity of the ble gene product may
be used as a marker to select for Dunaliella tertiolecta transformed with the
transformation vector on, but not limited to, DM medium comprising pheomycin. Growth
medium suitable for Dunaliella tertiolecta lipid production include, but are not limited to
DM medium and those culture media described by Takagi et al. and Massart and Hanston.
Evaluation of fatty acid profiles of Dunaliella tertiolecta lipids may be assessed through

standard lipid extraction and analytical methods described herein.

EXAMPLE 15: ENGINEERING VOLVOX CARTERI

[0308] Expression of recombinant genes in accordance with the present invention in
Volvox carteri may be accomplished by modifying the methods and vectors taught by
Hallman and Rappel et al. as discussed herein. Briefly, Hallman and Rappel et al., The
Plant Journal, Volume 17 (1999), pp. 99-109, reported the stable nuclear transformation
of Volvox carteri with plasmid DNA. Using the transformation method of microprojectile
bombardment, Hallman and Rappel introduced the pzeoE plasmid into Volvox carteri.
The pzeoE plasmid comprised sequence encoding a bleomycin antibiotic resistance
cassette, comprising sequence encoding the Streptoalloteichus hindustanus Bleomycin
binding protein (ble), for resistance to the antibiotic zeocin, operably linked to and the
promoter and 3’ UTR of the Volvox carteri beta-tubulin gene (GenBank Accession No.

L.24547). Prior to transformation, Volvox carteri was unable to be propagated in culture
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medium comprising 1.5 ug/ml zeocin. Upon transformation with the pzeoE plasmid,
transformants of Volvox carteri were obtained that were propagated in selective culture
medium comprising greater than 20 ug/ml zeocin. The expression of the ble gene product
in Volvox carteri enabled propagation in the presence of 20 ug/ml zeocin, thereby
establishing the utility of the bleomycin antibiotic resistance cassette as selectable marker
for use in Volvox carteri. Evaluation of the genomic DNA of the stable transformants was
performed by Southern analysis. As reported by Hallman and Rappel, selection and
maintenance of transformed Volvox carteri was conducted in Volvox medium (VM, as
described by Provasoli and Pintner, The Ecology of Algae, Special Publication No. 2
(1959), Tyron, C.A. and Hartman, R.T., eds., Pittsburgh: Univeristy of Pittsburgh, pp. 88-
96) with 1 mg/L pheomycin. Media suitable for culturing Volvox carteri for lipid
production are also discussed by Starr in Starr R,C,. Dev Biol Suppl., Vol. 4 (1970), pp.59-
100). Hallman and Rappel reported that the plasmid pzeoE and the promoter and 3° UTR
of the Volvox carteri beta-tubulin gene are suitable to enable heterologous expression in
Volvox carteri. In addition, Hallman and Rappel reported that the bleomycin resistance
cassette encoded on pzeoE was suitable for use as a selectable marker in Volvox carteri.
Additional plasmids, promoters, 3’UTR/terminators, and selectable markers suitable for
enabling heterologous gene expression in Volvox carteri and suitable for use as selective
markers Volvox carteri in have been reported (for instance see Hallamann and Sumper,
Proceedings of the National Academy of Sciences, Vol. 91 (1994), pp 11562-11566 and
Hallman and Wodniok, Plant Cell Reports, Volume 25 (2006), pp. 582-581).

[0309] In an embodiment of the present invention, vector pzeoE, comprising the
nucleotide sequence encoding the ble gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in
Volvox carteri to reflect the codon bias inherent in nuclear genes of Volvox carteri in
accordance with Tables 24A-D. For each lipid biosynthesis pathway protein of Table 25,
the codon-optimized gene sequence can individually be operably linked to the Volvox
carteri beta-tubulin promoter upstream of the protein-coding sequence and operably
linked to the Volvox carteri beta-tubulin 3’UTR/terminator at the 3’ region, or
downstream, of the protein-coding sequence. The transformation construct may

additionally comprise homology regions to the Volvox carteri genome for targeted
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genomic integration of the transformation vector. Homology regions may be selected to
disrupt one or more genomic sites of endogenous lipid biosynthesis pathway genes. One
skilled in the art can identify such homology regions within the sequence of the Volvox
carteri genome (referenced in the publication by Prochnik et al., Science, Vol. 329:5988
(2010), pp223-226). Stable transformation of Volvox carteri with the transformation
vector is achieved through well-known transformation techniques including
microprojectile bombardment or other known methods. Activity of the ble gene product
may be used as a marker to select for Volvox carteri transformed with the transformation
vector on, but not limited to, VM medium comprising zeocin. Growth medium suitable
for Volvox carteri lipid production include, but are not limited to VM medium and those
culture media discussed by Starr. Evaluation of fatty acid profiles of Volvox carteri lipids
may be assessed through standard lipid extraction and analytical methods described

herein.

EXAMPLE 16: ENGINEERING HAEMATOCOCCUS PLUVIALIS

[0310] Expression of recombinant genes in accordance with the present invention in
Haematococcus pluvialis may be accomplished by modifying the methods and vectors
taught by Steinbrenner and Sandmann et al. as discussed herein. Briefly, Steinbrenner and
Sandmann et al., Applied and Environmental Microbiology, Vol. 72:12 (2006), pp.7477-
7484, reported the stable nuclear transformation of Haematococcus pluvialis with plasmid
DNA. Using the transformation method of microprojectile bombardment, Steinbrenner
introduced the plasmid pPlat-pds-L504R into Haematococcus pluvialis. The plasmid
pPlat-pds-L504R comprised a norflurazon resistance cassette, which comprised the
promoter, protein-coding sequence, and 3’UTR of the Haematococcus pluvialis phytoene
desaturase gene (Pds, GenBank Accession No. AY781170), wherein the protein-coding
sequence of Pds was modified at position 504 (thereby changing a leucine to an arginine)
to encode a gene product (Pds-L504R) that confers resistance to the herbicide norflurazon.
Prior to transformation with pPlat-pds-L504R, Haematococcus pluvialis was unable to
propagate on medium comprising 5 uM norflurazon. Upon transformation with the pPlat-
pds-L504R plasmid, transformants of Haematococcus pluvialis were obtained that were
propagated in selective culture medium comprising 5 uM norflurazon. The expression of
the Pds-L504R gene product in Haematococcus pluvialis enabled propagation in the
presence of 5 uM norflurazon, thereby establishing the utility of the norflurazon herbicide

resistance cassette as selectable marker for use in Haematococcus pluvialis. Evaluation of
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the genomic DNA of the stable transformants was performed by Southern analysis. As
reported by Steinbrenner, selection and maintenance of transformed Haematococcus
pluvialis was conducted on agar plates comprising OHA medium (OHM (0.41 g/ KNOs,
0.03 g/L Na,HPO4, 0.246 g/l MgSO,4-7H,0, 0.11 g/L CaCl,-2H,0, 2.62 mg/L Feqmcitrate
x H;0, 0.011 mg/L. CoCl,-6H,0, 0.012 mg/L CuSO4-5H,0, 0.075 mg/L Cr,03, 0.98 mg/L
MnCl,-4H,0, 0.12 mg/L. Na;MoO4 x 2H,0, 0.005 mg/L SeO, and 25 mg/L biotin, 17.5
mg/L thiamine, and 15 mg/L vitamin B12), supplemented with 2.42 g/L. Tris-acetate, and
SmM norflurazon. Propagation of Haematococcus pluvialis in liquid culture was
performed by Steinbrenner and Sandmann using basal medium (basal medium as
described by Kobayashi et al., Applied and Environmental Microbiology, Vol. 59 (1993),
pp.867-873). Steinbrenner and Sandmann reported that the pPlat-pds-L504R plasmid and
promoter and 3’ UTR of the Haematococcus pluvialis phytoene desaturase gene are
suitable to enable heterologous expression in Haematococcus pluvialis. In addition,
Steinbrenner and Sandmann reported that the norflurazon resistance cassette encoded on
pPlat-pds-L504R was suitable for use as a selectable marker in Haematococcus pluvialis.
Additional plasmids, promoters, 3’UTR/terminators, and selectable markers suitable for
enabling heterologous gene expression in Haematococcus pluvialis have been reported
(see Kathiresan et al., Journal of Phycology, Vol. 45 (2009), pp 642-649).

[0311] In an embodiment of the present invention, vector pPlat-pds-L504R,
comprising the nucleotide sequence encoding the Pds-L504R gene product for use as a
selectable marker, is constructed and modified to further comprise a lipid biosynthesis
pathway expression cassette sequence, thereby creating a transformation vector. The lipid
biosynthesis pathway expression cassette encodes one or more lipid biosynthesis pathway
proteins selected from Table 25, each protein-coding sequence codon-optimized for
expression in Haematococcus pluvialis to reflect the codon bias inherent in nuclear genes
of Haematococcus pluvialis in accordance with Tables 24 A-D. For each lipid
biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the Haematococcus pluvialis pds gene promoter
upstream of the protein-coding sequence and operably linked to the Haematococcus
pluvialis pds gene 3’'UTR /terminator at the 3’ region, or downstream, of the protein-
coding sequence. The transformation construct may additionally comprise homology
regions to the Haematococcus pluvialis genome for targeted genomic integration of the
transformation vector. Homology regions may be selected to disrupt one or more genomic

sites of endogenous lipid biosynthesis pathway genes. Stable transformation of
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Haematococcus pluvialis with the transformation vector is achieved through well-known
transformation techniques including microprojectile bombardment or other known
methods. Activity of the Pds-L504R gene product may be used as a marker to select for
Haematococcus pluvialis transformed with the transformation vector on, but not limited
to, OHA medium comprising norflurazon. Growth media suitable for Haematococcus
pluvialis lipid production include, but are not limited to basal medium and those culture
media described by Kobayashi et al., Kathiresan et al, and Gong and Chen, Journal of
Applied Phycology, Vol. 9:5 (1997), pp. 437-444). Evaluation of fatty acid profiles of
Haematococcus pluvialis lipids may be assessed through standard lipid extraction and

analytical methods described herein.

EXAMPLE 17: ENGINEERING CLOSTERIUM PERACEROSUM-STRIGOSUM-
LITTORALE COMPLEX

[0312] Expression of recombinant genes in accordance with the present invention in
Closterium peracerosum—strigosum—littorale complex may be accomplished by modifying
the methods and vectors taught by Abe ef al. as discussed herein. Briefly, Abe et al.,
Plant Cell Physiology, Vol. 52:9 (2011), pp. 1676-1685, reported the stable nuclear
transformation of Closterium peracerosum—strigosum—littorale complex with plasmid
DNA. Using the transformation methods of microprojectile bombardment, Abe
introduced the plasmid pSA106 into Closterium peracerosum—strigosum—littorale
complex. Plasmid pSA106 comprised a bleomycin resistance cassette, comprising
sequence encoding the Streproalloteichus hindustanus Bleomycin binding protein gene
(ble, GenBank Accession No. CAA37050) operably linked to the promoter and 3’ UTR of
the Closterium peracerosum—strigosum—littorale complex Chlorophyll a/b-binding protein
gene (CAB, GenBank Accession No. AB363403). Prior to transformation with pSA106,
Closterium peracerosum—strigosum—littorale complex was unable to propagate on medium
comprising 3 ug/ml phleomycin. Upon transformation with pSA106, transformants of
Closterium peracerosum—strigosum—littorale complex were obtained that were propagated
in selective culture medium comprising 3 ug/ml phleomycin. The expression of the ble
gene product in Closterium peracerosum—strigosum—littorale complex enabled
propagation in the presence of 3 ug/ml phleomycin, thereby establishing the utility of the
bleomycin antibiotic resistance cassette as selectable marker for use in Closterium
peracerosum—strigosum—littorale complex. Evaluation of the genomic DNA of the stable

transformants was performed by Southern analysis. As reported by Abe, selection and
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maintenance of transformed Closterium peracerosum—strigosum—littorale complex was
conducted first in top agar with C medium (0.1 g/L KNOs3, 0.015 g/L Ca(NOs3),-4H20,
0.05 g/L glycerophosphate-Na2, 0.04 g/ MgS0O4-7H,0, 0.5 g/L Tris (hydroxylmethyl)
aminomethane, trace minerals, biotin, vitamins By and By,) and then subsequently isolated
to agar plates comprising C medium supplemented with phleomycin. As reported by Abe,
propagation of Closterium peracerosum—strigosum-littorale complex in liquid culture was
performed in C medium. Additional liquid culture medium suitable for propagation of
Closterium peracerosum—strigosum—littorale complex are discussed by Sekimoto et al.,
DNA Research, 10:4 (2003), pp. 147-153. Abe reported that the pSA106 plasmid and
promoter and 3’ UTR of the Closterium peracerosum—strigosum—littorale complex CAB
gene are suitable to enable heterologous gene expression in Closterium peracerosum—
strigosum—littorale complex. In addition, Abe reported that the bleomycin resistance
cassette encoded on pSA106 was suitable for use as a selectable marker in Closterium
peracerosum—strigosum—littorale complex. Additional plasmids, promoters,
3’UTR/terminators, and selectable markers suitable for enabling heterologous gene
expression in Closterium peracerosum—strigosum—littorale complex have been reported
(see Abe et al., Plant Cell Physiology, Vol. 49 (2008), pp. 625-632).

[0313] In an embodiment of the present invention, vector pSA106, comprising the
nucleotide sequence encoding the ble gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in
Closterium peracerosum—strigosum—littorale complex to reflect the codon bias inherent in
nuclear genes of Closterium peracerosum—strigosum—littorale complex in accordance with
Tables 24A-D. For each lipid biosynthesis pathway protein of Table 25, the codon-
optimized gene sequence can individually be operably linked to the Closterium
peracerosum—strigosum—littorale complex CAB gene promoter upstream of the protein-
coding sequence and operably linked to the Closterium peracerosum—strigosum—littorale
complex CAB gene 3’'UTR/terminator at the 3’ region, or downstream, of the protein-
coding sequence. The transformation construct may additionally comprise homology
regions to the Closterium peracerosum—strigosum—littorale complex genome for targeted
genomic integration of the transformation vector. Homology regions may be selected to

disrupt one or more genomic sites of endogenous lipid biosynthesis pathway genes. Stable
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transformation of Closterium peracerosum—strigosum—littorale complex with the
transformation vector is achieved through well-known transformation techniques
including microprojectile bombardment or other known methods. Activity of the ble gene
product may be used as a marker to select for Closterium peracerosum—strigosum—
littorale complex transformed with the transformation vector on, but not limited to, C
medium comprising phleomycin. Growth media suitable for Closterium peracerosum—
strigosum—littorale complex lipid production include, but are not limited to C medium and
those culture media reported by Abe et al. and Sekimoto et al. Evaluation of fatty acid
profiles of Closterium peracerosum—strigosum-littorale complex lipids may be assessed

through standard lipid extraction and analytical methods described herein.

EXAMPLE 18: ENGINEERING DUNALIELLA VIRIDIS

[0314] Expression of recombinant genes in accordance with the present invention in
Dunaliella viridis may be accomplished by modifying the methods and vectors taught by
Sun et al. as discussed herein. Briefly, Sun et al., Gene, Vol. 377 (2006), pp.140-149,
reported the stable transformation of Dunaliella viridis with plasmid DNA. Using the
transformation method of electoporation, Sun introduced the plasmid pPDVNR, encoding
the full Dunaliella viridis nitrate reductase gene into mutant Dunaliella viridis (Dunaliella
viridis NR-mutants.) The NR-mutants are incapable of growth without the use of nitrate
as a source of nitrogen. Nitrate reductase catalyzes the conversion of nitrate to nitrite.
Prior to transformation, Dunaliella viridis NR-mutants were unable to propagate in culture
medium comprising nitrate (NOs’) as the sole nitrogen source. The expression of the
Dunaliella viridis NR gene product in NR-mutant Dunaliella viridis was used as a
selectable marker to rescue the nitrate metabolism deficiency. Upon transformation with
the pPDVNR plasmid, NR-mutant Dunaliella viridis stably expressing the Dunaliella
viridis NR gene product were obtained that were able to grow on agar plates comprising
nitrate as the sole carbon source. Evaluation of the DNA of the stable transformants was
performed by Southern analysis. Selection and maintenance of the transformed Dunaliella
viridis (NR mutant) was performed on agar plates comprising 5 mM KNO;. Sun also
reported the propagation of Dunaliella viridis and Dunaliella viridis NR mutants in liquid
culture medium. Additional media suitable for propagation of Dunaliella viridis are
reported by Gordillo et al., Journal of Applied Phycology, Vol. 10:2 (1998), pp. 135-144
and by Moulton and Burford, Hydrobiologia, Vols. 204-205:1 (1990), pp. 401-408. Sun
reported that the plasmid pPDVNR and the promoter and 3’ UTR/terminator of the
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Dunaliella viridis nitrate reductase gene were suitable to enable heterologous expression
in Dunaliella viridis NR-mutants. Sun also reported that expression of the Dunaliella
viridis nitrate reductase gene product was suitable for use as a selectable marker in
Dunaliella viridis NR-mutants.

[0315] In an embodiment of the present invention, vector pPDVNR, comprising the
nucleotide sequence encoding the Dunaliella viridis nitrate reductase (DvNR) gene
product for use as a selectable marker, is constructed and modified to further comprise a
lipid biosynthesis pathway expression cassette sequence, thereby creating a transformation
vector. The lipid biosynthesis pathway expression cassette encodes one or more lipid
biosynthesis pathway proteins selected Table 25, each protein-coding sequence codon-
optimized for expression in Dunaliella viridis to reflect the codon bias inherent in nuclear
genes of Dunaliella viridis in accordance with Tables 24A-D. For each lipid biosynthesis
pathway protein of Table 25, the codon-optimized gene sequence can individually be
operably linked to the DvNR promoter upstream of the protein-coding sequence and
operably linked to the DvNR 3’UTR/terminator at the 3’ region, or downstream, of the
protein-coding sequence. The transformation construct may additionally comprise
homology regions to the Dunaliella viridis genome for targeted genomic integration of the
transformation vector. Homology regions may be selected to disrupt one or more genomic
sites of endogenous lipid biosynthesis pathway genes. Stable transformation of Dunaliella
viridis NR mutants with the transformation vector is achieved through well-known
transformation techniques including electorporation or other known methods. Activity of
the DvNR gene product may be used as a selectable marker to rescue the nitrogen
assimiliation deficiency of Dunaliella viridis NR mutant strains and to select for
Dunaliella viridis NR-mutants stably expressing the transformation vector. Growth media
suitable for Dunaliella viridis lipid production include, but are not limited to those
discussed by Sun et al., Moulton and Burford, and Gordillo et al. Evaluation of fatty acid
profiles of Dunaliella viridis lipids may be assessed through standard lipid extraction and

analytical methods described herein.

EXAMPLE 19: ENGINEERING DUNALIELLA SALINA

[0316] Expression of recombinant genes in accordance with the present invention in
Dunaliella salina may be accomplished by modifying the methods and vectors taught by
Geng et al. as discussed herein. Briefly, Geng et al., Journal of Applied Phycology, Vol.
15 (2003), pp. 451-456, reported the stable transformation of Dunaliella salina with
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plasmid DNA. Using the transformation method of electroporation, Geng introduced the
pUQHBsAg-CAT plasmid into Dunaliella salina. pUQHBsAg-CAT comprises a
hepatitis B surface antigen (HBsAG) expression cassette comprising sequence encoding
the hepatitis B surface antigen operably linked to a Zea mays ubil promoter upstream of
the HBsAG protein-coding region and operably linked to the 3'UTR/terminator of the
Agrobacterium tumefaciens nopaline synthase gene (nos) downstream of the HBSAG
protein-coding region. pUQHBsAg-CAT further comprised a chloramphenicol resistance
cassette, comprising sequence encoding the chloramphenicol acetyltransferase (CAT)
gene product, conferring resistance to the antibiotic chloramphenicol, operably linked to
the simian virus 40 promoter and enhancer. Prior to transformation with pUQHBsAg-
CAT, Dunaliella salina was unable to propagate on medium comprising 60 mg/L
chloramphenicol. Upon transformation with the pUQHBsAg-CAT plasmid, transformants
of Dunaliella salina were obtained that were propagated in selective culture medium
comprising 60 mg/L chloramphenicol. The expression of the CAT gene product in
Dunaliella salina enabled propagation in the presence of 60 mg/L chloramphenicol,
thereby establishing the utility of the chloramphenicol resistance cassette as selectable
marker for use in Dunaliella salina. Detectable activity of the HBsAg gene product
indicated that ubil promoter and nos 3’UTR/terminator are suitable for enabling gene
expression in Dunaliella salina. Evaluation of the genomic DNA of the stable
transformants was performed by Southern analysis. Geng reported that selection and
maintenance of the transformed Dunaliella salina was performed on agar plates
comprising Johnson’s medium (J1, described by Borowitzka and Borowitzka (eds), Micro-
algal Biotechnology. Cambridge University Press, Cambridge, pp. 460-461) with 60 mg/L
chloramphenicol. Liquid propagation of Dunaliella salina was performed by Geng in J1
medium with 60 mg/L chloramphenicol. Propagation of Dunaliella salina in media other
than J1 medium has been discussed (see Feng et al., Mol. Bio. Reports, Vol. 36 (2009),
pp.1433-1439 and Borowitzka et al., Hydrobiologia, Vols. 116-117:1 (1984), pp. 115-
121). Additional plasmids, promoters, 3’UTR/terminators, and selectable markers suitable
for enabling heterologous gene expression in Dunaliella salina have been reported by
Feng et al. Geng reported that the plasmid pUQHBsAg-CAT, the ubil promoter, and the
Agrobacterium tumefaciens nopaline synthase gene 3’UTR/terminator are suitable to
enable exogenous gene expression in Dunaliella salina. In addition, Geng reporteds that
the CAT resistance cassette encoded on pUQHBsAg-CAT was suitable for use as a

selectable marker in Dunaliella salina.
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[0317] In an embodiment of the present invention, vector pUQHBsAg-CAT,
comprising the nucleotide sequence encoding the CAT gene product for use as a selectable
marker, is constructed and modified to further comprise a lipid biosynthesis pathway
expression cassette sequence, thereby creating a transformation vector. The lipid
biosynthesis pathway expression cassette encodes one or more lipid biosynthesis pathway
proteins selected Table 25, each protein-coding sequence codon-optimized for expression
in Dunaliella salina to reflect the codon bias inherent in nuclear genes of Dunaliella
salina in accordance with Tables 24A-D. For each lipid biosynthesis pathway protein of
Table 25, the codon-optimized gene sequence can individually be operably linked to the
ubil promoter upstream of the protein-coding sequence and operably linked to the
Agrobacterium tumefaciens nopaline synthase gene 3’UTR/terminator at the 3’ region, or
downstream, of the protein-coding sequence. The transformation construct may
additionally comprise homology regions to the Dunaliella salina genome for targeted
genomic integration of the transformation vector. Homology regions may be selected to
disrupt one or more genomic sites of endogenous lipid biosynthesis pathway genes. Stable
transformation of Dunaliella salina with the transformation vector is achieved through
well-known transformation techniques including electroporation or other known methods.
Activity of the CAT gene product may be used as a selectable marker to select for
Dunaliella salina transformed with the transformation vector in, but not limited to, J1
medium comprising chrloramphenicol. Growth medium suitable for Dunaliella salina
lipid production include, but are not limited to J1 medium and those culture media
described by Feng et al. and Borowitzka et al. Evaluation of fatty acid profiles of
Dunaliella salina lipids may be assessed through standard lipid extraction and analytical

methods described herein.

EXAMPLE 20: ENGINEERING GONIUM PECTORAL

[0318] Expression of recombinant genes in accordance with the present invention in
Gonium pectoral may be accomplished by modifying the methods and vectors taught by
Lerche and Hallman et al. as discussed herein. Briefly, Lerche and Hallman et al., BMC
Biotechnology, Volume 9:64, 2009, reported the stable nuclear transformation of Gonium
pectorale with plasmid DNA. Using the transformation method of microprojectile
bombardment, Lerche introduced the plasmid pPmr3 into Gonium pectorale. Plasmid
pPmr3 comprised a paromomycin resistance cassette, comprising a sequence encoding the

aminoglycoside 3’-phosphotransferase (aphVIII) gene product (GenBank Accession No.
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AABO03856) of Streptomyces rimosus for resistance to the antibiotic paromomycin,
operably linked to the Volvox carteri hsp70A-rbcS3 hybrid promoter upstream of the
aphVIII protein-coding region and operably linked to the 3’ UTR/terminator of the Volvox
carteri tbeS3 gene downstream of the aph VIII protein-coding region. Prior to
transformation with pPmr3, Gonium pectorale was unable to propagate on medium
comprising 0.06 ug/ml paromomycin. Upon transformation with pPmr3, transformants of
Gonium pectorale were obtained that were propagated in selective culture medium
comprising 0.75 and greater ug/ml paromomycin. The expression of the aphVIII gene
product in Gonium pectorale enabled propagation in the presence of 0.75 and greater
ug/ml paromomycin, thereby establishing the utility of the paromomycin antibiotic
resistance cassette as selectable marker for use in Gonium pectorale. Evaluation of the
genomic DNA of the stable transformants was performed by Southern analysis. Lerche
and Hallman reported that selection and maintenance of the transformed Gonium pectorale
was performed in liquid Jaworski’s medium (20 mg/L Ca(NOs);4H,0, 12.4 mg/L
KH,PO4, 50 mg/L MgSO4-7H,0, 15.9 mg/L. NaHCOs, 2.25 mg/L. EDTA-FeNa, 2.25
mg/L. EDTA Na,, 2.48 g/L. H;BO;3, 1.39 g/L. MnCl,.4H,0, 1 mg/L (NH4)sMO,0,4.4H,0,
0.04 mg/L vitamin B12, 0.04 mg/L Thiamine-HCI, 0.04 mg/L biotin, 80 mg/L. NaNQOs, 36
mg/L NasHPO,4.12H,0) with 1.0 ug/ml paromomycin. Additional plasmids, promoters,
3’UTR/terminators, and selectable markers suitable for enabling heterologous gene
expression in Gonium pectorale are further discussed by Lerche and Hallman. Lerche and
Hallman reported that the plasmid pPmr3, Volvox carteri hsp70A-rbcS3 hybrid promoter,
and the 3’ UTR/terminator of the Volvox carteri tbcS3 gene are suitable to enable
exogenous gene expression in Gonium pectorale. In addition, Lerche and Hallman
reported that the paromomycin resistance cassette encoded pPmr3 was suitable for use as a
selectable marker in Gonium pectorale.

[0319] In an embodiment of the present invention, vector pPmr3, comprising the
nucleotide sequence encoding the aphVIII gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected Table 25, each protein-coding sequence codon-optimized for expression in
Gonium pectorale to reflect the codon bias inherent in nuclear genes of Gonium pectorale
in accordance with Tables 24A-D. For each lipid biosynthesis pathway protein of Table

25, the codon-optimized gene sequence can individually be operably linked to the Volvox
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carteri hsp70A-rbcS3 hybrid promoter upstream of the protein-coding sequence and
operably linked to the Volvox carteri tbeS3 gene 3’UTR/terminator at the 3’ region, or
downstream, of the protein-coding sequence. The transformation construct may
additionally comprise homology regions to the Gonium pectorale genome for targeted
genomic integration of the transformation vector. Homology regions may be selected to
disrupt one or more genomic sites of endogenous lipid biosynthesis pathway genes. Stable
transformation of Gonium pectorale with the transformation vector may be achieved
through well-known transformation techniques including microprojectile bombardment or
other known methods. Activity of the aphVIII gene product may be used as a selectable
marker to select for Gonium pectorale transformed with the transformation vector in, but
not limited to, Jaworski’s medium comprising paromomycin. Growth media suitable for
Gonium pectorale lipid production include Jawaorski’s medium and media reported by
Stein, American Journal of Botany, Vol. 45:9 (1958), pp. 664-672. Evaluation of fatty
acid profiles of Gonium pectorale lipids may be assessed through standard lipid extraction

and analytical methods described herein.

EXAMPLE 21: ENGINEERING PHAEODACTYLUM TRICORNUTUM

[0320] Expression of recombinant genes in accordance with the present invention in
Phaeodactylum tricornutum may be accomplished by modifying the methods and vectors
taught by Apt et al. as discussed herein. Briefly, Apt et al., Molecular and General
Genetics, Vol. 252 (1996), pp. 572-579, reported the stable nuclear transformation of
Phaeodactylum tricornutum with vector DNA. Using the transformation technique of
microprojectile bombardment, Apt introduced the plasmid pfcpA into Phaeodactylum
tricornutum. Plasmid pfcpA comprised a bleomycin resistance cassette, comprising
sequence encoding the Streptoalloteichus hindustanus Bleomycin binding protein (ble),
for resistance to the antibiotics phleomycin and zeocin, operably linked to the promoter of
the Phaeodactylum tricornutum fucoxanthin chlorophyll a binding protein gene (fcpA)
upstream of the ble protein-coding region and operably linked to the 3’ UTR/terminator of
the Phaeodactylum tricornutum fcpA gene at the 3’ region, or downstream of the ble
protein-coding region. Prior to transformation with pfcpA, Phaeodactylum tricornutum
was unable to propagate on medium comprising 50 ug/ml zeocin. Upon transformation
with pfcpA, transformants of Phaeodactylum tricornutum were obtained that were
propagated in selective culture medium comprising 50 ug/ml zeocin. The expression of

the ble gene product in Phaeodactylum tricornutum enabled propagation in the presence of
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50 ug/ml zeocin, thereby establishing the utility of the bleomycin antibiotic resistance
cassette as selectable marker for use in Phaeodactylum tricornutum. Evaluation of the
genomic DNA of the stable transformants was performed by Southern analysis. Apt
reported that selection and maintenance of the transformed Phaeodactylum tricornutum
was performed on agar plates comprising LDM medium (as reported by Starr and Zeikus,
Journal of Phycology, Vol. 29, Supplement, (1993)) with 50 mg/L zeocin. Apt reported
liquid propagation of Phaeodactylum tricornutum transformants in LDM medium with 50
mg/L zeocin. Propagation of Phaeodactylum tricornutum in medium other than LDM
medium has been discussed (by Zaslavskaia et al., Science, Vol. 292 (2001), pp. 2073-
2075, and by Radokovits et al., Metabolic Engineering, Vol. 13 (2011), pp. 89-95).
Additional plasmids, promoters, 3’UTR/terminators, and selectable markers suitable for
enabling heterologous gene expression in Phaeodactylum tricornutum have been reported
in the same report by Apt et al., by Zaslavskaia et al., and by Radokovits et al.). Apt
reported that the plasmid pfcpA, and the Phaeodactylum tricornutum fcpA promoter and
3> UTR/terminator are suitable to enable exogenous gene expression in Phaeodactylum
tricornutum. In addition, Apt reported that the bleomycin resistance cassette encoded on
pfcpA was suitable for use as a selectable marker in Phaeodactylum tricornutum.

[0321] In an embodiment of the present invention, vector pfcpA, comprising the
nucleotide sequence encoding the ble gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected Table 25, each protein-coding sequence codon-optimized for expression in
Phaeodactylum tricornutum to reflect the codon bias inherent in nuclear genes of
Phaeodactylum tricornutum in accordance with Tables 24A-D. For each lipid
biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the Phaeodactylum tricornutum fcpA gene promoter
upstream of the protein-coding sequence and operably linked to the Phaeodactylum
tricornutum fcpA gene 3’UTR/terminator at the 3 region, or downstream, of the protein-
coding sequence. The transformation construct may additionally comprise homology
regions to the Phaeodactylum tricornutum genome for targeted genomic integration of the
transformation vector. Homology regions may be selected to disrupt one or more genomic
sites of endogenous lipid biosynthesis pathway genes. One skilled in the art can identify

such homology regions within the sequence of the Phaeodactylum tricornutum genome
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(referenced in the publication by Bowler et al., Nature, Vol. 456 (2008), pp. 239-244).
Stable transformation of Phaeodactylum tricornutum with the transformation vector is
achieved through well-known transformation techniques including microprojectile
bombardment or other known methods. Activity of the ble gene product may be used as a
marker to select for Phaeodactylum tricornutum transformed with the transformation
vector in, but not limited to, LDM medium comprising paromomycin. Growth medium
suitable for Phaeodactylum tricornutum lipid production include, but are not limited to /2
medium as reported by Radokovits ef a/. Evaluation of fatty acid profiles of
Phaeodactylum tricornutum lipids may be assessed through standard lipid extraction and

analytical methods described herein.

EXAMPLE 22: ENGINEERING CHAETOCEROS SP.

[0322] Expression of recombinant genes in accordance with the present invention in
Chaetoceros sp. may be accomplished by modifying the methods and vectors taught by
Yamaguchi et al. as discussed herein. Briefly, Yamaguchi ef al., Phycological Research,
Vol. 59:2 (2011), pp.113-119, reported the stable nuclear transformation of Chaetoceros
sp. with plasmid DNA. Using the transformation method of microprojectile
bombardment, Yamaguchi introduced the plasmid pTpfcp/nat into Chaetoceros sp.
pTpfcp/nat comprised a nourseothricin resistance cassette, comprising sequence encoding
the nourseothricin acetyltransferase (rnat) gene product (GenBank Accession No.
AAC60439) operably linked to the Thalassiosira pseudonana fucoxanthin chlorophyll a/c
binding protein gene (fcp) promoter upstream of the nat protein-coding region and
operably linked to the Thalassiosira pseudonana fcp gene 3° UTR/ terminator at the 3’
region (downstream of the nat protein coding-sequence). The nat gene product confers
resistance to the antibiotic nourseothricin. Prior to transformation with pTpfcp/nat,
Chaetoceros sp. was unable to propagate on medium comprising 500 ug/ml
nourseothricin. Upon transformation with pTpfcp/nat, transformants of Chaetoceros sp.
were obtained that were propagated in selective culture medium comprising 500 ug/ml
nourseothricin. The expression of the nat gene product in Chaetoceros sp. enabled
propagation in the presence of 500 ug/ml nourseothricin, thereby establishing the utility of
the nourseothricin antibiotic resistance cassette as selectable marker for use in
Chaetoceros sp. Evaluation of the genomic DNA of the stable transformants was
performed by Southern analysis. Yamaguchi reported that selection and maintenance of

the transformed Chaetoceros sp. was performed on agar plates comprising f/2 medium (as
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reported by Guilard, R.R., Culture of Phytoplankton for feeding marine invertebrates, In
Culture of Marine Invertebrate Animals, Smith and Chanley (eds) 1975, Plenum Press,
New York, pp. 26-60) with 500 ug/ml nourseothricin. Liquid propagation of Chaetoceros
sp. transformants, as performed by Yamaguchi, was carried out in /2 medium with 500
mg/L nourseothricin. Propagation of Chaetoceros sp. in additional culture medium has
been reported (for example in Napolitano et al., Journal of the World Aquaculture Society,
Vol. 21:2 (1990), pp. 122-130, and by Volkman et al., Journal of Experimental Marine
Biology and Ecology, Vol. 128:3 (1989), pp. 219-240). Additional plasmids, promoters,
3’UTR/terminators, and selectable markers suitable for enabling heterologous gene
expression in Chaetoceros sp. have been reported in the same report by Yamaguchi et al.
Yamaguchi reported that the plasmid pTpfcp/nat, and the Thalassiosira pseudonana fcp
promoter and 3’ UTR/terminator are suitable to enable exogenous gene expression in
Chaetoceros sp. In addition, Yamaguchi reported that the nourseothricin resistance
cassette encoded on pTpfcp/nat was suitable for use as a selectable marker in Chaetoceros
sp.

[0323] In an embodiment of the present invention, vector pTpfcp/nat, comprising the
nucleotide sequence encoding the nat gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in
the closely-related Chaetoceros compressum to reflect the codon bias inherent in nuclear
genes of Chaetoceros compressum in accordance with Tables 24A-D. For each lipid
biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the Thalassiosira pseudonana fcp gene promoter
upstream of the protein-coding sequence and operably linked to the Thalassiosira
pseudonana fcp gene 3’UTR/terminator at the 3” region, or downstream, of the protein-
coding sequence. The transformation construct may additionally comprise homology
regions to the Chaetoceros sp. genome for targeted genomic integration of the
transformation vector. Homology regions may be selected to disrupt one or more genomic
sites of endogenous lipid biosynthesis pathway genes. Stable transformation of
Chaetoceros sp. with the transformation vector is achieved through well-known
transformation including microprojectile bombardment or other known methods. Activity

of the nat gene product may be used as a selectable marker to select for Chaetoceros sp.
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transformed with the transformation vector in, but not limited to, f/2 agar medium
comprising nourseothricin. Growth medium suitable for Chaetoceros sp. lipid production
include, but are not limited to, f/2 medium, and those culture media discussed by
Napolitano ef al. and Volkman ef al. Evaluation of fatty acid profiles of Chaetoceros sp
lipids may be assessed through standard lipid extraction and analytical methods described

herein.

EXAMPLE 23: ENGINEERING CYLINDROTHECA FUSIFORMIS

[0324] Expression of recombinant genes in accordance with the present invention in
Cylindrotheca fusiformis may be accomplished by modifying the methods and vectors
taught by Poulsen and Kroger ef al. as discussed herein. Briefly, Poulsen and Kroger et
al., FEBS Journal, Vol. 272 (2005), pp.3413-3423, reported the transformation of
Cylindrotheca fusiformis with plasmid DNA. Using the transformation method of
microprojectile bombardment, Poulsen and Kroger introduced the pCF-ble plasmid into
Cylindrotheca fusiformis. Plasmid pCF-ble comprised a bleomycin resistance cassette,
comprising sequence encoding the Streptoalloteichus hindustanus Bleomycin binding
protein (ble), for resistance to the antibiotics zeocin and phleomycin, operably linked to
the Cylindrotheca fusiformis fucozanthin chlorophyll a/c binding protein gene (fcpA,
GenBank Accesssion No. AY 125580) promoter upstream of the b/e protein-coding region
and operably linked to the Cylindrotheca fusiformis fcpA gene 3’UTR/terminator at the 3’
region (down-stream of the ble protein-coding region). Prior to transformation with pCF-
ble, Cylindrotheca fusiformis was unable to propagate on medium comprising 1 mg/ml
zeocin. Upon transformation with pCF-ble, transformants of Cylindrotheca fusiformis
were obtained that were propagated in selective culture medium comprising 1 mg/ml
zeocin. The expression of the ble gene product in Cylindrotheca fusiformis enabled
propagation in the presence of 1 mg/ml zeocin, thereby establishing the utility of the
bleomycin antibiotic resistance cassette as selectable marker for use in Cylindrotheca
fusiformis. Poulsen and Kroger reported that selection and maintenance of the
transformed Cylindrotheca fusiformis was performed on agar plates comprising artificial
seawater medium with 1 mg/ml zeocin. Poulsen and Kroger reported liquid propagation
of Cylindrotheca fusiformis transformants in artificial seawater medium with 1 mg/ml
zeocin. Propagation of Cylindrotheca fusiformis in additional culture medium has been
discussed (for example in Liang et al., Journal of Applied Phycology, Vol. 17:1 (2005),
pp. 61-65, and by Orcutt and Patterson, Lipids, Vol. 9:12 (1974), pp. 1000-1003).
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Additional plasmids, promoters, and 3’UTR/terminators for enabling heterologous gene
expression in Chaetoceros sp. have been reported in the same report by Poulsen and
Kroger. Poulsen and Kroger reported that the plasmid pCF-ble and the Cylindrotheca
fusiformis fcp promoter and 3’ UTR/terminator are suitable to enable exogenous gene
expression in Cylindrotheca fusiformis. In addition, Poulsen and Kroger reported that the
bleomycin resistance cassette encoded on pCF-ble was suitable for use as a selectable
marker in Cylindrotheca fusiformis.

[0325] In an embodiment of the present invention, vector pCF-ble, comprising the
nucleotide sequence encoding the ble gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected Table 25, each protein-coding sequence codon-optimized for expression in
Cylindrotheca fusiformis to reflect the codon bias inherent in nuclear genes of
Cylindrotheca fusiformis in accordance with Tables 24A-D. For each lipid biosynthesis
pathway protein of Table 25, the codon-optimized gene sequence can individually be
operably linked to the Cylindrotheca fusiformis fcp gene promoter upstream of the
protein-coding sequence and operably linked to the Cylindrotheca fusiformis fcp gene
3’UTR/terminator at the 3’ region, or downstream, of the protein-coding sequence. The
transformation construct may additionally comprise homology regions to the
Cylindrotheca fusiformis genome for targeted genomic integration of the transformation
vector. Homology regions may be selected to disrupt one or more genomic sites of
endogenous lipid biosynthesis pathway genes. Stable transformation of Cylindrotheca
fusiformis with the transformation vector is achieved through well-known transformation
techniques including microprojectile bombardment or other known methods. Activity of
the ble gene product may be used as a selectable marker to select for Cylindrotheca
fusiformis transformed with the transformation vector in, but not limited to, artificial
seawater agar medium comprising zeocin. Growth media suitable for Cylindrotheca
fusiformis lipid production include, but are not limited to, artificial seawater and those
media reported by Liang et al. and Orcutt and Patterson. Evaluation of fatty acid profiles
of Cylindrotheca fusiformis lipids may be assessed through standard lipid extraction and

analytical methods described herein.
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EXAMPLE 24: ENGINEERING AMPHIDINIUM SP.

[0326] Expression of recombinant genes in accordance with the present invention in
Amphidinium sp. may be accomplished by modifying the methods and vectors taught by
ten Lohuis and Miller ef al. as discussed herein. Briefly, ten Lohuis and Miller et al., The
Plant Journal, Vol. 13:3 (1998), pp. 427-435, reported the stable transformation of
Amphidinium sp. with plasmid DNA. Using the transformation technique of agitation in
the presence of silicon carbide whiskers, ten Lohuis introduced the plasmid pMT
NPT/GUS into Amphidinium sp. pMT NPT/GUS comprised a neomycin resistance
cassette, comprising sequence encoding the neomycin phosphotransferase Il (nptll) gene
product (GenBank Accession No. AAL92039) operably linked to the Agrobacterium
tumefaciens nopaline synthase (nos) gene promoter upstream, or 5’ of the nptll protein-
coding region and operably linked to the 3’ UTR/terminator of the nos gene at the 3’
region (down-stream of the nptll protein-coding region). The nptll gene product confers
resistance to the antibiotic G418. The pMT NPT/GUS plasmid further comprised
sequence encoding a beta-glucuronidase (GUS) reporter gene product operably-linked to a
CaMYV 35S promoter and further operably linked to the CaMV 358 3’ UTR/terminator.
Prior to transformation with pMT NPT/GUS, Amphidinium sp. was unable to be
propagated on medium comprising 3 mg/ml G418. Upon transformation with pMT
NPT/GUS, transformants of Amphidinium sp. were obtained that were propagated in
selective culture medium comprising 3 mg/ml G418. The expression of the nptll gene
product in Amphidinium sp. enabled propagation in the presence of 3 mg/ml G418, thereby
establishing the utility of the neomycin antibiotic resistance cassette as selectable marker
for use in Amphidinium sp. Detectable activity of the GUS reporter gene indicated that
CaMV 358 promoter and 3’UTR are suitable for enabling gene expression in
Amphidinium sp. Evaluation of the genomic DNA of the stable transformants was
performed by Southern analysis. ten Lohuis and Miller reported liquid propagation of
Amphidinium sp transformants in medium comprising seawater supplemented with F/2
enrichment solution (provided by the supplier Sigma) and 3 mg/ml G418 as well as
selection and maintenance of Amphidinium sp. transformants on agar medium comprising
seawater supplemented with F/2 enrichment solution and 3 mg/ml G418. Propagation of
Amphidinium sp. in additional culture medium has been reported (for example in Mansour
et al., Journal of Applied Phycology, Vol. 17:4 (2005) pp. 287-v300). An additional

plasmid, comprising additional promoters, 3’UTR/terminators, and a selectable marker for
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enabling heterologous gene expression in Amphidinium sp. have been reported in the same
report by ten Lohuis and Miller. ten Lohuis and Miller reported that the plasmid pMT
NPT/GUS and the promoter and 3’ UTR/terminator of the nos and CaMV 35S genes are
suitable to enable exogenous gene expression in Amphidinium sp. In addition, ten Lohuis
and Miller reported that the neomycin resistance cassette encoded on pMT NPT/GUS was
suitable for use as a selectable marker in Amphidinium sp.

[0327] In an embodiment of the present invention, vector pMT NPT/GUS, comprising
the nucleotide sequence encoding the npt/l gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in
Amphidinium sp. to reflect the codon bias inherent in nuclear genes of the closely-related
species, Amphidinium carterae in accordance with Tables 24A-D. For each lipid
biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the Agrobacterium tumefaciens nopaline synthase (nos)
gene promoter upstream of the protein-coding sequence and operably linked to the nos
3’UTR/terminator at the 3’ region, or downstream, of the protein-coding sequence. The
transformation construct may additionally comprise homology regions to the Amphidinium
sp. genome for targeted genomic integration of the transformation vector. Homology
regions may be selected to disrupt one or more genomic sites of endogenous lipid
biosynthesis pathway genes. Stable transformation of Amphidinium sp. with the
transformation vector is achieved through well-known transformation techniques
including silicon fibre-mediated microinjection or other known methods. Activity of the
nptll gene product may be used as a selectable marker to select for Amphidinium sp.
transformed with the transformation vector in, but not limited to, seawater agar medium
comprising G418. Growth media suitable for Amphidinium sp. lipid production include,
but are not limited to, artificial scawater and those media reported by Mansour et al. and
ten Lohuis and Miller. Evaluation of fatty acid profiles of Amphidinium sp. lipids may be

assessed through standard lipid extraction and analytical methods described herein.

EXAMPLE 25: ENGINEERING SYMBIODINIUM MICROADRIACTICUM
[0328] Expression of recombinant genes in accordance with the present invention in

Symbiodinium microadriacticum may be accomplished by modifying the methods and
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vectors taught by ten Lohuis and Miller et al. as discussed herein. Briefly, ten Lohuis and
Miller et al., The Plant Journal, Vol. 13:3 (1998), pp. 427-435, reported the stable
transformation of Symbiodinium microadriacticum with plasmid DNA. Using the
transformation technique of silicon fibre-mediated microinjection, ten Lohuis introduced
the plasmid pMT NPT/GUS into Symbiodinium microadriacticum. pMT NPT/GUS
comprised a neomycin resistance cassette, comprising sequence encoding the neomycin
phosphotransferase Il (nptll) gene product (GenBank Accession No. AAL92039) operably
linked to the Agrobacterium tumefaciens nopaline synthase (nos) gene promoter upstream,
or 5’ of the nptll protein-coding region and operably linked to the 3° UTR/terminator of
the nos gene at the 3’ region (down-stream of the nptll protein-coding region). The nptil
gene product confers resistance to the antibiotic G418. The pMT NPT/GUS plasmid
further comprised sequence encoding a beta-glucuronidase (GUS) reporter gene product
operably-linked to a CaMV 35S promoter and further operably linked to the CaMV 358 3’
UTR/terminator. Prior to transformation with pMT NPT/GUS, Symbiodinium
microadriacticum was unable to be propagated on medium comprising 3 mg/ml G418.
Upon transformation with pMT NPT/GUS, transformants of Symbiodinium
microadriacticum were obtained that were propagated in selective culture medium
comprising 3 mg/ml G418. The expression of the nptll gene product in Symbiodinium
microadriacticum enabled propagation in the presence of 3 mg/ml G418, thereby
establishing the utility of the neomycin antibiotic resistance cassette as selectable marker
for use in Symbiodinium microadriacticum. Detectable activity of the GUS reporter gene
indicated that CaMV 35S promoter and 3’UTR are suitable for enabling gene expression
in Symbiodinium microadriacticum. Evaluation of the genomic DNA of the stable
transformants was performed by Southern analysis. ten Lohuis and Miller reported liquid
propagation of Symbiodinium microadriacticum transformants in medium comprising
secawater supplemented with F/2 enrichment solution (provided by the supplier Sigma) and
3 mg/ml G418 as well as selection and maintenance of Symbiodinium microadriacticum
transformants on agar medium comprising seawater supplemented with F/2 enrichment
solution and 3 mg/ml G418. Propagation of Symbiodinium microadriacticum in additional
culture medium has been discussed (for example in Iglesias-Pricto et al., Proceedings of
the National Academy of Sciences, Vol. 89:21 (1992) pp. 10302-10305). An additional
plasmid, comprising additional promoters, 3’UTR/terminators, and a selectable marker for
enabling heterologous gene expression in Symbiodinium microadriacticum have been

discussed in the same report by ten Lohuis and Miller. ten Lohuis and Miller reported that

136



10

15

20

25

30

WO 2013/082186 PCT/US2012/066893

the plasmid pMT NPT/GUS and the promoter and 3’ UTR/terminator of the nos and
CaMYV 358 genes are suitable to enable exogenous gene expression in Symbiodinium
microadriacticum. In addition, ten Lohuis and Miller reported that the neomycin
resistance cassette encoded on pMT NPT/GUS was suitable for use as a selectable marker
in Symbiodinium microadriacticum.

[0329] In an embodiment of the present invention, vector pMT NPT/GUS, comprising
the nucleotide sequence encoding the nptll gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected Table 25, each protein-coding sequence codon-optimized for expression in
Symbiodinium microadriacticum to reflect the codon bias inherent in nuclear genes of
Symbiodinium microadriacticum in accordance with Tables 24A-D. For each lipid
biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the Agrobacterium tumefaciens nopaline synthase (nos)
gene promoter upstream of the protein-coding sequence and operably linked to the nos
3’UTR/terminator at the 3’ region, or downstream, of the protein-coding sequence. The
transformation construct may additionally comprise homology regions to the
Symbiodinium microadriacticum genome for targeted genomic integration of the
transformation vector. Homology regions may be selected to disrupt one or more genomic
sites of endogenous lipid biosynthesis pathway genes. Stable transformation of
Symbiodinium microadriacticum with the transformation vector is achieved through well-
known transformation techniques including silicon fibre-mediated microinjection or other
known methods. Activity of the nptII gene product may be used as a selectable marker to
select for Symbiodinium microadriacticum transformed with the transformation vector in,
but not limited to, scawater agar medium comprising G418. Growth media suitable for
Symbiodinium microadriacticum lipid production include, but are not limited to, artificial
seawater and those media reported by Iglesias-Prieto et al. and ten Lohuis and Miller.
Evaluation of fatty acid profiles of Symbiodinium microadriacticum lipids may be

assessed through standard lipid extraction and analytical methods described herein.

EXAMPLE 26: ENGINEERING NANNOCHLOROPSIS SP.
[0330] Expression of recombinant genes in accordance with the present invention in

Nannochloropsis sp. W2J3B may be accomplished by modifying the methods and vectors
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taught by Kilian et al. as discussed herein. Briefly, Kilian et al., Proceedings of the
National Academy of Sciences, Vol. 108:52 (2011) pp.21265-21269, reported the stable
nuclear transformation of Nannochloropsis with a transformation construct. Using the
transformation method of electroporation, Kilian introduced the transformation construct
C2 into Nannochloropsis sp. W2J3B. The C2 transformation construct comprised a
bleomycin resistance cassette, comprising the coding sequence for the Streptoalloteichus
hindustanus Bleomycin binding protein (ble), for resistance to the antibiotics phleomycin
and zeocin, operably linked to and the promoter of the Nannochloropsis sp. W2J3B
violaxanthin/chlorophyll a-binding protein gene VCP2 upstream of the ble protein-coding
region and operably linked to the 3’UTR/terminator of the Nannochloropsis sp. W2J3B
violaxanthin/chlorophyll a-binding gene VCP1 downstream of the ble protein-coding
region. Prior to transformation with C2, Nannochloropsis sp. W2J3B was unable to
propagate on medium comprising 2 ug/ml zeocin. Upon transformation with C2,
transformants of Nannochloropsis sp. W2J3B were obtained that were propagated in
selective culture medium comprising 2 ug/ml zeocin. The expression of the ble gene
product in Nannochloropsis sp. W2J3B enabled propagation in the presence of 2 ug/ml
zeocin, thereby establishing the utility of the bleomycin antibiotic resistance cassette as
selectable marker for use in Nannochloropsis. Evaluation of the genomic DNA of the
stable transformants was performed by PCR. Kilian reported liquid propagation of
Nannochloropsis sp. W2J3B transformants in F/2 medium (reported by Guilard and
Ryther, Canadian Journal of Microbiology, Vol. 8 (1962), pp. 229-239) comprising
fivefold levels of trace metals, vitamins, and phosphate solution, and further comprising 2
ug/ml zeocin. Kilian also reported selection and maintenance of Nannochloropsis sp.
W2J3B transformants on agar F/2 medium comprising artificial seawater 2 mg/ml zeocin.
Propagation of Nannochloropsis in additional culture medium has been discussed (for
example in Chiu et al., Bioresour Technol., Vol. 100:2 (2009), pp. 833-838 and Pal et al.,
Applied Microbiology and Biotechnology, Vol. 90:4 (2011), pp. 1429-1441.). Additional
transformation constructs, comprising additional promoters and 3’UTR/terminators for
enabling heterologous gene expression in Nannochloropsis sp. W2J3B and selectable
markers for selection of transformants have been described in the same report by Kilian.
Kilian reported that the transformation construct C2 and the promoter of the
Nannochloropsis sp. W2J3B violaxanthin/chlorophyll a-binding protein gene VCP2 and 3’
UTR/terminator of the Nannochloropsis sp. W2J3B violaxanthin/chlorophyll a-binding

protein gene VCPI1 are suitable to enable exogenous gene expression in Nannochloropsis
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sp. W2J3B. In addition, Kilian reported that the bleomycin resistance cassette encoded on
C2 was suitable for use as a selectable marker in Nannochloropsis sp. W2J3B.

[0331] In an embodiment of the present invention, transformation construct C2,
comprising the nucleotide sequence encoding the ble gene product for use as a selectable
marker, is constructed and modified to further comprise a lipid biosynthesis pathway
expression cassette sequence, thereby creating a transformation vector. The lipid
biosynthesis pathway expression cassette encodes one or more lipid biosynthesis pathway
proteins selected from Table 25, each protein-coding sequence codon-optimized for
expression in Nannochloropsis sp. W2J3B to reflect the codon bias inherent in nuclear
genes of Nannochloropsis sp. in accordance with Tables 24A-D. For each lipid
biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the Nannochloropsis sp. W2J3B VCP2 gene promoter
upstream of the protein-coding sequence and operably linked to the Nannochloropsis sp.
W2J3B VCP1 gene 3’UTR/terminator at the 3’ region, or downstream, of the protein-
coding sequence. The transformation construct may additionally comprise homology
regions to the Nannochloropsis sp. W2J3B genome for targeted genomic integration of the
transformation vector. Homology regions may be selected to disrupt one or more genomic
sites of endogenous lipid biosynthesis pathway genes. Stable transformation of
Nannochloropsis sp. W2J3B with the transformation vector is achieved through well-
known transformation techniques including electroporation or other known methods.
Activity of the ble gene product may be used as a selectable marker to select for
Nannochloropsis sp. W2J3B transformed with the transformation vector in, but not limited
to, F/2 medium comprising zeocin. Growth media suitable for Nannochloropsis sp.
W21IJ3B lipid production include, but are not limited to, F/2 medium and those media
reported by Chiu et al. and Pal et al. Evaluation of fatty acid profiles of Nannochloropsis
sp. W2I3B lipids may be assessed through standard lipid extraction and analytical

methods described herein.

EXAMPLE 27: ENGINEERING CYCLOTELLA CRYPTICA

[0332] Expression of recombinant genes in accordance with the present invention in
Cyclotella cryptica may be accomplished by modifying the methods and vectors taught by
Dunahay et al. as discussed herein. Briefly, Dunahay et al., Journal of Phycology, Vol. 31
(1995), pp. 1004-1012, reported the stable transformation of Cyclotella cryptica with

plasmid DNA. Using the transformation method of microprojectile bombardment,
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Dunahay introduced the plasmid pACCNPTS5.1 into Cyclotella cryptica. Plasmid
pACCNPTS5.1 comprised a neomycin resistance cassette, comprising the coding sequence
of the neomycin phosphotransferase 11 (nptll) gene product operably linked to the
promoter of the Cyclotella cryptica acetyl-CoA carboxylase (ACCase) gene (GenBank
Accession No. L20784) upstream of the npt/I coding-region and operably linked to the
3’UTR/terminator of the Cyclotella cryptica ACCase gene at the 3’ region (downstream of
the nptll coding-region). The nptll gene product confers resistance to the antibiotic G418.
Prior to transformation with pACCNPTS5.1, Cyclotella cryptica was unable to propagate
on 50% artificial seawater medium comprising 100 ug/ml G418. Upon transformation
with pACCNPTS5.1, transformants of Cyclotella cryptica were obtained that were
propagated in selective 50% artificial seawater medium comprising 100 ug/ml G418. The
expression of the nptll gene product in Cyclotella cryptica enabled propagation in the
presence of 100 ug/ml G418, thereby establishing the utility of the neomycin antibiotic
resistance cassette as selectable marker for use in Cyclotella cryptica. Evaluation of the
genomic DNA of the stable transformants was performed by Southern analysis. Dunahay
reported liquid propagation of Cyclotella cryptica in artificial seawater medium (ASW, as
discussed by Brown, L., Phycologia, Vol. 21 (1982), pp. 408-410) supplemented with 1.07
mM sodium silicate and with 100 ug/ml G418. Dunahay also reported selection and
maintenance of Cyclotella cryptica transformants on agar plates comprising ASW medium
with 100 ug/ml G418. Propagation of Cyclotella cryptica in additional culture medium
has been discussed (for example in Sriharan et al., Applied Biochemistry and
Biotechnology, Vol. 28-29:1 (1991), pp. 317-326 and Pahl et al., Journal of Bioscience
and Bioengineering, Vol. 109:3 (2010), pp. 235-239). Dunahay reported that the plasmid
pACCNPTS5.1 and the promoter of the Cyclotella cryptica acetyl-CoA carboxylase
(ACCase) gene are suitable to enable exogenous gene expression in Cyclotella cryptica.
In addition, Dunahay reported that the neomycin resistance cassette encoded on
pACCNPTS5.1 was suitable for use as a selectable marker in Cyclotella cryptica.

[0333] In an embodiment of the present invention, vector pACCNPTS5.1, comprising
the nucleotide sequence encoding the nptll gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in

Cyclotella cryptica to reflect the codon bias inherent in nuclear genes of Cyclotella
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cryptica in accordance with Tables 24A-D. For each lipid biosynthesis pathway protein of
Table 25, the codon-optimized gene sequence can individually be operably linked to the
Cyclotella cryptica ACCase promoter upstream of the protein-coding sequence and
operably linked to the Cyclotella cryptica ACCase 3’'UTR/terminator at the 3’ region, or
downstream, of the protein-coding sequence. The transformation construct may
additionally comprise homology regions to the Cyclotella cryptica genome for targeted
genomic integration of the transformation vector. Homology regions may be selected to
disrupt one or more genomic sites of endogenous lipid biosynthesis pathway genes. Stable
transformation of Cyclotella cryptica with the transformation vector is achieved through
well-known transformation techniques including microprojectile bombardment or other
known methods. Activity of the npt/l gene product may be used as a marker to select for
for Cyclotella cryptica transformed with the transformation vector in, but not limited to,
agar ASW medium comprising G418. Growth media suitable for Cyclotella cryptica lipid
production include, but are not limited to, ASW medium and those media reported by
Sriharan et al., 1991 and Pahl et al. Evaluation of fatty acid profiles of Cyclotella cryptica
lipids may be assessed through standard lipid extraction and analytical methods described

herein.

EXAMPLE 28: ENGINEERING NAVICULA SAPROPHILA

[0334] Expression of recombinant genes in accordance with the present invention in
Navicula saprophila may be accomplished by modifying the methods and vectors taught
by Dunahay et al. as discussed herein. Briefly, Dunahay et al., Journal of Phycology, Vol.
31 (1995), pp. 1004-1012, reported the stable transformation of Navicula saprophila with
plasmid DNA. Using the transformation method of microprojectile bombardment,
Dunahay introduced the plasmid pACCNPTS5.1 into Navicula saprophila. Plasmid
pACCNPTS5.1 comprised a neomycin resistance cassette, comprising the coding sequence
of the neomycin phosphotransferase 11 (nptll) gene product operably linked to the
promoter of the Cyclotella cryptica acetyl-CoA carboxylase (ACCase) gene (GenBank
Accession No. L20784) upstream of the npt/I coding-region and operably linked to the
3’UTR/terminator of the Cyclotella cryptica ACCase gene at the 3’ region (downstream of
the nptll coding-region). The nptll gene product confers resistance to the antibiotic G418.
Prior to transformation with pACCNPTS5.1, Navicula saprophila was unable to propagate
on artificial seawater medium comprising 100 ug/ml G418. Upon transformation with

pACCNPTS5. 1, transformants of Navicula saprophila were obtained that were propagated
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in selective artificial seawater medium comprising 100 ug/ml G418. The expression of the
nptll gene product in Navicula saprophila enabled propagation in the presence of G418,
thereby establishing the utility of the neomycin antibiotic resistance cassette as selectable
marker for use in Navicula saprophila. Evaluation of the genomic DNA of the stable
transformants was performed by Southern analysis. Dunahay reported liquid propagation
of Navicula saprophila in artificial seawater medium (ASW, as discussed by Brown, L.,
Phycologia, Vol. 21 (1982), pp. 408-410) supplemented with 1.07 mM sodium silicate and
with 100 ug/ml G418. Dunahay also reported selection and maintenance of Navicula
saprophila transformants on agar plates comprising ASW medium with 100 ug/ml G418.
Propagation of Navicula saprophila in additional culture medium has been discussed (for
example in Tadros and Johansen, Journal of Phycology, Vol. 24:4 (1988), pp. 445-452 and
Sriharan et al., Applied Biochemistry and Biotechnology, Vol. 20-21:1 (1989), pp. 281-
291). Dunahay reported that the plasmid pACCNPTS5.1 and the promoter of the Cyclotella
cryptica acetyl-CoA carboxylase (ACCase) gene are suitable to enable exogenous gene
expression in Navicula saprophila. In addition, Dunahay reported that the neomycin
resistance cassette encoded on pACCNPTS5.1 was suitable for use as a selectable marker in
Navicula saprophila.

[0335] In an embodiment of the present invention, vector pACCNPTS5.1, comprising
the nucleotide sequence encoding the nptll gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in
Navicula saprophila to reflect the codon bias inherent in nuclear genes of the closely-
related Navicula pelliculosa in accordance with Tables 24A-D. For each lipid
biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the Cyclotella cryptica ACCase gene promoter
upstream of the protein-coding sequence and operably linked to the Cyclotella cryptica
ACCase gene 3’UTR/terminator at the 3’ region, or downstream, of the protein-coding
sequence. The transformation construct may additionally comprise homology regions to
the Navicula saprophila genome for targeted genomic integration of the transformation
vector. Homology regions may be selected to disrupt one or more genomic sites of
endogenous lipid biosynthesis pathway genes. Stable transformation of Navicula

saprophila with the transformation vector is achieved through well-known transformation
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techniques including microprojectile bombardment or other known methods. Activity of
the nptll gene product may be used as a selectable marker to select for Navicula
saprophila transformed with the transformation vector in, but not limited to, agar ASW
medium comprising G418. Growth media suitable for Navicula saprophila lipid
production include, but are not limited to, ASW medium and those media reported by
Sriharan ef al. 1989 and Tadros and Johansen. Evaluation of fatty acid profiles of
Navicula saprophila lipids may be assessed through standard lipid extraction and

analytical methods described herein.

EXAMPLE 29: ENGINEERING THALASSIOSIRA PSEUDONANA

[0336] Expression of recombinant genes in accordance with the present invention in
Thalassiosira pseudonana may be accomplished by modifying the methods and vectors
taught by Poulsen ef al. as discussed herein. Briefly, Poulsen et al., Journal of Phycology,
Vol. 42 (2006), pp. 1059-1065, reported the stable transformation of Thalassiosira
pseudonana with plasmid DNA. Using the transformation method of microprojectile
bombardment, Poulsen introduced the plasmid pTpfcp/nat in to Thalassiosira pseudonana.
pTpfcp/nat comprised a nourseothricin resistance cassette, comprising sequence encoding
the nourseothricin acetyltransferase (rnat) gene product (GenBank Accession No.
AAC60439) operably linked to the Thalassiosira pseudonana fucoxanthin chlorophyll a/c
binding protein gene (fcp) promoter upstream of the nat protein-coding region and
operably linked to the Thalassiosira pseudonana fcp gene 3° UTR/ terminator at the 3’
region (downstream of the nat protein coding-sequence). The nat gene product confers
resistance to the antibiotic nourseothricin. Prior to transformation with pTpfcp/nat,
Thalassiosira pseudonana was unable to propagate on medium comprising 10 ug/ml
nourseothricin. Upon transformation with pTpfcp/nat, transformants of Thalassiosira
pseudonana were obtained that were propagated in selective culture medium comprising
100 ug/ml nourseothricin. The expression of the nat gene product in Thalassiosira
pseudonana enabled propagation in the presence of 100 ug/ml nourseothricin, thereby
establishing the utility of the nourseothricin antibiotic resistance cassette as selectable
marker for use in Thalassiosira pseudonana. Evaluation of the genomic DNA of the
stable transformants was performed by Southern analysis. Poulsen reported that selection
and maintenance of the transformed Thalassiosira pseudonana was performed in liquid
culture comprising modified ESAW medium (as discussed by Harrison et al., Journal of

Phycology, Vol. 16 (1980), pp. 28-35) with 100 ug/ml nourseothricin. Propagation of
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Thalassiosira pseudonana in additional culture medium has been discussed (for example
in Volkman et al., Journal of Experimental Marine Biology and Ecology, Vol. 128:3
(1989), pp. 219-240). An additional plasmid, comprising additional selectable markers
suitable for use in Thalassiosira pseudonana has been discussed in the same report by
Poulsen. Poulsen reported that the plasmid pTpfcp/nat, and the Thalassiosira pseudonana
fcp promoter and 3° UTR/terminator are suitable to enable exogenous gene expression in
Thalassiosira pseudonana. In addition, Poulsen reported that the nourseothricin resistance
cassette encoded on pTpfcp/nat was suitable for use as a selectable marker in
Thalassiosira pseudonana.

[0337] In an embodiment of the present invention, vector pTpfcp/nat, comprising the
nucleotide sequence encoding the nat gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in
Thalassiosira pseudonana to reflect the codon bias inherent in nuclear genes of
Thalassiosira pseudonana in accordance with Tables 24A-D. For each lipid biosynthesis
pathway protein of Table 25, the codon-optimized gene sequence can individually be
operably linked to the Thalassiosira pseudonana fcp gene promoter upstream of the
protein-coding sequence and operably linked to the Thalassiosira pseudonana fcp gene
3’UTR/terminator at the 3’ region, or downstream, of the protein-coding sequence. The
transformation construct may additionally comprise homology regions to the Thalassiosira
pseudonana genome for targeted genomic integration of the transformation vector.
Homology regions may be selected to disrupt one or more genomic sites of endogenous
lipid biosynthesis pathway genes. One skilled in the art can identify such homology
regions within the sequence of the Thalassiosira pseudonana genome (referenced in the
publication by Armbrust et al., Science, Vol. 306: 5693 (2004): pp. 79-86). Stable
transformation of Thalassiosira pseudonana with the transformation vector is achieved
through well-known transformation techniques including microprojectile bombardment or
other known methods. Activity of the nat gene product may be used as a marker to select
for Thalassiosira pseudonana transformed with the transformation vector in but not
limited to, ESAW agar medium comprising nourseothricin. Growth media suitable for
Thalassiosira pseudonana lipid production include, but are not limited to, ESAW medium,

and those culture media discussed by Volkman et al. and Harrison et a/. Evaluation of
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fatty acid profiles of Thalassiosira pseudonana lipids may be assessed through standard

lipid extraction and analytical methods described herein.

EXAMPLE 30: ENGINEERING CHLAMYDOMONAS REINHARDTII

[0338] Expression of recombinant genes in accordance with the present invention in
Chlamydomonas reinhardtii may be accomplished by modifying the methods and vectors
taught by Cerutti ef al. as discussed herein. Briefly, Cerutti ef al., Genetics, Vol. 145:1
(1997), pp. 97-110, reported the stable nuclear transformation of Chlamydomonas
reinhardtii with a transformation vector. Using the transformation method of
microprojectile bombardment, Cerutti introduced transformation construct P[1030] into
Chlamydomonas reinhardtii. Construct P[1030] comprised a spectinomycin resistance
cassette, comprising sequence encoding the aminoglucoside 3°’-adenyltransferase (aadA)
gene product operably linked to the Chlamydomonas reinhardtii ribulose-1,5-bisphosphate
carboxylase/oxygenase small subunit gene (RbcS2, GenBank Accession No. X04472)
promoter upstream of the aadA protein-coding region and operably linked to the
Chlamydomonas reinhardtii RbcS2 gene 3° UTR/ terminator at the 3’ region (downstream
of the aadA protein coding-sequence). The aadA gene product confers resistance to the
antibiotic spectinomycin. Prior to transformation with P[1030], Chlamydomonas
reinhardtii was unable to propagate on medium comprising 90 ug/ml spectinomycin.
Upon transformation with P[1030], transformants of Chlamydomonas reinhardtii were
obtained that were propagated in selective culture medium comprising 90 ug/ml
spectinomycin, thereby establishing the utility of the spectinomycin antibiotic resistance
cassette as a selectable marker for use in Chlamydomonas reinhardtii. Evaluation of the
genomic DNA of the stable transformants was performed by Southern analysis. Cerutti
reported that selection and maintenance of the transformed Chlamydomonas reinhardtii
was performed on agar plates comprising Tris-acetate-phosphate medium (TAP, as
described by Harris, The Chlamydomonas Sourcebook, Academic Press, San Diego, 1989)
with 90 ug/ml spectinomycin. Cerutti additionally reported propagation of
Chlamydomonas reinhardtii in TAP liquid culture with 90 ug/ml spectinomycin.
Propagation of Chlamydomonas reinhardtii in alternative culture medium has been
discussed (for example in Dent et al., African Journal of Microbiology Research, Vol. 5:3
(2011), pp. 260-270 and Yantao et al., Biotechnology and Bioengineering, Vol. 107:2
(2010), pp. 258-268). Additional constructs, comprising additional selectable markers

suitable for use in Chlamydomonas reinhardtii as well as numerous regulatory sequences,
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including protomers and 3° UTRs suitable for promoting heterologous gene expression in
Chlamydomonas reinhardtii are known in the art and have been discussed (for a review,
see Radakovits et al., Eurkaryotic Cell, Vol. 9:4 (2010), pp. 486-501). Cerutti reported
that the transformation vector P[1030] and the Chlamydomonas reinhardtii promoter and
3’ UTR/terminator are suitable to enable exogenous gene expression in Chlamydomonas
reinhardtii. In addition, Cerutti reported that the spectinomycin resistance cassette
encoded on P[1030] was suitable for use as a selectable marker in Chlamydomonas
reinhardtii.

[0339] In an embodiment of the present invention, vector P[1030], comprising the
nucleotide sequence encoding the aadA gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in
Chlamydomonas reinhardtii to reflect the codon bias inherent in nuclear genes of
Chlamydomonas reinhardtii in accordance with Tables 24A-D. For each lipid
biosynthesis pathway protein of Table 25, the codon-optimized gene sequence can
individually be operably linked to the Chlamydomonas reinhardtii RbcS2 promoter
upstream of the protein-coding sequence and operably linked to the Chlamydomonas
reinhardtii RbcS2 3’UTR/terminator at the 3° region, or downstream, of the protein-coding
sequence. The transformation construct may additionally comprise homology regions to
the Chlamydomonas reinhardtii genome for targeted genomic integration of the
transformation vector. Homology regions may be selected to disrupt one or more genomic
site of an endogenous lipid biosynthesis pathway gene. One skilled in the art can identify
such homology regions within the sequence of the Chlamydomonas reinhardtii genome
(referenced in the publication by Merchant et al., Science, Vol. 318:5848 (2007), pp. 245-
250). Stable transformation of Chlamydomonas reinhardtii with the transformation vector
is achieved through well-known transformation techniques including microprojectile
bombardment or other known methods. Activity of the aadA gene product may be used as
a marker to select for Chlamydomonas reinhardtii transformed with the transformation
vector on, but not limited to, TAP agar medium comprising spectinomycin. Growth media
suitable for Chlamydomonas reinhardtii lipid production include, but are not limited to,
ESAW medium, and those culture media discussed by Yantao et al. and Dent et al.

Evaluation of fatty acid profiles of Chlamydomonas reinhardtii lipids may be assessed

146



10

15

20

25

30

WO 2013/082186 PCT/US2012/066893

through standard lipid extraction and analytical methods described herein.

EXAMPLE 31: ENGINEERING YARROWIA LIPOLYTICA

[0340] Expression of recombinant genes in accordance with the present invention in
Yarrowia lipolytica may be accomplished by modifying the methods and vectors taught by
Fickers et al. as discussed herein. Briefly, Fickers et al., Journal of Microbiological
Methods, Vol. 55 (2003), pp. 727-737, reported the stable nuclear transformation of
Yarrowia lipolytica with plasmid DNA. Using a lithium acetate transformation method,
Fickers introduced the plasmid JMP123 into Yarrowia lipolytica. Plasmid JIMP123
comprised a hygromycin B resistance cassette, comprising sequence encoding the
hygromycin B phosphotransferase gene product (4ph), operably-linked to the Yarrowia
lipolytica LIP2 gene promoter (GenBank Accession No. AJ012632) upstream of the hph
protein-coding region and operably linked to the Yarrowia lipolytica LIP2 gene
3’UTR/terminator downstream of the hph protein-coding region. Prior to transformation
with JMP123, Yarrowia lipolytica were unable to propagate on medium comprising 100
ug/ml hygromycin. Upon transformation with JMP123, transformed Yarrowia lipolytica
were obtained that were able to propagate on medium comprising 100 ug/ml hygromycin,
thereby establishing the hygromycin B antibiotic resistance cassette as a selectable marker
for use in Yarrowia lipolytica. The nucleotide sequence provided on JMPI123 of the
promoter and 3 ’UTR/terminator of the Yarrowia lipolytica LIP2 gene served as donor
sequences for homologous recombination of the hph coding sequence into the LIP2 locus.
Evaluation of the genomic DNA of the stable transformants was performed by Southern.
Fickers reported that selection and maintenance of the transformed Yarrowia lipolytica
was performed on agar plates comprising standard YPD medium (Y east Extract Peptone
Dextrose) with 100 ug/ml hygromycin. Liquid culturing of transformed Yarrowia
lipolytica was perfomed in YPD medium with hygromycin. Other media and techniques
used for culturing Yarrowia lipolytica have been reported and numerous other plasmids,
promoters, 3’ UTRs, and selectable markers for use in Yarrowia lipolytica have been
reported (for example see Pignede et al., Applied and Environmental Biology, Vol. 66:8
(2000), pp. 3283-3289, Chuang et al., New Biotechnology, Vol. 27:4 (2010), pp. 277-282,
and Barth and Gaillardin, (1996), In: K,W. (Ed.), Nonconventional Yeasts in
Biotecnology. Sprinter-Verlag, Berlin-Heidelber, pp. 313-388). Fickers reported that the
transformation vector JIMP123 and the Yarrowia lipolytica LIP2 gene promoter and 3’

UTR/terminator are suitable to enable heterologous gene expression in Yarrowia
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lipolytica. In addition, Fickers reported that the hygromycin resistance cassette encoded
on JMP123 was suitable for use as a selectable marker in Yarrowia lipolytica.

[0341] In an embodiment of the present invention, vector JIMP123, comprising the
nucleotide sequence encoding the Aph gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, cach protein-coding sequence codon-optimized for expression in
Yarrowia lipolytica to reflect the codon bias inherent in nuclear genes of Yarrowia
lipolytica in accordance with Tables 24A-D. For each lipid biosynthesis pathway protein
of Table 25, the codon-optimized gene sequence can individually be operably linked to the
Yarrowia lipolytica LIP2 gene promoter upstream of the protein-coding sequence and
operably linked to the Yarrowia lipolytica LIP2 gene 3’UTR/terminator at the 3’ region, or
downstream, of the protein-coding sequence. The transformation construct may
additionally comprise homology regions to the Yarrowia lipolytica genome for targeted
genomic integration of the transformation vector. Homology regions may be selected to
disrupt one or more genomic sites of endogenous lipid biosynthesis pathway genes. One
skilled in the art can identify such homology regions within the sequence of the Yarrowia
lipolytica genome (referenced in the publication by Dujun et al., Nature, Vol. 430 (2004),
pp. 35-44). Stable transformation of Yarrowia lipolytica with the transformation vector is
achieved through well-known transformation techniques including lithium acetate
transformation or other known methods. Activity of the Aph gene product may be used as
a marker to select for Yarrowia lipolytica transformed with the transformation vector on,
but not limited to, YPD medium comprising hygromycin. Growth media suitable for
Yarrowia lipolytica lipid production include, but are not limited to, YPD medium, and
those culture media described by Chuang et al. Evaluation of fatty acid profiles of
Yarrowia lipolytica lipids may be assessed through standard lipid extraction and analytical

methods described herein.

EXAMPLE 32: ENGINEERING MORTIERELLA ALPINE

[0342] Expression of recombinant genes in accordance with the present invention in
Mortierella alpine may be accomplished by modifying the methods and vectors taught by
Mackenzie et al. as discussed herein. Briefly, Mackenzie et al., Applied and

Environmental Microbiology, Vol. 66 (2000), pp. 4655-4661, reported the stable nuclear
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transformation of Mortierella alpina with plasmid DNA. Using a protoplast
transformation method, MacKenzie introduced the plasmid pD4 into Mortierella alpina.
Plasmid pD4 comprised a hygromycin B resistance cassette, comprising sequence
encoding the hygromycin B phosphotransferase gene product (/4pt), operably-linked to the
Mortierella alpina histone H4.1 gene promoter (GenBank Accession No. 4J249812)
upstream of the hpt protein-coding region and operably linked to the Aspergillus nidulans
N-(5’-phophoribosyl)anthranilate isomerase (trpC) gene 3’UTR/terminator downstream of
the Apt protein-coding region. Prior to transformation with pD4, Mortierella alpina were
unable to propagate on medium comprising 300 ug/ml hygromycin. Upon transformation
with pD4, transformed Mortierella alpina were obtained that were propagated on medium
comprising 300 ug/ml hygromycin, thereby establishing the hygromycin B antibiotic
resistance cassette as a selectable marker for use in Mortierella alpina. Evaluation of the
genomic DNA of the stable transformants was performed by Southern. Mackenzie
reported that selection and maintenance of the transformed Mortierella alpina was
performed on PDA (potato dextrose agar) medium comprising hygromycin. Liquid
culturing of transformed Mortierella alpina by Mackenzie was performed in PDA medium
or in S2GYE medium (comprising 5% glucose, 0.5% yeast extract, 0.18% NH4SOy4, 0.02%
MgS04-7H,0, 0.0001% FeCls- 6H,0, 0.1%, trace elements, 10 mM K,HPO4—NaH,PO.),
with hygromycin. Other media and techniques used for culturing Mortierella alpina have
been reported and other plasmids, promoters, 3’ UTRs, and selectable markers for use in
Mortierella alpina have been reported (for example see Ando et al., Applied and
Environmental Biology, Vol. 75:17 (2009) pp. 5529-35 and Lu et al., Applied
Biochemistry and Biotechnology, Vol. 164:7 (2001), pp. 979-90). Mackenzie reported that
the transformation vector pD4 and the Mortierella alpina histone H4.1 promoter and A.
nidulans trpC gene 3’ UTR/terminator are suitable to enable heterologous gene expression
in Mortierella alpina. In addition, Mackenzie reported that the hygromycin resistance
cassette encoded on pD4 was suitable for use as a selectable marker in Mortierella alpina.
[0343] In an embodiment of the present invention, vector pD4, comprising the
nucleotide sequence encoding the Apt gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in

Mortierella alpina to reflect the codon bias inherent in nuclear genes of Mortierella alpina
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in accordance with Tables 24A-D. For each lipid biosynthesis pathway protein of Table
25, the codon-optimized gene sequence can individually be operably linked to the
Mortierella alpina histone H4.1 gene promoter upstream of the protein-coding sequence
and operably linked to the 4. nidulans trpC 3’UTR/terminator at the 3’ region, or
downstream, of the protein-coding sequence. The transformation construct may
additionally comprise homology regions to the Mortierella alpina genome for targeted
genomic integration of the transformation vector. Homology regions may be selected to
disrupt one or more genomic sites of endogenous lipid biosynthesis pathway genes. One
skilled in the art can identify such homology regions within the sequence of the
Mortierella alpina genome (referenced in the publication by Wang et al., PLOS One, Vol.
6:12 (2011)). Stable transformation of Mortierella alpina with the transformation vector
is achieved through well-known transformation techniques including protoplast
transformation or other known methods. Activity of the Apt gene product may be used as
a marker to select for Mortierella alpina transformed with the transformation vector on,
but not limited to, PDA medium comprising hygromycin. Growth media suitable for
Mortierella alpina lipid production include, but are not limited to, S2GYE medium, and
those culture media described by Lu ef al. and Ando ef al. Evaluation of fatty acid profiles
of Mortierella alpina lipids may be assessed through standard lipid extraction and

analytical methods described herein.

EXAMPLE 33: ENGINEERING RHODOCOCCUS OPACUS PD630

[0344] Expression of recombinant genes in accordance with the present invention in
Rhodococcus opacus PD630 may be accomplished by modifying the methods and vectors
taught by Kalscheuer et al. as discussed herein. Briefly, Kalscheuer et al., Applied and
Environmental Microbiology, Vol. 52 (1999), pp. 508-515, reported the stable
transformation of Rhodococcus opacus with plasmid DNA. Using the transformation
method of electroporation, Kalscheuer introduced the plasmid pNC9501 into Rhodococcus
opacus PD630. Plasmid pNC9501 comprised a thiostrepton resistance (thio’) cassette,
comprising the full nucleotide sequence of the Streptomyces azureus 23S rRNA A1067
methyltransferase gene, including the gene’s promoter and 3’ terminator sequence. Prior
to transformation with pNC9501, Rhodococcus opacus was unable to propagate on
medium comprising 1 mg/ml thiostrepton. Upon transformation of Rhodococcus opacus
PD630 with pNC9501, transformants were obtained that propagated on culture medium

comprising 1 mg/ml thiostrepton, thereby establishing the use of the thiostrepton
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resistance cassette as a selectable marker in Rhodococcus opacus PD630. A second
plasmid described by Kalscheuer, pAK68, comprised the resistance thio® cassette as well
as the gene sequences of the Ralstonia eutropha beta-ketothiolase (phaB), acetoacetyl-
CoA reductase (phaA), and poly3-hydroxyalkanoic acid synthase (phaC) genes for
polyhydroxyalkanoate biosynthesis, driven by the lacZ promoter. Upon pAK68
transformation of a Rhodococcus opacus PD630 strain deficient in polyhydroxyalkanoate
biosynthesis, transformed Rhodococcus opacus PD630 were obtained that produced
higher amounts of polyhydroxyalkanoates than the untransformed strain. Detectable
activity of the introduced Ralstonia eutropha phaB, phaA, and phaC enzymes indicted that
the regulatory elements encoded on the pAK68 plasmid were suitable for heterologous
gene expression in Rhodococcus opacus PD630. Kalscheuer reported that selection and
maintenance of the transformed Rhodococcus opacus PD630 was performed on standard
Luria Broth (LB) medium, nutrient broth (NB), or mineral salts medium (MSM)
comprising thiostrepton. Other media and techniques used for culturing Rhodococcus
opacus PD630 have been described (for example see Kurosawa et al., Journal of
Biotechnology, Vol. 147:3-4 (2010), pp. 212-218 and Alverez et al., Applied Microbial
and Biotechnology, Vol. 54:2 (2000), pp.218-223). Kalscheuer reported that the
transformation vectors pNC9501 and pAK68, the promoters of the Streptomyces azureus
23S rRNA A1067 methyltransferase gene and lacZ gene are suitable to enable
heterologous gene expression in Rhodococcus opacus PD630. In addition, Kalscheuer
reported that the thio" cassette encoded on pNC9501 and pAK68 was suitable for use as a
selectable marker in Rhodococcus opacus PD630.

[0345] In an embodiment of the present invention, vector pNC9501, comprising the
nucleotide sequence encoding the thio" gene product for use as a selectable marker, is
constructed and modified to further comprise a lipid biosynthesis pathway expression
cassette sequence, thereby creating a transformation vector. The lipid biosynthesis
pathway expression cassette encodes one or more lipid biosynthesis pathway proteins
selected from Table 25, each protein-coding sequence codon-optimized for expression in
Rhodococcus opacus PD630 to reflect the codon bias inherent in nuclear genes of
Rhodococcus opacus in accordance with Tables 24A-D. For each lipid biosynthesis
pathway protein of Table 25, the codon-optimized gene sequence can individually be
operably linked to the lacZ gene promoter upstream of the protein-coding sequence. The
transformation construct may additionally comprise homology regions to the Rhodococcus

opacus PD630 genome for targeted genomic integration of the transformation vector.
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Homology regions may be selected to disrupt one or more genomic sites of endogenous
lipid biosynthesis pathway genes. One skilled in the art can identify such homology
regions within the sequence of the Rhodococcus opacus PD630 genome (referenced in the
publication by Holder ef al., PLOS Genetics, Vol. 7:9 (2011). Transformation of
Rhodococcus opacus PD630 with the transformation vector is achieved through well-
known transformation techniques including electoporation or other known methods.
Activity of the Streptomyces azureus 23S rRNA A1067 methyltransferase gene product
may be used as a marker to select for Rhodococcus opacus PD630 transformed with the
transformation vector on, but not limited to, LB medium comprising thiostrepton. Growth
media suitable Rhodococcus opacus PD630 lipid production include, but are not limited to
those culture media discussed by Kurosawa et al. and Alvarez et al. Evaluation of fatty
acid profiles of Rhodococcus opacus PD630 lipids may be assessed through standard lipid

extraction and analytical methods described herein.

EXAMPLE 34: ENGINEERING MICROALGAE FOR FATTY ACID
AUXOTROPHY

[0346] Prototheca moriformis (UTEX 1435) engineered to express a Cuphea wrightii
thioesterase (CwTE2), was used as the host organism for further genetic modification to
knockout both endogenous thioesterase alleles, FATA1-1 and FATA1-2. Here, a first
transformation construct was generated to integrate a neomycin expression cassette at the
FATA1-1 locus. This construct, pSZ2226, included 5 (SEQ ID NO: 150) and 3’ (SEQ ID
NO: 151) homologous recombination targeting sequences (flanking the construct) to the
FATAT1-1 locus of the nuclear genome and a neomycin resistance protein-coding sequence
under the control of the C. reinhardtii B-tubulin promoter/5’UTR (SEQ ID NO: 5) and the
Chlorella vulgaris nitrate reductase 3° UTR (SEQ ID NO: 126). This NeoR expression
cassette 1s listed as SEQ ID NO: 135 and served as a selectable marker.

[0347] Upon transformation of pSZ2226, individual transformants were selected on
agar plates comprising sucrose and G418. A single isolate, Strain H, was selected for
further genetic modification. A second transformation construct, pSZ2236, was generated
to integrate polynucleotides enabling expression of a thiamine selectable marker into
Strain H at the FATA1-2 locus. pSZ2236 included 5° (SEQ ID NO: 152) and 3’ (SEQ ID
NO: 153) homologous recombination targeting sequences (flanking the construct) to the
FATA1-2 genomic region for integration into the P. moriformis nuclear genome and an A.

thaliana THIC protein coding region under the control of the C. protothecoides actin

152



10

15

20

25

30

WO 2013/082186 PCT/US2012/066893

promoter/5’UTR (SEQ ID NO: 142) and C. vulgaris nitrate reductase 3° UTR (SEQ ID
NO: 126). This AfTHIC expression cassette is listed as SEQ ID NO: 143 and served as a
selectable marker. Upon transformation of Strain H with pSZ2236 to generate Strain I,
individual transformants, were selected on agar plates comprising free fatty acids. Strain I
was able to propagate on agar plates and in medium lacking thiamine and supplemented

with free fatty acids.

EXAMPLE 35: ENGINEERING MICROORGANISMS FOR INCREASED
PRODUCTION OF STEARIC ACID

[0348] A classically mutagenized strain of Prototheca moriformis (UTEX 1435),
Strain J, was transformed with the plasmid construct pSZ2281 according to biolistic
transformation methods as described herein and in PCT/US2009/066141,
PCT/US2009/066142, PCT/US2011/038463, PCT/US2011/038464, and
PCT/US2012/023696. pSZ2281 included polynucleotides encoding RNA hairpins
(SAD2hpC, SEQ ID NO: 154) to down-regulate the expression of stearoyl-ACP
desaturase, 5° (SEQ ID NO: 121) and 3’ (SEQ ID NO: 122) homologous recombination
targeting sequences (flanking the construct) to the 6S genomic region for integration into
the nuclear genome, and a S. cerevisiae suc2 sucrose invertase coding region (SEQ ID
NO: 124), to express the protein sequence given in SEQ ID NO: 123, under the control of
C. reinhardtii B-tubulin promoter/5’UTR (SEQ ID NO: 125) and Chlorella vulgaris nitrate
reductase 3’ UTR (SEQ ID NO: 126). This S. cerevisiae suc2 expression cassette is listed
as SEQ ID NO: 127 and served as a selectable marker. The polynucleotide sequence
encoding the SAD2hpC RNA hairpin was under the control of the C. protothecoides actin
promoter/5’UTR (SEQ ID NO: 142) and C. vulgaris nitrate reductase 3° UTR (SEQ ID
NO: 126).

[0349] Upon transformation of Strain J with construct pSZ2281 thereby generating
Strain K, positive clones were selected on agar plates containing sucrose as a sole carbon
source. Individual transformants were clonally purified and propagated under
heterotrophic conditions suitable for lipid production as those detailed herein and in
PCT/US2009/066141, PCT/US2009/066142, PCT/US2011/038463,
PCT/US2011/038464, and PCT/US2012/023696. Lipid samples were prepared from dried
biomass and analyzed using standard fatty acid methyl ester gas chromatography flame
ionization detection methods as described in Example 3 (also see

PCT/US2012/023696). The fatty acid profiles (expressed as Area % of total fatty acids) of
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P. moriformis UTEX Strain J propagated on glucose as a sole carbon source and three
representative isolates of Strain K, propagated on sucrose as a sole carbon source, are

presented in Table 26.

Table 26. Fatty acid profiles of Prototheca moriformis cells engineered to express a
hairpin RNA construct targeting stearoyl ACP desaturase gene/gene products.

Area %

Fatty acid | Strain J | Strain K-1 | Strain K-2 | Strain K-3
C10:0 0.01 0.00 0.02 0.02
C12:0 0.03 0.05 0.05 0.05
C14:0 1.22 0.89 0.87 0.77
C16:0 26.75 29.23 28.96 27.55
C18:0 3.06 37.39 36.76 36.41
Cl18:1 59.62 23.90 24.76 26.92
C18:2 7.33 5.44 5.54 5.54

[0350] The data presented in Table 26 show a clear impact of the expression of a
SAD?2 hairpin RNA construct on the C18:0 and C18:1 fatty acid profiles of the
transformed organism. The fatty acid profiles of Strain K transformants comprising a
SAD2 hairpin RNA construct demonstrated an increase in the percentage of saturated
C18:0 fatty acids with a concomitant diminution of unsaturated C18:1 fatty acids. Fatty
acid profiles of the untransformed strain comprise about 3% C18:0. Fatty acid profiles of
the transformed strains comprise about 37% C18:0. These data illustrate the successful
expression and use of polynucleotides enabling expression of a SAD RNA hairpin
construct in Prototheca moriformis to alter the percentage of saturated fatty acids in the
engineered host microbes, and in particular in increasing the concentration of C18:0 fatty

acids and decreasing C18:1 fatty acids in microbial cells.

EXAMPLE 36: ENGINEERING MICROORGANISMS FOR INCREASED
PRODUCTION OF OLEIC ACID THROUGH KNOCKDOWN OF AN
ENDOGENOUS ACYL-ACP THIOESTERASE

[0351] A classically mutagenized strain of Prototheca moriformis (UTEX 1435), Strain J,
was transformed independently with each of the constructs pSZ2402-pSZ2407 according
to biolistic transformation methods as described herein and in PCT/US2009/066141,
PCT/US2009/066142, PCT/US2011/038463, PCT/US2011/038464, and
PCT/US2012/023696. Each of the constructs pSZ2402-pSZ2407 included different
polynucleotides encoding a hairpin RNA targeted against Prototheca moriformis FATA1
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mRNA transcripts to down-regulate the expression of fatty acyl-ACP thioesterase, 5’
(SEQ ID NO: 121) and 3’ (SEQ ID NO: 122) homologous recombination targeting
sequences (flanking the construct) to the 6S genomic region for integration into the
nuclear genome, and a S. cerevisiae suc2 sucrose invertase coding region (SEQ ID NO:
124) to express the protein sequence given in SEQ ID NO: 123 under the control of C.
reinhardtii B-tubulin promoter/5’UTR (SEQ ID NO: 125) and Chlorella vulgaris nitrate
reductase 3’ UTR (SEQ ID NO: 126). This S. cerevisiae suc2 expression cassette is listed
as SEQ ID NO: 127 and served as a selectable marker. Sequence listing identities for the
polynucleotides corresponding to each hairpin are listed in Table 27. The polynucleotide
sequence encoding each RNA hairpin was under the control of the C. reinhardtii B-tubulin
promoter/5’UTR (SEQ ID NO: 125) and C. vulgaris nitrate reductase 3° UTR (SEQ ID
NO: 126).

Table 27. Plasmid constructs used to transform Prototheca moriformis (UTEX 1435)
Strain J.

1. Plasmid construct 2. Hairpin designation | 3. SEQ ID NO:

4. pSZ2402 5. PmFATA-hpB 6. SEQ ID NO: 160
7. pSZ2403 8. PmFATA-hpC 9. SEQ ID NO: 161
10.  pSZ2404 11.  PmFATA-hpD 12.  SEQID NO: 162
13.  pSZ2405 14.  PmFATA-hpE 15.  SEQID NO: 163
16.  pSZ2406 17.  PmFATA-hpF 18.  SEQID NO: 164
19.  pSZ2407 20.  PmFATA-hpG 21.  SEQID NO: 165

[0352] Upon independent transformation of Strain J with each of the constructs listed
in Table 27, positive clones were selected on agar plates containing sucrose as a sole
carbon source. Individual transformants were clonally purified and propagated under
heterotrophic conditions suitable for lipid production as those detailed in
PCT/US2009/066141, PCT/US2009/066142, PCT/US2011/038463,
PCT/US2011/038464, and PCT/US2012/023696. Lipid samples were prepared from dried
biomass and analyzed using standard fatty acid methyl ester gas chromatography flame
ionization detection methods as described in Example 3. The fatty acid profiles (expressed
as Area % of total fatty acids) of P. moriformis UTEX Strain J propagated on glucose as a
sole carbon source and representative isolates of each transformation of Strain J,

propagated on sucrose as a sole carbon source, are presented in Table 28.
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Table 28. Fatty acid profiles of Prototheca moriformis cells engineered to express

hairpin RNA constructs targeting fatty acyl-ACP thioesterase gene/gene products.

Area % Fatty Acid
Construct C10:0 | C12:0 | C14:0 | C16:0 | C18:0 [ C18:1 ] C18:2
Strain J untransformed 0 0.05 1.32 | 26.66 3.1 | 59.07 7.39
0.04 | 007| 136 2488 | 224 61.92| 684
0] 0.08]| 133]2534| 239| 6172 65
PmFATA-hpB 0| 007| 129] 2544| 226| 61.7] 6.69
0] 0.06]| 133] 251| 237| 6156 687
0] 0.08]| 1.18] 2203 171| 638| 8.63
0] 0.07] 121] 245]| 2236232 7.19
PmFATA-hpC 0] 0.08| 129] 2493 | 224 6202| 7.01
0.05| 0.06] 129 2545 226 61.81| 6.76
0] 0.02] 068] 158 188 72.64| 696
0] 003| 078] 1756| 17| 71.8| 6.03
PmFATA-hpD 0] 0.03| 092] 1904| 2.03]| 6882| 7.05
0] 0.04] 127] 2314 225| 6527 607
0| 0.03| 079] 1855| 2.13]| 69.66| 6.77
0] 0.04] 1.11] 21.01] 174 6518 855
PmFATA-hpE 0| 0.03| 1.08] 21.11| 154 6476 | 887
0] 0.03] 1.17]2193]| 171| 63.89| 8.77
0.03| 004] 034| 86| 169 78.08| 8.87
0] 0.03] 049| 102] 152 7697 | 8.78
PmFATA-hpF 0] 0.03 1] 2047 | 222 6634| 745
0] 0.03| 1.03] 21.61] 188 6539 7.76
0] 0.03| 1.03]2057| 236]| 64.73| 8.75
PmFATA-hpG 0] 0.03| 12]2439] 247 619 749
0] 0.04] 129] 2414 229 6141 | 822

[0353] The data presented in Table 28 show a clear impact of the expression of FATA
hairpin RNA constructs on the C18:0 and C18:1 fatty acid profiles of the transformed
organism. The fatty acid profiles of Strain J transformants comprising a FATA hairpin
RNA construct demonstrated an increase in the percentage of C18:1 fatty acids with a
concomitant diminution of C16:0 and C18:0 fatty acids. Fatty acid profiles of the
untransformed Strain J are about 26.66% C16:0, 3% C18:0, and about 59% C18:1 fatty
acids. In contrast, the fatty acid profiles of the transformed strains comprise as low as
8.6% C16:0 and 1.54% C18:0 and greater than 78% C18:1 fatty acids. These data indicate
that FATA1 enzyme of Prototheca morifomis (UTEX 1435) displays a preferential
specificity for hydrolysis of fatty acids of length C18.

[0354] These data illustrate the utility and successful use of polynucleotide FATA

RNA hairpin constructs in Prototheca moriformis to alter the fatty acids profile of
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engineered microbes, and in particular in increasing the concentration of C18:1 fatty acids

and decreasing C18:0 and C16:0 fatty acids in microbial cells.

EXAMPLE 37: ALTERING THE LEVELS OF FATTY ACIDS OF ENGINEERED
MICROBES THROUGH MULTIPLE ALLELIC DISRUPTION OF A FATTY
ACID DESATURASE

[0355] This example describes the use of a transformation vector to disrupt the FADc
loci of Prototheca moriformis with a transformation cassette comprising a selectable
marker and sequence encoding an exogenous SAD enzyme to engineer microorganisms in
which the fatty acid profile of the transformed microorganism has been altered.

[0356] A classically mutagenized (for higher oil production) derivative of Protheca
moriformis (UTEX 1435), strain A, was transformed with the transformation construct
pSZ1499 (SEQ ID NO: 246) according to biolistic transformation methods detailed in
Example 2. pSZ1499 comprised nucleotide sequence of the Olea europaea stearoyl-ACP
desaturase gene, codon-optimized for expression in Protheca moriformis UTEX 1435. The
pSZ1499 expression construct contained 5° (SEQ ID NO: 247) and 3’ (SEQ ID NO: 248)
homologous recombination targeting sequences (flanking the construct) to the FADc
genomic region for integration into the nuclear genome and a S. cerevisiae suc2 sucrose
invertase coding region under the control of C. reinhardtii f-tubulin promoter/5’UTR and
Chlorella vulgaris nitrate reductase 3> UTR. This S. cerevisiae suc2 expression cassette is
listed as SEQ ID NO: 159 and served as a selection marker. The Olea europaea stearoyl-
ACP desaturase coding region was under the control of the Prototheca moriformis Amt03
promoter/5’UTR (SEQ ID NO: 89) and C. vulgaris nitrate reductase 3’UTR, and the
native transit peptide was replaced with the Chlorella protothecoides stearoyl-ACP
desaturase transit peptide (SEQ ID NO: 49). The entire O. europaea SAD expression
cassette was termed pSZ1499 and may be written as FADcS' btub-Suc2-nr_amt03-
S106SAD-OeSAD-nr-FADc3'.

[0357] Primary transformants were selected on plates containing sucrose as a sole
carbon source. Individual transformants were clonally purified and grown under standard
lipid production conditions at pH 7.0, similar to the conditions as disclosed in Example 1.
Fatty acid profiles were analyzed using standard fatty acid methyl ester gas
chromatography flame ionization (FAME GC/FID) detection methods as described in
Example 3. The resulting fatty acid profiles from a set of representative clones arising

from the transformations of the transformation vector are shown in Table 29. Fatty acid
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profiles of lipids obtained from the untransformed strain C strain grown under lipid
production conditions comprising glucose as a sole carbon source (pH 5.0) are additionally

presented in Table 29.

Table 29. Fatty acid profiles of Prototheca moriformis (UTEX 1435) multiply
engineered to knockout endogenous FADc alleles and to express an O. europaea

stearoyl-ACP desaturase.

Strain Transformant % C16:0 | % CI80 | %CI81 | %CI&:2
strain A untransformed 28.50 3.72 57.70 7.04
strain A untransformed 28.57 3.69 57.61 7.07

Transformant 1 20.37 1.13 74.38 0.01

Transformant 2 19.98 1.16 74.60 0.00

Transformant 3 20.10 1.16 74.70 0.00

strain A Transformant 4 21.13 1.21 73.86 0.00
pSZ1499 Transformant 5 19.95 1.11 74.58 0.00
Transformant 6 20.20 1.14 74.61 0.00

Transformant 7 20.72 1.15 74.15 0.00

Transformant 8 20.06 1.11 74.44 0.00

Transformant 9 19.86 1.18 74.88 0.00

[0358] As shown in Table 29, transformation of strain C with pSZ1499 impacts the
fatty acid profiles of the transformed microbes. The untransformed Prototheca moriformis
(UTEX 1435) strain C strain exhibits a fatty acid profile comprising less than 60% C18:1
fatty acids and greater than 7% C18:2 fatty acids. In contrast, strain C strains transformed
with pSZ1499 exhibited fatty acid profiles with an increased composition of C18:1 fatty
acids and a concomitant decrease in C18:0 and C18:2 fatty acids. C18:2 fatty acids were
undetected in the fatty acid profiles of strain C transformed with pSZ1499. The absence
of detectable C18:2 fatty acids in pSZ1499 transformants indicated that the transformation
with pSZ1499, bearing homologous recombination targeting sequences for integration into
multiple FADc genomic loci, had abolished FAD activity.

[0359] Southern blot analysis was conducted to verify that multiple FADc alleles were
interrupted by the pSZ1499 transformation vector. Genomic DNA was extracted from
strain C and pSZ1499 transformants using standard molecular biology methods. DNA
from each sample was run on 0.8% agarose gels after digestion with the restriction enzyme
Pstl. DNA from this gel was transferred onto a Nylon+ membrane (Amersham), which
was then hybridized with a P32-labeled polynucleotide probe corresponding to FADc 3°

region. Figure 1 shows maps of the pSZ1499 transformation cassette, the two sequenced
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FADc alleles of Prototheca moriformis (UTEX 1435), and the predicted sizes of the
alleles disrupted by the pSZ1499 transformation vector. FADc allele 1 comprises a Pstl
restriction site, whereas FADc allele 2 does not. Integration of the SAD cassette would
introduce a Pstl restriction site into the disrupted FADc allele, resulting in a ~6kb
fragment resolved on the Southern, regardless of which allele was disrupted. Figure 2
shows the results of Southern blot analysis. A hybridization band at ~6kb is detected in
both transformants. No smaller hybridization bands, that would be indicative of
uninterrupted alleles, were detected. These results indicate that both FADc alleles were
disrupted by pSZ1499.

[0360] The ablation of both alleles of the FADc fatty acid desaturase with a SAD
expression cassette results in fatty acid profiles comprising about 74% C18:1.
Collectively, these data demonstrate the utility and effectiveness of polynucleotides
permitting knockout of FAD alleles and concomitant exogenous expression of stearoyl-
ACP desaturase enzymes to alter the fatty acid profile of engineered microorganisms.
[0361] All references cited herein, including patents, patent applications, and
publications, including Genbank Accession numbers, are hereby incorporated by reference
in their entireties, whether previously specifically incorporated or not. The publications
mentioned herein are cited for the purpose of describing and disclosing reagents,
methodologies and concepts that may be used in connection with the present invention.
Nothing herein is to be construed as an admission that these references are prior art in
relation to the inventions described herein. In particular, the following patent applications
are hereby incorporated by reference in their entireties for all purposes: PCT Application
No. PCT/US2008/065563, filed June 2, 2008, entitled ‘“Production of Oil in
Microorganisms”, PCT Application No. PCT/US2010/31108, filed April 14, 2010, entitled
“Methods of Microbial Oil Extraction and Separation”, PCT Publication No. WO
2010/063032, filed November 30, 2009, entitled “Production of Tailored Oils in
Heterotrophic Microorganisms”, PCT Application No. PCT/US2011/038463, filed May
27,2011, entitled “Tailored Oils Produced From Recombinant Heterotrophic
Microorganisms”, and PCT Application No. PCT/US/2012/023696, filed February 2,
2012, entitled “Tailored Oils Produced from Recombinant Heterotrophic

Microorganisms.”
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SEQUENCE LISTING

SEQ ID NO: 1
UTEX 329 Prototheca kruegani

TGTTGAAGAATGAGCCGGCGAGTTAAAAAGAGTGGCATGGTTAAAGAAAATACTCTGGAGCCATAGCGAAAG
CAAGTTTAGTAAGCTTAGGTCATTCTTTTTAGACCCGAAACCGAGTGATCTACCCATGATCAGGGTGAAGTG
TTAGTAAAATAACATGGAGGCCCGAACCGACTAATGTTGAAAAATTAGCGGATGAATTGTGGGTAGGGGCGA
AAAACCAATCGAACTCGGAGTTAGCTGGTTCTCCCCGAAATGCGTTTAGGCGCAGCAGTAGCAGTACAAATA
GAGGGGTAAAGCACTGTTTCTTTTGTGGGCTTCGAAAGTTGTACCTCAAAGTGGCAAACTCTGAATACTCTA
TTTAGATATCTACTAGTGAGACCTTGGGGGATAAGCTCCTTGGTCAAAAGGGAAACAGCCCAGATCACCAGT
TAAGGCCCCAAAATGAAAATGATAGTGACTAAGGATGTGGGTATGTCAAAACCTCCAGCAGGTTAGCTTAGA
AGCAGCAATCCTTTCAAGAGTGCGTAATAGCTCACTG

SEQ ID NO: 2
UTEX 1440 Prototheca wickerhamii

TGTTGAAGAATGAGCCGGCGACTTAAAATAAATGGCAGGCTAAGAGATTTAATAACTCGAAACCTAAGCGAA
AGCAAGTCTTAATAGGGCGTCAATTTAACAAAACTTTAAATAAATTATAAAGTCATTTATTTTAGACCCGAA
CCTGAGTGATCTAACCATGGTCAGGATGAAACTTGGGTGACACCAAGTGGAAGTCCGAACCGACCGATGTTG
AAAAATCGGCGGATGAACTGTGGTTAGTGGTGAAATACCAGTCGAACTCAGAGCTAGCTGGTTCTCCCCGAA
ATGCGTTGAGGCGCAGCAATATATCTCGTCTATCTAGGGGTAAAGCACTGTTTCGGTGCGGGCTATGAAAAT
GGTACCAAATCGTGGCAAACTCTGAATACTAGAAATGACGATATATTAGTGAGACTATGGGGGATAAGCTCC
ATAGTCGAGAGGGAAACAGCCCAGACCACCAGTTAAGGCCCCAAAATGATAATGAAGTGGTAAAGGAGGTGA
AAATGCAAATACAACCAGGAGGTTGGCTTAGAAGCAGCCATCCTTTAAAGAGTGCGTAATAGCTCACTG

SEQ ID NO: 3
UTEX 1442 Prototheca stagnora

TGTTGAAGAATGAGCCGGCGAGTTAAAAAAAATGGCATGGTTAAAGATATTTCTCTGAAGCCATAGCGAAAG
CAAGTTTTACAAGCTATAGTCATTTTTTTTAGACCCGAAACCGAGTGATCTACCCATGATCAGGGTGAAGTG
TTGGTCAAATAACATGGAGGCCCGAACCGACTAATGGTGAAAAATTAGCGGATGAATTGTGGGTAGGGGCGA
AAAACCAATCGAACTCGGAGTTAGCTGGTTCTCCCCGAAATGCGTTTAGGCGCAGCAGTAGCAACACAAATA
GAGGGGTAAAGCACTGTTTCTTTTGTGGGCTTCGAAAGTTGTACCTCAAAGTGGCAAACTCTGAATACTCTA
TTTAGATATCTACTAGTGAGACCTTGGGGGATAAGCTCCTTGGTCAAAAGGGAAACAGCCCAGATCACCAGT
TAAGGCCCCAAAATGAAAATGATAGTGACTAAGGACGTGAGTATGTCAAAACCTCCAGCAGGTTAGCTTAGA
AGCAGCAATCCTTTCAAGAGTGCGTAATAGCTCACTG

SEQ ID NO: 4
UTEX 288 Prototheca moriformis

TGTTGAAGAATGAGCCGGCGAGTTAAAAAGAGTGGCATGGTTAAAGATAATTCTCTGGAGCCATAGCGAAAG
CAAGTTTAACAAGCTAAAGTCACCCTTTTTAGACCCGAAACCGAGTGATCTACCCATGATCAGGGTGAAGTG
TTGGTAAAATAACATGGAGGCCCGAACCGACTAATGGTGAAAAATTAGCGGATGAATTGTGGGTAGGGGCGA
AAAACCAATCGAACTCGGAGTTAGCTGGTTCTCCCCGAAATGCGTTTAGGCGCAGCAGTAGCAACACAAATA
GAGGGGTAAAGCACTGTTTCTTTTGTGGGCTTCGAAAGTTGTACCTCAAAGTGGCAAACTCTGAATACTCTA
TTTAGATATCTACTAGTGAGACCTTGGGGGATAAGCTCCTTGGTCAAAAGGGAAACAGCCCAGATCACCAGT
TAAGGCCCCAAAATGAAAATGATAGTGACTAAGGATGTGGGTATGTTAAAACCTCCAGCAGGTTAGCTTAGA
AGCAGCAATCCTTTCAAGAGTGCGTAATAGCTCACTG

SEQ ID NO: 5
UTEX 1439, UTEX 1441, UTEX 1435, UTEX 1437 Prototheca moriformis

TGTTGAAGAATGAGCCGGCGACTTAAAATAAATGGCAGGCTAAGAGAATTAATAACTCGAAACCTAAGCGAA
AGCAAGTCTTAATAGGGCGCTAATTTAACAAAACATTAAATAAAATCTAAAGTCATTTATTTTAGACCCGAA
CCTGAGTGATCTAACCATGGTCAGGATGAAACTTGGGTGACACCAAGTGGAAGTCCGAACCGACCGATGTTG
AAAAATCGGCGGATGAACTGTGGTTAGTGGTGAAATACCAGTCGAACTCAGAGCTAGCTGGTTCTCCCCGAA
ATGCGTTGAGGCGCAGCAATATATCTCGTCTATCTAGGGGTAAAGCACTGTTTCGGTGCGGGCTATGAAAAT
GGTACCAAATCGTGGCAAACTCTGAATACTAGAAATGACGATATATTAGTGAGACTATGGGGGATAAGCTCC
ATAGTCGAGAGGGAAACAGCCCAGACCACCAGTTAAGGCCCCAAAATGATAATGAAGTGGTAAAGGAGGTGA
AAATGCAAATACAACCAGGAGGTTGGCTTAGAAGCAGCCATCCTTTAAAGAGTGCGTAATAGCTCACTG

SEQ ID NO: 6
UTEX 1533 Prototheca wickerhamii

TGTTGAAGAATGAGCCGTCGACTTAAAATAAATGGCAGGCTAAGAGAATTAATAACTCGAAACCTAAGCGAA
AGCAAGTCTTAATAGGGCGCTAATTTAACAAAACATTAAATAAAATCTAAAGTCATTTATTTTAGACCCGAA
CCTGAGTGATCTAACCATGGTCAGGATGAAACTTGGGTGACACCAAGTGGAAGTCCGAACCGACCGATGTTG
AAAAATCGGCGGATGAACTGTGGTTAGTGGTGAAATACCAGTCGAACTCAGAGCTAGCTGGTTCTCCCCGAA
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ATGCGTTGAGGCGCAGCAATATATCTCGTCTATCTAGGGGTAAAGCACTGTTTCGGTGCGGGCTATGAAAAT
GGTACCAAATCGTGGCAAACTCTGAATACTAGAAATGACGATATATTAGTGAGACTATGGGGGATAAGCTCC
ATAGTCGAGAGGGAAACAGCCCAGACCACCAGTTAAGGCCCCAAAATGATAATGAAGTGGTAAAGGAGGTGA
AAATGCAAATACAACCAGGAGGTTGGCTTAGAAGCAGCCATCCTTTAAAGAGTGCGTAATAGCTCACTG

SEQ ID NO: 7
UTEX 1434 Prototheca moriformis

TGTTGAAGAATGAGCCGGCGAGTTAAAAAGAGTGGCGTGGTTAAAGAAAATTCTCTGGAACCATAGCGAAAG
CAAGTTTAACAAGCTTAAGTCACTTTTTTTAGACCCGAAACCGAGTGATCTACCCATGATCAGGGTGAAGTG
TTGGTAAAATAACATGGAGGCCCGAACCGACTAATGGTGAAAAATTAGCGGATGAATTGTGGGTAGGGGCGA
AAAACCAATCGAACTCGGAGTTAGCTGGTTCTCCCCGAAATGCGTTTAGGCGCAGCAGTAGCAACACAAATA
GAGGGGTAAAGCACTGTTTCTTTTGTGGGCTCCGAAAGTTGTACCTCAAAGTGGCAAACTCTGAATACTCTA
TTTAGATATCTACTAGTGAGACCTTGGGGGATAAGCTCCTTGGTCGAAAGGGAAACAGCCCAGATCACCAGT
TAAGGCCCCAAAATGAAAATGATAGTGACTAAGGATGTGAGTATGTCAAAACCTCCAGCAGGTTAGCTTAGA
AGCAGCAATCCTTTCAAGAGTGCGTAATAGCTCACTG

SEQ ID NO: 8
UTEX 1438 Prototheca zopfii

TGTTGAAGAATGAGCCGGCGAGTTAAAAAGAGTGGCATGGTTAAAGAAAATTCTCTGGAGCCATAGCGAAAG
CAAGTTTAACAAGCTTAAGTCACTTTTTTTAGACCCGAAACCGAGTGATCTACCCATGATCAGGGTGAAGTG
TTGGTAAAATAACATGGAGGCCCGAACCGACTAATGGTGAAAAATTAGCGGATGAATTGTGGGTAGGGGCGA
AAAACCAATCGAACTCGGAGTTAGCTGGTTCTCCCCGAAATGCGTTTAGGCGCAGCAGTAGCAACACAAATA
GAGGGGTAAAGCACTGTTTCTTTCGTGGGCTTCGAAAGTTGTACCTCAAAGTGGCAAACTCTGAATACTCTA
TTTAGATATCTACTAGTGAGACCTTGGGGGATAAGCTCCTTGGTCAAAAGGGAAACAGCCCAGATCACCAGT
TAAGGCCCCAAAATGAAAATGATAGTGACTAAGGATGTGAGTATGTCAAAACCTCCAGCAGGTTAGCTTAGA
AGCAGCAATCCTTTCAAGAGTGCGTAATAGCTCACTG

SEQ ID NO: 9
UTEX 1436 Prototheca moriformis

TGTTGAAGAATGAGCCGGCGACTTAGAAAAGGTGGCATGGTTAAGGAAATATTCCGAAGCCGTAGCAAAAGC
GAGTCTGAATAGGGCGATAAAATATATTAATATTTAGAATCTAGTCATTTTTTCTAGACCCGAACCCGGGTG
ATCTAACCATGACCAGGATGAAGCTTGGGTGATACCAAGTGAAGGTCCGAACCGACCGATGTTGAAAAATCG
GCGGATGAGTTGTGGTTAGCGGTGAAATACCAGTCGAACCCGGAGCTAGCTGGTTCTCCCCGAAATGCGTTG
AGGCGCAGCAGTACATCTAGTCTATCTAGGGGTAAAGCACTGTTTCGGTGCGGGCTGTGAGAACGGTACCAA
ATCGTGGCAAACTCTGAATACTAGAAATGACGATGTAGTAGTGAGACTGTGGGGGATAAGCTCCATTGTCAA
GAGGGAAACAGCCCAGACCACCAGCTAAGGCCCCAAAATGGTAATGTAGTGACAAAGGAGGTGAAAATGCAA
ATACAACCAGGAGGTTGGCTTAGAAGCAGCCATCCTTTAAAGAGTGCGTAATAGCTCACTG

SEQ ID NO: 10
HUP promoter from Chlorella (subsequence of GenBank accession number
X55349)

GATCAGACGGGCCTGACCTGCGAGATAATCAAGTGCTCGTAGGCAACCAACTCAGCAGCTGCTTGGTGTTGG
GTCTGCAGGATAGTGTTGCAGGGCCCCAAGGACAGCAGGGGAACTTACACCTTGTCCCCGACCCAGTTTTAT
GGAGTGCATTGCCTCAAGAGCCTAGCCGGAGCGCTAGGCTACATACTTGCCGCACCGGTATGAGGGGATATA
GTACTCGCACTGCGCTGTCTAGTGAGATGGGCAGTGCTGCCCATAAACAACTGGCTGCTCAGCCATTTGTTG
GCGGACCATTCTGGGGGGGCCAGCAATGCCTGACTTTCGGGTAGGGTGAAAACTGAACAAAGACTACCAAAA
CAGAATTTCTTCCTCCTTGGAGGTAAGCGCAGGCCGGCCCGCCTGCGCCCACATGGCGCTCCGAACACCTCC
ATAGCTGTAAGGGCGCAAACATGGCCGGACTGTTGTCAGCACTCTTTCATGGCCATACAAGGTCATGTCGAG
ATTAGTGCTGAGTAAGACACTATCACCCCATGTTCGATTGAAGCCGTGACTTCATGCCAACCTGCCCCTGGG
CGTAGCAGACGTATGCCATCATGACCACTAGCCGACATGCGCTGTCTTTTGCCACCAAAACAACTGGTACAC
CGCTCGAAGTCGTGCCGCACACCTCCGGGAGTGAGTCCGGCGACTCCTCCCCGGCGGGCCGCGGCCCTACCT
GGGTAGGGTCGCCATACGCCCACGACCAAACGACGCAGGAGGGGATTGGGGTAGGGAATCCCAACCAGCCTA
ACCAAGACGGCACCTATAATAATAGGTGGGGGGACTAACAGCCCTATATCGCAAGCTTTGGGTGCCTATCTT
GAGAAGCACGAGTTGGAGTGGCTGTGTACGGTCGACCCTAAGGTGGGTGTGCCGCAGCCTGAAACAAAGCGT
CTAGCAGCTGCTTCTATAATGTGTCAGCCGTTGTGTTTCAGTTATATTGTATGCTATTGTTTGTTCGTGCTA
GGGTGGCGCAGGCCCACCTACTGTGGCGGGCCATTGGTTGGTGCTTGAATTGCCTCACCATCTAAGGTCTGA
ACGCTCACTCAAACGCCTTTGTACAACTGCAGAACTTTCCTTGGCGCTGCAACTACAGTGTGCAAACCAGCA
CATAGCACTCCCTTACATCACCCAGCAGTACAACA

SEQ ID NO: 11
Chlorella ellipsoidea nitrate reductase promoter from AY307383

CGCTGCGCACCAGGGCCGCCAGCTCGCTGATGTCGCTCCAAATGCGGTCCCCCGATTTTTTGTTCTTCATCT
TCTCCACCTTGGTGGCCTTCTTGGCCAGGGCCTTCAGCTGCATGCGCACAGACCGTTGAGCTCCTGATCAGC
ATCCTCAGGAGGCCCTTTGACAAGCAAGCCCCTGTGCAAGCCCATTCACGGGGTACCAGTGGTGCTGAGGTA
GATGGGTTTGAAAAGGATTGCTCGGTCGATTGCTGCTCATGGAATTGGCATGTGCATGCATGTTCACAATAT
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GCCACCAGGCTTTGGAGCAAGAGAGCATGAATGCCTTCAGGCAGGTTGAAAGTTCCTGGGGGTGAAGAGGCA
GGGCCGAGGATTGGAGGAGGAAAGCATCAAGTCGTCGCTCATGCTCATGTTTTCAGTCAGAGTTTGCCAAGC
TCACAGGAGCAGAGACAAGACTGGCTGCTCAGGTGTTGCATCGTGTGTGTGGTGGGGGGGGGGGGGTTAATA
CGGTACGAAATGCACTTGGAATTCCCACCTCATGCCAGCGGACCCACATGCTTGAATTCGAGGCCTGTGGGG
TGAGAAATGCTCACTCTGCCCTCGTTGCTGAGGTACTTCAGGCCGCTGAGCTCAAAGTCGATGCCCTGCTCG
TCTATCAGGGCCTGCACCTCTGGGCTGACCGGCTCAGCCTCCTTCGCGGGCATGGAGTAGGCGCCGGCAGCG
TTCATGTCCGGGCCCAGGGCAGCGGTGGTGCCATAAATGTCGGTGATGGTGGGGAGGGGGGCCGTCGCCACA
CCATTGCCGTTGCTGGCTGACGCATGCACATGTGGCCTGGCTGGCACCGGCAGCACTGGTCTCCAGCCAGCC
AGCAAGTGGCTGTTCAGGAAAGCGGCCATGTTGTTGGTCCCTGCGCATGTAATTCCCCAGATCAAAGGAGGG
AACAGCTTGGATTTGATGTAGTGCCCAACCGGACTGAATGTGCGATGGCAGGTCCCTTTGAGTCTCCCGAAT
TACTAGCAGGGCACTGTGACCTAACGCAGCATGCCAACCGCAAAAAAATGATTGACAGAAAATGAAGCGGTG
TGTCAATATTTGCTGTATTTATTCGTTTTAATCAGCAACCAAGTTCGAAACGCAACTATCGTGGTGATCAAG
TGAACCTCATCAGACTTACCTCGTTCGGCAAGGAAACGGAGGCACCAAATTCCAATTTGATATTATCGCTTG
CCAAGCTAGAGCTGATCTTTGGGAAACCAACTGCCAGACAGTGGACTGTGATGGAGTGCCCCGAGTGGTGGA
GCCTCTTCGATTCGGTTAGTCATTACTAACGTGAACCCTCAGTGAAGGGACCATCAGACCAGAAAGACCAGA
TCTCCTCCTCGACACCGAGAGAGTGTTGCGGCAGTAGGACGACAAG

SEQ ID NO: 12
Yeast secretion signal

MLLQAFLFLLAGFAAKISAS

SEQ ID NO: 13
Higher plants secretion signal

MANKSLLLLLLLGSLASG

SEQ ID NO: 14
Consensus eukaryotic secretion signal

MARLPLAALG

SEQ ID NO: 15
Combination higher plant/eukaryotic gecretion signal

MANKLLLLLLLLLLPLAASG

SEQ ID NO: 16
Codon-optimized yeast sucrosgse invertase

ATGCTGCTGCAGECCTTCCTGTTCCTGCTGGCCGGCTTCGCCGCCARGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTG
GTGCACTTCACCCCCAACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTCCAGT
ACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACCAACTGGGAGGACCAGCCCATCGC
CATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTGGTGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATC
GACCCGCGCCAGCGCTGCGTGGCCATCTGGACCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACA
CCTTCACCGAGTACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCTCCCAGAA
GTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTGAAGTCCTGGAAGCTGGAGTCCGCGTTC
GCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGATCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGA
TGTTCATCTCCATCAACCCCGGCGCCCCGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTT
CGACAACCAGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTACGGGAGCGCCCTG
GGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGCTCCTCCATGTCCCTCGTGCGCAAGTTCTCCC
TCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATCAACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAG
CCGGTTCGCCACCAACACCACGTTGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTG
TACGCCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGGACCCCGAGGAGTACC
TCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCAAGGTGAAGTTCGTGAAGGAGAACCCCTACTTCAC
CAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGCGAGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTG
GAGCTGTACTTCAACGACGGCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGACGG
GGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGA

SEQ ID NO: 17
Yeast sucrose invertase, GenBank accession no. NP_012104.1

MTNETSDRPLVHFTPNKGWMNDPNGLWYDEKDAKWHLYFQYNPNDTVWGTPLFWGHATSDDLTNWEDQPIAT
APKRNDSGAFSGSMVVDYNNTSGFFNDTIDPROQRCVAIWTYNTPESEEQYISYSIDGGYTFTEYQKNPVLAA
NSTQFRDPKVFWYEPSQKWIMTAAKSQODYKIEIYSSDDLKSWKLESAFANEGFLGYQYECPGLIEVPTEQDP
SKSYWVMFISINPGAPAGGSFNQYFVGSFNGTHFEAFDNQSRVVDFGKDYYALQTFFNTDPTYGSALGIAWA
SNWEYSAFVPTNPWRSSMSLVRKFSLNTEYQANPETELINLKAEPILNISNAGPWSRFATNTTLTKANSYNV
DLSNSTGTLEFELVYAVNTTQTISKSVFADLSLWFKGLEDPEEYLRMGFEVSASSFFLDRGNSKVKFVKENP
YFTNRMSVNNQPFKSENDLSYYKVYGLLDONILELYFNDGDVVSTNTYFMTTGNALGSVNMTTGVDNLFYID
KFQVREVK

SEQ ID NO: 18
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5’ donor DNA sequence of Prototheca moriformis delta 12 FAD knockout
homologous recombination targeting construct

GCTCTTCGGGTTTGCTCACCCGCGAGGTCGACGCCCAGCATGGCTATCAAGACGAACAGGCAGCCTGTGGAG
AAGCCTCCGTTCACGATCGGGACGCTGCGCAAGGCCATCCCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGT
AGCAGCATGTACCTGGCCTTTGACATCGCGGTCATGTCCCTGCTCTACGTCGCGTCGACGTACATCGACCCT
GCGCCGGTGCCTACGTGGGTCAAGTATGGCGTCATGTGGCCGCTCTACTGGTTCTTCCAGGTGTGTGTGAGG
GTTGTGGTTGCCCGTATCGAGGTCCTGGTGGCGCGCATGGGGGAGAAGGCGCCTGTCCCGCTGACCCCCCCG
GCTACCCTCCCGGCACCTTCCAGGGCGCCTTCGGCACGGGTGTCTGGGTGTGCGCGCACGAGTGCGGCCACLCC
AGGCCTTTTCCTCCAGCCAGGCCATCAACGACGGCGTGGGCCTGGTGTTCCACAGCCTGCTGCTGGTGCCCT
ACTACTCCTGGAAGCACTCGCACCGCCGCCACCACTCCAACACGGGGTGCCTGGACAAGGACGAGGTGTTTG
TGCCGCCGCACCGCGCAGTGGCGCACGAGGGCCTGGAGTGGGAGGAGTGGCTGCCCATCCGCATGGGCAAGG
TGCTGGTCACCCTGACCCTGGGCTGGCCGCTGTACCTCATGTTCAACGTCGCCTCGCGGCCGTACCCGCGCT
TCGCCAACCACTTTGACCCGTGGTCGCCCATCTTCAGCAAGCGCGAGGTACCCTTTCTTGCGCTATGACACT
TCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGATGATGCTTCGACCC
CCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGC
CCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACA
CAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGC
AAACGGCGCGCC

SEQ ID NO: 19
3’ donor DNA gequence of Prototheca moriformis delta 12 FAD knockout
homologous recombination targeting construct

CAATTGGCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCA
CACTTGCTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTG
TACGCGCTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTT
TCATATCGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTG
CTCACTGCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGC
ACTGCAATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAGCATCGAGGTGGTCATCTCCGACC
TCGCGTTGGTGGCGGTGCTCAGCGGGCTCAGCGTGCTGGGCCGCACCATGGGCTGGGCCTGGCTGGTCAAGA
CCTACGTGGTGCCCTACATGATCGTGAACATGTGGCTGGTGCTCATCACGCTGCTCCAGCACACGCACCCGG
CCCTGCCGCACTACTTCGAGAAGGACTGGGACTGGCTACGCGGCGCCATGGCCACCGTCGACCGCTCCATGG
GCCCGCCCTTCATGGACAGCATCCTGCACCACATCTCCGACACCCACGTGCTGCACCACCTCTTCAGCACCA
TCCCGCACTACCACGCCGAGGAGGCCTCCGCCGCCATCCGGCCCATCCTGGGCAAGTACTACCAATCCGACA
GCCGCTGGGTCGGCCGCGCCCTGTGGGAGGACTGGCGCGACTGCCGCTACGTCGTCCCCGACGCGCCCGAGG
ACGACTCCGCGCTCTGGTTCCACAAGTGAGCGCGCCTGCGCGAGGACGCAGAACAACGCTGCCGCCGTGTCT
TTTGCACGCGCGACTCCGGCGCTTCGCTGGTGGCACCCCCATAAAGAAACCCTCAATTCTGTTTGTGGAAGA
CACGGTGTACCCCCACCCACCCACCTGCACCTCTATTATTGGTATTATTGACGCGGGAGTGGGCGTTGTACC
CTACAACGTAGCTTCTCTAGTTTTCAGCTGGCTCCCACCATTGTAAAGAGCCTCTAGAGTCGACCTGCAGGC
ATGCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACA
ACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGT
TGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGG
GGAGAGGCGGTTTGCGTATTGGGCGCTCTTCC

SEQ ID NO: 20
Prototheca moriformis delta 12 FAD knockout homologous recombination
targeting construct

GCTCTTCGGGTTTGCTCACCCGCGAGGTCGACGCCCAGCATGGCTATCAAGACGAACAGGCAGCCTGTGGAG
AAGCCTCCGTTCACGATCGGGACGCTGCGCAAGGCCATCCCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGT
AGCAGCATGTACCTGGCCTTTGACATCGCGGTCATGTCCCTGCTCTACGTCGCGTCGACGTACATCGACCCT
GCGCCGGTGCCTACGTGGGTCAAGTATGGCGTCATGTGGCCGCTCTACTGGTTCTTCCAGGTGTGTGTGAGG
GTTGTGGTTGCCCGTATCGAGGTCCTGGTGGCGCGCATGGGGGAGAAGGCGCCTGTCCCGCTGACCCCCCCG
GCTACCCTCCCGGCACCTTCCAGGGCGCCTTCGGCACGGGTGTCTGGGTGTGCGCGCACGAGTGCGGCCACLCC
AGGCCTTTTCCTCCAGCCAGGCCATCAACGACGGCGTGGGCCTGGTGTTCCACAGCCTGCTGCTGGTGCCCT
ACTACTCCTGGAAGCACTCGCACCGCCGCCACCACTCCAACACGGGGTGCCTGGACAAGGACGAGGTGTTTG
TGCCGCCGCACCGCGCAGTGGCGCACGAGGGCCTGGAGTGGGAGGAGTGGCTGCCCATCCGCATGGGCAAGG
TGCTGGTCACCCTGACCCTGGGCTGGCCGCTGTACCTCATGTTCAACGTCGCCTCGCGGCCGTACCCGCGCT
TCGCCAACCACTTTGACCCGTGGTCGCCCATCTTCAGCAAGCGCGAGGTACCCTTTCTTGCGCTATGACACT
TCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGLCTGCATGCAACACCGATGATGCTTCGACCE
CCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGC
CCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACA
CAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGC
AAACGGCGCGCCATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCCGGCTTCGCCGCCAAGATCAGCGCCTCC
ATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACCCCCAACAAGGGCTGGATGAACGACCCCAAC
GGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTCCAGTACAACCCGAACGACACCGTCTGG
GGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACCAACTGGGAGGACCAGCCCATCGCCATC
GCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTGGTGGACTACAACAACACCTCCGGCTTC
TTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCTGGACCTACAACACCCCGGAGTCCGAGGAG
CAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCGAGTACCAGAAGAACCLCLCGTGCTGGCCGLC
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AACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCTCCCAGAAGTGGATCATGACCGCGGCC
AAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTGAAGTCCTGGAAGCTGGAGTCCGCGTTC
GCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGATCGAGGTCCCCACCGAGCAGGALCCLC
AGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGCGCCCCGGCCGGCGGCTCCTTCAACCAGTAC
TTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACAACCAGTCCCGCGTGGTGGACTTCGGCAAG
GACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTACGGGAGCGCCCTGGGCATCGCGETGGGCC
TCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGCTCCTCCATGTCCCTCGTGCGCAAGTTC
TCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATCAACCTGAAGGCCGAGCCGATCCTGAAC
ATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCACGTTGACGAAGGCCAACAGCTACAACGTC
GACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGTACGCCGTCAACACCACCCAGACGATCTCC
AAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGGACCCCGAGGAGTACCTCCGCATGGGC
TTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCAAGGTGAAGTTCGTGAAGGAGAACCCC
TACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGCGAGAACGACCTGTCCTACTACAAGGTG
TACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACGACGGCGACGTCGTGTCCACCAACACCTAC
TTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGACGGGGGTGGACAACCTGTTCTACATCGAC
AAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGC
TGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAA
CAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATA
CCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGC
TATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTC
TCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAAT
GGAGCATCGAGGTGGTCATCTCCGACCTCGCGTTGGTGGCGGTGCTCAGCGGGCTCAGCGTGCTGGGCCGCA
CCATGGGCTGGGCCTGGCTGGTCAAGACCTACGTGGTGCCCTACATGATCGTGAACATGTGGCTGGTGCTCA
TCACGCTGCTCCAGCACACGCACCCGGCCCTGCCGCACTACTTCGAGAAGGACTGGGACTGGCTACGCGGCG
CCATGGCCACCGTCGACCGCTCCATGGGCCCGCCCTTCATGGACAGCATCCTGCACCACATCTCCGACACCC
ACGTGCTGCACCACCTCTTCAGCACCATCCCGCACTACCACGCCGAGGAGGCCTCCGCCGCCATCCGGLCCA
TCCTGGGCAAGTACTACCAATCCGACAGCCGCTGGGTCGGCCGCGCCCTGTGGGAGGACTGGCGCGACTGCC
GCTACGTCGTCCCCGACGCGCCCGAGGACGACTCCGCGCTCTGGTTCCACAAGTGAGCGCGCCTGCGCGAGG
ACGCAGAACAACGCTGCCGCCGTGTCTTTTGCACGCGCGACTCCGGCGCTTCGCTGGTGGCACCCCCATAAA
GAAACCCTCAATTCTGTTTGTGGAAGACACGGTGTACCCCCACCCACCCACCTGCACCTCTATTATTGGTAT
TATTGACGCGGGAGTGGGCGTTGTACCCTACAACGTAGCTTCTCTAGTTTTCAGCTGGCTCCCACCATTGTA
AAGAGCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAA
ATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAAT
GAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGC
TGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCC

SEQ ID NO: 21
5’ donor DNA sequence of Prototheca moriformis SAD2A knockout homologous
recombination targeting construct

GCTCTTCCGCCTGGAGCTGGTGCAGAGCATGGGTCAGTTTGCGGAGGAGAGGGTGCTCCCCGTGCTGCACCC
CGTGGACAAGCTGTGGCAGCCGCAGGACTTCCTGCCCGACCCCGAGTCGCCCGACTTCGAGGACCAGGTGGC
GGAGCTGCGCGCGCGCGCCAAGGACCTGCCCGACGAGTACTTTGTGGTGCTGGTGGGCGACATGATCACGGA
GGAGGCGCTGCCGACCTACATGGCCATGCTCAACACCTTGGACGGTGTGCGCGACGACACGGGCGCGGCTGA
CCACCCGTGGGCGCGCTGGACGCGGCAGTGGGTGGCCGAGGAGAACCGGCACGGCGACCTGCTGAACAAGTA
CTGTTGGCTGACGGGGCGCGTCAACATGCGGGCCGTGGAGGTGACCATCAACAACCTGATCAAGAGCGGCAT
GAACCCGCAGACGGACAACAACCCTTACTTGGGCTTCGTCTACACCTCCTTCCAGGAGCGCGCCACCAAGTA
GGTACC

SEQ ID NO: 22
3’ donor DNA gequence of Prototheca moriformis SAD2A knockout homologous
recombination targeting construct

CAATTGGCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCA
CACTTGCTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTG
TACGCGCTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTT
TCATATCGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTG
CTCACTGCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGC
ACTGCAATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAAGGATCGTAGAGCTCCAGCCACGG
CAACACCGCGCGCCTGGCGGCCGAGCACGGCGACAAGGGCCTGAGCAAGATCTGCGGGCTGATCGCCAGCGA
CGAGGGCCGGCACGAGATCGCCTACACGCGCATCGTGGACGAGTTCTTCCGCCTCGACCCCGAGGGLGLCaET
CGCCGCCTACGCCAACATGATGCGCAAGCAGATCACCATGCCCGCGCACCTCATGGACGACATGGGCCACGG
CGAGGCCAACCCGGGCCGCAACCTCTTCGCCGACTTCTCCGCCGTCGCCGAGAAGATCGACGTCTACGACGC
CGAGGACTACTGCCGCATCCTGGAGCACCTCAACGCGCGCTGGAAGGTGGACGAGCGCCAGGTCAGCGGCCA
GGCCGCCGCGGACCAGGAGTACGTTCTGGGCCTGCCCCAGCGCTTCCGGAAACTCGCCGAGAAGACCGLLCGL
CAAGCGCAAGCGCGTCGCGCGCAGGCCCGTCGCCTTCTCCTGGAGAGAAGAGCCTCTAGAGTCGACCTGCAG
GCATGCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACA
CAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGC
GTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGC
GGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCC
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SEQ ID NO: 23
Prototheca moriformis SAD2A knockout homologous recombination targeting
construct

GCTCTTCCGCCTGGAGCTGGTGCAGAGCATGGGTCAGTTTGCGGAGGAGAGGGTGCTCCCCGTGCTGCACCC
CGTGGACAAGCTGTGGCAGCCGCAGGACTTCCTGCCCGACCCCGAGTCGCCCGACTTCGAGGACCAGGTGGC
GGAGCTGCGCGCGCGCGCCAAGGACCTGCCCGACGAGTACTTTGTGGTGCTGGTGGGCGACATGATCACGGA
GGAGGCGCTGCCGACCTACATGGCCATGCTCAACACCTTGGACGGTGTGCGCGACGACACGGGCGCGGCTGA
CCACCCGTGGGCGCGCTGGACGCGGCAGTGGGTGGCCGAGGAGAACCGGCACGGCGACCTGCTGAACAAGTA
CTGTTGGCTGACGGGGCGCGTCAACATGCGGGCCGTGGAGGTGACCATCAACAACCTGATCAAGAGCGGCAT
GAACCCGCAGACGGACAACAACCCTTACTTGGGCTTCGTCTACACCTCCTTCCAGGAGCGCGCCACCAAGTA
GGTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
ATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAG
GGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAA
ACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCT
TCCTCTTCGTTTCAGTCACAACCCGCARACGGCGCGCCATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCCG
GCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACCCCCA
ACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTCC
AGTACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACCA
ACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTGG
TGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCTGGA
CCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCGAGT
ACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCT
CCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTGA
AGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGA
TCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGLCGLLCC
CGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACAACC
AGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTACG
GGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGCT
CCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATCA
ACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCACGT
TGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGTACG
CCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGG
ACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCA
AGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGCG
AGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACGACG
GCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGACGG
GGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAGCTC
GGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTG
TGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTG
CTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCA
ACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAG
CCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACG
GGAAGTAGTGGGATGGGAACACAAATGGAAGGATCGTAGAGCTCCAGCCACGGCAACACCGCGCGCCTGGCG
GCCGAGCACGGCGACAAGGGCCTGAGCAAGATCTGCGGGCTGATCGCCAGCGACGAGGGCCGGCACGAGATC
GCCTACACGCGCATCGTGGACGAGTTCTTCCGCCTCGACCCCGAGGGCGCCGTCGCCGCCTACGCCAACATG
ATGCGCAAGCAGATCACCATGCCCGCGCACCTCATGGACGACATGGGCCACGGCGAGGCCAACCCGGGLCCGL
AACCTCTTCGCCGACTTCTCCGCCGTCGCCGAGAAGATCGACGTCTACGACGCCGAGGACTACTGCCGCATC
CTGGAGCACCTCAACGCGCGCTGGAAGGTGGACGAGCGCCAGGTCAGCGGCCAGGCCGCCGCGGACCAGGAG
TACGTTCTGGGCCTGCCCCAGCGCTTCCGGAAACTCGCCGAGAAGACCGCCGCCAAGCGCAAGCGCGTCGCG
CGCAGGCCCGTCGCCTTCTCCTGGAGAGAAGAGCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCGTAA
TCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGC
ATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCT
TTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT
ATTGGGCGCTCTTCC

SEQ ID NO: 24
5’ donor DNA sequence of Prototheca moriformis SAD2B knockout homologous
recombination targeting construct

GCTCTTCCCGCCTGGAGCTGGTGCAGAGCATGGGGCAGTTTGCGGAGGAGAGGGTGCTCCCCGTGCTGCALT
CCGTGGACAAGCTGTGGCAGCCGCAGGACTTCCTGCCCGACCCCGAGTCGCCCGACTTCGAGGACCAGGTGG
CGGAGCTGCGCGCGCGCGCCAAGGACCTGCCCGACGAGTACTTTGTGGTGCTGGTGGGCGACATGATCACGG
AGGAGGCGCTGCCGACCTACATGGCCATGCTCAACACCTTGGACGGTGTGCGCGACGACACGGGCGCGGCTG
ACCACCCGTGGGCGCGCTGGACGCGGCAGTGGGTGGCCGAGGAGAACCGGCACGGCGACCTGCTGAACAAGT
ACTGTTGGCTGACGGGGCGCGTCAACATGCGGGCCGTGGAGGTGACCATCAACAACCTGATCAAGAGCGGCA
TGAACCCGCAGACGGACAACAACCCTTACTTGGGCTTCGTCTACACCTCCTTCCAGGAGCGCGCCACCAAGT
AGGTACC

SEQ ID NO: 25
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3’ donor DNA gequence of Prototheca moriformis SAD2B knockout homologous
recombination targeting construct

CAGCCACGGCAACACCGCGCGCCTTGCGGCCGAGCACGGCGACAAGAACCTGAGCAAGATCTGCGGGCTGAT
CGCCAGCGACGAGGGCCGGCACGAGATCGCCTACACGCGCATCGTGGACGAGTTCTTCCGCCTCGACCCCGA
GGGCGCCGTCGCCGCCTACGCCAACATGATGCGCAAGCAGATCACCATGCCCGCGCACCTCATGGACGACAT
GGGCCACGGCGAGGCCAACCCGGGCCGCAACCTCTTCGCCGACTTCTCCGCGGTCGCCGAGAAGATCGACGT
CTACGACGCCGAGGACTACTGCCGCATCCTGGAGCACCTCAACGCGCGCTGGAAGGTGGACGAGCGCCAGGT
CAGCGGCCAGGCCGCCGCGGACCAGGAGTACGTCCTGGGCCTGCCCCAGCGCTTCCGGAAACTCGCCGAGAA
GACCGCCGCCAAGCGCAAGCGCGETCGCGCGCAGGCCCGTCGCCTTCTCCTGGAGAAGAGCCTCTAGAGTCGA
CCTGCAGGCATGCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAA
TTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACAT
TAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCC
AACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCC

SEQ ID NO: 26
Prototheca moriformis SAD2B knockout homologous recombination targeting
construct

GCTCTTCCCGCCTGGAGCTGGTGCAGAGCATGGGGCAGTTTGCGGAGGAGAGGGTGCTCCCCGTGCTGCACC
CCGTGGACAAGCTGTGGCAGCCGCAGGACTTCCTGCCCGACCCCGAGTCGCCCGACTTCGAGGACCAGGTGG
CGGAGCTGCGCGCGCGCGCCAAGGACCTGCCCGACGAGTACTTTGTGGTGCTGGTGGGCGACATGATCACGG
AGGAGGCGCTGCCGACCTACATGGCCATGCTCAACACCTTGGACGGTGTGCGCGACGACACGGGCGCGGCTG
ACCACCCGTGGGCGCGCTGGACGCGGCAGTGGGTGGCCGAGGAGAACCGGCACGGCGACCTGCTGAACAAGT
ACTGTTGGCTGACGGGGCGCGTCAACATGCGGGCCGTGGAGGTGACCATCAACAACCTGATCAAGAGCGGCA
TGAACCCGCAGACGGACAACAACCCTTACTTGGGCTTCGTCTACACCTCCTTCCAGGAGCGCGCCACCAAGT
AGGTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG
CATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCA
GGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCA
AACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTC
TTCCTCTTCGTTTCAGTCACAACCCGCAAACGGCGCGCCATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCC
GGCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACCLCCC
AACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTC
CAGTACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACC
AACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTG
GTGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCTGG
ACCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCGAG
TACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCC
TCCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTG
AAGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTG
ATCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGCGCC
CCGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACAAC
CAGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTAC
GGGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGL
TCCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATC
AACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCACG
TTGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGTAC
GCCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAG
GACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGC
AAGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGC
GAGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACGAC
GGCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGALCG
GGGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAGCT
CGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCT
GTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTT
GCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCC
AACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACA
GCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCAC
GGGAAGTAGTGGGATGGGAACACAAATGGACAGCCACGGCAACACCGCGCGCCTTGCGGCCGAGCACGGLCGA
CAAGAACCTGAGCAAGATCTGCGGGCTGATCGCCAGCGACGAGGGCCGGCACGAGATCGCCTACACGCGCAT
CGTGGACGAGTTCTTCCGCCTCGACCCCGAGGGCGLCCETCGCCGCCTACGCCAACATGATGCGCAAGCAGAT
CACCATGCCCGCGCACCTCATGGACGACATGGGCCACGGCGAGGCCAACCCGGGCCGCAACCTCTTCGCCGA
CTTCTCCGCGGTCGCCGAGAAGATCGACGTCTACGACGCCGAGGACTACTGCCGCATCCTGGAGCACCTCAA
CGCGCGCTGGAAGGTGGACGAGCGCCAGGTCAGCGGCCAGGCCGCCGCGGACCAGGAGTACGTCCTGGGCCT
GCCCCAGCGCTTCCGGAAACTCGCCGAGAAGACCGCCGCCAAGCGCAAGCGCGTCGCGCGCAGGCCLCETCGL
CTTCTCCTGGAGAAGAGCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCGTAATCATGGTCATAGCTGT
TTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCT
GGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACC
TGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCC
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SEQ ID NO: 27
Primer 1 5'-TCACTTCATGCCGGCGGTCC-3”

SEQ ID NO: 28
Primer 2 5'- GCGCTCCTGCTTGGCTCGAA-3'

SEQ ID NO: 29
S. cerevisiae suc2 cassette

CTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAA
CACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAG
CGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAACACCT
AGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCT
TCGTTTCAGTCACAACCCGCAAACGGCGCGCCATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCCGGCTTCG
CCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCLCCTGGTGCACTTCACCCCCAACAAGG
GCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTCCAGTACA
ACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACCAACTGGG
AGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTGGTGGACT
ACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCTGGACCTACA
ACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCGAGTACCAGA
AGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCTCCCAGA
AGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTGAAGTCCT
GGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGATCGAGG
TCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGCGCCCCGGLCG
GCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACAACCAGTCCC
GCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTACGGGAGCG
CCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGCTCCTCCA
TGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATCAACCTGA
AGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCACGTTGACGA
AGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGTACGCCGTCA
ACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGGACCCCG
AGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCAAGGTGA
AGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGCGAGAACG
ACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACGACGGCGACG
TCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGACGGGGGTGG
ACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAGCTCGGATAG
TATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTGTGAATA
TCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCT
GCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCAACCGCA
ACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAGCCTTGG
TTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACGGGAAGT
AGTGGGATGGGAACACAAATGGA

SEQ ID NO: 30
Chlamydomonas reinhardtii TUB2 promoter/5’ UTR

CTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAA
CACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAG
CGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAACACCT
AGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCT
TCGTTTCAGTCACAACCCGCAAAC

SEQ ID NO: 31

Codon-optimized suc2 gene
ATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCCGGCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAG
ACGTCCGACCGCCCCCTGGTGCACTTCACCCCCAACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTAC
GACGAGAAGGACGCCAAGTGGCACCTGTACTTCCAGTACAACCCGAACGACACCGETCTGGGGGACGCCCTTG
TTCTGGGGCCACGCCACGTCCGACGACCTGACCAACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGL
AACGACTCCGGCGCCTTCTCCGGCTCCATGGTGGTGGACTACAACAACACCTCCGGCTTCTTCAACGACACC
ATCGACCCGCGCCAGCGCTGCGTGGCCATCTGGACCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCC
TACAGCCTGGACGGCGGCTACACCTTCACCGAGTACCAGAAGAACCCCGETGCTGGCCGCCAACTCCACCCAG
TTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCTCCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGAL
TACAAGATCGAGATCTACTCCTCCGACGACCTGAAGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGC
TTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGATCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTAC
TGGGTGATGTTCATCTCCATCAACCCCGGCGCCCCGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGC
TTCAACGGCACCCACTTCGAGGCCTTCGACAACCAGTCCCGCGETGGTGGACTTCGGCAAGGACTACTACGCC
CTGCAGACCTTCTTCAACACCGACCCGACCTACGGGAGCGCCCTGGGCATCGCETGGGCCTCCAACTGGGAG
TACTCCGCCTTCGTGCCCACCAACCCCTGGCGCTCCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACALCC
GAGTACCAGGCCAACCCGGAGACGGAGCTGATCAACCTGAAGGCCGAGCCGATCCTGAACATCAGCAALCGCC
GGCCCCTGGAGCCGGTTCGCCACCAACACCACGTTGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAAC

167



10

15

20

25

30

35

40

45

50

55

60

65

70

WO 2013/082186 PCT/US2012/066893

AGCACCGGCACCCTGGAGTTCGAGCTGGTGTACGCCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTC
GCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGGACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCC
GCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCAAGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAAC
CGCATGAGCGTGAACAACCAGCCCTTCAAGAGCGAGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTG
GACCAGAACATCCTGGAGCTGTACTTCAACGACGGCGACGTCGTGTCCACCAACACCTACTTCATGACCACC
GGGAACGCCCTGGGCTCCGTGAACATGACGACGGGGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTG
CGCGAGGTCAAGTGA

SEQ ID NO: 32
Chlorella vulgaris nitrate reductase 3'UTR

GCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTG
CTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCG
CTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATAT
CGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACT
GCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTARACCAGCACTGCA
ATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAGGATCC

SEQ ID NO: 33
pSzl1124 (FAD2B) 5’ genomic targeting sequence

GCTCTTCGAGACGTGGTCTGAATCCTCCAGGCGGGTTTCCCCGAGAAAGAAAGGGTGCCGATTTCAAAGCAG
AGCCATGTGCCGGGCCCTGTGGCCTGTGTTGGCGCCTATGTAGTCACCCCCCCTCACCCAATTGTCGCCAGT
TTGCGCAATCCATAAACTCAAAACTGCAGCTTCTGAGCTGCGCTGTTCAAGAACACCTCTGGGGTTTGCTCA
CCCGCGAGGTCGACGCCCAGCATGGCTATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTTCACGATC
GGGACGCTGCGCAAGGCCATCCCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTACCTGGCC
TTTGACATCGCGGTCATGTCCCTGCTCTACGTCGCGTCGACGTACATCGACCCTGCGCCGGTGCCTACGTGG
GTCAAGTATGGCGTCATGTGGCCGCTCTACTGGTTCTTCCAGGTGTGTGTGAGGGTTGTGGTTGCCCGTATC
GAGGTCCTGGTGGCGCGCATGGGGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCACCT
TCCAGGGCGCCTTCGGCACGGGTGTCTGGGTGTGCGCGCACGAGTGCGGCCACCAGGCCTTTTCCTCCAGCC
AGGCCATCAACGACGGCGTGGGCCTGGTGTTCCACAGCCTGCTGCTGGTGCCCTACTACTCCTGGAAGCACT
CGCACCGGGTACC

SEQ ID NO: 34
pSzl1124 (FAD2B) 3’ genomic targeting sequence

CCGCCACCACTCCAACACGGGGTGCCTGGACAAGGACGAGGTGTTTGTGCCGCCGCACCGCGCAGTGGCGCA
CGAGGGCCTGGAGTGGGAGGAGTGGCTGCCCATCCGCATGGGCAAGGTGCTGGTCACCCTGACCCTGGGCTG
GCCGCTGTACCTCATGTTCAACGTCGCCTCGCGGCCGTACCCGCGCTTCGCCAACCACTTTGACCCGTGGTC
GCCCATCTTCAGCAAGCGCGAGCGCATCGAGGTGGTCATCTCCGACCTGGCGCTGGTGGCGGTGCTCAGCGG
GCTCAGCGTGCTGGGCCGCACCATGGGCTGGGCCTGGCTGGTCAAGACCTACGTGGTGCCCTACCTGATCGT
GAACATGTGGCTCGTGCTCATCACGCTGCTCCAGCACACGCACCCGGCGCTGCCGCACTACTTCGAGAAGGA
CTGGGACTGGCTGCGCGGCGCCATGGCCACCGTGGACCGCTCCATGGGCCCGCCCTTCATGGACAACATCCT
GCACCACATCTCCGACACCCACGTGCTGCACCACCTCTTCAGCACCATCCCGCACTACCACGCCGAGGAGGC
CTCCGCCGCCATCAGGCCCATCCTGGGCAAGTACTACCAGTCCGACAGCCGCTGGGTCGGCCGCGCCCTGTG
GGAGGACTGGCGCGACTGCCGCTACGTCGTCCCGGACGCGCCCGAGGACGACTCCGCGCTCTGGTTCCACAA
GTGAGTGAGTGAGAAGAGC

SEQ ID NO: 35
pSz1125 (FAD2C) 5’ genomic targeting sequence

GCTCTTCGAGGGGCTGGTCTGAATCCTTCAGGCGGGTGTTACCCGAGAAAGAAAGGGTGCCGATTTCAAAGC
AGACCCATGTGCCGGGCCCTGTGGCCTGTGTTGGCGCCTATGTAGTCACCCCCCCTCACCCAATTGTCGCCA
GTTTGCGCACTCCATAAACTCAAAACAGCAGCTTCTGAGCTGCGCTGTTCAAGAACACCTCTGGGGTTTGCT
CACCCGCGAGGTCGACGCCCAGCATGGCTATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTTCACGA
TCGGGACGCTGCGCAAGGCCATCCCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTACCTGG
CCTTTGACATCGCGGTCATGTCCCTGCTCTACGTCGCGTCGACGTACATCGACCCTGCACCGGTGCCTACGT
GGGTCAAGTACGGCATCATGTGGCCGCTCTACTGGTTCTTCCAGGTGTGTTTGAGGGTTTTGGTTGCCCGTA
TTGAGGTCCTGGTGGCGCGCATGGAGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCAL
CTTCCAGGGCGCCTTCGGCACGGGTGTCTGGGTGTGCGCGCACGAGTGCGGCCACCAGGCCTTTTCCTCCAG
CCAGGCCATCAACGACGGCGTGGGCCTGETGTTCCACAGCCTGCTGCTGGTGCCCTACTACTCCTGGAAGCA
CTCGCACCGGGTACC

SEQ ID NO: 36
pSz1125 (FAD2C) 3’ genomic targeting sequence

CCGCCACCACTCCAACACGGGGTGCCTGGACAAGGACGAGGTGTTTGTGCCGCCGCACCGCGCAGTGGCGCA
CGAGGGCCTGGAGTGGGAGGAGTGGCTGCCCATCCGCATGGGCAAGGTGCTGGTCACCCTGACCCTGGGCTG
GCCGCTGTACCTCATGTTCAACGTCGCCTCGCGGCCGTACCCGCGCTTCGCCAACCACTTTGACCCGTGGTC
GCCCATCTTCAGCAAGCGCGAGCGCATCGAGGTGGTCATCTCCGACCTGGCGCTGGTGGCGGTGCTCAGCGG
GCTCAGCGTGCTGGGCCGCACCATGGGCTGGGCCTGGCTGGTCAAGACCTACGTGGTGCCCTACCTGATCGT
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GAACATGTGGCTCGTGCTCATCACGCTGCTCCAGCACACGCACCCGGCGCTGCCGCACTACTTCGAGAAGGA
CTGGGACTGGCTGCGCGGCGCCATGGCCACCGTGGACCGCTCCATGGGCCCGCCCTTCATGGACAACATCCT
GCACCACATCTCCGACACCCACGTGCTGCACCACCTCTTCAGCACCATCCCGCACTACCACGCCGAGGAGGC
CTCCGCCGCCATCAGGCCCATCCTGGGCAAGTACTACCAGTCCGACAGCCGCTGGGTCGGCCGCGCCCTGTG
GGAGGACTGGCGCGACTGCCGCTACGTCGTCCCGGACGCGCCCGAGGACGACTCCGCGCTCTGGTTCCACAA
GTGAGTGAGTGAGAAGAGC

SEQ ID NO: 37
amt03 promoter/UTR sequence

GGCCGACAGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTA
GTGATTCCGCAACCCTGATTTTGGCGTCTTATTTTGGCGTGGCAAACGCTGGCGCCCGCGAGCCGGGCLCGGL
GGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGGTCAGTTGAAGGGCTTTAC
GCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGACGTGCAGGTCCTGCTGAAGTTCCTCCA
CCGCCTCACCAGCGGACAAAGCACCGGTGTATCAGGTCCGTGTCATCCACTCTAAAGAGCTCGACTACGACC
TACTGATGGCCCTAGATTCTTCATCAAAAACGCCTGAGACACTTGCCCAGGATTGAAACTCCCTGAAGGGAC
CACCAGGGGCCCTGAGTTGTTCCTTCCCCCCGTGGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTG
GCGGGAAAATAGGCTTCGTGTGCTCAGGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCAC
AATTCATGTCAAGCTAATCAGCTATTTCCTCTTCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGG
GTGATCCTTCGTGTACGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCG
AGGGCCGAGGGTTTGGGACGGGCCGTCCCGAAATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATA
ATTTATGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGATTTCG
TAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCAGCGTCCACT
TTTGTGCACACATTCCATTCGTGCCCAAGACATTTCATTGTGGTGCGAAGCGTCCCCAGTTACGCTCACCTG
TTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCACAGGCCGGTCGCAGCC

SEQ ID NO: 38
5’ 6S genomic donor sequence of Prototheca moriformis

GCTCTTCGCCGCCGCCACTCCTGCTCGAGCGCGCCCGCGCGETGCGCCGCCAGCGCCTTGGCCTTTTCGCCGL
GCTCGTGCGCGTCGCTGATGTCCATCACCAGGTCCATGAGGTCTGCCTTGCGCCGGCTGAGCCACTGCTTCG
TCCGGGCGGCCAAGAGGAGCATGAGGGAGGACTCCTGGTCCAGGGTCCTGACGTGGTCGCGGCTCTGGGAGC
GGGCCAGCATCATCTGGCTCTGCCGCACCGAGGCCGCCTCCAACTGGTCCTCCAGCAGCCGCAGTCGCCGLC
GACCCTGGCAGAGGAAGACAGGTGAGGGGGGTATGAATTGTACAGAACAACCACGAGCCTTGTCTAGGCAGA
ATCCCTACCAGTCATGGCTTTACCTGGATGACGGCCTGCGAACAGCTGTCCAGCGACCCTCGCTGCCGCCGL
TTCTCCCGCACGCTTCTTTCCAGCACCGTGATGGCGCGAGCCAGCGCCGCACGCTGGCGCTGCGCTTCGCCG
ATCTGAGGACAGTCGGGGAACTCTGATCAGTCTAAACCCCCTTGCGCGTTAGTGTTGCCATCCTTTGCAGAC
CGGTGAGAGCCGACTTGTTGTGCGCCACCCCCCACACCACCTCCTCCCAGACCAATTCTGTCACCTTTTTGG
CGAAGGCATCGGCCTCGGCCTGCAGAGAGGACAGCAGTGCCCAGCCGCTGGGGGTTGGCGGATGCACGCTCA
GGTACC

SEQ ID NO: 39
3’68 genomic donor sequence of Prototheca moriformis

GAGCTCCTTGTTTTCCAGAAGGAGTTGCTCCTTGAGCCTTTCATTCTCAGCCTCGATAACCTCCAAAGCCGC
TCTAATTGTGGAGGGGGTTCGAATTTAAAAGCTTGGAATGTTGGTTCGTGCGTCTGGAACAAGCCCAGACTT
GTTGCTCACTGGGAAAAGGACCATCAGCTCCAAAAAACTTGCCGCTCAAACCGCGTACCTCTGCTTTCGCGC
AATCTGCCCTGTTGAAATCGCCACCACATTCATATTGTGACGCTTGAGCAGTCTGTAATTGCCTCAGAATGT
GGAATCATCTGCCCCCTGTGCGAGCCCATGCCAGGCATGTCGCGGGCGAGGACACCCGCCACTCGTACAGCA
GACCATTATGCTACCTCACAATAGTTCATAACAGTGACCATATTTCTCGAAGCTCCCCAACGAGCACCTCCA
TGCTCTGAGTGGCCACCCCCCGGCCCTGGTGCTTGCGGAGGGCAGGTCAACCGGCATGGGGCTACCGAAATC
CCCGACCGGATCCCACCACCCCCGCGATGGGAAGAATCTCTCCCCGGGATGTGGGCCCACCACCAGCACAAC
CTGCTGGCCCAGGCGAGCGTCAAACCATACCACACAAATATCCTTGGCATCGGCCCTGAATTCCTTCTGCCG
CTCTGCTACCCGGTGCTTCTGTCCGAAGCAGGGGTTGCTAGGGATCGCTCCGAGTCCGCAAACCCTTGTCGC
GTGGCGGGGCTTGTTCGAGCTTGAAGAGC

SEQ ID NO: 40
FADc portion of the long hairpin RNA expression cassette from pSz1463

ACTAGTATGGCTATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTTCACGATCGGGACGCTGCGCAAG
GCCATCCCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTACCTGGCCTTTGACATCGCGGTC
ATGTCCCTGCTCTACGTCGCGTCGACGTACATCGACCCTGCACCGGTGCCTACGTGGGTCAAGTACGGCATC
ATGTGGCCGCTCTACTGGTTCTTCCAGGTGTGTTTGAGGGTTTTGGTTGCCCGTATTGAGGTCCTGGTGGCG
CGCATGGAGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCACCTTCCAGGGCGCGTACG
GGAAGAACCAGTAGAGCGGCCACATGATGCCGTACTTGACCCACGTAGGCACCGGTGCAGGGTCGATGTACG
TCGACGCGACGTAGAGCAGGGACATGACCGCGATGTCAAAGGCCAGGTACATGCTGCTACGAAGCGCCGAGC
GCTCGAAACAGTGCGCGGGGATGGCCTTGCGCAGCGTCCCGATCGTGAACGGAGGCTTCTCCACAGGCTGCC
TGTTCGTCTTGATAGCCAT

SEQ ID NO: 41
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Relevant portion of the FADc long hairpin RNA expression cassette from
pSz1468

GCTCTTCGCCGCCGCCACTCCTGCTCGAGCGCGCCCGCGCGETGCGCCGCCAGCGCCTTGGCCTTTTCGCCGL
GCTCGTGCGCGTCGCTGATGTCCATCACCAGGTCCATGAGGTCTGCCTTGCGCCGGCTGAGCCACTGCTTCG
TCCGGGCGGCCAAGAGGAGCATGAGGGAGGACTCCTGGTCCAGGGTCCTGACGTGGTCGCGGCTCTGGGAGC
GGGCCAGCATCATCTGGCTCTGCCGCACCGAGGCCGCCTCCAACTGGTCCTCCAGCAGCCGCAGTCGCCGLC
GACCCTGGCAGAGGAAGACAGGTGAGGGGGGTATGAATTGTACAGAACAACCACGAGCCTTGTCTAGGCAGA
ATCCCTACCAGTCATGGCTTTACCTGGATGACGGCCTGCGAACAGCTGTCCAGCGACCCTCGCTGCCGCCGL
TTCTCCCGCACGCTTCTTTCCAGCACCGTGATGGCGCGAGCCAGCGCCGCACGCTGGCGCTGCGCTTCGCCG
ATCTGAGGACAGTCGGGGAACTCTGATCAGTCTAAACCCCCTTGCGCGTTAGTGTTGCCATCCTTTGCAGAC
CGGTGAGAGCCGACTTGTTGTGCGCCACCCCCCACACCACCTCCTCCCAGACCAATTCTGTCACCTTTTTGG
CGAAGGCATCGGCCTCGGCCTGCAGAGAGGACAGCAGTGCCCAGCCGCTGGGGGTTGGCGGATGCACGCTCA
GGTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
ATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAG
GGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCARAGACATTATAGCGAGCTACCARAAGCCATATTCAA
ACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCT
TCCTCTTCGTTTCAGTCACAACCCGCAAACGGCGCGCCATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCCG
GCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACCCCCA
ACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTCC
AGTACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACCA
ACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTGG
TGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCTGGA
CCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCGAGT
ACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCT
CCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTGA
AGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGA
TCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGLCGLLCC
CGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACAACC
AGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTACG
GGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGCT
CCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATCA
ACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCACGT
TGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGTACG
CCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGG
ACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCA
AGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGCG
AGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACGACG
GCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGACGG
GGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAGCTC
GGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTG
TGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTG
CTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCA
ACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAG
CCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACG
GGAAGTAGTGGGATGGGAACACAAATGGAGGATCCCGCGTCTCGAACAGAGCGCGCAGAGGAACGCTGAAGG
TCTCGCCTCTGTCGCACCTCAGCGCGGCATACACCACAATAACCACCTGACGAATGCGCTTGGTTCTTCGTC
CATTAGCGAAGCGTCCGGTTCACACACGTGCCACGTTGGCGAGGTGGCAGGTGACAATGATCGGTGGAGCTG
ATGGTCGAAACGTTCACAGCCTAGGGATATCGAATTCGGCCGACAGGACGCGCGTCAAAGGTGCTGGTCGTG
TATGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTAGTGATTCCGCAACCCTGATTTTGGCGTCTTATTTT
GGCGTGGCAAACGCTGGCGCCCGCGAGCCGGGCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAG
GGAGGCAAGAGCGCCCGGGTCAGTTGAAGGGCTTTACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGG
TGGAATTGGACGTGCAGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCAG
GTCCGTGTCATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATTCTTCATCAAAAACGCCT
GAGACACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTTGTTCCTTCCCCCCGTGG
CGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGCTTCGTGTGCTCAGGTCATGGG
AGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCAGCTATTTCCTCTTCA
CGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTACGGGCCCTTCCCTCAACCCT
AGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCCGAGGGTTTGGGACGGGCCGTCCCGAAATG
CAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAATTTATGCAATGGACTGCTCTGCAAAATTCTGGCT
CTGTCGCCAACCCTAGGATCAGCGGCGTAGGATTTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACC
CTAATATCAGCCCGACTGCCTGACGCCAGCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACATTT
CATTGTGGTGCGAAGCGTCCCCAGTTACGCTCACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCG
GGCCCACAGGCCGGTCGCAGCCACTAGTATGGCTATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTT
CACGATCGGGACGCTGCGCAAGGCCATCCCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTA
CCTGGCCTTTGACATCGCGGTCATGTCCCTGCTCTACGTCGCGTCGACGTACATCGACCCTGCACCGGTGCC
TACGTGGGTCAAGTACGGCATCATGTGGCCGCTCTACTGGTTCTTCCAGGTGTGTTTGAGGGTTTTGGTTGC
CCGTATTGAGGTCCTGGTGGCGCGCATGGAGGAGAAGGCGCCTGTCCCGCTGACCCCLCLCCGGCTACCCTCCC
GGCACCTTCCAGGGCGCGTACGGGAAGAACCAGTAGAGCGGCCACATGATGCCGTACTTGACCCACGTAGGC
ACCGGTGCAGGGTCGATGTACGTCGACGCGACGTAGAGCAGGGACATGACCGCGATGTCAAAGGCCAGGTAC
ATGCTGCTACGAAGCGCCGAGCGCTCGAAACAGTGCGCGGGGATGGCCTTGCGCAGCGTCCCGATCGTGAAC
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GGAGGCTTCTCCACAGGCTGCCTGTTCGTCTTGATAGCCATCTCGAGGCAGCAGCAGCTCGGATAGTATCGA
CACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTGTGAATATCCCTG
CCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCTGCTTGT
GCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCAACCGCAACTTAT
CTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAGCCTTGGTTTGGG
CTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACGGGAAGTAGTGGG
ATGGGAACACAAATGGAAAGCTGTAGAGCTCTTGTTTTCCAGAAGGAGTTGCTCCTTGAGCCTTTCATTCTC
AGCCTCGATAACCTCCAAAGCCGCTCTAATTGTGGAGGGGGTTCGAATTTAAAAGCTTGGAATGTTGGTTCG
TGCGTCTGGAACAAGCCCAGACTTGTTGCTCACTGGGAAAAGGACCATCAGCTCCAAAAAACTTGCCGCTCA
AACCGCGTACCTCTGCTTTCGCGCAATCTGCCCTGTTGAAATCGCCACCACATTCATATTGTGACGCTTGAG
CAGTCTGTAATTGCCTCAGAATGTGGAATCATCTGCCCCCTGTGCGAGCCCATGCCAGGCATGTCGCGGGCG
AGGACACCCGCCACTCGTACAGCAGACCATTATGCTACCTCACAATAGTTCATAACAGTGACCATATTTCTC
GAAGCTCCCCAACGAGCACCTCCATGCTCTGAGTGGCCACCCCCCGGCCCTGGTGCTTGCGGAGGGCAGGTC
AACCGGCATGGGGCTACCGAAATCCCCGACCGGATCCCACCACCCCCGCGATGGGAAGAATCTCTCCCCGGG
ATGTGGGCCCACCACCAGCACAACCTGCTGGCCCAGGCGAGCGTCAAACCATACCACACAAATATCCTTGGC
ATCGGCCCTGAATTCCTTCTGCCGCTCTGCTACCCGGTGCTTCTGTCCGAAGCAGGGGTTGCTAGGGATCGC
TCCGAGTCCGCAAACCCTTGTCGCGTGGCGGGGCTTGTTCGAGCTTGAAGAGC

SEQ ID NO: 42
FADc portion of the long hairpin RNA expression cassette from pSZ1469

ACTAGTATGGCTATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTTCACGATCGGGACGCTGCGCAAG
GCCATCCCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTACCTGGCCTTTGACATCGCGGTC
ATGTCCCTGCTCTACGTCGCGTCGACGTACATCGACCCTGCACCGGTGCCTACGTGGGTCAAGTACGGCATC
ATGTGGCCGCTCTACTGGTTCTTCCAGGTGTGTTTGAGGGTTTTGGTTGCCCGTATTGAGGTCCTGGTGGCG
CGCATGGAGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCACCTTCCAGGGCGCGTACG
GGAAGAACCAGTAGAGCGGCCACATGATGCCGTACTTGACCCACGTAGGCACCGGTGCAGGGTCGATGTACG
TCGACGCGACGTAGAGCAGGGACATGACCGCGATGTCAAAGGCCAGGTACATGCTGCTACGAAGCGCCGAGC
GCTCGAAACAGTGCGCGGGGATGGCCTTGCGCAGCGTCCCGATCGTGAACGGAGGCTTCTCCACAGGCTGCC
TGTTCGTCTTGATAGCCAT

SEQ ID NO: 43
Relevant portion of the FADc long hairpin RNA expression cassette from
pPSZ1469

GCTCTTCGCCGCCGCCACTCCTGCTCGAGCGCGCCCGCGCGETGCGCCGCCAGCGCCTTGGCCTTTTCGCCGL
GCTCGTGCGCGTCGCTGATGTCCATCACCAGGTCCATGAGGTCTGCCTTGCGCCGGCTGAGCCACTGCTTCG
TCCGGGCGGCCAAGAGGAGCATGAGGGAGGACTCCTGGTCCAGGGTCCTGACGTGGTCGCGGCTCTGGGAGC
GGGCCAGCATCATCTGGCTCTGCCGCACCGAGGCCGCCTCCAACTGGTCCTCCAGCAGCCGCAGTCGCCGLC
GACCCTGGCAGAGGAAGACAGGTGAGGGGGGTATGAATTGTACAGAACAACCACGAGCCTTGTCTAGGCAGA
ATCCCTACCAGTCATGGCTTTACCTGGATGACGGCCTGCGAACAGCTGTCCAGCGACCCTCGCTGCCGCCGL
TTCTCCCGCACGCTTCTTTCCAGCACCGTGATGGCGCGAGCCAGCGCCGCACGCTGGCGCTGCGCTTCGCCG
ATCTGAGGACAGTCGGGGAACTCTGATCAGTCTAAACCCCCTTGCGCGTTAGTGTTGCCATCCTTTGCAGAC
CGGTGAGAGCCGACTTGTTGTGCGCCACCCCCCACACCACCTCCTCCCAGACCAATTCTGTCACCTTTTTGG
CGAAGGCATCGGCCTCGGCCTGCAGAGAGGACAGCAGTGCCCAGCCGCTGGGGGTTGGCGGATGCACGCTCA
GGTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
ATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAG
GGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAA
ACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCT
TCCTCTTCGTTTCAGTCACAACCCGCAAACGGCGCGCCATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCCG
GCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACCCCCA
ACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTCC
AGTACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACCA
ACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTGG
TGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCTGGA
CCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCGAGT
ACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCT
CCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTGA
AGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGA
TCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGLCGLLCC
CGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACAACC
AGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTACG
GGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGCT
CCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATCA
ACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCACGT
TGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGTACG
CCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGG
ACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCA
AGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGCG
AGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACGACG
GCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGACGG
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GGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAGCTC
GGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTG
TGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTG
CTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCA
ACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAG
CCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACG
GGAAGTAGTGGGATGGGAACACAAATGGAGGATCCCGCGTCTCGAACAGAGCGCGCAGAGGAACGCTGAAGG
TCTCGCCTCTGTCGCACCTCAGCGCGGCATACACCACAATAACCACCTGACGAATGCGCTTGGTTCTTCGTC
CATTAGCGAAGCGTCCGGTTCACACACGTGCCACGTTGGCGAGGTGGCAGGTGACAATGATCGGTGGAGCTG
ATGGTCGAAACGTTCACAGCCTAGGGATATCGAATTCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAG
GGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCG
GGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA
CATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCT
TGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACACTAGTATGGC
TATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTTCACGATCGGGACGCTGCGCAAGGCCATCCCLCGL
GCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTACCTGGCCTTTGACATCGCGGTCATGTCCCTGLCT
CTACGTCGCGTCGACGTACATCGACCCTGCACCGGTGCCTACGTGGGTCAAGTACGGCATCATGTGGCCGCT
CTACTGGTTCTTCCAGGTGTGTTTGAGGGTTTTGGTTGCCCGTATTGAGGTCCTGGTGGCGCGCATGGAGGA
GAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCACCTTCCAGGGCGCGTACGGGAAGAACCAG
TAGAGCGGCCACATGATGCCGTACTTGACCCACGTAGGCACCGGTGCAGGGTCGATGTACGTCGACGCGALCG
TAGAGCAGGGACATGACCGCGATGTCAAAGGCCAGGTACATGCTGCTACGAAGCGCCGAGCGCTCGAAACAG
TGCGCGGGGATGGCCTTGCGCAGCGTCCCGATCGTGAACGGAGGCTTCTCCACAGGCTGCCTGTTCGTCTTG
ATAGCCATCTCGAGGCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGT
TGCCGCCACACTTGCTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGAT
CTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTT
CCCTCGTTTCATATCGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCC
TGCTCCTGCTCACTGCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGT
AAACCAGCACTGCAATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAAAGCTGTAGAGCTCTT
GTTTTCCAGAAGGAGTTGCTCCTTGAGCCTTTCATTCTCAGCCTCGATAACCTCCAAAGCCGCTCTAATTGT
GGAGGGGGTTCGAATTTAAAAGCTTGGAATGTTGGTTCGTGCGTCTGGAACAAGCCCAGACTTGTTGCTCAC
TGGGAAAAGGACCATCAGCTCCAAAAAACTTGCCGCTCAAACCGCGTACCTCTGCTTTCGCGCAATCTGCCC
TGTTGAAATCGCCACCACATTCATATTGTGACGCTTGAGCAGTCTGTAATTGCCTCAGAATGTGGAATCATC
TGCCCCCTGTGCGAGCCCATGCCAGGCATGTCGCGGGCGAGGACACCCGCCACTCGTACAGCAGACCATTAT
GCTACCTCACAATAGTTCATAACAGTGACCATATTTCTCGAAGCTCCCCAACGAGCACCTCCATGCTCTGAG
TGGCCACCCCCCGGCCCTGGTGCTTGCGGAGGGCAGGTCAACCGGCATGGGGCTACCGAAATCCCCGACCGG
ATCCCACCACCCCCGCGATGGGAAGAATCTCTCCCCGGGATGTGGGCCCACCACCAGCACAACCTGCTGGCC
CAGGCGAGCGTCAAACCATACCACACAAATATCCTTGGCATCGGCCCTGAATTCCTTCTGCCGCTCTGCTAC
CCGGTGCTTCTGTCCGAAGCAGGGGTTGCTAGGGATCGCTCCGAGTCCGCAAACCCTTGTCGCGTGGCGGGG
CTTGTTCGAGCTTGAAGAGC

SEQ ID NO: 44
FADc portion of the long hairpin RNA expression cassette from pSz1470

ACTAGTTCACTTGTGGAACCAGAGCGCGGAGTCGTCCTCGGGCGCGTCCGGGACGACGTAGCGGCAGTCGCG
CCAGTCCTCCCACAGGGCGCGGCCGACCCAGCGGCTGTCGGACTGGTAGTACTTGCCCAGGATGGGCCTGAT
GGCGGCGGAGGCCTCCTCGGCGTGGTAGTGCGGGATGGTGCTGAAGAGGTGGTGCAGCACGTGGGTGTCGGA
GATGTGGTGCAGGATGTTGTCCATGAAGGGCGGGCCCATGGAGCGGTCCACGGTGGCCATGGCGCCGCGCAG
CCAGTCCCAGTCCTTCTCGAAGTAGTGCGGCAGCGCCGGGTGCGTGTGCTGGAGCAGCGTGATGAGCACGAG
CCACATGTTCACGATCAGGTAGGGCACCACGTAGGTCTTGACCAGCCAGGCCCAGCCCATGGTGCGGCCCAG
CACGCTGAGCCCGCTGAGCACCGCCACCAGCGCCAGGTCGGAGATGACCACCTCGATGCGCTCGCGCTTGCT
GAAGATGGGCGACCACGGGTCAAAGTGGTTGGCGAAGCGCGGGTACGGCCGCGAGGCGACGTTGAACATGAG
GTACAGCGGCCAGCCCAGGGTCAGGGTGACCAGCACCTTGCCCATGCGGATGGGCAGCCACTCCTCCCACTC
CAGGCCCTCGTGCGCCACTGCGCGGTGCGGCGGCACAAACACCTCGTCCTTGTCCAGGCACCCCGTGTTGGA
GTGGTGGCGGCGGTGCGAGTGCTTCCAGGAGTAGTAGGGCACCAGCAGCAGGCTGTGGAACACCAGGCCCAC
GCCGTCGTTGATGGCCTGGCTGGAGGAAAAGGCCTGGTGGCCGCACTCGTGCGCGCACACCCAGACACCLCGET
GCCGAAGGCGCCCTGGAAGGTGCCGGGAGGGTAGCCGGGGGGGTCAGCGGGACAGGCGCCTTCTCCTCCATG
CGCGCCACCAGGACCTCAATACGGGCAACCAAAACCCTCAAACACACCTGGAAGAACCAGTAGAGCGGCCAC
ATGATGCCGTACTTGACCCACGTAGGCACCGGTGCAGGGTCGATGTACGTCGACGCGACGTAGAGCAGGGAC
ATGACCGCGATGTCAAAGGCCAGGTACATGCTGCTACGAAGCGCCGAGCGCTCGAAACAGTGCGCGGGGATG
GCCTTGCGCAGCGTCCCGATCGTGAACGGAGGCTTCTCCACAGGCTGCCTGTTCGTCTTGATAGCCAT

SEQ ID NO: 45
Relevant portion of the FADc long hairpin RNA expression cassette from
pSZ1470

GCTCTTCGCCGCCGCCACTCCTGCTCGAGCGCGCCCGCGCGETGCGCCGCCAGCGCCTTGGCCTTTTCGCCGL
GCTCGTGCGCGTCGCTGATGTCCATCACCAGGTCCATGAGGTCTGCCTTGCGCCGGCTGAGCCACTGCTTCG
TCCGGGCGGCCAAGAGGAGCATGAGGGAGGACTCCTGGTCCAGGGTCCTGACGTGGTCGCGGCTCTGGGAGC
GGGCCAGCATCATCTGGCTCTGCCGCACCGAGGCCGCCTCCAACTGGTCCTCCAGCAGCCGCAGTCGCCGLC
GACCCTGGCAGAGGAAGACAGGTGAGGGGGGTATGAATTGTACAGAACAACCACGAGCCTTGTCTAGGCAGA
ATCCCTACCAGTCATGGCTTTACCTGGATGACGGCCTGCGAACAGCTGTCCAGCGACCCTCGCTGCCGCCGL
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TTCTCCCGCACGCTTCTTTCCAGCACCGTGATGGCGCGAGCCAGCGCCGCACGCTGGCGCTGCGCTTCGCCG
ATCTGAGGACAGTCGGGGAACTCTGATCAGTCTAAACCCCCTTGCGCGTTAGTGTTGCCATCCTTTGCAGAC
CGGTGAGAGCCGACTTGTTGTGCGCCACCCCCCACACCACCTCCTCCCAGACCAATTCTGTCACCTTTTTGG
CGAAGGCATCGGCCTCGGCCTGCAGAGAGGACAGCAGTGCCCAGCCGCTGGGGGTTGGCGGATGCACGCTCA
GGTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
ATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAG
GGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAA
ACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCT
TCCTCTTCGTTTCAGTCACAACCCGCAAACGGCGCGCCATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCCG
GCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACCCCCA
ACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTCC
AGTACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACCA
ACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTGG
TGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCTGGA
CCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCGAGT
ACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCT
CCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTGA
AGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGA
TCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGLCGLLCC
CGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACAACC
AGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTACG
GGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGCT
CCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATCA
ACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCACGT
TGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGTACG
CCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGG
ACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCA
AGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGCG
AGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACGACG
GCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGACGG
GGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAGCTC
GGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTG
TGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTG
CTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCA
ACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAG
CCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACG
GGAAGTAGTGGGATGGGAACACAAATGGAGGATCCCGCGTCTCGAACAGAGCGCGCAGAGGAACGCTGAAGG
TCTCGCCTCTGTCGCACCTCAGCGCGGCATACACCACAATAACCACCTGACGAATGCGCTTGGTTCTTCGTC
CATTAGCGAAGCGTCCGGTTCACACACGTGCCACGTTGGCGAGGTGGCAGGTGACAATGATCGGTGGAGCTG
ATGGTCGAAACGTTCACAGCCTAGGGATATCGAATTCGGCCGACAGGACGCGCGTCAAAGGTGCTGGTCGTG
TATGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTAGTGATTCCGCAACCCTGATTTTGGCGTCTTATTTT
GGCGTGGCAAACGCTGGCGCCCGCGAGCCGGGCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAG
GGAGGCAAGAGCGCCCGGGTCAGTTGAAGGGCTTTACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGG
TGGAATTGGACGTGCAGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCAG
GTCCGTGTCATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATTCTTCATCAAAAACGCCT
GAGACACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTTGTTCCTTCCCCCCGTGG
CGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGCTTCGTGTGCTCAGGTCATGGG
AGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCAGCTATTTCCTCTTCA
CGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTACGGGCCCTTCCCTCAACCCT
AGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCCGAGGGTTTGGGACGGGCCGTCCCGAAATG
CAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAATTTATGCAATGGACTGCTCTGCAAAATTCTGGCT
CTGTCGCCAACCCTAGGATCAGCGGCGTAGGATTTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACC
CTAATATCAGCCCGACTGCCTGACGCCAGCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACATTT
CATTGTGGTGCGAAGCGTCCCCAGTTACGCTCACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCG
GGCCCACAGGCCGGTCGCAGCCACTAGTTCACTTGTGGAACCAGAGCGCGGAGTCGTCCTCGGGCGCGETCCG
GGACGACGTAGCGGCAGTCGCGCCAGTCCTCCCACAGGGCGCGGCCGACCCAGCGGCTGTCGGACTGGTAGT
ACTTGCCCAGGATGGGCCTGATGGCGGCGGAGGCCTCCTCGGCGTGGTAGTGCGGGATGGTGCTGAAGAGGT
GGTGCAGCACGTGGGTGTCGGAGATGTGGTGCAGGATGTTGTCCATGAAGGGCGGGCCCATGGAGCGGTCCA
CGGTGGCCATGGCGCCGCGCAGCCAGTCCCAGTCCTTCTCGAAGTAGTGCGGCAGCGCCGGGTGCGTGTGCT
GGAGCAGCGTGATGAGCACGAGCCACATGTTCACGATCAGGTAGGGCACCACGTAGGTCTTGACCAGCCAGG
CCCAGCCCATGGTGCGGCCCAGCACGCTGAGCCCGLCTGAGCACCGCCACCAGCGCCAGGTCGGAGATGACCA
CCTCGATGCGCTCGCGCTTGCTGAAGATGGGCGACCACGGGTCAAAGTGGTTGGCGAAGCGCGGGTACGGCC
GCGAGGCGACGTTGAACATGAGGTACAGCGGCCAGCCCAGGGTCAGGGTGACCAGCACCTTGCCCATGCGGA
TGGGCAGCCACTCCTCCCACTCCAGGCCCTCGTGCGCCACTGCGCGGTGCGGCGGCACAAACACCTCGTCCT
TGTCCAGGCACCCCGTGTTGGAGTGGTGGCGGCGGTGCGAGTGCTTCCAGGAGTAGTAGGGCACCAGCAGCA
GGCTGTGGAACACCAGGCCCACGCCGTCGTTGATGGCCTGGCTGGAGGAAAAGGCCTGGTGGCCGCACTCGT
GCGCGCACACCCAGACACCCGTGCCGAAGGCGCCCTGGAAGGTGCCGGGAGGGTAGCCGGGGGGGTCAGCGG
GACAGGCGCCTTCTCCTCCATGCGCGCCACCAGGACCTCAATACGGGCAACCAAAACCCTCAAACACACCTG
GAAGAACCAGTAGAGCGGCCACATGATGCCGTACTTGACCCACGTAGGCACCGGTGCAGGGTCGATGTACGT
CGACGCGACGTAGAGCAGGGACATGACCGCGATGTCAAAGGCCAGGTACATGCTGCTACGAAGCGCCGAGCG
CTCGAAACAGTGCGCGGGGATGGCCTTGCGCAGCGTCCCGATCGTGAACGGAGGCTTCTCCACAGGCTGCCT
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GTTCGTCTTGATAGCCATCTCGAGGCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGT
GATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAG
TGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCA
GCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCA
GCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTAC
TGCAACCTGTAAACCAGCACTGCAATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAAAGCTG
TAGAGCTCTTGTTTTCCAGAAGGAGTTGCTCCTTGAGCCTTTCATTCTCAGCCTCGATAACCTCCAAAGCCG
CTCTAATTGTGGAGGGGGTTCGAATTTAAAAGCTTGGAATGTTGGTTCGTGCGTCTGGAACAAGCCCAGACT
TGTTGCTCACTGGGAAAAGGACCATCAGCTCCAAAAAACTTGCCGCTCAAACCGCGTACCTCTGCTTTCGCG
CAATCTGCCCTGTTGAAATCGCCACCACATTCATATTGTGACGCTTGAGCAGTCTGTAATTGCCTCAGAATG
TGGAATCATCTGCCCCCTGTGCGAGCCCATGCCAGGCATGTCGCGGGCGAGGACACCCGCCACTCGTACAGC
AGACCATTATGCTACCTCACAATAGTTCATAACAGTGACCATATTTCTCGAAGCTCCCCAACGAGCACCTCC
ATGCTCTGAGTGGCCACCCCCCGGCCCTGGTGCTTGCGGAGGGCAGGTCAACCGGCATGGGGCTACCGAAAT
CCCCGACCGGATCCCACCACCCCCGCGATGGGAAGAATCTCTCCCCGGGATGTGGGCCCACCACCAGCACAA
CCTGCTGGCCCAGGCGAGCGTCAAACCATACCACACAAATATCCTTGGCATCGGCCCTGAATTCCTTCTGCC
GCTCTGCTACCCGGTGCTTCTGTCCGAAGCAGGGGTTGCTAGGGATCGCTCCGAGTCCGCAAACCCTTGTCG
CGTGGCGGGGCTTGTTCGAGCTTGAAGAGC

SEQ ID NO: 46
FADc portion of the long hairpin RNA expression cassette from pSz1471

ACTAGTTCACTTGTGGAACCAGAGCGCGGAGTCGTCCTCGGGCGCGTCCGGGACGACGTAGCGGCAGTCGCG
CCAGTCCTCCCACAGGGCGCGGCCGACCCAGCGGCTGTCGGACTGGTAGTACTTGCCCAGGATGGGCCTGAT
GGCGGCGGAGGCCTCCTCGGCGTGGTAGTGCGGGATGGTGCTGAAGAGGTGGTGCAGCACGTGGGTGTCGGA
GATGTGGTGCAGGATGTTGTCCATGAAGGGCGGGCCCATGGAGCGGTCCACGGTGGCCATGGCGCCGCGCAG
CCAGTCCCAGTCCTTCTCGAAGTAGTGCGGCAGCGCCGGGTGCGTGTGCTGGAGCAGCGTGATGAGCACGAG
CCACATGTTCACGATCAGGTAGGGCACCACGTAGGTCTTGACCAGCCAGGCCCAGCCCATGGTGCGGCCCAG
CACGCTGAGCCCGCTGAGCACCGCCACCAGCGCCAGGTCGGAGATGACCACCTCGATGCGCTCGCGCTTGCT
GAAGATGGGCGACCACGGGTCAAAGTGGTTGGCGAAGCGCGGGTACGGCCGCGAGGCGACGTTGAACATGAG
GTACAGCGGCCAGCCCAGGGTCAGGGTGACCAGCACCTTGCCCATGCGGATGGGCAGCCACTCCTCCCACTC
CAGGCCCTCGTGCGCCACTGCGCGGTGCGGCGGCACAAACACCTCGTCCTTGTCCAGGCACCCCGTGTTGGA
GTGGTGGCGGCGGTGCGAGTGCTTCCAGGAGTAGTAGGGCACCAGCAGCAGGCTGTGGAACACCAGGCCCAC
GCCGTCGTTGATGGCCTGGCTGGAGGAAAAGGCCTGGTGGCCGCACTCGTGCGCGCACACCCAGACACCLCGET
GCCGAAGGCGCCCTGGAAGGTGCCGGGAGGGTAGCCGGGGGGGTCAGCGGGACAGGCGCCTTCTCCTCCATG
CGCGCCACCAGGACCTCAATACGGGCAACCAAAACCCTCAAACACACCTGGAAGAACCAGTAGAGCGGCCAC
ATGATGCCGTACTTGACCCACGTAGGCACCGGTGCAGGGTCGATGTACGTCGACGCGACGTAGAGCAGGGAC
ATGACCGCGATGTCAAAGGCCAGGTACATGCTGCTACGAAGCGCCGAGCGCTCGAAACAGTGCGCGGGGATG
GCCTTGCGCAGCGTCCCGATCGTGAACGGAGGCTTCTCCACAGGCTGCCTGTTCGTCTTGATAGCCAT

SEQ ID NO: 47
Relevant portion of the FADc long hairpin RNA expression cassette from
pSZ1471

GCTCTTCGCCGCCGCCACTCCTGCTCGAGCGCGCCCGCGCGETGCGCCGCCAGCGCCTTGGCCTTTTCGCCGL
GCTCGTGCGCGTCGCTGATGTCCATCACCAGGTCCATGAGGTCTGCCTTGCGCCGGCTGAGCCACTGCTTCG
TCCGGGCGGCCAAGAGGAGCATGAGGGAGGACTCCTGGTCCAGGGTCCTGACGTGGTCGCGGCTCTGGGAGC
GGGCCAGCATCATCTGGCTCTGCCGCACCGAGGCCGCCTCCAACTGGTCCTCCAGCAGCCGCAGTCGCCGLC
GACCCTGGCAGAGGAAGACAGGTGAGGGGGGTATGAATTGTACAGAACAACCACGAGCCTTGTCTAGGCAGA
ATCCCTACCAGTCATGGCTTTACCTGGATGACGGCCTGCGAACAGCTGTCCAGCGACCCTCGCTGCCGCCGL
TTCTCCCGCACGCTTCTTTCCAGCACCGTGATGGCGCGAGCCAGCGCCGCACGCTGGCGCTGCGCTTCGCCG
ATCTGAGGACAGTCGGGGAACTCTGATCAGTCTAAACCCCCTTGCGCGTTAGTGTTGCCATCCTTTGCAGAC
CGGTGAGAGCCGACTTGTTGTGCGCCACCCCCCACACCACCTCCTCCCAGACCAATTCTGTCACCTTTTTGG
CGAAGGCATCGGCCTCGGCCTGCAGAGAGGACAGCAGTGCCCAGCCGCTGGGGGTTGGCGGATGCACGCTCA
GGTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
ATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAG
GGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAA
ACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCT
TCCTCTTCGTTTCAGTCACAACCCGCAAACGGCGCGCCATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCCG
GCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACCCCCA
ACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTCC
AGTACAACCCGAACGACACCGTCTGGGGGACGCCLCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACCA
ACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTGG
TGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCTGGA
CCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCGAGT
ACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCT
CCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTGA
AGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGA
TCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGLCGLLCC
CGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACAACC
AGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTACG
GGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGCT

174



10

15

20

25

30

35

40

45

50

55

60

65

70

WO 2013/082186 PCT/US2012/066893

CCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATCA
ACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCACGT
TGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGTACG
CCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGG
ACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCA
AGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGCG
AGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACGACG
GCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGACGG
GGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAGCTC
GGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTG
TGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTG
CTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCA
ACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAG
CCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACG
GGAAGTAGTGGGATGGGAACACAAATGGAGGATCCCGCGTCTCGAACAGAGCGCGCAGAGGAACGCTGAAGG
TCTCGCCTCTGTCGCACCTCAGCGCGGCATACACCACAATAACCACCTGACGAATGCGCTTGGTTCTTCGTC
CATTAGCGAAGCGTCCGGTTCACACACGTGCCACGTTGGCGAGGTGGCAGGTGACAATGATCGGTGGAGCTG
ATGGTCGAAACGTTCACAGCCTAGGGATATCGAATTCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAG
GGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCG
GGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA
CATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCT
TGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACACTAGTTCACT
TGTGGAACCAGAGCGCGGAGTCGTCCTCGGGCGCGTCCGGGACGACGTAGCGGCAGTCGCGCCAGTCCTCCC
ACAGGGCGCGGCCGACCCAGCGGCTGTCGGACTGGTAGTACTTGCCCAGGATGGGCCTGATGGCGGCGGAGG
CCTCCTCGGCGTGGTAGTGCGGGATGGTGCTGAAGAGGTGGTGCAGCACGTGGGTGTCGGAGATGTGGTGCA
GGATGTTGTCCATGAAGGGCGGGCCCATGGAGCGGTCCACGGTGGCCATGGCGCCGCGCAGCCAGTCCCAGT
CCTTCTCGAAGTAGTGCGGCAGCGCCGGGTGCGTGTGCTGGAGCAGCGTGATGAGCACGAGCCACATGTTCA
CGATCAGGTAGGGCACCACGTAGGTCTTGACCAGCCAGGCCCAGCCCATGGTGCGGCCCAGCACGCTGAGCC
CGCTGAGCACCGCCACCAGCGCCAGGTCGGAGATGACCACCTCGATGCGCTCGCGCTTGCTGAAGATGGGCG
ACCACGGGTCAAAGTGGTTGGCGAAGCGCGGGTACGGCCGCGAGGCGACGTTGAACATGAGGTACAGCGGCC
AGCCCAGGGTCAGGGTGACCAGCACCTTGCCCATGCGGATGGGCAGCCACTCCTCCCACTCCAGGCCCTCGT
GCGCCACTGCGCGGTGCGGCGGCACAAACACCTCGTCCTTGTCCAGGCACCCCGTGTTGGAGTGGTGGCGGC
GGTGCGAGTGCTTCCAGGAGTAGTAGGGCACCAGCAGCAGGCTGTGGAACACCAGGCCCACGCCGTCGTTGA
TGGCCTGGCTGGAGGAAAAGGCCTGGTGGCCGCACTCGTGCGCGCACACCCAGACACCCGTGCCGAAGGLCGL
CCTGGAAGGTGCCGGGAGGGTAGCCGGGGGGGTCAGCGGGACAGGCGCCTTCTCCTCCATGCGCGCCACCAG
GACCTCAATACGGGCAACCAAAACCCTCAAACACACCTGGAAGAACCAGTAGAGCGGCCACATGATGCCGTA
CTTGACCCACGTAGGCACCGGTGCAGGGTCGATGTACGTCGACGCGACGTAGAGCAGGGACATGACCGCGAT
GTCAAAGGCCAGGTACATGCTGCTACGAAGCGCCGAGCGCTCGAAACAGTGCGCGGGGATGGCCTTGCGCAG
CGTCCCGATCGTGAACGGAGGCTTCTCCACAGGCTGCCTGTTCGTCTTGATAGCCATCTCGAGGCAGCAGCA
GCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGA
CCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGA
GTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCAT
CCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGC
ACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATG
CACGGGAAGTAGTGGGATGGGAACACAAATGGAAAGCTGTAGAGCTCTTGTTTTCCAGAAGGAGTTGCTCCT
TGAGCCTTTCATTCTCAGCCTCGATAACCTCCAAAGCCGCTCTAATTGTGGAGGGGGTTCGAATTTAAAAGC
TTGGAATGTTGGTTCGTGCGTCTGGAACAAGCCCAGACTTGTTGCTCACTGGGAAAAGGACCATCAGCTCCA
AAAAACTTGCCGCTCAAACCGCGTACCTCTGCTTTCGCGCAATCTGCCCTGTTGAAATCGCCACCACATTCA
TATTGTGACGCTTGAGCAGTCTGTAATTGCCTCAGAATGTGGAATCATCTGCCCCCTGTGCGAGCCCATGCC
AGGCATGTCGCGGGCGAGGACACCCGCCACTCGTACAGCAGACCATTATGCTACCTCACAATAGTTCATAAC
AGTGACCATATTTCTCGAAGCTCCCCAACGAGCACCTCCATGCTCTGAGTGGCCACCCCCCGGCCCTGGTGC
TTGCGGAGGGCAGGTCAACCGGCATGGGGCTACCGAAATCCCCGACCGGATCCCACCACCCCCGCGATGGGA
AGAATCTCTCCCCGGGATGTGGGCCCACCACCAGCACAACCTGCTGGCCCAGGCGAGCGTCAAACCATACCA
CACAAATATCCTTGGCATCGGCCCTGAATTCCTTCTGCCGCTCTGCTACCCGGTGCTTCTGTCCGAAGCAGG
GGTTGCTAGGGATCGCTCCGAGTCCGCAAACCCTTGTCGCGTGGCGGGGCTTGTTCGAGCTTGAAGAGC

SEQ ID NO: 48
5’ donor DNA sequence of Prototheca moriformis FATA1l knockout homologous
recombination targeting construct

GCTCTTCGGAGTCACTGTGCCACTGAGTTCGACTGGTAGCTGAATGGAGTCGCTGCTCCACTAAACGAATTG
TCAGCACCGCCAGCCGGCCGAGGACCCGAGTCATAGCGAGGGTAGTAGCGCGCCATGGCACCGACCAGCCTG
CTTGCCAGTACTGGCGTCTCTTCCGCTTCTCTGTGGTCCTCTGCGCGCTCCAGCGCGTGCGCTTTTCCGGTG
GATCATGCGGTCCGTGGCGCACCGCAGCGGCCGCTGCCCATGCAGCGCCGCTGCTTCCGAACAGTGGCGGTC
AGGGCCGCACCCGCGGTAGCCGTCCGTCCGGAACCCGCCCAAGAGTTTTGGGAGCAGCTTGAGCCCTGCAAG
ATGGCGGAGGACAAGCGCATCTTCCTGGAGGAGCACCGGTGCGTGGAGGTCCGGGGCTGACCGGCCGTCGCA
TTCAACGTAATCAATCGCATGATGATCAGAGGACACGAAGTCTTGGTGGCGGTGGCCAGAAACACTGTCCAT
TGCAAGGGCATAGGGATGCGTTCCTTCACCTCTCATTTCTCATTTCTGAATCCCTCCCTGCTCACTCTTTCT
CCTCCTCCTTCCCGTTCACGCAGCATTCGGGGTACC

SEQ ID NO: 49
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3’ donor DNA gequence of Prototheca moriformis FATA1l knockout homologous
recombination targeting construct

GACAGGGTGGTTGGCTGGATGGGGAAACGCTGGTCGCGGGATTCGATCCTGCTGCTTATATCCTCCCTGGAA
GCACACCCACGACTCTGAAGAAGAAAACGTGCACACACACAACCCAACCGGCCGAATATTTGCTTCCTTATC
CCGGGTCCAAGAGAGACTGCGATGCCCCCCTCAATCAGCATCCTCCTCCCTGCCGCTTCAATCTTCCCTGCT
TGCCTGCGCCCGCGGTGCGCCEGTCTGCCCGCCCAGTCAGTCACTCCTGCACAGGCCCCTTGTGCGCAGTGCT
CCTGTACCCTTTACCGCTCCTTCCATTCTGCGAGGCCCCCTATTGAATGTATTCGTTGCCTGTGTGGCCAAG
CGGGCTGCTGGGCGCGCCGCCEGTCGGGCAGTGCTCGGCGACTTTGGCGGAAGCCGATTGTTCTTCTGTAAGC
CACGCGCTTGCTGCTTTGGGAAGAGAAGGGGGGGGGTACTGAATGGATGAGGAGGAGAAGGAGGGGTATTGG
TATTATCTGAGTTGGGTGAAGAGC

SEQ ID NO: 50

GCTCTTCGGAGTCACTGTGCCACTGAGTTCGACTGGTAGCTGAATGGAGTCGCTGCTCCACTAAACGAATTG
TCAGCACCGCCAGCCGGCCGAGGACCCGAGTCATAGCGAGGGTAGTAGCGCGCCATGGCACCGACCAGCCTG
CTTGCCAGTACTGGCGTCTCTTCCGCTTCTCTGTGGTCCTCTGCGCGCTCCAGCGCGTGCGCTTTTCCGGTG
GATCATGCGGTCCGTGGCGCACCGCAGCGGCCGCTGCCCATGCAGCGCCGCTGCTTCCGAACAGTGGCGGTC
AGGGCCGCACCCGCGGTAGCCGTCCGTCCGGAACCCGCCCAAGAGTTTTGGGAGCAGCTTGAGCCCTGCAAG
ATGGCGGAGGACAAGCGCATCTTCCTGGAGGAGCACCGGTGCGTGGAGGTCCGGGGCTGACCGGCCGTCGCA
TTCAACGTAATCAATCGCATGATGATCAGAGGACACGAAGTCTTGGTGGCGGTGGCCAGAAACACTGTCCAT
TGCAAGGGCATAGGGATGCGTTCCTTCACCTCTCATTTCTCATTTCTGAATCCCTCCCTGCTCACTCTTTCT
CCTCCTCCTTCCCGTTCACGCAGCATTCGGGGTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGG
GCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGG
GGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGAC
ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTT
GTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACGGCGCGCCATGC
TGCTGCAGGCCTTCCTGTTCCTGCTGGCCGGCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGT
CCGACCGCCCCCTGGTGCACTTCACCCCCAACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACG
AGAAGGACGCCAAGTGGCACCTGTACTTCCAGTACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCT
GGGGCCACGCCACGTCCGACGACCTGACCAACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAALCG
ACTCCGGCGCCTTCTCCGGCTCCATGGTGGTGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCG
ACCCGCGCCAGCGCTGCGTGGCCATCTGGACCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACA
GCCTGGACGGCGGCTACACCTTCACCGAGTACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCC
GCGACCCGAAGGTCTTCTGGTACGAGCCCTCCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACA
AGATCGAGATCTACTCCTCCGACGACCTGAAGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCC
TCGGCTACCAGTACGAGTGCCCCGGCCTGATCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGG
TGATGTTCATCTCCATCAACCCCGGCGCCCCGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCA
ACGGCACCCACTTCGAGGCCTTCGACAACCAGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGC
AGACCTTCTTCAACACCGACCCGACCTACGGGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACT
CCGCCTTCGTGCCCACCAACCCCTGGCGCTCCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGT
ACCAGGCCAACCCGGAGACGGAGCTGATCAACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCC
CCTGGAGCCGGTTCGCCACCAACACCACGTTGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCA
CCGGCACCCTGGAGTTCGAGCTGGTGTACGCCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGG
ACCTCTCCCTCTGGTTCAAGGGCCTGGAGGACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGT
CCTCCTTCTTCCTGGACCGCGGGAACAGCAAGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCA
TGAGCGTGAACAACCAGCCCTTCAAGAGCGAGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACC
AGAACATCCTGGAGCTGTACTTCAACGACGGCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGA
ACGCCCTGGGCTCCGTGAACATGACGACGGGGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCG
AGGTCAAGTGACAATTGGCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGAC
TGTTGCCGCCACACTTGCTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTT
GATCTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCC
CTTCCCTCGTTTCATATCGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGC
TCCTGCTCCTGCTCACTGCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACC
TGTAAACCAGCACTGCAATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAGGATCGTAGAGCT
CACTAGTATCGATTTCGAAGACAGGGTGGTTGGCTGGATGGGGAAACGCTGGTCGCGGGATTCGATCCTGCT
GCTTATATCCTCCCTGGAAGCACACCCACGACTCTGAAGAAGAAAACGTGCACACACACAACCCAALCCGGLC
GAATATTTGCTTCCTTATCCCGGGTCCAAGAGAGACTGCGATGCCCCCCTCAATCAGCATCCTCCTCCCTGC
CGCTTCAATCTTCCCTGCTTGCCTGCGCCCGCGGTGCGCCGTCTGCCCGCCCAGTCAGTCACTCCTGCACAG
GCCCCTTGTGCGCAGTGCTCCTGTACCCTTTACCGCTCCTTCCATTCTGCGAGGCCCCCTATTGAATGTATT
CGTTGCCTGTGTGGCCAAGCGGGCTGCTGGGCGCGCCECCETCGGGCAGTGCTCGGCGACTTTGGCGGAAGC
CGATTGTTCTTCTGTAAGCCACGCGCTTGCTGCTTTGGGAAGAGAAGGGGGGGGGTACTGAATGGATGAGGA
GGAGAAGGAGGGGTATTGGTATTATCTGAGTTGGGTGAAGAGC

SEQ ID NO: 51

GCTCTTCGGAGTCACTGTGCCACTGAGTTCGACTGGTAGCTGAATGGAGTCGCTGCTCCACTAAACGAATTG
TCAGCACCGCCAGCCGGCCGAGGACCCGAGTCATAGCGAGGGTAGTAGCGCGCCATGGCACCGACCAGCCTG
CTTGCCAGTACTGGCGTCTCTTCCGCTTCTCTGTGGTCCTCTGCGCGCTCCAGCGCGTGCGCTTTTCCGGTG
GATCATGCGGTCCGTGGCGCACCGCAGCGGCCGCTGCCCATGCAGCGCCGCTGCTTCCGAACAGTGGCGGTC
AGGGCCGCACCCGCGGTAGCCGTCCGTCCGGAACCCGCCCAAGAGTTTTGGGAGCAGCTTGAGCCCTGCAAG
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ATGGCGGAGGACAAGCGCATCTTCCTGGAGGAGCACCGGTGCGTGGAGGTCCGGGGCTGACCGGCCGTCGCA
TTCAACGTAATCAATCGCATGATGATCAGAGGACACGAAGTCTTGGTGGCGGTGGCCAGAAACACTGTCCAT
TGCAAGGGCATAGGGATGCGTTCCTTCACCTCTCATTTCTCATTTCTGAATCCCTCCCTGCTCACTCTTTCT
CCTCCTCCTTCCCGTTCACGCAGCATTCGGGGTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGG
GCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGG
GGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGAC
ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTT
GTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACGGCGCGCCATGC
TGCTGCAGGCCTTCCTGTTCCTGCTGGCCGGCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGT
CCGACCGCCCCCTGGTGCACTTCACCCCCAACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACG
AGAAGGACGCCAAGTGGCACCTGTACTTCCAGTACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCT
GGGGCCACGCCACGTCCGACGACCTGACCAACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAALCG
ACTCCGGCGCCTTCTCCGGCTCCATGGTGGTGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCG
ACCCGCGCCAGCGCTGCGTGGCCATCTGGACCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACA
GCCTGGACGGCGGCTACACCTTCACCGAGTACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCC
GCGACCCGAAGGTCTTCTGGTACGAGCCCTCCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACA
AGATCGAGATCTACTCCTCCGACGACCTGAAGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCC
TCGGCTACCAGTACGAGTGCCCCGGCCTGATCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGG
TGATGTTCATCTCCATCAACCCCGGCGCCCCGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCA
ACGGCACCCACTTCGAGGCCTTCGACAACCAGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGC
AGACCTTCTTCAACACCGACCCGACCTACGGGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACT
CCGCCTTCGTGCCCACCAACCCCTGGCGCTCCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGT
ACCAGGCCAACCCGGAGACGGAGCTGATCAACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCC
CCTGGAGCCGGTTCGCCACCAACACCACGTTGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCA
CCGGCACCCTGGAGTTCGAGCTGGTGTACGCCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGG
ACCTCTCCCTCTGGTTCAAGGGCCTGGAGGACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGT
CCTCCTTCTTCCTGGACCGCGGGAACAGCAAGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCA
TGAGCGTGAACAACCAGCCCTTCAAGAGCGAGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACC
AGAACATCCTGGAGCTGTACTTCAACGACGGCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGA
ACGCCCTGGGCTCCGTGAACATGACGACGGGGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCG
AGGTCAAGTGACAATTGGCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGAC
TGTTGCCGCCACACTTGCTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTT
GATCTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCC
CTTCCCTCGTTTCATATCGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGC
TCCTGCTCCTGCTCACTGCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACC
TGTAAACCAGCACTGCAATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAGGATCCCGCGTCT
CGAACAGAGCGCGCAGAGGAACGCTGAAGGTCTCGCCTCTGTCGCACCTCAGCGCGGCATACACCACAATAA
CCACCTGACGAATGCGCTTGGTTCTTCGTCCATTAGCGAAGCGTCCGGTTCACACACGTGCCACGTTGGCGA
GGTGGCAGGTGACAATGATCGGTGGAGCTGATGGTCGAAACGTTCACAGCCTAGGGATATCGAATTCGGCCG
ACAGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTAGTGAT
TCCGCAACCCTGATTTTGGCGTCTTATTTTGGCGTGGCAAACGCTGGCGCCCGCGAGCCGGGCCGGCGGLCGA
TGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGGTCAGTTGAAGGGCTTTACGCGCA
AGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGACGTGCAGGTCCTGCTGAAGTTCCTCCACCGCC
TCACCAGCGGACAAAGCACCGGTGTATCAGGTCCGTGTCATCCACTCTAAAGAGCTCGACTACGACCTACTG
ATGGCCCTAGATTCTTCATCAAAAACGCCTGAGACACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCA
GGGGCCCTGAGTTGTTCCTTCCCCCCGTGGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGG
AAAATAGGCTTCGTGTGCTCAGGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTC
ATGTCAAGCTAATCAGCTATTTCCTCTTCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGAT
CCTTCGTGTACGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGL
CGAGGGTTTGGGACGGGCCGTCCCGAAATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAATTTA
TGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGATTTCGTAATC
ATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCAGCGTCCACTTTTGT
GCACACATTCCATTCGTGCCCAAGACATTTCATTGTGGTGCGAAGCGTCCCCAGTTACGCTCACCTGTTTCC
CGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCACAGGCCGGTCGCAGCCACTAGTATGGTGGTGGCCGC
CGCCGCCAGCAGCGCCTTCTTCCCCGTGCCCGCCCCCCGCCCCACCCCCAAGCCCGGCAAGTTCGGCAACTG
GCCCAGCAGCCTGAGCCAGCCCTTCAAGCCCAAGAGCAACCCCAACGGCCGCTTCCAGGTGAAGGCCAACGT
GAGCCCCCACGGGCGCGCCCCCAAGGCCAACGGCAGCGCCGETGAGCCTGAAGTCCGGCAGCCTGAACACCCT
GGAGGACCCCCCCAGCAGCCCCCCCCCCCGCACCTTCCTGAACCAGCTGCCCGACTGGAGCCGCCTGCGCAC
CGCCATCACCACCGTGTTCGTGGCCGCCGAGAAGCAGTTCACCCGCCTGGACCGCAAGAGCAAGCGLCCCCGA
CATGCTGGTGGACTGGTTCGGCAGCGAGACCATCGTGCAGGACGGCCTGGTGTTCCGCGAGCGCTTCAGCAT
CCGCAGCTACGAGATCGGCGCCGACCGCACCGCCAGCATCGAGACCLCTGATGAACCACCTGCAGGACALCAG
CCTGAACCACTGCAAGAGCGTGGGCCTGCTGAACGACGGCTTCGGCCGCACCCCCGAGATGTGCACCCGCGA
CCTGATCTGGGTGCTGACCAAGATGCAGATCGTGGTGAACCGCTACCCCACCTGGGGCGACACCGTGGAGAT
CAACAGCTGGTTCAGCCAGAGCGGCAAGATCGGCATGGGCCGCGAGTGGCTGATCAGCGACTGCAACACCGG
CGAGATCCTGGTGCGCGCCACCAGCGCCTGGGCCATGATGAACCAGAAGACCCGCCGCTTCAGCAAGCTGCC
CTGCGAGGTGCGCCAGGAGATCGCCCCCCACTTCGTGGACGCCCCCCCCGTGATCGAGGACAACGACCGCAA
GCTGCACAAGTTCGACGTGAAGACCGGCGACAGCATCTGCAAGGGCCTGACCCCCGGCTGGAACGACTTCGA
CGTGAACCAGCACGTGAGCAACGTGAAGTACATCGGCTGGATTCTGGAGAGCATGCCCACCGAGGTGCTGGA
GACCCAGGAGCTGTGCAGCCTGACCCTGGAGTACCGCCGCGAGTGCGGCCGCGAGAGCGTGGTGGAGAGCGT
GACCAGCATGAACCCCAGCAAGGTGGGCGACCGCAGCCAGTACCAGCACCTGCTGCGCCTGGAGGACGGLCGL
CGACATCATGAAGGGCCGCACCGAGTGGCGCCCCAAGAACGCCGGCACCAACCGCGCCATCAGCACCTGATT
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AATTAACTCGAGGCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTG
CCGCCACACTTGCTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCT
TGTGTGTACGCGCTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCC
CTCGTTTCATATCGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTG
CTCCTGCTCACTGCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAA
ACCAGCACTGCAATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAAAGCTTGAGCTCTTGTTT
TCCAGAAGGAGTTGCTCCTTGAGCCTTTCATTCTCAGCCTCGATAACCTCCAAAGCCGCTCTAATTGTGGAG
GGGGTTCGAAGACAGGGTGGTTGGCTGGATGGGGAAACGCTGGTCGCGGGATTCGATCCTGCTGCTTATATC
CTCCCTGGAAGCACACCCACGACTCTGAAGAAGAAAACGTGCACACACACAACCCAACCGGCCGAATATTTG
CTTCCTTATCCCGGGTCCAAGAGAGACTGCGATGCCCCCCTCAATCAGCATCCTCCTCCCTGCCGCTTCAAT
CTTCCCTGCTTGCCTGCGCCCGCGGTGCGCCGTCTGCCCGCCCAGTCAGTCACTCCTGCACAGGCCCCTTGT
GCGCAGTGCTCCTGTACCCTTTACCGCTCCTTCCATTCTGCGAGGCCCCCTATTGAATGTATTCGTTGCCTG
TGTGGCCAAGCGGGCTGCTGGGCGCGCCGCCEGTCGGGCAGTGCTCGGCGACTTTGGCGGAAGCCGATTGTTC
TTCTGTAAGCCACGCGCTTGCTGCTTTGGGAAGAGAAGGGGGGGGGTACTGAATGGATGAGGAGGAGAAGGA
GGGGTATTGGTATTATCTGAGTTGGGTGAAGAGC

SEQ ID NO: 52
Codon optimized sequence for Cuphea wrightii FatB2 (CwTE2) thioesterase

ATGGTGGTGGCCGCCGCCGCCAGCAGCGCCTTCTTCCCCGTGCCCGCCCCCCGCCCCACCCCCAAGLCCGGL
AAGTTCGGCAACTGGCCCAGCAGCCTGAGCCAGCCCTTCAAGCCCAAGAGCAACCCCAACGGCCGCTTCCAG
GTGAAGGCCAACGTGAGCCCCCACGGGCGCGCCCCCAAGGCCAACGGCAGCGCCGTGAGCCTGAAGTCCGGL
AGCCTGAACACCCTGGAGGACCCCCCCAGCAGCCCCCCCCCCCGCACCTTCCTGAACCAGCTGCCCGACTGG
AGCCGCCTGCGCACCGCCATCACCACCGTGTTCGTGGCCGCCGAGAAGCAGTTCACCCGCCTGGACCGCAAG
AGCAAGCGCCCCGACATGCTGGTGGACTGGTTCGGCAGCGAGACCATCGTGCAGGACGGCCTGGTGTTCCGC
GAGCGCTTCAGCATCCGCAGCTACGAGATCGGCGCCGACCGCACCGCCAGCATCGAGACCCTGATGAACCAC
CTGCAGGACACCAGCCTGAACCACTGCAAGAGCGTGGGCCTGCTGAACGACGGCTTCGGCCGCACCCCCGAG
ATGTGCACCCGCGACCTGATCTGGGTGCTGACCAAGATGCAGATCGTGGTGAACCGCTACCCCACCTGGGGC
GACACCGTGGAGATCAACAGCTGGTTCAGCCAGAGCGGCAAGATCGGCATGGGCCGCGAGTGGCTGATCAGC
GACTGCAACACCGGCGAGATCCTGGTGCGCGCCACCAGCGCCTGGGCCATGATGAACCAGAAGACCCGLLCGL
TTCAGCAAGCTGCCCTGCGAGGTGCGCCAGGAGATCGCCCCCCACTTCGTGGACGCCCCCCCCGTGATCGAG
GACAACGACCGCAAGCTGCACAAGTTCGACGTGAAGACCGGCGACAGCATCTGCAAGGGCCTGACCCCCGGL
TGGAACGACTTCGACGTGAACCAGCACGTGAGCAACGTGAAGTACATCGGCTGGATTCTGGAGAGCATGCCC
ACCGAGGTGCTGGAGACCCAGGAGCTGTGCAGCCTGACCCTGGAGTACCGCCGCGAGTGCGGCCGCGAGAGT
GTGGTGGAGAGCGTGACCAGCATGAACCCCAGCAAGGTGGGCGACCGCAGCCAGTACCAGCACCTGCTGCGL
CTGGAGGACGGCGCCGACATCATGAAGGGCCGCACCGAGTGGCGCCCCAAGAACGCCGGCACCAACCGLGLL
ATCAGCACCTGA

SEQ ID NO: 53
Protein sequence for Cuphea wrightii FatB2 (CwTE2) thioesterase; GenBank
Accession No. U56104

MVVAAAASSAFFPVPAPRPTPKPGKFGNWPSSLSQPFKPKSNPNGRFQVKANVSPHPKANGSAVSLKSGSLN
TLEDPPSSPPPRTFLNQLPDWSRLRTAITTVFVAAEKQFTRLDRKSKRPDMLVDWFGSETIVQDGLVFRERF
SIRSYEIGADRTASIETLMNHLODTSLNHCKSVGLLNDGFGRTPEMCTRDLIWVLTKMQIVVNRYPTWGDTV
EINSWFSQSGKIGMGREWLISDCNTGEILVRATSAWAMMNQKTRRFSKLPCEVRQEIAPHFVDAPPVIEDND
RKLHKFDVKTGDSICKGLTPGWNDFDVNQHVSNVKYIGWILESMPTEVLETQELCSLTLEYRRECGRESVVE
SVTSMNPSKVGDRSQYQHLLRLEDGADIMKGRTEWRPKNAGTNRAIST

SEQ ID NO:54
Codon optimized Chlorella protothecoides (UTEX 250) stearoyl ACP
desaturase transit peptide c¢DNA gequence.

ACTAGTATGGCCACCGCATCCACTTTCTCGGCGTTCAATGCCCGCTGCGGCGACCTGCGTCGCTCGGCGGGE
TCCGGGCCCCGGCGCCCAGCGAGGCCCLCTCLCLCLCETGCGCGGGCELELL

SEQ ID. NO: 55
Codon-optimized Glycine max KASII

ATGGCCACCGCATCCACTTTCTCGGCGTTCAATGCCCGCTGCGGCGACCTGCETCGCTCGGLGGGLTCCEGG
CCCCGGCGCCCAGCGAGGCCCCTCCCCGETGCGCGGGCGCGCCTCCACCCACTCCGGCAAGACCATGGCCGTG
GCCCTGCAGCCCACCCAGGAGATCACCACCATCAAGAAGCCCCCCACCAAGCAGCGCCGCGTGGTGGTGACC
GGCCTGGGCGTGGTGACCCCCCTGGGCCACGAGCCCGACATCTTCTACAACAACCTGCTGGACGGCGCCTCC
GGCATCTCCGAGATCGAGACCTTCGACTGCGCCGAGTACCCCACCCGCATCGCCGGCGAGATCAAGTCCTTC
TCCACCGACGGCTGGGTGGCCCCCAAGCTGTCCAAGCGCATGGACAAGTTCATGCTGTACATGCTGACCGCC
GGCAAGAAGGCCCTGGTGGACGGCGGCATCACCGACGACGTGATGGACGAGCTGAACAAGGAGAAGTGCGGC
GTGCTGATCGGCTCCGCCATGGGCGGCATGAAGGTGTTCAACGACGCCATCGAGGCCCTGCGCATCTCCTAC
AAGAAGATGAACCCCTTCTGCGTGCCCTTCGCCACCACCAACATGGGCTCCGCCATGCTGGCCATGGACCTG
GGCTGGATGGGCCCCAACTACTCCATCTCCACCGCCTGCGCCACCTCCAACTTCTGCATCCTGAACGCCGLC
AACCACATCATCCGCGGCGAGGCCGACGTGATGCTGTGCGGCGGCTCCGACGCCGCCATCATCCCCATCGGE
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CTGGGCGGCTTCGTGGCCTGCCGCGCCCTGTCCCAGCGCAACACCGACCCCACCAAGGCCTCCCGLCCCCTGG
GACATCAACCGCGACGGCTTCGTGATGGGCGAGGGCGCCGGCGTGCTGCTGCTGGAGGAGCTGGAGCACGCC
AAGGAGCGCGGCGCCACCATCTACGCCGAGTTCCTGGGCGGCTCCTTCACCTGCGACGCCTACCACGTGACC
GAGCCCCGCCCCGACGGCGCCGGCGETGATCCTGTGCATCGAGAAGGCCCTGGCCCAGTCCGGCGTGTCCAAG
GAGGACGTGAACTACATCAACGCCCACGCCACCTCCACCCCCGCCGGCGACCTGAAGGAGTACCAGGCCCTG
ATGCACTGCTTCGGCCAGAACCCCGAGCTGCGCGTGAACTCCACCAAGTCCATGATCGGCCACCTGCTGGGC
GCCGCCGGCGGCETGGAGGCCGTGGCCACCATCCAGGCCATCCGCACCGGCTGGGTGCACCCCAACATCAAC
CTGGAGAACCCCGACAACGGCGTGGACGCCAAGGTGCTGGTGGGCTCCAAGAAGGAGCGCCTGGACGTGAAG
GCCGCCCTGTCCAACTCCTTCGGCTTCGGCGGCCACAACTCCTCCATCATCTTCGCCCCCTACATGGACTAC
AAGGACCACGACGGCGACTACAAGGACCACGACATCGACTACAAGGACGACGACGACAAGTGA

SEQ ID. NO: 56
Codon-optimized Helianthus annuus KASII

ATGGCCACCGCATCCACTTTCTCGGCGTTCAATGCCCGCTGCGGCGACCTGCGTCGCTCGGCGGGCTCCGGG
CCCCGGCGCCCAGCGAGGCCCCTCCCCGTGCGCGGEGCECELCLTGLCGCCGLGGLEGLCLECETGGCCATGGCC
ATCGCCATCCAGCCCTCCTCCATCGAGATGGAGGAGGAGACCACCCTGACCAAGCGCAAGCAGCCCCCCACT
AAGCAGCGCCGCGTGGTGGTGACCGGCATGGGCGTGGAGACCCCCATCGGCAACAACCCCGACCAGTTCTAC
AACAACCTGCTGCAGGGCGTGTCCGGCATCACCCAGATCGAGGCCTTCGACTGCTCCTCCTACCCCACCCGC
ATCGCCGGCGAGATCAAGAACTTCTCCACCGACGGCTGGGTGGCCCCCAAGCTGTCCAAGCGCATGGACCGC
TTCATGCTGTACATGCTGACCGCCGGCAAGAAGGCCCTGGCCGACGCCGGCATCTCCCCCTCCGACTCCGAC
GAGATCGACAAGTCCCGCTGCGGCGTGCTGATCGGCTCCGCCATGGGCGGCATGAAGGTGTTCAACGACGCC
ATCGAGGCCCTGCGCGTGTCCTACCGCAAGATGAACCCCTTCTGCGTGCCCTTCGCCACCACCAACATGGGC
TCCGCCATGCTGGCCATGGACCTGGGCTGGATGGGCCCCAACTACTCCATCTCCACCGCCTGCGCCACCTCC
AACTTCTGCATCCTGAACGCCGCCAACCACATCATCCGCGGCGAGGCCGACATGATGCTGTGCGGCGGCTCC
GACGCCGTGATCATCCCCATCGGCCTGGGCGGCTTCGTGGCCTGCCGCGCCCTGTCCGAGCGCAACACCGAC
CCCGCCAAGGCCTCCCGCCCCTGGGACTCCGGCCGCGACGGCTTCGTGATGGGCGAGGGCGCCGGCGTGCTG
CTGCTGGAGGAGCTGGAGCACGCCAAGAAGCGCGGCGCCAAGATCTACGCCGAGTTCCTGGGCGGCTCCTTC
ACCTGCGACGCCTACCACATGACCGAGCCCCACCCCGAGGGCGCCGGCGETGATCCTGTGCATCGAGAAGGCC
CTGTCCCAGGCCGGCGTGCGCCGCGAGGACGTGAACTACATCAACGCCCACGCCACCTCCACCCCCGLCGGL
GACCTGAAGGAGTACCACGCCCTGCTGCACTGCTTCGGCAACAACCAGGAGCTGCGCGTGAACTCCACCAAG
TCCATGATCGGCCACCTGCTGGGCGCCGCCGGCGCCEGTGGAGGCCGETGGCCACCGTGCAGGCCATCCGCACLCC
GGCTGGATCCACCCCAACATCAACCTGGAGAACCCCGACCAGGGCGTGGACACCAAGGTGCTGGTGGGCTCC
AAGAAGGAGCGCCTGAACGTGAAGGTGGGCCTGTCCAACTCCTTCGGCTTCGGCGGCCACAACTCCTCCATC
CTGTTCGCCCCCTTCCAGATGGACTACAAGGACCACGACGGCGACTACAAGGACCACGACATCGACTACAAG
GACGACGACGACAAGTGA

SEQ ID. NO: 57
Codon-optimized Ricinus communis KASII

ATGGCCACCGCATCCACTTTCTCGGCGTTCAATGCCCGCTGCGGCGACCTGCGTCGCTCGGCGGGCTCCGGG
CCCCGGCGCCCAGCGAGGCCCCTCCCCGETGCGCGEGECGCGCCTCCCACTACTACTCCTCCAACGGCCTGTTC
CCCAACACCCCCCTGCTGCCCAAGCGCCACCCCCGCCTGCACCACCGCCTGCCCCGCTCCGGCGAGGCCATG
GCCGTGGCCGTGCAGCCCGAGAAGGAGGTGGCCACCAACAAGAAGCCCCTGATGAAGCAGCGCCGCGETGGTG
GTGACCGGCATGGGCGTGGTGTCCCCCCTGGGCCACGACATCGACGTGTACTACAACAACCTGCTGGACGGC
TCCTCCGGCATCTCCCAGATCGACTCCTTCGACTGCGCCCAGTTCCCCACCCGCATCGCCGGCGAGATCAAG
TCCTTCTCCACCGACGGCTGGGTGGCCCCCAAGCTGTCCAAGCGCATGGACAAGTTCATGCTGTACATGCTG
ACCGCCGGCAAGAAGGCCCTGGCCGACGGCGGCATCACCGAGGACATGATGGACGAGCTGGACAAGGCCCGC
TGCGGCGTGCTGATCGGCTCCGCCATGGGCGGCATGAAGGTGTTCAACGACGCCATCGAGGCCCTGCGCATC
TCCTACCGCAAGATGAACCCCTTCTGCGTGCCCTTCGCCACCACCAACATGGGCTCCGCCATGCTGGCCATG
GACCTGGGCTGGATGGGCCCCAACTACTCCATCTCCACCGCCTGCGCCACCTCCAACTTCTGCATCCTGAAC
GCCGCCAACCACATCATCCGCGGCGAGGCCGACATCATGCTGTGCGGCGGCTCCGACGCCGCCATCATCCCC
ATCGGCCTGGGCGGCTTCGTGGCCTGCCGCGCCCTGTCCCAGCGCAACGACGACCCCACCAAGGLCCTCCCGE
CCCTGGGACATGAACCGCGACGGCTTCGTGATGGGCGAGGGCGCCGGCGTGCTGCTGCTGGAGGAGCTGGAG
CACGCCAAGAAGCGCGGCGCCAACATCTACGCCGAGTTCCTGGGCGGCTCCTTCACCTGCGACGCCTACCAC
ATGACCGAGCCCCGCCCCGACGGCGTGGGCGETGATCCTGTGCATCGAGAAGGCCCTGGCCCGCTCCGGCETG
TCCAAGGAGGAGGTGAACTACATCAACGCCCACGCCACCTCCACCCCCGCCGGCGACCTGAAGGAGTACGAG
GCCCTGATGCGCTGCTTCTCCCAGAACCCCGACCTGCGCGTGAACTCCACCAAGTCCATGATCGGCCACCTG
CTGGGCGCCGCCGGCGCCGTGGAGGCCATCGCCACCATCCAGGCCATCCGCACCGGCTGGGTGCACCCCAAL
ATCAACCTGGAGAACCCCGAGGAGGGCGTGGACACCAAGGTGCTGGTGGGCCCCAAGAAGGAGCGCCTGGAC
ATCAAGGTGGCCCTGTCCAACTCCTTCGGCTTCGGCGGCCACAACTCCTCCATCATCTTCGCCCCCTACAAG
ATGGACTACAAGGACCACGACGGCGACTACAAGGACCACGACATCGACTACAAGGACGACGACGACAAGTGA

SEQ ID NO: 58

Relevant portions of pSZ2041 including a codon-optimized Prototheca
morifomis KASII
GCTCTTCGCCGCCGCCACTCCTGCTCGAGCGCGCCCECECETGCECCECCAGCGCCTTGECCTTTTCGCCGL
GCTCGTGCGCETCGCTGATGTCCATCACCAGGTCCATGAGGTCTGCCTTGCGCCGECTGAGCCACTGCTTCG
TCCGGGCGGCCAAGAGGAGCATGAGGGAGGACTCCTGGTCCAGGGTCCTGACGTGGTCGCGECTCTGGGAGC
GGGCCAGCATCATCTGGCTCTGCCGCACCGAGGCCGCCTCCAACTGETCCTCCAGCAGCCGECAGTCGCCGLCT
GACCCTGGCAGAGGAAGACAGGTGAGGGGGCTATGAATTGTACAGAACAACCACGAGCCTTGTCTAGGCAGA
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ATCCCTACCAGTCATGGCTTTACCTGGATGACGGCCTGCGAACAGCTGTCCAGCGACCCTCGCTGCCGCCGL
TTCTCCCGCACGCTTCTTTCCAGCACCGTGATGGCGCGAGCCAGCGCCGCACGCTGGCGCTGCGCTTCGCCG
ATCTGAGGACAGTCGGGGAACTCTGATCAGTCTAAACCCCCTTGCGCGTTAGTGTTGCCATCCTTTGCAGAC
CGGTGAGAGCCGACTTGTTGTGCGCCACCCCCCACACCACCTCCTCCCAGACCAATTCTGTCACCTTTTTGG
CGAAGGCATCGGCCTCGGCCTGCAGAGAGGACAGCAGTGCCCAGCCGCTGGGGGTTGGCGGATGCACGCTCA
GGTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
ATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAG
GGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAA
ACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCT
TCCTCTTCGTTTCAGTCACAACCCGCAAACTCTAGAATATCAATGCTGCTGCAGGCCTTCCTGTTCCTGCTG
GCCGGCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACC
CCCAACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTAC
TTCCAGTACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTG
ACCAACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATG
GTGGTGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATC
TGGACCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCALCC
GAGTACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAG
CCCTCCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGAC
CTGAAGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGL
CTGATCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGC
GCCCCGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGAC
AACCAGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACC
TACGGGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGG
CGCTCCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTG
ATCAACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACC
ACGTTGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTG
TACGCCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTG
GAGGACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAAL
AGCAAGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAG
AGCGAGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAAC
GACGGCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACG
ACGGGGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCA
GCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGA
CCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGA
GTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCAT
CCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGC
ACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATG
CACGGGAAGTAGTGGGATGGGAACACAAATGGAGGATCCCGCGTCTCGAACAGAGCGCGCAGAGGAACGCTG
AAGGTCTCGCCTCTGTCGCACCTCAGCGCGGCATACACCACAATAACCACCTGACGAATGCGCTTGGTTCTT
CGTCCATTAGCGAAGCGTCCGGTTCACACACGTGCCACGTTGGCGAGGTGGCAGGTGACAATGATCGGTGGA
GCTGATGGTCGAAACGTTCACAGCCTAGGGATATCGAATTCGGCCGACAGGACGCGCGTCAAAGGTGCTGGT
CGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTAGTGATTCCGCAACCCTGATTTTGGCGTCTTA
TTTTGGCGTGGCAAACGCTGGCGCCCGCGAGCCGGGCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATC
CAAGGGAGGCAAGAGCGCCCGGGTCAGTTGAAGGGCTTTACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGC
GTGGTGGAATTGGACGTGCAGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTA
TCAGGTCCGTGTCATCCACTCTAAAGAACTCGACTACGACCTACTGATGGCCCTAGATTCTTCATCAAAAAC
GCCTGAGACACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTTGTTCCTTCCCCCC
GTGGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGCTTCGTGTGCTCAGGTCA
TGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCAGCTATTTCCTC
TTCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTACGGGCCCTTCCCTCAA
CCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCCGAGGGTTTGGGACGGGCCGTCCCGA
AATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAATTTATGCAATGGACTGCTCTGCAAAATTCT
GGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGATTTCGTAATCATTCGTCCTGATGGGGAGCTACCGAC
TACCCTAATATCAGCCCGACTGCCTGACGCCAGCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGAC
ATTTCATTGTGGTGCGAAGCGTCCCCAGTTACGCTCACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAG
AGCGGGCCCACAGGCCGGTCGCAGCCACTAGTATGGCCACCGCATCCACTTTCTCGGCGTTCAATGCCCGCT
GCGGCGACCTGCGETCGCTCGGCGGGCTCCGGGCCCCGGCGCCCAGCGAGGCCCCTCCCCGTGCGCGGGLCGLG
CCGCCGCCGCCGCCGACGCCAACCCCGCCCGCCCCGAGCGCCGCGTGGTGATCACCGGCCAGGGCGTGGTGA
CCTCCCTGGGCCAGACCATCGAGCAGTTCTACTCCTCCCTGCTGGAGGGCGTGTCCGGCATCTCCCAGATCC
AGAAGTTCGACACCACCGGCTACACCACCACCATCGCCGGCGAGATCAAGTCCCTGCAGCTGGACCCCTACG
TGCCCAAGCGCTGGGCCAAGCGCGTGGACGACGTGATCAAGTACGTGTACATCGCCGGCAAGCAGGCCLCTGG
AGTCCGCCGGCCTGCCCATCGAGGCCGCCGGCCTGGCCGGCGCCGGCCTGGACCCLCGLCLCCTGTGCGGCETGE
TGATCGGCACCGCCATGGCCGGCATGACCTCCTTCGCCGCCGGCGTGGAGGCCCTGACCCGCGGCGEGGCETGL
GCAAGATGAACCCCTTCTGCATCCCCTTCTCCATCTCCAACATGGGCGGCGCCATGCTGGCCATGGACATCG
GCTTCATGGGCCCCAACTACTCCATCTCCACCGCCTGCGCCACCGGCAACTACTGCATCCTGGGCGCCGCCG
ACCACATCCGCCGCGGCGACGCCAACGTGATGCTGGCCGGCGGCGCCGACGCCGCCATCATCCCCTCCGGCA
TCGGCGGCTTCATCGCCTGCAAGGCCCTGTCCAAGCGCAACGACGAGCCCGAGCGCGCCTCCCGCCCCTGGG
ACGCCGACCGCGACGGCTTCGTGATGGGCGAGGGCGCCGGCGTGCTGGTGCTGGAGGAGCTGGAGCACGCCA
AGCGCCGCGGCGCCACCATCCTGGCCGAGCTGGTGGGCGGCGCCGCCACCTCCGACGCCCACCACATGACCG
AGCCCGACCCCCAGGGCCGCGGCGETGCGCCTGTGCCTGGAGCGCGCCCTGGAGCGCGCCLCGLCCTGGCCCCCG
AGCGCGTGGGCTACGTGAACGCCCACGGCACCTCCACCCCCGCCGGCGACGTGGCCGAGTACCGCGCCATCC
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GCGCCGTGATCCCCCAGGACTCCCTGCGCATCAACTCCACCAAGTCCATGATCGGCCACCTGCTGGGCGGCG
CCGGCGCCGETGGAGGCCGETGGCCGCCATCCAGGCCCTGCGCACCGGCTGGCTGCACCCCAACCTGAACCTGG
AGAACCCCGCCCCCGGCGETGGACCCCGETGGETGCTGGTGGGCCCCCGCAAGGAGCGCGCCGAGGACCTGGACG
TGGTGCTGTCCAACTCCTTCGGCTTCGGCGGCCACAACTCCTGCGTGATCTTCCGCAAGTACGACGAGATGG
ACTACAAGGACCACGACGGCGACTACAAGGACCACGACATCGACTACAAGGACGACGACGACAAGTGAATCG
ATAGATCTCTTAAGGCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGT
TGCCGCCACACTTGCTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGAT
CTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTT
CCCTCGTTTCATATCGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCC
TGCTCCTGCTCACTGCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGT
AAACCAGCACTGCAATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAAAGCTTAATTAAGAGC
TCTTGTTTTCCAGAAGGAGTTGCTCCTTGAGCCTTTCATTCTCAGCCTCGATAACCTCCAAAGCCGCTCTAA
TTGTGGAGGGGGTTCGAATTTAAAAGCTTGGAATGTTGGTTCGTGCGTCTGGAACAAGCCCAGACTTGTTGC
TCACTGGGAAAAGGACCATCAGCTCCAAAAAACTTGCCGCTCAAACCGCGTACCTCTGCTTTCGCGCAATCT
GCCCTGTTGAAATCGCCACCACATTCATATTGTGACGCTTGAGCAGTCTGTAATTGCCTCAGAATGTGGAAT
CATCTGCCCCCTGTGCGAGCCCATGCCAGGCATGTCGCGGGCGAGGACACCCGCCACTCGTACAGCAGACCA
TTATGCTACCTCACAATAGTTCATAACAGTGACCATATTTCTCGAAGCTCCCCAACGAGCACCTCCATGCTC
TGAGTGGCCACCCCCCGGCCCTGGTGCTTGCGGAGGGCAGGTCAACCGGCATGGGGCTACCGAAATCCCCGA
CCGGATCCCACCACCCCCGCGATGGGAAGAATCTCTCCCCGGGATGTGGGCCCACCACCAGCACAACCTGCT
GGCCCAGGCGAGCGTCAAACCATACCACACAAATATCCTTGGCATCGGCCCTGAATTCCTTCTGCCGCTCTG
CTACCCGGTGCTTCTGTCCGAAGCAGGGGTTGCTAGGGATCGCTCCGAGTCCGCAAACCCTTGTCGCGTGGC
GGGGCTTGTTCGAGCTTGAAGAGC

SEQ ID NO: 59
Prototheca moriformis (UTEX 1435) SAD2 allele 2

ATGGCGTCTGCCGTCACCTTTGCGTGCGCCCCTCCCCGCGGCGLCGGETCGCCGCGCCGGETCGCCGCGCTGLL
TCGCGTCCCCTGGTGGTGCACGCCGTCGCCAGCGAGGCCCCGCTGGGCETGCCGCCCTCGGTGCAGCGLCLCLC
TCCCCCGTGGTCTACTCCAAGCTGGACAAGCAACACCGCCTGACGCCCGAGCGCCTGGAGCTGGTGCAGAGC
ATGGGTCAGTTGCGGAGGAGAGGGTGCTCCCCGTGCTGCACCCCGTGGACAAGCTGTGGCAGCCGCAGGACT
TCCTGGCCCGACCCCGAGTCGCCCGACTTCGAGGACCAGGTGGCGGAGCTGCGCGCGCGCGCCAAGGACCTG
CCCGACGAGTACTTTGTGGTGCTGGTGGGCGACATGATCACGGAGGAGGCGCTGCCGACCTACATGGCCATG
CTCAACACCTTGGACGGTGTGCGCGACGACACGGGCGCGGCTGACCACCCGTGGGCGCGCTGGACGCGGCAG
TGGGTGGCCGAGGAGAACCGGCACGGCGACCTGCTGAACAAGTACTGTTGGCTGACGGGGCGCGTCAACATG
CGGGCCGTGGAGGTGACCATCAACAACCTGATCAAGAGCGGCATGAACCCGCAGACGGACAACAACCCTTAC
TTGGGCTTCGTCTACACCTCCTTCCAGGAGCGCGCGACCAAGTACAGCCACGGCAACACCGCGCGLCCTGGCG
GCCGAGCACGGCGACAAGGGCCTGAGCAAGATCTGCGGGCTGATCGCCAGCGACGAGGGCCGGCACGAGATC
GCCTACACGCGCATCGTGGACGAGTTCTTCCGCCTCGACCCCGAGGGCGCCGTCGCCGCCTACGCCAACATG
ATGCGCAAGCAGATCACCATGCCCGCGCACCTCATGGACGACATGGGCCACGGCGAGGCCAACCCGGGLCCGL
AACCTCTTCGCCGACTTCTCCGCCGTCGCCGAGAAGATCGACGTCTACGACGCCGAGGACTACTGCCGCATC
CTGGAGCACCTCAACGCGCGCTGGAAGGTGGACGAGCGCCAGGTCAGCGGCCAGGCCGCCGCGGACCAGGAG
TACGTTCTGGGCCTGCCCCAGCGCTTCCGGAAACTCGCCGAGAAGACCGCCGCCAAGCGCAAGCGCGTCGCG
CGCAGGCCCGTCGCCTTCTCCTGGATCTCCGGACGCGAGATTATGGTCTAG

SEQ ID NO: 60
Prototheca moriformis (UTEX 1435) SAD2 allele 2

MASAVTFACAPPRGAVAAPGRRAASRPLVVHAVASEAPLGVPPSVQRPSPVVYSKLDKQHRLTPERLELVQS
MGQLRRRGCSPCCTPWTSCGSRRTSWPDPESPDFEDQVAELRARAKDLPDEYFVVLVGDMITEEALPTYMAM
LNTLDGVRDDTGAADHPWARWTROQWVAEENRHGDLLNKYCWLTGRVNMRAVEVTINNLIKSGMNPQTDNNPY
LGFVYTSFQERATKYSHGNTARLAAEHGDKGLSKICGLIASDEGRHEIAYTRIVDEFFRLDPEGAVAAYANM
MRKQITMPAHLMDDMGHGEANPGRNLFADFSAVAEKIDVYDAEDYCRILEHLNARWKVDERQVSGQAAADQE
YVLGLPQRFRKLAEKTAAKRKRVARRPVAFSWISGREIMV

SEQ ID NO: 6l
Prototheca moriformis (UTEX 1435) SAD2 allele 1

ATGGCGTCTGCCGTCACCTTTGCGTGCGCCCCTCCCCGCGGCGLCGGETCGCCGCGCCGGETCGCCGCGCTGLL
TCGCGTCCCCTGGTGGTGCGCGCGGTCGCCAGCGAGGCCCCGCTGGGCETTCCGCCCTCGGTGCAGCGCLCLC
TCCCCCGTGGTCTACTCCAAGCTGGACAAGCAGCACCGCCTGACGCCCGAGCGCCTGGAGCTGGTGCAGAGC
ATGGGGCAGTTTGCGGAGGAGAGGGTGCTGCCCGTGCTGCACCCCGTGGACAAGCTGTGGCAGCCGCAGGAL
TTTTTGCCCGACCCCGAGTCGCCCGACTTCGAGGATCAGGTGGCGGAGCTGCGCGCGCGCGCCAAGGACCTG
CCCGACGAGTACTTTGTGGTGCTGGTGGGGGACATGATCACGGAGGAGGCGCTGCCGACCTACATGGCCATG
CTCAACACGCTGGACGGCGTGCGCGACGACACGGGCGCGGCCGACCACCCGTGGGCGCGCTGGACGCGGCAG
TGGGTGGCCGAGGAGAACCGGCACGGCGACCTGCTGAACAAGTACTGCTGGCTGACGGGGCGCGTCAACATG
CGGGCCGTGGAGGTGACCATCAACAACCTGATCAAGAGCGGCATGAACCCGCAGACGGACAACAACCCTTAT
TTGGGGTTCGTCTACACCTCCTTCCAGGAGCGCGCCACCAAGTACAGCCACGGCAACACCGCGCGCCTTGCG
GCCGAGCACGGCGACAAGAACCTGAGCAAGATCTGCGGGCTGATCGCCAGCGACGAGGGCCGGCACGAGATC
GCCTACACGCGCATCGTGGACGAGTTCTTCCGCCTCGACCCCGAGGGCGCCGTCGCCGCCTACGCCAACATG
ATGCGCAAGCAGATCACCATGCCCGCGCACCTCATGGACGACATGGGCCACGGCGAGGCCAACCCGGGLCCGL
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AACCTCTTCGCCGACTTCTCCGCGGTCGCCGAGAAGATCGACGTCTACGACGCCGAGGACTACTGCCGCATC
CTGGAGCACCTCAACGCGCGCTGGAAGGTGGACGAGCGCCAGGTCAGCGGCCAGGCCGCCGCGGACCAGGAG
TACGTCCTGGGCCTGCCCCAGCGCTTCCGGAAACTCGCCGAGAAGACCGCCGCCAAGCGCAAGCGCGTCGLCG
CGCAGGCCCGTCGCCTTCTCCTGGATCTCCGGGCGCGAGATCATGGTCTAG

SEQ ID NO: 62
Prototheca moriformis (UTEX 1435) SAD2 allele 1

MASAVTFACAPPRGAVAAPGRRAASRPLVVRAVASEAPLGVPPSVQRPSPVVYSKLDKQHRLTPERLELVQS
MGQFAEERVLPVLHPVDKLWQPQDFLPDPESPDFEDQVAELRARAKDLPDEYFVVLVGDMITEEALPTYMAM
LNTLDGVRDDTGAADHPWARWTROQWVAEENRHGDLLNKYCWLTGRVNMRAVEVTINNLIKSGMNPQTDNNPY
LGFVYTSFQERATKYSHGNTARLAAEHGDKNLSKICGLIASDEGRHEIAYTRIVDEFFRLDPEGAVAAYANM
MRKQITMPAHLMDDMGHGEANPGRNLFADFSAVAEKIDVYDAEDYCRILEHLNARWKVDERQVSGQAAADQE
YVLGLPQRFRKLAEKTAAKRKRVARRPVAFSWISGREIMV

SEQ ID NO: 63
Prototheca moriformis (UTEX 1435) mitochondrial ACP allele 1

ATGGCGTTCTTGCAGCGGACGAGCGCGCTGGTGCGCCAGGGTGTCCTGTCTCGCCTCGCCGTGCAGGCCAGC
CCCGCCCTGAACAGCGTCCGGGCCTTCGCCTCGGCGTCCTACCTGGACAAGAATGAGGTGACGCACCGCGTG
CTGTCGATTGTCAAGAACTTTGACCGCGTCGACGCCGGCAAGGTCACGGACTCTGCCAACTTCCAGTCCGAC
CTGGGTCTGGACTCACTAGACACCGTGGAGCTGGTCATGGCCCTGGAGGAGGAGTTTGCGATCGAGATCCCG
GATGCGGAGGCNGACAAGATCCTCTCCGTCCCGGAGGCGATTTCCTACATTGCCGCGAACCCCATGGCCAAG
TAG

SEQ ID NO: 64
Prototheca moriformis (UTEX 1435) Mitochondrial ACP allele 1

ATGGCGTTCTTGCAGCGGACGAGCGCGCTGGTGCGCCAGGGTGTCCTGTCTCGCCTCGCCGTGCAGGCCAGC
CCCGCCCTGAACAGCGTCCGGGCCTTCGCCTCGGCGTCCTACCTGGACAAGAATGAGGTGACGCACCGCGTG
CTGTCGATTGTCAAGAACTTTGACCGCGTCGACGCCGGCAAGGTCACGGACTCTGCCAACTTCCAGTCCGAC
CTGGGTCTGGACTCACTAGACACCGTGGAGCTGGTCATGGCCCTGGAGGAGGAGTTTGCGATCGAGATCCCG
GATGCGGAGGCNGACAAGATCCTCTCCGTCCCGGAGGCGATTTCCTACATTGCCGCGAACCCCATGGCCAAG
TAG

SEQ ID NO: 65
Prototheca moriformis (UTEX 1435) Mitochondrial ACP allele 1

MAFLQRTSALVRQGVLSRLAVQASPALNSVRAFASASYLDKKEVTDRVLSIVKNFDRVDAGKVTDSANFQSD
LGLDSLDTVELVMALEEEFAIEIPDAEADKILSVPEAISYIAANPMAK

SEQ ID NO: 66
Prototheca moriformis (UTEX 1435) LPAAT-E

ATGGTTGCGGCTCAGGAAGACGGCTCCATGGAGAGGAGGACCTCGGCCAACCCCTCCGTGGGTCTTAGCAGC
TTAAAGCACGTTCCGCTGAGTGCGGTGGACCTCCCGAATTTCGAGTCCGCTCCCAAGGGTGCGGCCAGCCCC
GATGTCCATCGTCAGATAGAGGAACTGGTGGATAAGGCACGCGCAGATCGGTCACCGGCCTCGTTGTCGCTC
CTAGCCGATGTGCTGGACATCAGCGGGCCGCTGCAGGACGCGGCCTCGGCGATGGTGGACGACTCCTTCCTG
CGCTGCTTCACCTCCACCATGGACGAGCCCTGGAACTGGAACTTTTACCTGTTCCCGCTCTGGGCGCTCGGC
GTCGTCGTCCGCAACCTGATCCTGTTCCCCCTGCGCCTCCTCACCATCGTGCTGGGGACGCTGCTCTTCGTG
CTGGCCTTTGCCGTGACGGGCTTTCTCCCCAAGGAGAAGCGGCTCGCGGCCGAGCAGCGGTGCGTCCAGTTC
ATGGCGCAGGCGTTCGTGGCCTCCTGGACAGGCGTGATCCGGTACCACGGCCCCLCGCLLLETGGLGGLELCT
AACCGCGTGTGGGTCGCCAACCACACGTCCATGATCGACTACGCGGTGCTGTGCGCCTACTGCCCGTTTGCG
GCCATCATGCAGCTGCACCCCGGCTGGGTGGGCGTCTTCCAGACGCGCTACCTGGCCTCGCTGGGCTGCCTC
TGGTTCAACCGCACGCAGGCCAAGGACCGCACGCTCGTGGCCAAGCGCATGCGCGAGCACGTGGCCAGCGLCG
ACCAGCACGCCGCTGCTCATCTTCCCCGAGGGCACCTGCGTCAACAACGAGTACTGCGTCATGTTCCGCAAG
GGCGCCTTTGACCTGGGCGCCACCGTCTGCCCCGTGGCCATCAAGTACAACAAGATCTTCGTCGACGCCTTT
TGGAACAGCAAGCGCCAGTCCTTCTCCGCGCACCTCATGAAGATCATGCGCTCGTGGGCCCTCGTCTGCGAC
GTCTACTTCCTGGAGCCCCAGACGCGGAGGGAGGGCGAGTCGGTCGAGGCGTTTGCGAACCGC

SEQ ID NO: 67
Prototheca moriformis KASI allele 2, nucleotide sequence

ATGGTCGCGACCCTGTCCCTCGCCGGCCCCGCCTGCAACACGCAGTGCGTATCCAGCAAGCGGGTTGTCGCC
TTCAACCGCCCCCATGTTGGCGTCCGGGCTCGATCAGCCGTGGTCGCCCGAGCTGCGAAGCGGGACCCCALCC
CAGCGCATTGTGATCACCGGAATGGGCGTGGCCTCCGTGTTTGGCAACGATGTCGAGACCTTTTACGACAAG
CTTCTGGAAGGAACGAGCGGCGTGGACCTGATTTCCAGGTTTGACATCTCCGAGTTCCCGACCAAGTTTGCG
GCGCAGATCACCGGCTTCTCCGTGGAGGACTGCGTGGACAAGAAGAACGCGCGGCGGTACGACGACGCGCTG
TCGTACGCGATGGTGGCCTCCAAGAAGGCCCTGCGCCAGGCAGGCCTGGAGAAGGACAAGTGCCCCGAGGGL
TACGGGGCGCTGGACAAGACGCGCACGGGCGTGCTGGTCGGCTCGGGCATGGGCGGGCTGACGGTCTTCCAG
GACGGCGTCAAGGCGCTGGTGGAGAAGGGCTACAAGAAGATGAGCCCCTTCTTCATCCCCTACGCCATCACC
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AACATGGGCTCCGCGCTGGTGGGCATCGACCAGGGCTTCATGGGCCCCAACTACTCCGTCTCCACAGCCTGC
GCGACGTCCAACTACGCATTTGTGAACGCGGCCAACCACATCCGCAAGGGCGACGCGGACGTCATGGTCGTC
GGCGGCACCGAGGCCTCCATCGTGCCCGTGGGCCTGGGCGGCTTTGTGGCCTGCCGCGCGCTGTCCACGLGL
AACGACGAGCCCAAGCGCGCGAGCCGGCCGETGGGACGAGGGCCGCGACGGCTTTGTGATGGGCGAGGGCGCG
GCCGTGCTGGTCATGGAGTCGCTGGAGCACGCGCAGAAGCGTGGCGCGACCATCCTGGGCGAGTACCTGGGC
GGCGCCATGACCTGCGACGCGCACCACATGACGGACCCGCACCCCGAGGGCCTGGGCGTGAGCACCTGCATC
CGCCTGGCGCTCGAGGACGCCGGCGTCTCGCCCGACGAGGTCAACTACGTCAACGCGCACGCCACCTCCACC
CTGGTGGGCGACAAGGCCGAGGTGCGCGCGGTCAAGTCGGTCTTTGGCGACATGAAGGGTATCAAGATGAAC
GCCACCAAGAGTATGATCGGGCACTGCCTGGGCGCCGCCGGCGGCATGGAGGCCGTCGCGACGCTCATGGCC
ATCCGCACCGGCTGGGTGCACCCCACCATCAACCACGACAACCCCATCGCCGAGGTCGATGGCCTGGACGTC
GTCGCCAACGCCAAGGCCCAGCACGACATCAACGTCGCCATCTCCAACTCCTTCGGCTTTGGCGGGCACAAC
TCCGTCGTCGCCTTTGCGCCCTTCCGCGAGTAG

SEQ ID NO: 63
Prototheca moriformis KASI allele 2, protein segquence

MVATLSLAGPACNTQCVSSKRVVAFNRPHVGVRARSAVVARAAKRDPTQRIVITGMGVASVFGNDVETFYDK
LLEGTSGVDLISRFDISEFPTKFAAQITGFSVEDCVDKKNARRYDDALSYAMVASKKALRQAGLEKDKCPEG
YGALDKTRTGVLVGSGMGGLTVFQDGVKALVEKGYKKMSPFFIPYATITNMGSALVGIDQGFMGPNYSVSTAC
ATSNYAFVNAANHIRKGDADVMVVGGTEASIVPVGLGGFVACRALSTRNDEPKRASRPWDEGRDGFVMGEGA
AVLVMESLEHAQKRGATILGEYLGGAMTCDAHHMTDPHPEGLGVSTCIRLALEDAGVSPDEVNYVNAHATST
LVGDKAEVRAVKSVFGDMKGIKMNATKSMIGHCLGAAGGMEAVATLMAIRTGWVHPTINHDNP IAEVDGLDV
VANAKAQHDINVAISNSFGFGGHNSVVAFAPFRE*

SEQ ID NO: 69
Prototheca moriformis (UTEX 1435) KASI allele 1, nucleotide sequence

ATGGTCGCGACCCTCTCCCTCGCCGGCCCCGCCTGCAACACGCAGTGCGTATCCGGCAAGCGGGCTGTCGCC
TTCAACCGCCCCCATGTTGGCGTCCGGGCTCGATCAGCCGTGGTCGCCCGGGCTGCGAAGCGGGACCCCALCC
CAGCGCATTGTGATCACCGGAATGGGCGTGGCCTCCGTGTTTGGCAACGATGTCGAGACCTTTTACAACAAG
CTTCTGGAAGGAACGAGCGGCGTGGACCTGATTTCCAGGTTTGACATCTCCGAGTTCCCGACCAAGTTTGCG
GCGCAGATCACCGGCTTCTCCGTGGAGGACTGCGTGGACAAGAAGAACGCGCGGCGGTACGACGACGCGCTG
TCGTACGCGATGGTGGCCTCCAAGAAGGCCCTGCGCCAGGCGGGACTGGAGAAGGACAAGTGCCCCGAGGGL
TACGGAGCGCTGGATAAGACGCGCGCGGGCETGCTGGTCGGCTCGGGCATGGGCGGGCTGACGGTCTTCCAG
GACGGCGTCAAGGCGCTGGTGGAGAAGGGCTACAAGAAGATGAGCCCCTTCTTCATCCCCTACGCCATCACC
AACATGGGCTCCGCGCTGGTGGGCATCGACCAGGGCTTCATGGGGCCCAACTACTCCGTCTCCACGGCCTGC
GCGACCTCCAACTACGCCTTTGTGAACGCGGCCAACCACATCCGCAAGGGCGACGCGGACGTCATGGTCGTG
GGCGGCACCGAGGCCTCCATCGTGCCCGTGGGCCTGGGCGGCTTTGTGGCCTGCCGCGCGCTGTCCACGLGL
AACGACGAGCCCAAGCGCGCGAGCCGGCCGETGGGACGAGGGCCGCGACGGCTTCGTGATGGGCGAGGGCGCG
GCCGTGCTGGTCATGGAGTCGCTGGAGCACGCGCAGAAGCGCGGCGCGACCATCCTGGGCGAGTACCTGGGG
GGCGCCATGACCTGCGACGCGCACCACATGACGGACCCGCACCCCGAGGGCCTGGGCGTGAGCACCTGCATC
CGCCTGGCGCTCGAGGACGCCGGCGTCTCGCCCGACGAGGTCAACTACGTCAACGCGCACGCCACCTCCACC
CTGGTGGGCGACAAGGCCGAGGTGCGCGCGGTCAAGTCGGTCTTTGGCGACATGAAGGGCATCAAGATGAAC
GCCACCAAGTCCATGATCGGGCACTGCCTGGGCGCCGCCGGCGGCATGGAGGCCGTCGCCACGCTCATGGCC
ATCCGCACCGGCTGGGTGCACCCCACCATCAACCACGACAACCCCATCGCCGAGGTCGACGGCCTGGACGTC
GTCGCCAACGCCAAGGCCCAGCACAAAATCAACGTCGCCATCTCCAACTCCTTCGGCTTCGGCGGGCACAAC
TCCGTCGTCGCCTTTGCGCCCTTCCGCGAGTAG

SEQ ID NO: 70
Prototheca moriformis (UTEX 1435) KASI allele 1, protein seguence

MVATLSLAGPACNTQCVSGKRAVAFNRPHVGVRARSAVVARAAKRDPTQRIVITGMGVASVFGNDVETFYNK
LLEGTSGVDLISRFDISEFPTKFAAQITGFSVEDCVDKKNARRYDDALSYAMVASKKALRQAGLEKDKCPEG
YGALDKTRAGVLVGSGMGGLTVFQDGVKALVEKGYKKMSPFFIPYATITNMGSALVGIDQGFMGPNYSVSTAC
ATSNYAFVNAANHIRKGDADVMVVGGTEASIVPVGLGGFVACRALSTRNDEPKRASRPWDEGRDGFVMGEGA
AVLVMESLEHAQKRGATILGEYLGGAMTCDAHHMTDPHPEGLGVSTCIRLALEDAGVSPDEVNYVNAHATST
LVGDKAEVRAVKSVFGDMKGIKMNATKSMIGHCLGAAGGMEAVATLMAIRTGWVHPTINHDNP IAEVDGLDV
VANAKAQHKINVAISNSFGFGGHNSVVAFAPFRE

SEQ ID NO: 71
Prototheca moriformis (UTEX 1435) FATA allele 1

ATGGCACCGACCAGCCTGCTTGCCAGTACTGGCGTCTCTTCCGCTTCTCTGTGGTCCTCTGCGCGCTCCAGC
GCGTGCGCTTTTCCGGTGGATCATGCGGTCCGTGGCGCACCGCAGCGGCCGCTGCCCATGCAGCGCCGCTGL
TTCCGAACAGTGGCGGTCAGGGCCGCACCCGCGGTAGCCGTCCGTCCGGAACCCGCCCAAGAGTTTTGGGAG
CAGCTTGAGCCCTGCAAGATGGCGGAGGACAAGCGCATCTTCCTGGAGGAGCACCGCATTCGGGGCAACGAG
GTGGGCCCCTCGCAGCGGCTGACGATCACGGCGGTGGCCAACATCCTGCAGGAGGCGGCGGGCAACCALCGLG
GTGGCCATGTGGGGCCGGAGCTCGGAGGGTTTCGCGACGGACCCGGAGCTGCAGGAGGCGGGTCTCATCTTT
GTGATGACGCGCATGCAGATCCAGATGTACCGCTACCCGCGCTGGGGCGACCTGATGCAGGTGGAGACCTGG
TTCCAGACGGCGGGCAAGCTGGGCGCGCAGCGCGAGTGGGTGCTGCGCGACAAGCTGACCGGCGAGGCGLCTG
GGCGCGGCCACCTCGAGCTGGGTCATGATCAACATCCGCACGCGCCGGCCGTGCCGCATGCCGGAGCTCGTC
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CGCGTCAAGTCGGCCTTCTTCGCGCGCGAGCCGCCGCGCCTGGCGCTGCCGCCCGCGGTCACGCGTGCCAAG
CTGCCCAACATCGCGACGCCGGCGCCGCTGCGCGGGCACCGCCAGGTCGCGCGCCGCACCGACATGGACATG
AACGGGCACGTGAACAACGTGGCCTACCTGGCCTGGTGCCTGGAGGCCGTGCCCGAGCACGTCTTCAGCGAC
TACCACCTCTACCAGATGGAGATCGACTTCAAGGCCGAGTGCCACGCGGGCGACGTCATCTCCTCCCAGGCC
GAGCAGATCCCGCCCCAGGAGGCGCTCACGCACAACGGCGCCGGCCGCAACCCCTCCTGCTTCGTCCATAGC
ATTCTGCGCGCCGAGACCGAGCTCGTCCGCGCGCGAACCACATGGTCGGCCCCCATCGACGCGLCCCGLCGLT
AAGCCGCCCAAGGCGAGCCACTGA

SEQ ID NO: 72
Prototheca moriformis (UTEX 1435) FATA allele 1

MAPTSLLASTGVSSASLWSSARSSACAFPVDHAVRGAPQRPLPMQRRCFRTVAVRAAPAVAVRPEPAQEFWE
QLEPCKMAEDKRIFLEEHRIRGNEVGPSQRLTITAVANILQEAAGNHAVAMWGRSSEGFATDPELQEAGLIF
VMTRMQIQMYRYPRWGDLMQVETWFQTAGKLGAQREWVLRDKLTGEALGAATSSWVMINIRTRRPCRMPELV
RVKSAFFAREPPRLALPPAVTRAKLPNIATPAPLRGHRQVARRTDMDMNGHVNNVAYLAWCLEAVPEHVFESD
YHLYOQMEIDFKAECHAGDVISSQAEQIPPQEALTHNGAGRNPSCFVHSILRAETELVRARTTWSAPIDAPAA
KPPKASH

SEQ ID NO: 73
Prototheca moriformis (UTEX 1435) FAD linoleate Allele 2

ATGGTCGCTGCGGGCGACGTCGCTGGAGCCACCGCCTCTGAGGGAGATGGCCGGGCCCTGGCCAACCCGCCG
CCCTTCACGCTGGCCGACATCCGCAACGCCATTCCCAAGGACTGCTTCCGCAAGAGCGCGGCCAAGTCGTTG
GCGTACCTGGGTCTGGACCTTTCCATCGTCACGGGCATGGCTGTGCTGGCCTACAAAATCAACTCGCCGTGG
CTCTGGCCCCTGTACTGGTTTGCCCAGGGAACGATGTTTTGGGCCCTGTTTGTCGTCGGCCACGACTGTGGC
CACCAGAGCTTTAGCACGAGCAAGCGGCTGAACGACGCGGTCGGTCTTTTCGTACACTCCATCATCGGCGTG
CCGTACCACGGCTGGCGCATCTCCCACCGCACCCACCACAACAACCACGGCCACGTGGAGAACGACGAGTCC
TGGTACCCGCCCACCGAGAGCGGGCTCAAGGCGATGACCGACATGGGCCGGCAGGGGCGCTTCCACTTTCCC
ACCATGCTCTTTGTCTACCCCTTTTACCTCTTCTGGCGGTCCCCGGGCAAGACCGGGTCCCACTTTAGCCCC
TCCACCGACCTCTTCGCCTCGTGGGAGGCCCCCCTGATCCGGACGTCAAACGCGTGCCAGCTGGCGTGGCTG
GGCGCGCTGGCGGCGGGGACCTGGGCGCTGGGCGTGCTGCCCATGCTCAACCTGTACCTCGCGCCCTACGTG
ATATCGGTGGCGTGGCTGGATCTGGTGACGTACCTGCACCACCACGGCCCCTCGGACCCGCGCGAGGAGATG
CCCTGGTACCGCGGCCGCGAGTGGAGCTACATGCGCGGCGGGCTGACCACCATCGACCGCGACTACGGCCTC
TTCAACAAGGTCCACCACGACATTGGGACGCACGTCGTGCACCACCTGTTCCCGCAGATCCCGCACTACAAC
CTCTGCCGCGCCACGGAGGCCGCCAAGAAGGTGCTGGGGCCCTACTACCGCGAGCCCGAGCGCTGCCCGCTG
GGCCTGCTGCCCGTGCACCTGCTCGCGCCCCTGCTCCGCTCCCTCGGCCAGGACCACTTTGTCGACGACGCG
GGCTCCGTCCTCTTCTACCGCCGCGCCGAGGGCATCAACCCCTGGATCCAGAAGCTCCTGCCCT

SEQ ID NO: 74
Prototheca moriformis (UTEX 1435) FAD linoleate Allele 2

MVAAGDVAGATASEGDGRALANPPPFTLADIRNAIPKDCFRKSAAKSLAYLGLDLSIVTGMAVLAYKINSPW
LWPLYWFAQGTMFWALFVVGHDCGHQSFSTSKRLNDAVGLFVHSIIGVPYHGWRISHRTHHNNHGHVENDES
WYPPTESGLKAMTDMGRQGRFHFPTMLFVYPFYLFWRSPGKTGSHFSPSTDLFASWEAPLIRTSNACQLAWL
GALAAGTWALGVLPMLNLYLAPYVISVAWLDLVTYLHHHGPSDPREEMPWYRGREWSYMRGGLTTIDRDYGL
FNKVHHDIGTHVVHHLFPQIPHYNLCRATEAAKKVLGPYYREPERCPLGLLPVHLLAPLLRSLGQDHFVDDA
GSVLFYRRAEGINPWIQKLLP

SEQ ID NO: 75
Prototheca moriformis (UTEX 1435) FAD linoleate Allele 1

ATGGTCGCTGCGGGCGACGTCGCTAGAGCCACCGCCTCTGAGGGAGATGGCCGGGCCCTGGCCAACCCGCCG
CCCTTCACGCTGGCCGACATCCGCAACGCCATTCCCAAGGACTGCTTCCGCAAGAGCGCGGCTAAGTCGTTG
GCGTACCTGGGTTTGGACCTCTCCATCATCACGGGCATGGCTGTGCTGGCCTACAAAATCAACTCGCCGTGG
CTCTGGCCCCTGTACTGGTTTGCCCAGGGAACGATGTTTTGGGCCCTGTTTGTCGTCGGACACGACTGTGGC
CACCAGAGCTTTAGCACGAGCAAGCGGCTGAACGACGCGGTCGGTCTTTTTGTGCACTCCATCATCGGCGTG
CCGTACCACGGCTGGCGCATCTCCCACCGCACCCACCACAACAACCACGGCCACGTGGAGAACGACGAGTCC
TGCGAAAGCGGGCTCAAGGCGATGACCGATATGGGCCGGCAGGGCCGATTCCACTTTCCCTCCATGCTCTTT
GTCTACCCCTTTTACCTCTTCTGGCGGTCCCCGGGCAAGACCGGGTCCCACTTTAGCCCCGCCACAGACCTC
TTCGCCTTGTGGGAGGCCCCCCTGATCCGGACGTCCAACGCGTGCCAGCTGGCGTGGCTGGGCGCGCTGGCG
GCGGGGACCTGGGCGCTGGGCETGCTGCCGATGCTGAACCTGTACCTCGCGCCCTACGTGATCTCGGTGGLC
TGGCTGGACCTGGTGACGTACCTGCACCACCACGGCCCCTCGGACCCGCGCGAGGAGATGCCCTGGTACCGL
GGCCGGGAGTGGAGCTACATGCGCGGCGGGCTGACCACAATCGACCGCGACTACGGTCTTTTCAACAAGGTC
CACCACGACATCGGGACGCACGTCGTGCACCACCTGTTCCCGCAGATCCCGCACTACAACCTCTGCCGCGLC
ACGAAGGCCGCCAAGAAGGTGCTGGGGCCCTACTACCGCGAGCCCGAGCGCTGCCLCGCTGGGCCTGCTGCCC
GTGCACCTGCTCGCGCCCCTGCTCCGCTCCCTCGGCCAGGACCACTTTGTCGACGACGCGGGCTCCGETCCTC
TTCTACCGGCGCGCCGAGGGCATCAACCCCTGGATCCAGAAGCTCCTGCCCT

SEQ ID NO: 76
Prototheca moriformis (UTEX 1435) FAD linoleate Allele 1
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MVAAGDVARATASEGDGRALANPPPFTLADIRNAIPKDCFRKSAAKSLAYLGLDLSIITGMAVLAYKINSPW
LWPLYWFAQGTMFWALFVVGHDCGHQSFSTSKRLNDAVGLFVHSIIGVPYHGWRISHRTHHNNHGHVENDES
CESGLKAMTDMGRQGRFHFPSMLFVYPFYLFWRSPGKTGSHFSPATDLFALWEAPLIRTSNACQLAWLGALA
AGTWALGVLPMLNLYLAPYVISVAWLDLVTYLHHHGPSDPREEMPWYRGREWSYMRGGLTTIDRDYGLFNKYV
HHDIGTHVVHHLFPQIPHYNLCRATKAAKKVLGPYYREPERCPLGLLPVHLLAPLLRSLGQDHFVDDAGSVL
FYRRAEGINPWIQKLLP

SEQ ID NO: 77
Prototheca moriformis (UTEX 1435) FAD-C delta-12 desaturase (FADc)
Allele 2

MAIKTNRQPVEKPPFTIGTLRKAIPAHCFERSALRSSMYLAFDIAVMSLLYVASTYIDPAPVPTWVKYGIMW
PLYWFFQGAFGTGVWVCAHECGHQAFSSSQAINDGVGLVFHSLLLVPYYSWKHSHRRHHSNTGCLDKDEVFEV
PPHRAVAHEGLEWEEWLPIRMGKVLVTLTLGWPLYLMFNVASRPYPRFANHFDPWSPIFSKRERIEVVISDL
ALVAVLSGLSVLGRTMGWAWLVKTYVVPYMIVNMWLVLITLLOQHTHPALPHYFEKDWDWLRGAMATVDRSMG
PPFMDSILHHISDTHVLHHLFSTIPHYHAEEASAAIRPILGKYYQSDSRWVGRALWEDWRDCRYVVPDAPED
DSALWFHK

SEQ ID NO: 78
Prototheca moriformis (UTEX 1435) FADc allele 2

ATGGCTATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTTCACGATCGGGACGCTGCGCAAGGCCATC
CCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTACCTGGCCTTTGACATCGCGGTCATGTCC
CTGCTCTACGTCGCGTCGACGTACATCGACCCTGCACCGGTGCCTACGTGGGTCAAGTACGGCATCATGTGG
CCGCTCTACTGGTTCTTCCAGGGCGCCTTCGGCACGGGTGTCTGGGTGTGCGCGCACGAGTGCGGTCACCAG
GCCTTTTCCTCCAGCCAGGCCATCAACGACGGCGTGGGCCTGGTGTTCCACAGCCTGCTGCTGGTGCCCTAC
TACTCCTGGAAGCACTCGCACCGCCGCCACCACTCCAACACGGGGTGCCTGGACAAGGACGAGGTGTTTGTG
CCGCCGCACCGTGCGGTGGCGCACGAGGGCCTGGAGTGGGAGGAGTGGCTGCCCATCCGCATGGGCAAGGTG
CTGGTCACCTTGACCCTGGGCTGGCCGCTGTACCTCATGTTCAACGTCGCCTCCCGCCCTTACCCGCGCTTC
GCCAACCACTTTGACCCGTGGTCGCCCATCTTCAGCAAGCGCGAGCGCATCGAGGTGGTCATCTCCGACCTC
GCGTTGGTGGCGGTGCTCAGCGGGCTCAGCGTGCTGGGCCGCACCATGGGCTGGGCCTGGCTGGTCAAGACC
TACGTGGTGCCCTACATGATCGTGAACATGTGGCTGGTGCTCATCACGCTGCTCCAGCACACGCACCLCGGLC
CTGCCGCACTACTTCGAGAAGGACTGGGACTGGCTACGCGGCGCCATGGCCACCGTCGACCGCTCCATGGGE
CCGCCCTTCATGGACAGCATCCTGCACCACATCTCCGACACCCACGTGCTGCACCACCTCTTCAGCACCATC
CCGCACTACCACGCCGAGGAGGCCTCCGCCGCCATCCGGCCCATCCTGGGCAAGTACTACCAATCCGACAGC
CGCTGGGTCGGCCGCGCCCTGTGGGAGGACTGGCGCGACTGCCGCTACGTCGTCCCCGACGCGCCCGAGGAL
GACTCCGCGCTCTGGTTCCACAAGTGA

SEQ ID NO: 79
Prototheca moriformis (UTEX 1435) Oleate Desturase

ATGGCTATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTTCACGATCGGGACGCTGCGCAAGGCCATC
CCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTACCTGGCCTTTGACATCGCGGTCATGTCC
CTGCTCTACGTCGCGTCGACGTACATCGACCCTGCGCCGGTGCCTACGTGGGTCAAGTATGGCGTCATGTGG
CCGCTCTACTGGTTCTTCCAGGTGTGTGTGAGGGTTGTGGTTGCCCGTATCGAGGTCCTGGTGGCGCGCATG
GGGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCACCTTCCAGGGCGCCTTCGGCACGG
GTGTCTGGGTGTGCGCGCACGAGTGCGGCCACCAGGCCTTTTCCTCCAGCCAGGCCATCAACGACGGCGTGG
GCCTGGTGTTCCACAGCCTGCTGCTGGTGCCCTACTACTCCTGGAAGCACTCGCACCGCCGCCACCACTCCA
ACACGGGGTGCCTGGACAAGGACGAGGTGTTTGTGCCGCCGCACCGCGCAGTGGCGCACGAGGGCCTGGAGT
GGGAGGAGTGGCTGCCCATCCGCATGGGCAAGGTGCTGGTCACCCTGACCCTGGGCTGGCCGCTGTACCTCA
TGTTCAACGTCGCCTCGCGGCCGTACCCGCGCTTCGCCAACCACTTTGACCCGTGGTCGCCCATCTTCAGCA
AGCGCGAGCGCATCGAGGTGGTCATCTCCGACCTGGCGCTGGTGGCGGTGCTCAGCGGGCTCAGCGTGCTGG
GCCGCACCATGGGCTGGGCCTGGCTGGTCAAGACCTACGTGGTGCCCTACCTGATCGTGAACATGTGGCTCG
TGCTCATCACGCTGCTCCAGCACACGCACCCGGCGCTGCCGCACTACTTCGAGAAGGACTGGGACTGGCTGC
GCGGCGCCATGGCCACCGTGGACCGCTCCATGGGCCCGCCCTTCATGGACAACATCCTGCACCACATCTCCG
ACACCCACGTGCTGCACCACCTCTTCAGCACCATCCCGCACTACCACGCCGAGGAGGCCTCCGCCGCCATCA
GGCCCATCCTGGGCAAGTACTACCAGTCCGACAGCCGCTGGGTCGGCCGCGCCCTGTGGGAGGACTGGCGCG
ACTGCCGCTACGTCGTCCCGGACGCGCCCGAGGACGACTCCGCGCTCTGGTTCCACAAGTGA

SEQ ID. NO:80
Prototheca moriformis (UTEX 1435) FAD-B delta-12 desaturase (FADc Allele
1), protein

MAIKTNRQPVEKPPFTIGTLRKAIPAHCFERSALRSSMYLAFDIAVMSLLYVASTYIDPAPVPTWVKYGVMW
PLYWFFQGAFGTGVWVCAHECGHQAFSSSQAINDGVGLVFHSLLLVPYYSWKHSHRRHHSNTGCLDKDEVFEV
PPHRAVAHEGLEWEEWLPIRMGKVLVTLTLGWPLYLMFNVASRPYPRFANHFDPWSPIFSKRERIEVVISDL
AXVAVLSGLSVLGRTMGWAWLVKTYVVPYLIVNMWLVLITLLOQHTHPALPHYFEKDWDWLRGAMATVDRSMG
PPFMDNILHHISDTHVLHHLFSTIPHYHAEEASAATRPILGKYYQSDSRWVGRALWEDWRDCRYVVPDAPED
DSALWFHK
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SEQ ID. NO: 81
Prototheca moriformis (UTEX 1435) LPAAT-E

ATGGTTGCGGCTCAGGAAGACGGCTCCATGGAGAGGAGGACCTCGGCCAACCCCTCCGTGGGTCTTAGCAGC
TTAAAGCACGTTCCGCTGAGTGCGGTGGACCTCCCGAATTTCGAGTCCGCTCCCAAGGGTGCGGCCAGCCCC
GATGTCCATCGTCAGATAGAGGAACTGGTGGATAAGGCACGCGCAGATCGGTCACCGGCCTCGTTGTCGCTC
CTAGCCGATGTGCTGGACATCAGCGGGCCGCTGCAGGACGCGGCCTCGGCGATGGTGGACGACTCCTTCCTG
CGCTGCTTCACCTCCACCATGGACGAGCCCTGGAACTGGAACTTTTACCTGTTCCCGCTCTGGGCGCTCGGC
GTCGTCGTCCGCAACCTGATCCTGTTCCCCCTGCGCCTCCTCACCATCGTGCTGGGGACGCTGCTCTTCGTG
CTGGCCTTTGCCGTGACGGGCTTTCTCCCCAAGGAGAAGCGGCTCGCGGCCGAGCAGCGGTGCGTCCAGTTC
ATGGCGCAGGCGTTCGTGGCCTCCTGGACAGGCGTGATCCGGTACCACGGCCCCLCGCLLLETGGLGGLELCT
AACCGCGTGTGGGTCGCCAACCACACGTCCATGATCGACTACGCGGTGCTGTGCGCCTACTGCCCGTTTGCG
GCCATCATGCAGCTGCACCCCGGCTGGGTGGGCGTCTTCCAGACGCGCTACCTGGCCTCGCTGGGCTGCCTC
TGGTTCAACCGCACGCAGGCCAAGGACCGCACGCTCGTGGCCAAGCGCATGCGCGAGCACGTGGCCAGCGLCG
ACCAGCACGCCGCTGCTCATCTTCCCCGAGGGCACCTGCGTCAACAACGAGTACTGCGTCATGTTCCGCAAG
GGCGCCTTTGACCTGGGCGCCACCGTCTGCCCCGTGGCCATCAAGTACAACAAGATCTTCGTCGACGCCTTT
TGGAACAGCAAGCGCCAGTCCTTCTCCGCGCACCTCATGAAGATCATGCGCTCGTGGGCCCTCGTCTGCGAC
GTCTACTTCCTGGAGCCCCAGACGCGGAGGGAGGGCGAGTCGGTCGAGGCGTTTGCGAACCGC

SEQ ID. NO: 82
Prototheca moriformis (UTEX 1435) LPAAT-E, protein

MVAAQEDGSMERRTSANPSVGLSSLKHVPLSAVDLPNFESAPKGAASPDVHRQIEELVDKARADRSPASLSL
LADVLDISGPLQDAASAMVDDSFLRCFTSTMDEPWNWNFYLFPLWALGVVVRNLILFPLRLLTIVLGTLLEV
LAFAVTGFLPKEKRLAAEQRCVQFMAQAFVASWTGVIRYHGPRPVAAPNRVWVANHTSMIDYAVLCAYCPFA
ATIMQLHPGWVGVFQTRYLASLGCLWEFNRTQAKDRTLVAKRMREHVASATSTPLLIFPEGTCVNNEYCVMFRK
GAFDLGATVCPVAIKYNKIFVDAFWNSKRQSFSAHLMKIMRSWALVCDVYFLEPQTRREGESVEAFANR

SEQ ID. NO:83
Prototheca moriformis (UTEX 1435) LPAAT-A, protein

MPPPEAPTNGDLAAPFVRKDRFGEYGMAPQPPMVKVVLALEALVLLPLRAVSVFILVVLYWLICNASVALPP
KYCAAVTVTAGRLVCRWALFCFGFHYIKWVNLAGAEEGPRPGGIVSNHCSYLDILLHMSDSFPAFVARQSTA
KLPFIGIISQIMSCLYVNRDRSGPNHVGVADLVKQRMQDEAEGKTPPEYRPLLLFPEGTTSNGDYLLPFKTG
AFLAGVPVQPVVLHYHRLPVYVPNEEEKADPKLYAQNVRKAMMEVAGTKDTTAVFEDKMRYLNSLKRKYGKP
VPKKIE

SEQ ID. NO:84
Prototheca moriformis (UTEX 1435) LPAAT-A

AAATTATTGGCCTCATCCGCGAGGGTCGGAGCCTTTCAAACGTCACAAGCTGTATATTTGAGTCCCTCTCAA
TTCGTTTGAAATGAAGGAGCAAGTGGTTAATGCCCCCCCCTGAGGCCCCCACGAATGGGGACCTTGCGGCCC
CCTTTGTGCGGAAGGACCGGTTCGGGGAGTATGGCATGGCCCCGCAGCCCCCGATGGTGAAGGTGGTGTTGG
CACTCGAGGCCTTGGTGCTCTTGCCGCTGCGCGCGGTGAGCGTGTTCATCCTCGTCGTGCTATACTGGCTCA
TTTGCAATGCTTCGGTCGCACTCCCGCCCAAGTACTGCGCGGCCGTCACGGTCACCGCTGGGCGCTTGGTCT
GCCGGTGGGCGCTCTTCTGCTTCGGATTCCACTACATCAAGTGGGTGAACCTGGCGGGCGCGGAGGAGGGCC
CCCGCCCGGGCGGCATTGTTAGCAACCACTGCAGCTACCTGGACATCCTGCTGCACATGTCCGATTCCTTCC
CCGCCTTTGTGGCGCGCCAGTCGACGGCCAAGCTGCCCTTTATCGGCATCATCAGCCAAATTATGAGCTGCC
TCTACGTGAACCGCGACCGCTCGGGGCCCAACCACGTGGGTGTGGCCGACCTGGTGAAGCAGCGCATGCAGG
ACGAGGCCGAGGGGAAGACCCCGCCCGAGTACCGGCCGCTGCTCCTCTTCCCCGAGGGCACCACCTCCAACG
GCGACTACCTGCTTCCCTTCAAGACCGGCGCCTTCCTGGCCGGGGTGCCCGTCCAGCCCGTCGTCCTCCACT
ACCACAGGTTGCCCGTGTACGTCCCCAATGAGGAGGAAAAGGCCGACCCCAAGCTGTACGCCCAAAACGTCC
GCAAAGCCATGATGGAGGTCGCCGGGACCAAGGACACGACGGCGGTGTTTGAGGACAAGATGCGCTACCTGA
ACTCCCTGAAGAGAAAGTACGGCAAGCCTGTGCCTAAGAAAATTGAGTGAACCCCCGTCGTCGACCAAAGAG

SEQ ID. NO:85
Prototheca moriformis (UTEX 1435) SAD1 allele 2, protein

MASAAFTMSACPAMTGRAPEARRSGRPVATRLRAVAAPPRSQGLTPTIVRQDVLHSATDLQIEVIKDLTPVE
ESKILPLLPGVDDLWQPTDYLPASNSERFFDEIGELRERSASLSDELLVCLVGDMITEEALPTYMAMINTLD
GMRDETGRDAHPYARWTRSWVAEENRHGDLLNKYLWLTGRVDMLAVERTIQRLISTGMDPGTENHPYHGFVF
TSFQERATKLSHGATARIAHAAGDEALAKICGTIARDESRHEMAYTRTMEAIFERDPSGAVVAFAHMMLRKI
TMPAHLMDDGRHERATGRSLFDDYAAVAERIGVYTAKDYISILKHLIKRWKVEGLTGLTPEARQAQDLLCSL
PTRFERLARHKSKKVITDTPPAQVQFSWVFQRPVAM

SEQ ID. NO:86
Prototheca moriformis (UTEX 1435) SAD1 allele 2
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ATGGCTTCCGCGGCATTCACCATGTCGGCGTGCCCCGCGATGACTGGCAGGGCCCCTGAGGCACGTCGCTCC
GGACGGCCAGTCGCCACCCGCCTGAGGGCTGTGGCGGCCCCGCCGCETTCCCAGGGCCTCACCCCCACCATC
GTCCGCCAAGATGTGTGCTGCACTCTGCCACGGACCTGCAGATCGAGGTGATCAAGGACCTGACCCCCGTGT
TTGAGTCCAAGATCCTGCCCCTGCTGCCCGGCGTGGACGACCTGTGGCAGCCGACGGACTACCTTCCCGCCT
CCAACTCGGAGCGTTTCTTCGACGAGATCGGGGAGCTGCGCGAGCGCTCGGCGTCGCTGTCGGACGAGCTTC
TGGTGTGCCTGGTGGGCGACATGATCACGGAGGAGGCGCTGCCGACCTACATGGCCATGATCAACACGCTGG
ACGGGATGCGGGACGAGACGGGGCGCGACGCGCACCCGTACGCGCGCTGGACGCGCAGCTGGGTGGCGGAGG
AGAACCGCCACGGCGACCTGCTGAACAAGTACCTCTGGCTGACGGGGCGCGTGGACATGCTGGCCGTGGAGC
GCACGATCCAGCGCCTCATCTCCACGGGCATGGACCCGGGCACGGAGAACCACCCCTACCACGGCTTCGTCT
TCACCTCCTTCCAGGAGCGCGCGACCAAGCTGAGCCACGGCGCCACCGCGCGCATCGCGCACGCCGLCLCGGLG
ACGAGGCGCTGGCCAAGATCTGCGGCACCATCGCGCGCGACGAGTCGCGCCACGAGATGGCCTACACGCGCA
CGATGGAGGCCATCTTCGAGCGCGACCCCTCGGGCGCGGTCGTCGCCTTTGCGCACATGATGCTGCGCAAGA
TCACCATGCCCGCGCACCTCATGGACGACGGCCGCCACGAGCGCGCCACGGGACGCTCGCTCTTCGACGACT
ACGCGGCCGTCGCCGAGCGCATCGGCGTCTACACCGCCAAGGACTACATCTCCATCCTCAAGCACCTCATCA
AGCGCTGGAAGGTGGAGGGCCTGACCGGGCTGACCCCGGAGGCGCGCCAGGCGCAGGACCTGCTCTGCTCCC
TCCCCACCCGCTTCGAGCGCCTGGCCAGGCACAAGTCCAAGAAGGTGACCGACACGCLCLCLCGGLLCAGGTCE
AGTTCTCCTGGGTCTTCCAGAGGCCCGTCGCCATGTAAAGAGATTGGCGCCTGATTCGGTTTGGATCCGAGG
ATTTCCAATCGGTGAGAGGGACTGGGTGCCCAACTACCGCCCTTGCACCATCGCCCTTGCACTATTTATTCC
CACTTTCTGCTCGCCCTGCCGGGCGATTGCGGGCGTTTCTGCCCTTGACGTATTAATTTCGCCCCTGCTGGC
GCGAGGGTTCTTCAAGTTGATAAGAACGCACTCCCGCCAGCTCTGTACTTTTTCTGCGGGGCCCCTGCATGG
CTTGTTCCCTATGCTTGCTCGATCGACGGCGCCCATTGCCCACGGCGTCGCCGCATCCATGTGAAGAAACAC
GG

SEQ ID. NO: 87
Prototheca moriformis (UTEX 1435) SAD1 allele 1

ATGGCTTCCGCGGCATTCACCATGTCGGCGTGCCCCGCGATGACTGGCAGGGCCCCTGGGGCACGTCGCTCC
GGACGGCCAGTCGCCACCCGCCTGAGGGCTGTGGCGGCCCCGCCGCETTCCCAGGGCCTCACCCCCACCATC
GTCCGCCAAGATGTGTGCTGCACTCTGCCACGGACCTGCAGATCGAGGTGATCAAGGACCTGACCCCCGTGT
TTGAGTCCAAGATCCTGCCCCTGCTGCCCGGCGTGGACGACCTGTGGCAGCCGACGGACTACCTGCCCGCCT
CCAACTCGGAGCGCTTCTTCGACGAGATCGGGGAGCTGCGCGAGCGCTCGGCGGCGCTGTCGGACGAGCTGC
TGGTGTGCCTGGTCGGCGACATGATCACGGAGGAGGCGCTGCCGACCTACATGGCCATGATCAACACGCTGG
ACGGGATGCGGGACGAGACGGGGCGCGACGCGCACCCGTACGCGCGCTGGACACGCAGCTGGGTGGCGGAGG
AGAACCGCCACGGCGACCTGCTGAACAAGTACCTCTGGCTGACGGGGCGCGTGGACATGCTGGCCGTGGAGC
GCACCATCCAGCGCCTCATCTCCACGGGCATGGACCCGGGCACGGAGAACCACCCCTACCACGGCTTCGTCT
TCACCTCCTTCCAGGAGCGCGCGACCAAGCTGAGCCACGGCGCCACCGCGCGCATCGCGCACGCCGLCLCGGLG
ACGAGGCCCTGGCCAAGATCTGCGGCACCATCGCGCGCGACGAGTCACGCCACGAGATGGCCTACACGCGCA
CGATGGAGGCCATCTTCGAGCGCGACCCCTCGGGCGCGGTCGTCGCCTTTGCGCACATGATGCTGCGCAAGA
TCACCATGCCCGCGCACCTCATGGACGACGGGCGGCACGAGCGCGCCACGGGGCGCTCGCTCTTCGACGACLCT
ACGCGGCCGTGGCCGAGCGCATCGGCGTCTACACCGCCAAGGACTACATCTCCATCCTCAAGCACCTCATCA
AGCGCTGGAAGGTGGAGGGCCTGACCGGGCTGACCCCGGAGGCGCGCCAGGCCCAGGACCTGCTCTGCTCCC
TCCCCGCCCGCTTTGAGCGCCTGGCCAAGCACAAGTCCAAGAAGGTGACCGACACGCCCCCGGCCCAGGTCC
AGTTCTCCTGGGTCTTCCAGAGGCCCGTCGCCATGTAAAGTGGCAGAGATTGGCGCCTGATTCGATTTGGAT
CCAAGGATCTCCAATCGGTGATGGGGACTGAGTGCCCAACTACCACCCTTGCACTATCGTCCTCGCACTATT
TATTCCCACCTTCTGCTCGCCCTGCCGGGCGATTGCGGGCGTTTCTGCCCTTGACGTATCAATTTCGCCCCT
GCTGGCGCGAGGATTCTTCATTCTAATAAGAACTCACTCCCGCCAGCTCTGTACTTTTCCTGCGGGGCCCCT
GCATGGCTTGTTCCCAATGCTTGCTCGATCGACGGCGCCCATTGCCCACGGCGCTGCCGCATCCATGTGAAG
AAACACGG

SEQ ID. NO:88
Prototheca moriformis (UTEX 1435) SAD1 allele 1

MASAAFTMSACPAMTGRAPGARRSGRPVATRLRAVAAPPRSQGLTPTIVRQDVLHSATDLQIEVIKDLTPVEF
ESKILPLLPGVDDLWQPTDYLPASNSERFFDEIGELRERSAALSDELLVCLVGDMITEEALPTYMAMINTLD
GMRDETGRDAHPYARWTRSWVAEENRHGDLLNKYLWLTGRVDMLAVERTIQRLISTGMDPGTENHPYHGFVF
TSFQERATKLSHGATARIAHAAGDEALAKICGTIARDESRHEMAYTRTMEAIFERDPSGAVVAFAHMMLRKI
TMPAHLMDDGRHERATGRSLFDDYAAVAERIGVYTAKDYISILKHLIKRWKVEGLTGLTPEARQAQDLLCSL
PARFERLAKHKSKKVIDTPPAQVQFSWVFQRPVAM

SEQ ID. NO:89
Prototheca moriformis (UTEX 1435) Plastidial ACP allele 1

MAMSMTSCRAVCAPRATLRVQAPRVAVRPFRAQRMICRAVDKASVLSDVRVIIAEQLGTDVEKVNADAKFAD
LGADSLDTVEIMMALEEKFDLQLDEEGAEKITTVQEAADLISAQIGA

SEQ ID. NO:90
Prototheca moriformis (UTEX 1435) Plastidial ACP allele 2

MAMSMTSCRAVCAPRATLRVQAPRVAVRPFRAQRMICRAVDKASVLSDVRVIIAEQLGTDVEKVNADAKFAD
LGADSLDTVEXMMALEEKFDLQLDEEGAEKITTVQEAADLISAQXGA
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SEQ ID. NO:91
Prototheca moriformis (UTEX 1435) Acetyl-CoA carboxylase alpha-CT
subunit allele 2

ATGCTGCTCTCGCGCTTCAACCCCATCAGCGAGAAGGCCACCAACGCCACGGTGCTCGACTTTGAGAAACCT
TTGGTGGAACTTGATCATAAAATTCGCGAGGTCCGCAAAGTCGCGGAGGAGAACGGCGTGGACGTCACGGAG
CAGATCCGCGAGCTGGAGGACCGCGCGCAGCAGGTAGTCGAGTCTGTGTGGAGAGGGTTGCGAAAGGAGACG
TACTCCAAGCTGACGCCGATCCAGCGGCTGCAGGTGGCGCGCCACCCCAACCGCCCCACTTTCTTGGACATT
GCGCTCAACATCACGGACAAGTTTGTGGAGCTGCACGGCGATCGCGCGGGGTACGACGACCCGGCGCTCGETC
TGCGGCATCGCGTCGATCGACAACGTGAGCTTCATGTTCATGGGCCACCAGAAGGGCCGCAACACCAAGGAG
AACATCTACCGCAATTTCGGCATGCCGCAGCCCAACGGCTACCGCAAGGCGCTGCGCTTCATGCGCCTGGCG
GACAAGTTTGGCTTCCCCATCGTCACGTTTGTGGACACGCCCGGCGCGTACGCGGGGCTCAAGGCCGAGGAG
CTGGGCCAGGGCGAGGCCATCGCGGTCAACCTGCGCGAGATGTTTGGCTTCCGCGTGCCCATCATCTCCATC
GTCATCGGCGAGGGCGGCTCCGGCGGCGCGCTGGCCATCGGCTGCGCCAACCGCATGCTCATCATGGAGAAC
GCGGTGTACTACGTGGCCTCTCCCGAGGCCTGCGCGGCCATCCTGTGGAAGAGCCGCGACAAGGCGGGCCTG
GCCACCGAGGCGCTCAAGATCACGCCCGCCGACCTGGTCAAGCTCAAGGTCATGGACGAGATCGTGCCGGAG
CCGCTGGGCGCCGCGCACACCGACCCCATGGGCGCCTTCCCGGCCGTGCGCGAGGCCATCCTGCGCCAC

SEQ ID. NO: 92
Prototheca moriformis Acetyl-CoA carboxylase alpha-CT subunit allele 1

ATGTTCAATAGATACTATCTTGCAACAAGATTGCACTTGGGTTTGGTCGTCTGCTGTTGTGCACTACCATGT
GACGTTGTGCTCGTCCATTCTGTTCCCGTCCAGGTCCGCAAAGTCGCGGAGGAGAACGGCGTGGACGTCACG
GAGCAGATCCGCGAGCTGGAGGACCGCGCGCAGCAGGTAGTCGAGTCTGTGTGGAGAGGGGTGGGATACTTT
GGAAGAATGGGTGCTGTGGAGTCCAGTCATTTGAAGGAAAGGGTAGTCGACTTCCCTCTGTGGTCGTATCTA
TCTTCTCCAAGCATATCTCACTTTGCCCCTCTTCTCCGCCCCCCTCCATTACCAACCCGTCCACAGTTGCGA
AAGGAGACGTACTCCAAGCTGACGCCGATCCAGCGGCTGCAGGTGGCGCGCCACCCCAACCGCCCCACTTTC
TTGGACATTGCGCTCAACATCACGGACAAGTTTGTGGAGCTGCACGGCGATCGCGCGGGGTACGACGACCCG
NNNNNNNNNNAGAACGGCGTGGACGTCACGGAGCAGATCCGCGAGCTGGAGGACCGCGCGCAGCAGTGTAGT
CAACTTTTCTGTGGTTCTATCCATCTTCCCCAAGTATATCTCACCCCCTCTTCCCCCCCTCTCCCCTTTAAC
AACACCCCGTCCACAGTTGCGAAAGGAGACATACTCCAAGCTGACGCCGATCCAGCGGCTGCAGGTGGCGCG
CCACCCCAACCGCCCTACTTTCTTGGACATTGCGCTCAACATCACGGACAAGTTTGTGGAGCTGCACGGCGA
CCGCGCGGGGTACGACGACCCCGCGCTCGTCTGCGGCATCGCGTCGATCGACAACGTGAGCTTCATGTTCAT
GGGCCACCAGAAGGGCCGCAACACCAAGGAGAACATCTACCGCAATTTCGGCATGCCGCAGCCCAACGGCTA
CCGCAAGGCGCTGCGCTTCATGCGCCTGGCGNNNNNNNNNNCGACAACGTGAGCTTCATGTTCATGGGCCAC
CAGAAGGGCCGCAACACCAAGGAGAACATCTACCGAAACTTTGGCATGCCGCAGCCCAACGGCTACCGCAAG
GCGCTGCGCTTCATGCGCCTGGCCGACAAGTTTGGCTTCCCCATCGTCACGTTTGTGGACACGCCCGGCGLCG
TACGCGGGGCTCAAGGCCGAGGAGCTGGGCCAGGGCGAGGCCATCGCGGTCAACCTGCGCGAGATGTTTGGC
TTCCGCGTGCCCATCATCTCCATCGTCATCGGCGAGGGCGGCTCCGGCGGCGCGCTGGCCATCGGCTGCGCC
AACCGCATGCTCATCATGGAGAACGCGGTGTACTACGTGGCCTCTCCCGAGGCCTGCGCGGCCATCCTGTGG
AAGAGCCGCGACAAGGCGGGCCTGGCCACCGAGGCGCTCAAGATCACGCCCGCCGACCTGGTCAAGCTCAAG
GTCATGGACGAGATCGTGCCGGAGCCGCTGGGCGCCGCGCACACCGACCCCATGGGCGCCTTCCCGGCCGAG
GAGGCCGACTACATCGAGCAGATGGCCGAGCGCTGGCGGTGGTGGGACAGCCTGCTGGAGGACAAGAAGGAC
ATCGTCAACCCGCCAAAGACCGAGCACCCGGGCTGGCTCATCCCGGGCTTTGCCGAGTTCGCCATCGGCGTC
GCCAAGGCCGCCGACGCGCGCCAGGCGCGCATGGGGCTCGAGGGCGAGAGCGCCGCGCACGCCAACGALGLC
GGCATCGGCACCGAGAGGGACGGCGGCGCCGAGGGCAACGGCGCGAACGCCGAGAACGGGGCGCACGACGAG
TCGTCTATCGCGGAGACCGAGTGA

SEQ ID. NO:93
Prototheca moriformis (UTEX 1435) 1b-ACCase-BC-A

MAPASVNLTQVCGGANVEFPSVPQGDMGDHGLIQHVDSIAFRATPCPAAVAGRRQFPRGAGPSRRSQRSTGS
ARLTPSASTPSRLVARAETGTNGSAALTPIHKVLIANRGEIAVRVIRACKELGIKITVAVYSTADRECLHAQL
ADEAVCIGEAPSSESYLNIPTILSAAMSRGADAIHPGYGFLSENAEFVDICKDHGINFIGPGSEHIRVMGDK
ATARETMKQAGVPTVPGSDGLVETPEEALEVADQVGFPVMIKATAGGGGRGMRLAMTRDEFLPLLRAAQGEA
QAAFGNGAVYLERYVKDPRHIEFQVLADKHGNVIHLGERDCSIQRRNQKLLEEAPSPALTPEVRAAMGEAAT
NAARSIGYVGVGTIEFLWEPAGFYFMEMNTRIXXXXCARSGHSGVCPGGAGETQAWRAIAHSPGTKEVIGWY
CKDSKERPFKRPPRLAGRALESSSNSSTGAASRSAANSVGDGINIQRGGARANRLSKENNTQETRAPFGQTK
RERRLEGQVGTQAVEGAPRHM

SEQ ID. NO: 94
Prototheca moriformis Heteromeric acetyl-CoA carboxylase BC subunit
allele 2

MAPASVNLTQVCCSAGHGLRPARATPCPAAVAGRRQFPRGAGPSRRSQRSTGSARLTPSASTPSRLVARAET
GTNGSAALTPIHKVLIANRGEIAVRVIRACKELGIKTVAVYSTADRECLHAQLADEAVCIGEAPSSESYLNI
PTILSAAMSRGADATIHPGYGFLSENAEFVDICKDHGINFIGPGSEHIRVMGDKATARETMKQAGVPTVPGSD
GLVETPEEALEVADQVGFPVMIKATAGGGGRGMRLAMTRDEFLPLLRAAQGEAQAAFGNGAVYLERYVKDPR
HIEFQVLADKHGNVIHLGERDCSIQRRNQKLLEEAPSPALTPEVRAAMGEAATNAARSIGYVGVGTIEFLWE
PAGFYFMEMNTRIQVEHPVTEMITGVDLIQEQIRAAMGEPLRLTQEDIVIKGHSIECRINAEDPFKGFRPGP
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GRVTAYLPPGGPNVRMDSHVYPDYLVPSNYDSLLGKLIVWGEDRQAATIERMKRALDEMVVAGVPTTAPYHLL
ILDHEAFRAGDVDTGFIPKHGDDLILPPEAARKKPNVVVEAAKRAHSRSKASV*

SEQ ID. NO:95
Prototheca moriformis (UTEX 1435) Heteromeric acetyl-CoA carboxylase
BCCP-A subunit allele 1

MSGTFYSSPAPGEPPFVKVGDSVKKGQTVCIIEAMKLMNEIEAESSGTIVKVVAEHGKPVTPGAPLFIIKP

SEQ ID. NO:96
Prototheca moriformis (UTEX 1435) Heteromeric acetyl-CoA carboxylase
BCCP-A subunit allele 2

MPSFTKALPRLGGGLVPKPAVSVIDSGKSDLLMRFFESDWFDAWIALTYVALGSEGRSCVEMAGLRAVRRFG
TDWGHPGEWVWLERRVGLLREVVWPGRSRQSDALGPCIGVGGRARAGFKIARVQLTPLGDDYVTHYKPTRPP
SRPPPLTAGCGDLPVAAHPAVHAAAQQLARARPDRPLLALAAHCGODVLAAPRHQPGQPHRHARHRAPRSMR
AGRPGRHLGTRGEETEGGRTXXXXPAGGPCRPPAAPPPPAPAVEGVEISSPMSGTFYSSPAPGEPPFVKVGD
SVKKGQTVCIIEAMKLMNEIEAEVGDSGVVAVKEG

SEQ ID. NO:97
Prototheca moriformis (UTEX 1435) Acetyl-CoA carboxylase alpha-CT

gsubunit allele 1

MSDPVASGCDSMTSSQCRVGAWASPMAVARTRAVARPI PRSRNPRLRVRAGIDPPDLPKPREEEKKHGDWFQ
MLLSRFNPISEKATNATVLDFEKPLVELDHKIREVRKVAEENGVDVTEQIRELEDRAQQLRKETYSKLTPIQ
RLQVARHPNRPTFLDIALNITDKFVELHGDRAGYDDPALVCGIASIDNVSFMFMGHQKGRNTKENIYRNFGM
PQPNGYRKALRFMRLADKFGFPIVIFVDTPGAYAGLKAEELGQGEAIAVNLREMFGFRVPIISIVIGEGGSG
GALAIGCANRMLIMENAVYYVASPEACAAILWKSRDKAGLATEALKITPADLVKLKVMDEIVPEPLGAAHTD
PMGAFPAVREAILRHWRELQPLSPVQMRADRYMKFRHIGVYAEHMVPGGQIEAVEAFRESLPGAKTKAGTYA
PTQEEADYIEQMAERWRWWDSLLEDKKDIVNPPKTEHPGWLIPGFAEFAIGVAKAADARQARQGLEGESAAH
ANDAGIGTERDGSAEVNGANAKNGAHDESLAEAE *

SEQ ID. NO:98

Prototheca moriformis (UTEX 1435) Acetyl-CoA carboxylase alpha-CT
subunit allele 2
proteinMLLSRFNPISEKATNATVLDFEKPLVELDHKIREVRKVAEENGVDVTEQIRELEDRAQQVVESVW
RGLRKETYSKLTPIQRLOVARHPNRPTFLDIALNITDKFVELHGDRAGYDDPALVCGIASIDNVSFMFMGHQ
KGRNTKENIYRNFGMPQPNGYRKALRFMRLADKFGFPIVTFVDTPGAYAGLKAEELGQGEAIAVNLREMFGEF
RVPIISIVIGEGGSGGALAIGCANRMLIMENAVYYVASPEACAATILWKSRDKAGLATEALKITPADLVKLKV
MDEIVPEPLGAAHTDPMGAFPAVREAILRH

SEQ ID. NO:99
Prototheca moriformis (UTEX 1435) Acetyl-CoA carboxylase alpha-CT
subunit allele 2

ATGCTGCTCTCGCGCTTCAACCCCATCAGCGAGAAGGCCACCAACGCCACGGTGCTCGACTTTGAGAAACCT
TTGGTGGAACTTGATCATAAAATTCGCGAGGTCCGCAAAGTCGCGGAGGAGAACGGCGTGGACGTCACGGAG
CAGATCCGCGAGCTGGAGGACCGCGCGCAGCAGGTAGTCGAGTCTGTGTGGAGAGGGTTGCGAAAGGAGACG
TACTCCAAGCTGACGCCGATCCAGCGGCTGCAGGTGGCGCGCCACCCCAACCGCCCCACTTTCTTGGACATT
GCGCTCAACATCACGGACAAGTTTGTGGAGCTGCACGGCGATCGCGCGGGGTACGACGACCCGGCGCTCGETC
TGCGGCATCGCGTCGATCGACAACGTGAGCTTCATGTTCATGGGCCACCAGAAGGGCCGCAACACCAAGGAG
AACATCTACCGCAATTTCGGCATGCCGCAGCCCAACGGCTACCGCAAGGCGCTGCGCTTCATGCGCCTGGCG
GACAAGTTTGGCTTCCCCATCGTCACGTTTGTGGACACGCCCGGCGCGTACGCGGGGCTCAAGGCCGAGGAG
CTGGGCCAGGGCGAGGCCATCGCGGTCAACCTGCGCGAGATGTTTGGCTTCCGCGTGCCCATCATCTCCATC
GTCATCGGCGAGGGCGGCTCCGGCGGCGCGCTGGCCATCGGCTGCGCCAACCGCATGCTCATCATGGAGAAC
GCGGTGTACTACGTGGCCTCTCCCGAGGCCTGCGCGGCCATCCTGTGGAAGAGCCGCGACAAGGCGGGCCTG
GCCACCGAGGCGCTCAAGATCACGCCCGCCGACCTGGTCAAGCTCAAGGTCATGGACGAGATCGTGCCGGAG
CCGCTGGGCGCCGCGCACACCGACCCCATGGGCGCCTTCCCGGCCGTGCGCGAGGCCATCCTGCGCCAC

SEQ ID. NO:100
Prototheca moriformis (UTEX 1435) 1d-ACCase-CT-alpha-A

ATGGATCTCTTCCGCAGCGAGGAGGTGCACCTGATGCAGCTCATGATCCCCGCCGAGGTCGCCCACGACACG
ATGGTGGCCCTGGGCGAGGTGGGGATGCTGCAGTTCAAGGACCTCAACCCCGACAAGCCGGCCTTCCAGCGC
ACGTTCGCCAACCAGATCAAGCGGTGCGACGAGATGGCGCGGCAGCTGCGCTTCTTCCAGGCGGAGCTGGAC
AAGCACGAGGTGCCCGCTTCGCGGCGCGCGGGCGACCCGCCCAGCCCCGACCTGGACCAGCTGGAGTCGCAG
CTTGCGGCGCTGGAGTCGGAGCTGGTGCAGCTCAACGGCAACGCGGAGCGCCTGGGACTAGGCGGTCGGCCC
GCGCCTGTCGTCCCTTTGGAGGAGGAGAAGAAGCACGGCGACTGGTTCCAAATGCTGCTCTCGCGCTTCAAC
CCCATCAGCGAGAAGGCCACCAACGCCACGGTGCTCGACTTTGAGAAACCTTTGGTGGAACTTGATCATAAA
ATTCGCGAGTTGCGAAAGGAGACATACTCCAAGCTGACGCCGATCCAGCGGCTGCAGGTGGCGCGCCACCCC
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AACCGCCCTACTTTCTTGGACATTGCGCTCAACATCACGGACAAGTTTGTGGAGCTGCACGGCGACCGCGCG
GGGTACGACGACCCCGCGCTCGTCTGCGGCATCGCGTCGATCGACAACGTGAGCTTCATGTTCATGGGCCAC
CAGAAGGGCCGCAACACCAAGGAGAACATCTACCGAAACTTTGGCATGCCGCAGCCCAACGGCTACCGCAAG
GCGCTGCGCTTCATGCGCCTGGCCGACAAGTTTGGCTTCCCCATCGTCACGTTTGTGGACACGCCCGGCGLCG
TACGCGGGGCTCAAGGCCGAGGAGCTGGGCCAGGGCGAGGCCATCGCGGTCAACCTGCGCGAGATGTTTGGC
TTCCGCGTGCCCATCATCTCCATCGTCATCGGCGAGGGCGGCTCCGGCGGCGCGCTGGCCATCGGCTGCGCC
AACCGCATGCTCATCATGGAGAACGCGGTGTACTACGTGGCGTCCCCGGAAGCCTGTGCGGCCATCCTGTGG
AAGAGCCGCGACAAGGCGGGCCTGGCCACCGAGGCGCTCAAGATCACGCCCGCCGACCTGGTCAAGCTCAAG
GTCATGGACGAGATCGTACCCGAGCCGCTGGGCGCCGCGCACACCGACCCCATGGGCGCCTTCCCGGCCETG
CGCGAGGCCATTCGCCAGAAAAACGTCGTGGAAAACTTTGAGGCGGCGCTGGAGTACAACCCCGAGGCGTTT
GGCACCGTCACCATGCTGTACGTGCCCATGACGGTCAACGGCACGCCCCTCAAGGCCTTTATCGATTCGGGC
GCACAGATGACCATCATGTCCCGCAGCTGCGCGGAGCGGTGCGGGCTGCTCCGTCTCATGGACACGCGGTGG
CAGGGGACAGCCGTCGGCGTCGGCTCGGCCAAGATCCTGGGGAGGATCCACATGGCTCCGCTGGTCGCGGCC
GGCCACCACCTGCCCATCTCCATCACCGTGCTGGATCAGGAGGGCATGGACTTTCTCTTTGGGCTGGACAAC
CTCAAGCGGCACCAATGCTGCATCGACCTGAAGGCAAACGCGCTTCGGTTTGGGTCGACAGAGGCCGAGATC
CCGTTTCTGCCGGAGCACGAGGTCCCCAGGCATCAGCACCAGCTCGCCGGGGAGGACGCCGCGAGCGGTAGA
ACCGCAGCCACGGCCCCTCCCAGCACCGCTCCCGCACCGACCAACCAGCCCACAGTGCAAGCAGLCTCCGCCA
GCACCAAATGCTCAGCTGGAGGAAAAGGTGTCGAAACTCATGGGCCTGGGCGGCGTGATCCAGCTATGGGAT
TACCGCATGGGCACGCTCATCGATCGATTCGAGGAGCATGAGGGACCCGTGCGTGGCGTGCACTTTCATCCC
ACCCAGCCGCTCTTCGTGTCTGGCGGGGACGACTACAAGATCAAAGTGTGGAACTACAAGACGCGC

SEQ ID. NO:101
Prototheca moriformis (UTEX 1435) Heteromeric acetyl-CoA carboxylase
BCCP-A subunit allele 1

ATGTCCGGCACTTTCTACTCCTCCCCCGCCCCCGGCGAGCCACCGTTTGTCAAGGTCGGCGACAGCGTCAAG
AAGGGCCAGACGGTCTGCATCATCGAGGCCATGAAGCTGATGAACGAGATCGAGGCCGAGTCTTCTGGAACA
ATCGTCAAGGTTGTGGCCGAGCACGGCAAGCCTGTCACCCCCGGCGCCCCCCTGTTCATCATCAAGCCCTGA

SEQ ID. NO:102
Prototheca moriformis (UTEX 1435) Heteromeric acetyl-CoA carboxylase
BCCP-A subunit allele 2

ATGCCGAGCTTTACCAAGGCGCTCCCCAGGCTGGGAGGGGGACTGGTCCCCAAGCCCGCAGTGAGCGTGACG
GACAGCGGCAAGTCCGACTTGCTCATGCGTTTCTTTGAGAGCGATTGGTTCGACGCCTGGATTGCTCTTACG
TACGTTGCGCTCGGTTCGGAGGGGCGTTCCTGTGTCGAGATGGCGGGGTTGCGAGCTGTGAGACGTTTTGGA
ACGGATTGGGGGCACCCTGGGGAGTGGGTTTGGCTGGAGCGGCGGGTGGGCTTGTTGAGGGAGGTGGTCTGG
CCTGGTCGTTCAAGGCAGTCTGACGCATTGGGGCCGTGCATTGGCGTCGGGGGGCGTGCCCGCGCTGGTTTC
AAAATCGCTCGCGTCCAATTGACGCCATTAGGTGATGATTATGTGACGCATTACAAACCCACCCGGCCCCCG
TCGCGCCCGCCCCCGTTGACAGCGGGATGTGGAGACCTACCTGTCGCAGCTCACCCAGCTGTGCATGCTGCA
GCCCAACAGCTCGCTCGAGCGCGTCCTGATCGACCTCTGCTCGCGCTCGCTGCGCATTGCGGTCAAGACGTA
CTGGCTGCTCCTCGCCATCAGCCAGGACAACCCCACAGACACGCACGTCATCGCGCTCCGCGATCGATGCGA
GCAGGCCGCCCTGGAAGGCACCTGGGTACGAGGGGAGAGGAGACAGAGGGGGGGAGGACCNNNNNNNNNNCA
CCGGCCGGCGGGCCTTGTCGGCCTCCCGCCGCGCCGCCGCCGCCCGCCCCCGCCGTCGAGGGCGTGGAGATC
AGCTCGCCCATGTCCGGCACCTTCTACTCCTCCCCCGCCCCCGGCGAGCCGCCGETTTGTCAAGGTCGGCGAL
AGCGTCAAGAAGGGCCAGACGGTCTGCATCATCGAGGCCATGAAGCTCATGAACGAGATCGAGGCCGAGGTG
GGCGACAGCGGAGTGGTGGCGGTGAAAGAGGGGTAA

SEQ ID. NO:103
Prototheca moriformis (UTEX 1435) Heteromeric acetyl-CoA carboxylase BC
subunit allele 2

ATGATCACNGGCGTGGACCTGATCCAGGAGCAGATCCGCGCCGCCATGGGCGAGCCGCTGCGCCTGAGACAG
GAGGACATCGTGATCAAGGGCCACAGCATCGAGTGCCGCATCAACGCGGAGGACCCNTTCAAGGGCTTCCGC
CCGGGGCCGGGGCGCGETGACCGCCTACCTGCCGCCCGGCGGGCCCAACGTGCGCATGGACAGCCACGTCTAC
CCCGACTACCTGGTGCCCTCCAACTACGACTCCCTGCTGGGCAAGCTCATCGTCTGGGGCGAGGACCGCCAG
GCGGCCATCGAGCGCATGAAGCGCGCGCTGGACGAGATG

SEQ ID. NO:104
Prototheca moriformis ACC-BC-1 nucleotide sequence

ATGGCGCCAGCCTCTGTCAACCTGACCCAGGTTTGCTGCTCCGCCGGGCATGGTCTGCGTCCCGCGAGGGCG
ACGCCCTGCCCTGCGGCGGTGGCCGGCCGGAGGCAGTTCCCCCGCGGCGCCGGCCLCLCTCCCEGTCGCTCCCAG
CGCTCGACGGGCTCCGCGAGGTTGACGCCCTCTGCCTCCACGCCCTCCCGCCTGGTCGCCCGCGCCGAGACG
GGCACCAATGGCTCCGCCGCCCTGACCCCCATCCACAAGGTGCTGATCGCCAACCGTGGCGAGATCGCGGTT
CGCGTGATCCGGGCCTGCAAGGAGCTGGGCATCAAGACGGTGGCCGTCTACTCCACGGCCGACCGCGAGTGC
CTGCACGCGCAGCTGGCGGACGAGGCGGTGTGCATCGGCGAGGCGCCCAGCTCCGAGTCCTACCTCAACATC
CCGACCATCCTCTCGGCGGCCATGTCGCGCGGCGCGGACGCGATCCACCCCGGCTACGGCTTTCTGTCCGAG
AACGCCGAGTTTGTGGACATCTGCAAGGACCACGGCATCAACTTCATCGGCCCCGGGTCGGAGCACATCCGC
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GTGATGGGCGACAAGGCCACCGCGCGCGAGACGATGAAGCAGGCGGGCGETGCCGACGGTGCCCGGCTCGGAL
GGGCTGGTGGAGACGCCCGAGGAGGCGCTGGAGGTGGCGGACCAGGTGGGCTTCCCCGTGATGATCAAGGCC
ACGGCCGGCGGCGGCGGGCGCGGCATGCGCCTGGCCATGACGCGCGACGAGTTTTTGCCGCTGCTGCGCGCG
GCGCAGGGCGAGGCGCAGGCGGCCTTTGGCAACGGCGCCGTCTACCTGGAGCGCTACGTGAAGGACCCGLCGG
CACATCGAGTTCCAGGTGCTGGCGGACAAGCACGGCAACGTGATCCACCTGGGCGAGCGCGACTGCTCCATC
CAGCGCCGCAACCAGAAGCTGCTGGAGGAGGCGCCCAGCCCCGCGCTCACGCCCGAGGTGCGCGCGGCCATG
GGCGAGGCGGCCACCAACGCCGCGCGCAGCATCGGCTACGTGGGCGTGGGCACCATCGAGTTCCTGTGGGAG
CCGGCCGGCTTCTACTTCATGGAGATGAACACGCGCATCCAGGTGGAGCACCCGGTGACGGAGATGATCACG
GGCGTGGACCTGATCCAGGAGCAGATCCGCGCCGCCATGGGCGAGCCGCTGCGCCTGACGCAGGAGGACATC
GTGATCAAGGGCCACAGCATCGAGTGCCGCATCAACGCGGAGGACCCGTTCAAGGGCTTCCGCCCGGGGCCG
GGGCGCGTGACCGCCTACCTGCCGCCCGGCGGGCCCAACGTGCGCATGGACAGCCACGTCTACCCCGACTAC
CTGGTGCCCTCCAACTACGACTCCCTGCTGGGCAAGCTCATCGTCTGGGGCGAGGACCGCCAGGCGGCCATC
GAGCGCATGAAGCGCGCGCTGGACGAGATGGTCGTCGCCGGCGTGCCCACCACCGCGCCCTACCACCTGCTC
ATCCTCGACCACGAGGCCTTCCGCGCGGGCGACGTCGACACGGGCTTCATCCCCAAGCACGGCGACGACCTC
ATCCTGCCCCCGGAGGCCGCGCGCAAGAAGCCAAACGTCGTCGTCGAGGCCGCCAAGCGCGCCCACAGCCGL
AGCAAGGCCTCCGTCTGA

SEQ ID NO: 105
Codon-optimized Prototheca moriformis (UTEX 1435) KASII

ATGGCCACCGCATCCACTTTCTCGGCGTTCAATGCCCGCTGCGGCGACCTGCGTCGCTCGGCGGGCTCCGGG
CCCCGGCGCCCAGCGAGGCCCCTCCCCGETGCGCEGGCGCGCCGCCGCCGCCGCCGALCGLCCAALCCCCGLeCGL
CCCGAGCGCCGCGTGGTGATCACCGGCCAGGGCGTGGTGACCTCCCTGGGCCAGACCATCGAGCAGTTCTAC
TCCTCCCTGCTGGAGGGCGTGTCCGGCATCTCCCAGATCCAGAAGTTCGACACCACCGGCTACACCACCALCC
ATCGCCGGCGAGATCAAGTCCCTGCAGCTGGACCCCTACGTGCCCAAGCGCTGGGCCAAGCGCGTGGACGAL
GTGATCAAGTACGTGTACATCGCCGGCAAGCAGGCCCTGGAGTCCGCCGGCCTGCCCATCGAGGCCGLCLGGL
CTGGCCGGCGCCGGCCTGGACCCCGCCCTGTGCGGCEGTGCTGATCGGCACCGCCATGGCCGGCATGACCTCC
TTCGCCGCCGGCGTGGAGGCCCTGACCCGCGGCGGCEGTGCGCAAGATGAACCCCTTCTGCATCCCCTTCTCC
ATCTCCAACATGGGCGGCGCCATGCTGGCCATGGACATCGGCTTCATGGGCCCCAACTACTCCATCTCCACC
GCCTGCGCCACCGGCAACTACTGCATCCTGGGCGCCGCCGACCACATCCGCCGCGGCGACGCCAACGTGATG
CTGGCCGGCGGCGCCGACGCCGCCATCATCCCCTCCGGCATCGGCGGCTTCATCGCCTGCAAGGCCCTGTCC
AAGCGCAACGACGAGCCCGAGCGCGCCTCCCGCCCCTGGGACGCCGACCGCGACGGCTTCGTGATGGGCGAG
GGCGCCGGCGETGCTGGTGCTGGAGGAGCTGGAGCACGCCAAGCGCCGCGGCGCCACCATCCTGGCCGAGCTG
GTGGGCGGCGCCGCCACCTCCGACGCCCACCACATGACCGAGCCCGACCCCCAGGGCCGCGGLCGETGCGLCTG
TGCCTGGAGCGCGCCCTGGAGCGCGCCCGCCTGGCCCCCGAGCGCETGGGCTACGTGAACGCCCACGGCALCC
TCCACCCCCGCCGGCGACGTGGCCGAGTACCGCGCCATCCGCGCCGTGATCCCCCAGGACTCCCTGCGCATC
AACTCCACCAAGTCCATGATCGGCCACCTGCTGGGCGGCGCCGGCGCCGTGGAGGCCGTGGCCGCCATCCAG
GCCCTGCGCACCGGCTGGCTGCACCCCAACCTGAACCTGGAGAACCCCGCCCCCGGCGTGGACCCCGETGETG
CTGGTGGGCCCCCGCAAGGAGCGCGCCGAGGACCTGGACGTGGTGCTGTCCAACTCCTTCGGCTTCGGCGGE
CACAACTCCTGCGTGATCTTCCGCAAGTACGACGAGATGGACTACAAGGACCACGACGGCGACTACAAGGAC
CACGACATCGACTACAAGGACGACGACGACAAGTGA

SEQ ID NO: 106
Prototheca moriformis (UTEX 1435) KASII

MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAAAAADANPARPERRVVITGQGVVTSLGQTIEQFY
SSLLEGVSGISQIQKFDTTGYTTTIAGEIKSLOQLDPYVPKRWAKRVDDVIKYVYIAGKQALESAGLPIEAAG
LAGAGLDPALCGVLIGTAMAGMTSFAAGVEALTRGGVRKMNPFCIPFSISNMGGAMLAMDIGFMGPNYSIST
ACATGNYCILGAADHIRRGDANVMLAGGADAATIIPSGIGGFIACKALSKRNDEPERASRPWDADRDGFVMGE
GAGVLVLEELEHAKRRGATILAELVGGAATSDAHHMTEPDPQGRGVRLCLERALERARLAPERVGYVNAHGT
STPAGDVAEYRAIRAVIPQDSLRINSTKSMIGHLLGGAGAVEAVAATIQALRTGWLHPNLNLENPAPGVDPVV
LVGPRKERAEDLDVVLSNSFGFGGHNSCVIFRKYDEMDYKDHDG

SEQ ID NO: 107
Prototheca moriformis (UTEX 1435) Acetate kinase 1 (aACKl) allele 1

ATGGTTTTGAACGCGGGGAGTTCGTCCCTCAAGTTCAAGGTGTTTGACAAGATCGGGGGCAAGCTGCAGCCC
CTGGCGTCCGGTCTGTGCGAGCGCATCGGCGACACCGCCAACTCCCGCATGAAGGCCTTTACGGAAAAGGAC
GGCAACGTGCTGGTGGAGGAGGGTTTCCAGGACCACCAGGACGCGCTCGGGGTCGTGTCGCGCTTTCTTGGT
GATGCCTTTTCGTCCGGCTTCACGGAGCGCATGCACAGCGTGGGACACCGCGTGGTGCACGGCCTGACGATC
AGCGAGCCCGTGCTGATCGACGAGGGCGTGCTCGCGACCATCCGCGAGGCGATCGACCTCGCGCCGCTGCAL
AACCCGGCCGGGCTGCAGGGCATCGAGGCGGCCATGCGCACCTTTGCCTCGGCGCCGCACGTGGCCGTGTTT
GACACGGCCTTCCACCCGCTCTGCGCGCGCAACCTGGGGCTCTACCTGGCGGTGCGCGCGGACGGCCALCGGG
CGGCCGCAGTACCGCGTGTACTGCGCGGTCCACTCGGCGCGCGAGCAGGAGCGCGACCGCAAGGCCTGGCAG
GCGCGGCAGGAGGCGGCGCGECGECCTCGGCCGACCTGGAGGCGCGGCGCEGGCCAGGCGCTCGCGCGCCTGGLL
GAGCTGGGCTGGGTCCTGCTCCTCCAGGTGCACGACGAGGTCATCCTGGAAGGGCCGCGCGAGTCCGCCGAL
GAGGCGCGCGAGCGCGTCEGTTGCCTGCATGCGCAGCCCTTTCACGGGCGCCACCGCGCAGCCCCTGCTCGTC
GACCTGGTCGTCGACGCCAAGCACGCCGACACCTGGTACGACGCCAAGTAG

SEQ ID NO: 108
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Prototheca moriformis (UTEX 1435) Acetate kinase 1 (aACK1l) allele 1,
protein

MVLNAGSSSLKFKVFDKIGGKLOPLASGLCERIGDTANSRMKAFTEKDGNVLVEEGFQDHQDALGVVSRFLG
DAFSSGFTERMHSVGHRVVHGLTISEPVLIDEGVLATIREAIDLAPLHNPAGLQGIEAAMRTFASAPHVAVE
DTAFHPLCARNLGLYLAVRADGHGRPQYRVYCAVHSAREQERDRKAWQARQEAARASADLEARRGQALARLA
ELGWVLLLQVHDEVILEGPRESADEARERVVACMRSPFTGATAQPLLVDLVVDAKHADTWYDAK

SEQ ID NO: 109
Prototheca moriformis (UTEX 1435) Acetate kinase 1 (aACKl) allele 2

ATGAAGGTATTCGCAGATTTTGGGGGCGGACTTGGGGCTGGCGTGGGTTCGCCTTGCTCCGCCCATGGGGTT
TGGGTGCAGATCACGATGAATGAGAGAGAGAGGGAGGAGAGTGGGGCACTGCGTGGTGGGTGGGGTTTGTTG
GTCGCTCCTCTCCAGGTCTCCAGAAGACAAGGAGAAATGGAGGGCCTTTACGGAAAAGGACGGCAACGTGCT
GGTGGAGGAGGGTTTCCAGGACCACCAGGACGCGCTCGGGGETCGTGTCGCGCTTTCTTGGCGATGCCTTTTC
GTCCGGCTTCACGGAGCGCATGCACAGCGTGGGGCACCGCGTGGTGCACGGGCTGACGATCAGCGAGCCLCGT
GCTGATCGACGAGGGCGTGATCGCGACCATCCGCGAGGCGATCGACCTGGCGCCGCTGCACAACCCGGCCGG
GCTGCAGGGCATCGAGGCGGCCATGCGCACCTTTGCCTCGGCGCCGCACGTSGCCCGTGGCGTGCGCCGCTA
CGGCTTCCACGGCTCCAGCTACGCGTACCTCGTCCCGCGCGCCGCGGCCGTGCTGGGCAAGCCCGLCCGLCGA
GCTGMMSCGCCAGGCGCTCAGGTCCGCCATCCAGCCCTTCCACACGGGGCCGTCGAAGGCTGGACGGTGGCG
GGGCCGCTGCTTGTCGGCGCTGGTGCCGTCCTCTTCGTCGCTGCTGGTGCTGACCTCATCGGGCTGTCGCAG
CAGGCTGGCGTTGCAGGCCGTGGGTTGCAGCTCCACGAGGACCCTGCCGTGGTGTGCGGGTGGGGGTGGGTG
AGCGGGACAGCCGTGGTGAGCGGGCTGCGAATGCAGTTGCGCCAATCAGGCGCCTGA

SEQ ID NO: 110
Prototheca moriformis (UTEX 1435) Acetate kinase 1 (aACK1l) allele 2,
protein

MKVFADFGGGLGAGVGSPCSAHGVWVQITMNEREREESGALRGGWGLLVAPLQVSRRQGEMEGLYGKGRQRA
GGGGFPGPPGRARGRVALSWRCLFVRLHGAHAQRGAPRGARADDQRARADRRGRDRDHPRGDRPGAAAQPGR
AAGHRGGHAHLCLGAAR? PWRAPLRLPRLOQLRVPRPARRGRAGQARRRA? ? PGAQVRHPALPHGAVEGWTVA
GPLLVGAGAVLFVAAGADLIGLSQQAGVAGRGLQLHEDPAVVCGWGWVSGTAVVSGLRMQLRQSGA

SEQ ID NO: 111
Prototheca moriformis (UTEX 1435) Acetate kinase 1 (aACK2)

ATGGTTTTGAACGCGGGGAGTTCGTCCCTGAAGTTCAAGGTGTTTGACAAGATCGGAGGGAAGCTGCAGCCC
CTGGCGTCCGGTCTGTGCGAGCGCATCGGCGACACCGCCAACTCCCGCATGAAGGCCTTTACGGAAAAGGAC
GGCAACGTGCTGGTGGAGGAGGGTTTCCAGGACCACCAGGACGCGCTCGGGGTCGTGTCGCGCTTTCTTGGT
GATGCCTTTTCGTCCGGCTTCACGGAGCGCATGCACAGCGTGGGGCACCGCGTGGTGCACGGGCTGACGATC
AGCGAGCCCGTGCTGATCGACGAGGGCGTGATCGCGACCATCCGCGAGGCGATCGACCTGGCGCCGCTGCAL
AACCCGGCCGGGCTGCAGGGCATCGAGGCGGCCATGCGCACCTTTGCCTCGGCGCCGCACGTCGCCGTGTTC
GACACGGCTTTCCACCAGACCATGCCGCCCAGCGCCTTCATGTACGCGCTGCCCTACGAGCTGTACGAGGCG
CAGGGCGTGCGCCGCTACGGCTTCCACGGCTCCAGCTACGCCTACCTCGTCCCGCGCGCGGCGGCCGCGLTG
GGCAAGCCCGCCGCCGAGCTGAACGCGGTCGTCTGCCACCTGGGCGCCGGCGCCAGCATGGCCGCCATCCGL
GGCGGGCGCTCGGTGGACACCACCATGGGCCTCACCCCGCTGGAGGGCCTKGTCATGGGCACGCGCTGCGGL
GACATCGACCCCGCCATCGTGACCTACCTGCTGGGCAAGGGCCACTCGGCCAAGGACGTGGACGCGCTCATG
AACAAGAAGAGCGGCTTYGCCGGSCTGGCMGGGCACGCCGACCTGCGCCTGGTCATCGAGGGCGCCGACAAG
GGCGACGAGCGCTGCCGCGTCGCGCTGGAGGTCTGGCGCCACCGCATCCGCAAGTACATCGGSGCCTACGCG
ATGCAGCTGGGCGCGCCSCTGGACGCCATCGTCTTCTCCGCCGGCATCGGCGAGAACAGCTCCATCCTGCGE
AAGTACCTGCTGGAGGACCTGGAGTGGTGGGGCATCGAGCTGGACGAGGGCAAGAACAGTCTCTGCGTGGAC
GGCGTCGCGGGCGACATCTCCCGCGAYGGCTCYAAGACCCGCCTGCTCGTCATCCCCACCGACGAGGAGCTS
AGCATCGCCGAACAGAGCATCGACGTCGTCAACGGCCTGGCCGCCTGA

SEQ ID NO: 112
Prototheca moriformis (UTEX 1435) Acetate kinagse 1 (ACK2), protein

MVLNAGSSSLKFKVFDKIGGKLOPLASGLCERIGDTANSRMKAFTEKDGNVLVEEGFQDHQDALGVVSRFLG
DAFSSGFTERMHSVGHRVVHGLTISEPVLIDEGVIATIREAIDLAPLHNPAGLQGIEAAMRTFASAPHVAVE
DTAFHQTMPPSAFMYALPYELYEAQGVRRYGFHGSSYAYLVPRAAAALGKPAAELNAVVCHLGAGASMAAIR
GGRSVDTTMGLTPLEGLVMGTRCGDIDPAIVTYLLGKGHSAKDVDALMNKKSGFAGLAGHADLRLVIEGADK
GDERCRVALEVWRHRIRKYIGAYAMQLGAPLDAIVFSAGIGENSSILRKYLLEDLEWWGIELDEGKNSLCVD
GVAGDISRDGSKTRLLVIPTDEELSIAEQSIDVVNGLAA

SEQ ID NO: 113
Prototheca moriformis Phosphate acetyltransferase allele 1

ATGAGTCTGTCGTCTTCTCGGAGTTTGCGGCGGACGCTGAGCCTGCTGAGGCCGGTGGCGGCGTCCACGCCC
CTGTTTGCGCGCCACCTGTCGAGCCGCGGCATCCCGGACGCGGACACGGTCTACTGCACGGACGTCTCCGCG
CAGCGCGGCAACTCGCCCATCCTGCTGGGCCTGTTTGAGTACTTCCAGCGCCAGTCGCCCGACGTGGGCTTC
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TTCCAGCCCATCGGCGCGGACCCGCTGAAGAGCTACAAGCCGGCCCCCGGCGCGCCCAAGCACATCGCGCTC
ATCCACCAGGCCATGGGCCTGAAGGACTCGCCCGAGTCGATGTACGGCGTGACCGAGGACGAGGCCAAGCGC
CTGCTGACGGCGGGGCGCTACGACGAGCTGGTGGACCGCGTGTTCACCAAGTTCCAGGCGGTCAAGCGCAGC
AAGGAGATCGTGGTGATCGAGGGCGCCACCGTGCAGGGCATCGGCAACCACAACGAGCTCAACGCGCGCCTG
GCCTCCGAGCTGGACAGCGGCGTGCTGATGATCATGGACCTCAACAGCGACGCGCCGGGGAGCGGCGAGGAL
ATCGCCGGGCGCGCGCTGCGGTACAAGCGCGAGTTCGAGGCGGAGCGCGCGCGCGETGAGCGGGCTCATCCTG
AACAAGGTGCCCTTTGGCGCGGAGGAGGCGCTGATCGAGGCGGTCCGGCGCGAGCTGGAGGGCCGGGACCTG
CCCTTTGCGGGCGGCCTGCCCTACAGCCGCGTCATCGGCACCGCACGCGTGAACGAGATCGTCGAGTCGCTG
GGCGCCAAGCTGCTGTTCGGGCGGCAGGAGCTGATCGACAGCGACGTCACGGGGTACATGATCGCCGCGCAG
GCCATCGACGCCTTTCTGACGAAACTAGAGACGCTGCGCTCGCAGCGCACGAGCGAGGGCCAGGACTTTTTC
CGGCCGCTGGTGGTGACCAACAAGGACCGGCAGGACCTGATCCTGGGCCTGGCGGCCGCETCCCTGGCGGGE
ACGGGCCCGCAGCTGGGCGGGCTCATCCTCGCGGACGCGGACCTGACCGACCTGACCCCCGAGACGCGLCGCG
ATCGTTAGCAAGCTCAACCCGGACCTGCCCATGCTGGAGGTGCCCTACGGCACCTTTGAGACGGCGCGCCGL
CTGACGCGCGTGACGCCGGGCATCCTGCCCAGCTCGGTGCGCAAGGTTCGCGAGGCCAAGGCGCTCTTCCAC
CGGTACGTGGACGCAGACGTCATCGCGGCCGGGCTGGTGCGGCCGCAGCGCCCCAGCCTGACCCCCAAGCGL
TTCCTGTACCAGATCGAGGAGATCTGCAAGGGCGAGCTGCAGAACGTGGTGCTCCCCGAGTCGCACGACCAL
CGTGTGCTCACGGCCGCGGCCGAGGTCGCGGCCAAGGGCCTGGCGCGCGTGACGCTGCTGGGCAGCCCCGAG
GAGGTGGAGTCGGCCGCGCGCCGCTTCAACGTCGACATCAGCAAGTGCGACGTGATCGACTACAAGCACTCG
CCCGAGCTGGACCGGTACGCGGACTGGCTGGTGGAGAAGCGCAAGGCCAAGGGCCTGACCAAGGAGGGCGCG
CTGGACCAGCTGCAGGACCTCAACATGTACGCCACCGTCATGGTGGCCGTCGGCGACGCGGACGGCATGGTG
TCGGGCGCGACCTGCACCACGGCCAACACCATCCGGCCTGCGCTGCAGGTGCTCAAGACGCCCGACCGCAAG
CTCGTCTCCTCCATCTTCTTCATGTGCCTGCCGGACAAGGTCCTCGTCTACGGCGACTGCGCGGTCAACGTG
ACGCCCGCGCCGGGCGAGCTGGCGCAGATCGCGACCGTGTCGGCCGACACGGCCGCCGCCTTTGGCATCGAC
CCGCGCGETGGCCATGCTCTCCTACTCGACCCTGGGCTCTGGCTCGGGGCCGCAGGTGGACATGGTCACCGAG
GCCACGCGCCTCGCGCGCGAGGCGCGCCCCGACCTCAACATTGAGGGGCCCATCCAGTACGACGCCGCTGTC
GACCCCGCCGTGGCCGCCACCAAGATCAAGGCGCACTCCGAGGTCGCGGGGCGCGCCTCCGTCTGCATCTTC
CCGGATCTCAACACGGGGAACAACACCTACAAGGCCGTGCAGCAGTCCACGGGCGCCATCGCCATCGGACCG
CTCATGCAGGGCCTCGCGCGCCCCGTCAACGATCTCTCCCGCGGCTGCACCGTCGCCGACATCGTCAACACC
GTCGCCTGCACGGCCGTCCAGGCCATCGGGCTCAAAGCGCGCGACGCCGAGGCGGCGCGCGLCEGGGGLCLGLG
GCTGCTGCTGCTTGA

SEQ ID NO: 114
Prototheca moriformis Phosphate acetyltransferase, protein

MSLSSSRSLRRTLSLLRPVAASTPLFARHLSSRGIPDADTVYCTDVSAQRGNSPILLGLFEYFQRQSPDVGEF
FOQPIGADPLKSYKPAPGAPKHIALIHQAMGLKDSPESMYGVTEDEAKRLLTAGRYDELVDRVFTKFQAVKRS
KEIVVIEGATVQGIGNHNELNARLASELDSGVLMIMDLNSDAPGSGEDIAGRALRYKREFEAERARVSGLIL
NKVPFGAEEALIEAVRRELEGRDLPFAGGLPYSRVIGTARVNEIVESLGAKLLFGRQELIDSDVTGYMIAAQ
AIDAFLTKLETLRSQRTSEGODFFRPLVVTNKDRQDLILGLAAASLAGTGPQLGGLILADADLTDLTPETRA
IVSKLNPDLPMLEVPYGTFETARRLTRVTPGILPSSVRKVREAKALFHRYVDADVIAAGLVRPQRPSLTPKR
FLYQIEEICKGELONVVLPESHDHRVLTAAAEVAAKGLARVTLLGSPEEVESAARRFNVDISKCDVIDYKHS
PELDRYADWLVEKRKAKGLTKEGALDQLODLNMYATVMVAVGDADGMVSGATCTTANTIRPALQVLKTPDRK
LVSSIFFMCLPDKVLVYGDCAVNVTPAPGELAQIATVSADTAAAFGIDPRVAMLSYSTLGSGSGPQVDMVTE
ATRLAREARPDLNIEGPIQYDAAVDPAVAATKIKAHSEVAGRASVCIFPDLNTGNNTYKAVQQSTGAIAIGP
LMQGLARPVNDLSRGCTVADIVNTVACTAVQAIGLKARDAEAARAGAAAAND*

SEQ ID NO: 115
Prototheca moriformis (UTEX 1435) Phosphate acetyltransferase allele 2

ATGGTCAACGACTTGGTGGGAGCCATGGCGATGGTCGGCGACGGCAAGCACGGGCGCAGGGCAGCACGGGGL
GGTCAGCGAGGGGCTTGGGTGCAACTGTGTGGGTCGTCAGCAGGCCCTAATCAATCCAGGGACCCTTCTTCA
GCGCAATTGGCCTCGTTCTATCGCGATCGCGATGACATATACTCTCGTCACCTCAAGGGGTTGAGCGAGTTC
GCATTCATAAGTCAGTGGCATCGGTCTTGCCGGGTTTGGGCATTGTGCCTGGGTCTGATCTGGAAACCCGAC
TCGCCGAAGGTGCCCATCGGCCGGTCATCGCGGGACCCCCCCACCCCCGCCGGCCTCGTTGATTGGCAGCAT
GAGTCTGTCGTCTTCTCGGAGTTTGCGGCGGACGCTGAGCCTGCTGAGGTGCGATGCAAGGGCGTCCCTGGG
CGATTTGACGGGCGGTTACCTAAGGCGGAGCGACGTGCGGCTCCGGCGGGCAGCCGACACGTGGGCTTGTTG
CCATGGACAGGCCCAGATCCCGATCCGATGGGCCCTGTAACGTTTGCTTATTTGCCGACGCCCTTTGCCACG
GCCTGCCCGCCAGAAATGCCGGGCAGCGCCCCEGTTGCGCCGCTTCCCCATGCTTCTCGCCTCGAATCACATT
TCGACACTCCTCCGACGTCTCTCCACCCCTCCCCGAATCACGCAGGCCAGTGGCGGCGTCCACGCACCTGTT
TGCGCGCCACCTGTCGAGCCGCGGCATCCCGGACGCGGACACGGTCTACTGCACGGACGTCTCCGCGCAGCG
CGGCAACTCGCCCATCCTGCTGGGCCTGTTCGAGTACTTCCAGCGCCAGTCGCCCGACGTGGGLCTTCTTCCA
GCCCATCGGCGCGGACCCGCTGAGGAGCTACAAGCCTGCCCCCGGCGCGCCCAAGCACATCGCGCTCATCCA
CCAGGCCATGGGCCTGAAGGACTCGCCCGAGTCGATGTACGGCGTGACCGAGGACGAGGCCAAGCGCCTGCT
GACGGCGGGGCGCTACGACGAGCTGGTGGACCGCGTGTTCACCAAGTTCCAGGCGGTCAAACGCAGCAAGGA
GATTGTGGTGATCGAGGGCGCCACCGTGCAGGGCATCGGCAACCACAACGAGCTCAACGCGCGCCTGGCCTC
CGAGCTGGACAGCGGCGTGCTGATGATCATGGACCTSAACMGSGACGCSCCSGGSAGCGGCGAGGACATCGC
CGGGCGCGCGCTGCGGTACAAGCGCGAGTTCGAGGCGGAGCGCGCGCGCGTGAGCGGGCTCATCCTGAACAA
GGTGCCCTTTGGCGCGGAGGAGGCGCTGATCGAGGCGGTCCGGCGCGAGCTGGAGGGCCGGGACCTGCCCTT
TGCGGGCGGCCTGCCCTACAGCCGCGTCATCGGCACCGCGCGCGTGAACGAGATCGTCGAGTCGCTGGGCGL
CAAGCTGCTGTTCGGGCGGCASGAGCTGATCGACAGCGACGTCACGGGGTACATGATCGCCGCGCAGGCCAT
CGACGCSTTYCTGACSAARCTRGAGACGCTGCGCTCGCAGCGCACGAGCGAGGGCCAGGACTTTTTCCGGCC
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GCTGGTGGTGACCAACAAGGACCGGCAGGACCTGATCCTGGGCCTGGCGGCCGCGTCSCTGGCGGGCACGGG
CCCGCAGCTGGGCGGGCTCATCCTSGCSGACGCGGACCTGACCGACCTGACCCCCGAGACGCGCGCGATCGT
TAG

SEQ ID NO: 116
Prototheca moriformis (UTEX 1435) Phosphate acetyltransferase allele 2,
protein

MVNDLVGAMAMVGDGKHGRRAARGGQRGAWVQLCGSSAGPNQSRDPSSAQLASFYRDRDDIYSRHLKGLSEF
AFISQWHRSCRVWALCLGLIWKPDSPKVPIGRSSRDPPTPAGLVDWQHESVVEFSEFAADAEPAEVRCKGVPG
RFDGRLPKAERRAAPAGSRHVGLLPWTGPDPDPMGPVTFAYLPTPFATACPPEMPGSAPLRRFPMLLASNHI
STLLRRLSTPPRITQASGGVHAPVCAPPVEPRHPGRGHGLLHGRLRAARQLAHPAGPVRVLPAPVARRGLLP
AHRRGPAEELQACPRRAQAHRAHPPGHGPEGLARVDVRRDRGRGQAPADGGALRRAGGPRVHQVPGGQTQQG
DCGDRGRHRAGHRQPQRAQRAPGLRAGQRRADDHGP

SEQ ID NO: 117
Prototheca moriformis Lactate dehydrogenase

ATGGCTGAGGGGAGCATCGACTACAAGGTGGCTGTCTTCAGCTCCAGCGAGTGGGTGACCGACTCGTTCGCC
GAGCCCCTCAAGATCTTCAAGGAGGTCTCCTACCTGCCGGCCCGCCTGGAGCCGACCAGCGCTGCCCTGGCG
CACGGCTTTGACGCGGTGTGCATCTTTGTGAACGACGACGCTGGCGCGGAGACGCTCAAGGTTCTGGCGGAG
GGCGGCGTGAAGCTGATCGCCATGCGCTGCGCAGGGTACGACCGCGTGGACCTGGCCGCGGCCAAGGAGCTG
GGCATCCGCGTGGTGCGCGTGCCGGCCTACAGTCCGCGCTCGGTGGCGGAGCACGCGCTGGCGCTGATGATG
GCGCTGGCGCGCAACATCAAGGCCTCGCAGATCAAGATGGCGGCCGGGTCCTACACGCTCAACGGCCTGGTG
GGCGTGGAGCTGACGGGCAAGACCTTTGGCGTGGTGGGCACGGGCGCCATCGGGCGCGAGTTCGTCAAGCTG
CTCAAGGGCTTTGAGGGCAAGGTGCTGGGCTACGACCCCTACCCGACCGACGCGGCGCGCGAGCTGGGCETG
GAGTACGTCGACCTGGACACGCTGCTGGCGCAGTCGGACGTCATCTCGCTGCACGTGCCGCTGCTGCCCAGC
ACGCAGAAGCTGCTGGGCACCGAGTCGCTGAGCAAGCTCAAGCCCACCGCGCTGGTCATCAACGTCAGCCGC
GGCGGGCTCATCGACACCGAGGCCTGCATCCAGGCGCTGCAGGAGGACAAGTTTGCGGGCCTGGCCGTCGAC
GTCTACGAGGGCGAGGGCGCGCTCTTCTTCCAGGACTGGGCCAACATGAACGCCGCGCGCCGCATGAAGCAG
TGGGACCAGAAGTTCATCGCGCTCAAGTCCATGCCCCAGGTCATCGTCACGCCGCACATCGCCTTCCTCACG
CACAGCGCGCTCGACGCCATCGCCGCCACCACGCGCGACAACCTGCTCGCCGCCGCGCAGGGCAAGGACCTC
GTCAACGAGGTCAA

SEQ ID NO: 118
Prototheca moriformis lactate dehydrogenase protein

MAEGSIDYKVAVFSSSEWVIDSFAEPLKIFKEVSYLPARLEPTSAALAHGFDAVCIFVNDDAGAETLKVLAE
GGVKLIAMRCAGYDRVDLAAAKELGIRVVRVPAYSPRSVAEHALALMMALARNIKASQIKMAAGSYTLNGLV
GVELTGKTFGVVGTGAIGREFVKLLKGFEGKVLGYDPYPTDAARELGVEYVDLDTLLAQSDVISLHVPLLPS
TOQKLLGTESLSKLKPTALVINVSRGGLIDTEACIQALQEDKFAGLAVDVYEGEGALFFQDWANMNAARRMKOQ
WDQKFIALKSMPQVIVTPHIAFLTHSALDATIAATTRDNLLAAAQGKDLVNEV

SEQ ID NO: 119
Prototheca moriformis (UTEX 1435) LDP1

ATGGCNGCTGTCGCTGAGAACCCCGCTCCCCCCCGCCCGAACAGCCTTAAGAAGCTGGGCTTCGTTCCCGAG
GCCGGCGCGAAGAGCTACGAGATTGCCACCAATGTCTACACTACGGCAAAGAGCTACGTTCCCGCTAGCCTG
CAGCCCAAGCTGGAGAAGGTGGAGGAGTCTGTGACCAGCGTGAGCGCCCCGTACGTGGCCAAGGCCCAGGAL
AAGACCGCGACCCTGCTCAAGGTGGCCGACGAGAAGGTTGATGAGGCCTTCGCCAAGGCCACCCAGGTCTAC
CTTAACAACAGCAAGTACGTCGCCGACACCCTGGACAAGCAGCGCGCCTACCACGCGCAGAACCTCGAGTCC
TACAAGGCCGCGCGCGAGCACTACCTCAAGGTCGTCGAAAGCGGCGTCGAGTACGTGAAGAAGAACGGCATC
TCCGGCACCGCCAAGGCCGCCGCCGACGAGGTGGCCGCGCGCGEGTGAGCGAGGCGCGCGCCGTCCCCGGLGLL
CTGCTGCACCGCGTGCAGGAGGCCGTGGACAAGCTGCTGGCCAGCACGCCCGTGCACGGCACGGTCGAGCGC
CTGAAGCCGGCCCTGGACAGCGCCTACCAGCGCTACAGCTCCCTGCACGACAACGTCGTCTCCAGCGACCAG
TACCGCAAGGTCGTGAAGACCGGCTCGGACGTGCTCGCCCGCGTCGAGGCCTCGCCCATCTTCGCCAAGTCC
AAGGCGACCCTGTACCCCTACGTCGCGCCCTACGCGGAGCCCGCGGCAGCGCGCCTGCAGCCCTACTACCTC
CGGGTGGTCGAGCACCTCGCGCCCAAGGACGCCTGAATTTGTGGACGCGGCGGTCGCACTGCTGCCGCGTTG
CGCGGTCTCGCTTGATCGCGGGGCTGCCCCCTTGGAGCGCTTGTTCGCGCCGGCGCGACGCGCCGTCCCAGT
TGATTGTCGGGGCGGGGCGCCGTCACCGCGCGTGGGCCATCGGAATTGGATCTGCTGAGAATGCAAAGGGCG
ACCGGTGA

SEQ ID NO: 120
Prototheca moriformis (UTEX 1435) LDP1 protein

MAAVAENPAPPRPNSLKKLGFVPEAGAKSYEIATNVYTTAKSYVPASLOPKLEKVEESVTSVSAPYVAKAQD
KTATLLKVADEKVDEAFAKATQVYLNNSKYVADTLDKQRAYHAQNLESYKAAREHYLKVVESGVEYVKKNGI
SGTAKAAADEVAARVSEARAVPGALLHRVQEAVDKLLASTPVHGTVERLKPALDSAYQRYSSLHDNVVSSDQ
YRKVVKTGSDVLARVEASPIFAKSKATLYPYVAPYAEPAAARLQPYYLRVVEHLAPKDA
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SEQ ID NO: 121
6S 5’ genomic donor sequence

GCTCTTCGCCGCCGCCACTCCTGCTCGAGCGCGCCCGCGCGETGCGCCGCCAGCGCCTTGGCCTTTTCGCCGL
GCTCGTGCGCGTCGCTGATGTCCATCACCAGGTCCATGAGGTCTGCCTTGCGCCGGCTGAGCCACTGCTTCG
TCCGGGCGGCCAAGAGGAGCATGAGGGAGGACTCCTGGTCCAGGGTCCTGACGTGGTCGCGGCTCTGGGAGC
GGGCCAGCATCATCTGGCTCTGCCGCACCGAGGCCGCCTCCAACTGGTCCTCCAGCAGCCGCAGTCGCCGLC
GACCCTGGCAGAGGAAGACAGGTGAGGGGGGTATGAATTGTACAGAACAACCACGAGCCTTGTCTAGGCAGA
ATCCCTACCAGTCATGGCTTTACCTGGATGACGGCCTGCGAACAGCTGTCCAGCGACCCTCGCTGCCGCCGL
TTCTCCCGCACGCTTCTTTCCAGCACCGTGATGGCGCGAGCCAGCGCCGCACGCTGGCGCTGCGCTTCGCCG
ATCTGAGGACAGTCGGGGAACTCTGATCAGTCTAAACCCCCTTGCGCGTTAGTGTTGCCATCCTTTGCAGAC
CGGTGAGAGCCGACTTGTTGTGCGCCACCCCCCACACCACCTCCTCCCAGACCAATTCTGTCACCTTTTTGG
CGAAGGCATCGGCCTCGGCCTGCAGAGAGGACAGCAGTGCCCAGCCGCTGGGGGTTGGCGGATGCACGCTCA
GGTACC

SEQ ID NO: 122
6S 3’ genomic donor sequence

GAGCTCCTTGTTTTCCAGAAGGAGTTGCTCCTTGAGCCTTTCATTCTCAGCCTCGATAACCTCCAAAGCCGC
TCTAATTGTGGAGGGGGTTCGAATTTAAAAGCTTGGAATGTTGGTTCGTGCGTCTGGAACAAGCCCAGACTT
GTTGCTCACTGGGAAAAGGACCATCAGCTCCAAAAAACTTGCCGCTCAAACCGCGTACCTCTGCTTTCGCGC
AATCTGCCCTGTTGAAATCGCCACCACATTCATATTGTGACGCTTGAGCAGTCTGTAATTGCCTCAGAATGT
GGAATCATCTGCCCCCTGTGCGAGCCCATGCCAGGCATGTCGCGGGCGAGGACACCCGCCACTCGTACAGCA
GACCATTATGCTACCTCACAATAGTTCATAACAGTGACCATATTTCTCGAAGCTCCCCAACGAGCACCTCCA
TGCTCTGAGTGGCCACCCCCCGGCCCTGGTGCTTGCGGAGGGCAGGTCAACCGGCATGGGGCTACCGAAATC
CCCGACCGGATCCCACCACCCCCGCGATGGGAAGAATCTCTCCCCGGGATGTGGGCCCACCACCAGCACAAC
CTGCTGGCCCAGGCGAGCGTCAAACCATACCACACAAATATCCTTGGCATCGGCCCTGAATTCCTTCTGCCG
CTCTGCTACCCGGTGCTTCTGTCCGAAGCAGGGGTTGCTAGGGATCGCTCCGAGTCCGCAAACCCTTGTCGC
GTGGCGGGGCTTGTTCGAGCTTGAAGAGC

SEQ ID NO: 123
S. cereviseae invertase protein sequence

MLLOAFLFLLAGFAAKISASMTNETSDRPLVHFTPNKGWMNDPNGLWYDEKDAKWHLYFQYNPNDTVWGTPL
FWGHATSDDLTNWEDQPIATIAPKRNDSGAFSGSMVVDYNNTSGFFNDTIDPROQRCVAIWTYNTPESEEQYIS
YSLDGGYTFTEYQKNPVLAANSTQFRDPKVFWYEPSQKWIMTAAKSQDYKIEIYSSDDLKSWKLESAFANEG
FLGYQYECPGLIEVPTEQDPSKSYWVMFISINPGAPAGGSFNQYFVGSFNGTHFEAFDNQSRVVDFGKDYYA
LOTFFNTDPTYGSALGIAWASNWEYSAFVPTNPWRSSMSLVRKFSLNTEYQANPETELINLKAEPILNISNA
GPWSRFATNTTLTKANSYNVDLSNSTGTLEFELVYAVNTTQTISKSVFADLSLWFKGLEDPEEYLRMGFEVS
ASSFFLDRGNSKVKFVKENPYFTNRMSVNNQPFKSENDLSYYKVYGLLDONILELYFNDGDVVSTNTYFMTT
GNALGSVNMTTGVDNLFYIDKFQVREVK

SEQ ID NO: 124
S. cereviseae invertase protein coding sequence codon optimized for
expression in P. moriformis (UTEX 1435)

ATGctgcectgcaggecttectgttectgetggecggettegecgecaagatcagegectecatgacgaacgag
acgtccgaccecgecccecctggtgecacttcecaccecccaacaagggetggatgaacgaccccaacggectgtggtac
gacgagaaggacgccaagtggecacctgtacttcecagtacaacccgaacgacaccgtetgggggacgeccttg
ttctggggecacgecacgtecgacgacctgaccaactgggaggaccagcccategecategecccgaagege
aacgactcecggegecttcectecggeteccatggtggtggactacaacaacacctecggettettecaacgacace
atcgaccegegecagegetgegtggecatetggacctacaacaccececggagtccgaggagecagtacatetee
tacagcectggacggeggctacaccecttcaccgagtaccagaagaacceegtgetggecgecaactecacccag
ttcegegaccegaaggtettetggtacgageccteccagaagtggatcatgaccgeggecaagteccaggac
tacaagatcgagatctactcctcececgacgacctgaagtcectggaagetggagteecgegttegecaacgaggge
ttcecteggetaccagtacgagtgecceggectgatcgaggteccccaccgagcaggaceccagecaagtectac
tgggtgatgttcatctccatcaacccecggegecceggecggeggctecttcaaccagtacttegteggeage
ttcaacggcacccacttcgaggecttegacaaccagtcececgegtggtggactteggecaaggactactacgee
ctgcagaccttettcaacaccgacccgacctacgggagegecctgggcatecgegtgggectecaactgggag
tactcegecttegtgeccaccaaccecctggegetectecatgtecectegtgegecaagttetecctecaacace
gagtaccaggccaacccggagacggagctgatcaacctgaaggeccgagecgatecctgaacatcagcaacgec
ggcccectggagecggttegecaccaacaccacgttgacgaaggccaacagcectacaacgtegacctgtecaac
agcaccggcaccctggagttecgagetggtgtacgecgtcaacaccacccagacgatetecaagteegtgtte
gcggaccteteectetggttecaagggectggaggaccccgaggagtacctecgeatgggettegaggtgtee
gcgtectecttettectggacecgegggaacagcaaggtgaagttegtgaaggagaaccectacttcacecaac
cgcatgagecgtgaacaaccageccttcaagagegagaacgacctgtectactacaaggtgtacggettgetg
gaccagaacatcctggagetgtacttcaacgacggegacgtegtgtceccaccaacacctacttecatgacecace
gggaacgccctgggcectecgtgaacatgacgacgggggtggacaacctgttcectacatcgacaagtteccaggtyg
cgcgaggtcaagTGA

SEQ ID NO: 125
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Chlamydomonas reinhardtii TUB2 (B-tub) promoter/5’ UTR

CTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAA
CACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAG
CGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAACACCT
AGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCT
TCGTTTCAGTCACAACCCGCAAAC

SEQ ID NO: 126
Chlorella vulgaris nitrate reductase 3'UTR

GCAGCAGCAGCTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTG
CTGCCTTGACCTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCG
CTTTTGCGAGTTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATAT
CGCTTGCATCCCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACT
GCCCCTCGCACAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTARACCAGCACTGCA
ATGCTGATGCACGGGAAGTAGTGGGATGGGAACACAAATGGAAAGCTT

SEQ ID NO: 127

Nucleotide sequence of the codon-optimized expression cassette of S.
cerevisiae suc2 gene with C. reinhardtii B-tubulin promoter/5'UTR and C.
vulgaris nitrate reductase 3’ UTR

CTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAA
CACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAG
CGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAACACCT
AGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCT
TCGTTTCAGTCACAACCCGCAAACGGCGCGCCATGCTGCTGCAGGCCTTCCTGTTCCTGCTGGCCGGCTTCG
CCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACCCCCAACAAGG
GCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACTTCCAGTACA
ACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGACCAACTGGG
AGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGGTGGTGGACT
ACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCTGGACCTACA
ACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCGAGTACCAGA
AGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGCCCTCCCAGA
AGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACCTGAAGTCCT
GGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGCCTGATCGAGG
TCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGCGCCCCGGLCG
GCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACAACCAGTCCC
GCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCTACGGGAGCG
CCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGCGCTCCTCCA
TGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGATCAACCTGA
AGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCACGTTGACGA
AGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGTACGCCGTCA
ACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGGAGGACCCCG
AGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACAGCAAGGTGA
AGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGAGCGAGAACG
ACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACGACGGCGACG
TCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGACGGGGGTGG
ACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAGCTCGGATAG
TATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTGTGAATA
TCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCT
GCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCAACCGCA
ACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAGCCTTGG
TTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACGGGAAGT
AGTGGGATGGGAACACAAATGGAGGATCC

SEQ ID NO: 128
Prototheca moriformis (UTEX 1435) Amt03 promoter

GGCCGACAGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTA
GTGATTCCGCAACCCTGATTTTGGCGTCTTATTTTGGCGTGGCAAACGCTGGCGCCCGCGAGCCGGGCLCGGL
GGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGGTCAGTTGAAGGGCTTTAC
GCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGACGTGCAGGTCCTGCTGAAGTTCCTCCA
CCGCCTCACCAGCGGACAAAGCACCGGTGTATCAGGTCCGTGTCATCCACTCTAAAGAGCTCGACTACGACC
TACTGATGGCCCTAGATTCTTCATCAAAAACGCCTGAGACACTTGCCCAGGATTGAAACTCCCTGAAGGGAC
CACCAGGGGCCCTGAGTTGTTCCTTCCCCCCGTGGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTG
GCGGGAAAATAGGCTTCGTGTGCTCAGGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCAC
AATTCATGTCAAGCTAATCAGCTATTTCCTCTTCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGG
GTGATCCTTCGTGTACGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCG
AGGGCCGAGGGTTTGGGACGGGCCGTCCCGAAATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATA
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ATTTATGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGATTTCG
TAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCAGCGTCCACT
TTTGTGCACACATTCCATTCGTGCCCAAGACATTTCATTGTGGTGCGAAGCGTCCCCAGTTACGCTCACCTG
TTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCACAGGCCGGTCGCAGCC

SEQ ID NO: 129
Chlorella protothecoides (UTEX 250) stearoyl ACP desaturase transit
peptide cDNA sequence codon optimized for expression in P. moriformis.

ACTAGTATGGCCACCGCATCCACTTTCTCGGCGTTCAATGCCCGCTGCGGCGACCTGCGTCGCTCGGCGGGE
TCCGGGCCCCGGCGCCCAGCGAGGCCCLCTCLCLCLCETGCGCGGGCELELL

SEQ ID NO: 130

ATGGTGGTGGCCGCCGCCGCCAGCAGCGCCTTCTTCCCCGTGCCCGCCCCCCGCCCCACCCCCAAGLCCGGL
AAGTTCGGCAACTGGCCCAGCAGCCTGAGCCAGCCCTTCAAGCCCAAGAGCAACCCCAACGGCCGLCTTCCAG
GTGAAGGCCAACGTGAGCCCCCACGGGCGCGCCCCCAAGGCCAACGGCAGCGCCGTGAGCCTGAAGTCCGGL
AGCCTGAACACCCTGGAGGACCCCCCCAGCAGCCCCCCCCCCCGCACCTTCCTGAACCAGCTGCCCGACTGG
AGCCGCCTGCGCACCGCCATCACCACCGTGTTCGTGGCCGCCGAGAAGCAGTTCACCCGCCTGGACCGCAAG
AGCAAGCGCCCCGACATGCTGGTGGACTGGTTCGGCAGCGAGACCATCGTGCAGGACGGCCTGGTGTTCCGC
GAGCGCTTCAGCATCCGCAGCTACGAGATCGGCGCCGACCGCACCGCCAGCATCGAGACCCTGATGAACCAC
CTGCAGGACACCAGCCTGAACCACTGCAAGAGCGTGGGCCTGCTGAACGACGGCTTCGGCCGCACCCCCGAG
ATGTGCACCCGCGACCTGATCTGGGTGCTGACCAAGATGCAGATCGTGGTGAACCGCTACCCCACCTGGGGC
GACACCGTGGAGATCAACAGCTGGTTCAGCCAGAGCGGCAAGATCGGCATGGGCCGCGAGTGGCTGATCAGC
GACTGCAACACCGGCGAGATCCTGGTGCGCGCCACCAGCGCCTGGGCCATGATGAACCAGAAGACCCGLLCGL
TTCAGCAAGCTGCCCTGCGAGGTGCGCCAGGAGATCGCCCCCCACTTCGTGGACGCCCCCCCCGTGATCGAG
GACAACGACCGCAAGCTGCACAAGTTCGACGTGAAGACCGGCGACAGCATCTGCAAGGGCCTGACCCCCGGL
TGGAACGACTTCGACGTGAACCAGCACGTGAGCAACGTGAAGTACATCGGCTGGATTCTGGAGAGCATGCCC
ACCGAGGTGCTGGAGACCCAGGAGCTGTGCAGCCTGACCCTGGAGTACCGCCGCGAGTGCGGCCGCGAGAGT
GTGGTGGAGAGCGTGACCAGCATGAACCCCAGCAAGGTGGGCGACCGCAGCCAGTACCAGCACCTGCTGCGL
CTGGAGGACGGCGCCGACATCATGAAGGGCCGCACCGAGTGGCGCCCCAAGAACGCCGGCACCAACCGLGLL
ATCAGCACCTGA

SEQ ID NO: 131
Cuphea wrightii FatB2 thicesterase; Gen Bank Accesgsion No. U56104

MVVAAAASSAFFPVPAPRPTPKPGKFGNWPSSLSQPFKPKSNPNGRFQVKANVSPHPKANGSAVSLKSGSLN
TLEDPPSSPPPRTFLNQLPDWSRLRTAITTVFVAAEKQFTRLDRKSKRPDMLVDWFGSETIVQDGLVFRERF
SIRSYEIGADRTASIETLMNHLODTSLNHCKSVGLLNDGFGRTPEMCTRDLIWVLTKMQIVVNRYPTWGDTV
EINSWFSQSGKIGMGREWLISDCNTGEILVRATSAWAMMNQKTRRFSKLPCEVRQEIAPHFVDAPPVIEDND
RKLHKFDVKTGDSICKGLTPGWNDFDVNQHVSNVKYIGWILESMPTEVLETQELCSLTLEYRRECGRESVVE
SVTSMNPSKVGDRSQYQHLLRLEDGADIMKGRTEWRPKNAGTNRAIST

SEQ ID NO: 137
pPSZ1500

GGGCTGGTCTGAATCCTTCAGGCGGGTGTTACCCGAGAAAGAAAGGGTGCCGATTTCAAAGCAGACCCATGT
GCCGGGCCCTGTGGCCTGTGTTGGCGCCTATGTAGTCACCCCCCCTCACCCAATTGTCGCCAGTTTGCGCAC
TCCATAAACTCAAAACAGCAGCTTCTGAGCTGCGCTGTTCAAGAACACCTCTGGGGTTTGCTCACCCGCGAG
GTCGACGCCCAGCATGGCTATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTTCACGATCGGGACGCT
GCGCAAGGCCATCCCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTACCTGGCCTTTGACAT
CGCGGTCATGTCCCTGCTCTACGTCGCGTCGACGTACATCGACCCTGCACCGGTGCCTACGTGGGTCAAGTA
CGGCATCATGTGGCCGCTCTACTGGTTCTTCCAGGTGTGTTTGAGGGTTTTGGTTGCCCGTATTGAGGTCCT
GGTGGCGCGCATGGAGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCACCTTCCAGGGL
GCCTTCGGCACGGGTGTCTGGGTGTGCGCGCACGAGTGCGGCCACCAGGCCTTTTCCTCCAGCCAGGCCATC
AACGACGGCGTGGGCCTGGTGTTCCACAGCCTGCTGCTGGTGCCCTACTACTCCTGGAAGCACTCGCACCGG
GTACCCTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCA
TGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGG
GCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAA
CACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTT
CCTCTTCGTTTCAGTCACAACCCGCAAACTCTAGAATATCAATGCTGCTGCAGGCCTTCCTGTTCCTGCTGG
CCGGCTTCGCCGCCAAGATCAGCGCCTCCATGACGAACGAGACGTCCGACCGCCCCCTGGTGCACTTCACCC
CCAACAAGGGCTGGATGAACGACCCCAACGGCCTGTGGTACGACGAGAAGGACGCCAAGTGGCACCTGTACT
TCCAGTACAACCCGAACGACACCGTCTGGGGGACGCCCTTGTTCTGGGGCCACGCCACGTCCGACGACCTGA
CCAACTGGGAGGACCAGCCCATCGCCATCGCCCCGAAGCGCAACGACTCCGGCGCCTTCTCCGGCTCCATGG
TGGTGGACTACAACAACACCTCCGGCTTCTTCAACGACACCATCGACCCGCGCCAGCGCTGCGTGGCCATCT
GGACCTACAACACCCCGGAGTCCGAGGAGCAGTACATCTCCTACAGCCTGGACGGCGGCTACACCTTCACCG
AGTACCAGAAGAACCCCGTGCTGGCCGCCAACTCCACCCAGTTCCGCGACCCGAAGGTCTTCTGGTACGAGC
CCTCCCAGAAGTGGATCATGACCGCGGCCAAGTCCCAGGACTACAAGATCGAGATCTACTCCTCCGACGACC
TGAAGTCCTGGAAGCTGGAGTCCGCGTTCGCCAACGAGGGCTTCCTCGGCTACCAGTACGAGTGCCCCGGLC
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TGATCGAGGTCCCCACCGAGCAGGACCCCAGCAAGTCCTACTGGGTGATGTTCATCTCCATCAACCCCGGCG
CCCCGGCCGGCGGCTCCTTCAACCAGTACTTCGTCGGCAGCTTCAACGGCACCCACTTCGAGGCCTTCGACA
ACCAGTCCCGCGTGGTGGACTTCGGCAAGGACTACTACGCCCTGCAGACCTTCTTCAACACCGACCCGACCT
ACGGGAGCGCCCTGGGCATCGCGTGGGCCTCCAACTGGGAGTACTCCGCCTTCGTGCCCACCAACCCCTGGE
GCTCCTCCATGTCCCTCGTGCGCAAGTTCTCCCTCAACACCGAGTACCAGGCCAACCCGGAGACGGAGCTGA
TCAACCTGAAGGCCGAGCCGATCCTGAACATCAGCAACGCCGGCCCCTGGAGCCGGTTCGCCACCAACACCA
CGTTGACGAAGGCCAACAGCTACAACGTCGACCTGTCCAACAGCACCGGCACCCTGGAGTTCGAGCTGGTGT
ACGCCGTCAACACCACCCAGACGATCTCCAAGTCCGTGTTCGCGGACCTCTCCCTCTGGTTCAAGGGCCTGG
AGGACCCCGAGGAGTACCTCCGCATGGGCTTCGAGGTGTCCGCGTCCTCCTTCTTCCTGGACCGCGGGAACA
GCAAGGTGAAGTTCGTGAAGGAGAACCCCTACTTCACCAACCGCATGAGCGTGAACAACCAGCCCTTCAAGA
GCGAGAACGACCTGTCCTACTACAAGGTGTACGGCTTGCTGGACCAGAACATCCTGGAGCTGTACTTCAACG
ACGGCGACGTCGTGTCCACCAACACCTACTTCATGACCACCGGGAACGCCCTGGGCTCCGTGAACATGACGA
CGGGGGTGGACAACCTGTTCTACATCGACAAGTTCCAGGTGCGCGAGGTCAAGTGACAATTGGCAGCAGCAG
CTCGGATAGTATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGAC
CTGTGAATATCCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAG
TTGCTAGCTGCTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATC
CCAACCGCAACTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCA
CAGCCTTGGTTTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGC
ACGGGAAGTAGTGGGATGGGAACACAAATGGAGGATCCCGCGTCTCGAACAGAGCGCGCAGAGGAACGCTGA
AGGTCTCGCCTCTGTCGCACCTCAGCGCGGCATACACCACAATAACCACCTGACGAATGCGCTTGGTTCTTC
GTCCATTAGCGAAGCGTCCGGTTCACACACGTGCCACGTTGGCGAGGTGGCAGGTGACAATGATCGGTGGAG
CTGATGGTCGAAACGTTCACAGCCTAGGGATATCGAATTCGGCCGACAGGACGCGCGTCAAAGGTGCTGGTC
GTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTAGTGATTCCGCAACCCTGATTTTGGCGTCTTAT
TTTGGCGTGGCAAACGCTGGCGCCCGCGAGCCGGGCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCC
AAGGGAGGCAAGAGCGCCCGGGTCAGTTGAAGGGCTTTACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCG
TGGTGGAATTGGACGTGCAGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTAT
CAGGTCCGTGTCATCCACTCTAAAGAACTCGACTACGACCTACTGATGGCCCTAGATTCTTCATCAAAAACG
CCTGAGACACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTTGTTCCTTCCCCCCG
TGGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGCTTCGTGTGCTCAGGTCAT
GGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCAGCTATTTCCTCT
TCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTACGGGCCCTTCCCTCAAC
CCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCCGAGGGTTTGGGACGGGCCGTCCCGAA
ATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAATTTATGCAATGGACTGCTCTGCAAAATTCTG
GCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGATTTCGTAATCATTCGTCCTGATGGGGAGCTACCGACT
ACCCTAATATCAGCCCGACTGCCTGACGCCAGCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACA
TTTCATTGTGGTGCGAAGCGTCCCCAGTTACGCTCACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAGA
GCGGGCCCACAGGCCGGTCGCAGCCACTAGTATGGCCACCGCATCCACTTTCTCGGCGTTCAATGCCCGCTG
CGGCGACCTGCGTCGCTCGGCGGGCTCCGGGCCCCGGCGCCCAGCGAGGCCCLCTCCLCLCGTGCGCGGGLELEL
CGCCACCGGCGAGCAGCCCTCCGGCGTGGCCTCCCTGCGCGAGGCCGACAAGGAGAAGTCCCTGGGCAACCG
CCTGCGCCTGGGCTCCCTGACCGAGGACGGCCTGTCCTACAAGGAGAAGTTCGTGATCCGCTGCTACGAGGT
GGGCATCAACAAGACCGCCACCATCGAGACCATCGCCAACCTGCTGCAGGAGGTGGGCGGCAACCACGLCCCA
GGGCGTGGGCTTCTCCACCGACGGCTTCGCCACCACCACCACCATGCGCAAGCTGCACCTGATCTGGGTGAC
CGCCCGCATGCACATCGAGATCTACCGCTACCCCGCCTGGTCCGACGTGATCGAGATCGAGACCTGGGTGCA
GGGCGAGGGCAAGGTGGGCACCCGCCGCGACTGGATCCTGAAGGACTACGCCAACGGCGAGGTGATCGGCCG
CGCCACCTCCAAGTGGGTGATGATGAACGAGGACACCCGCCGCCTGCAGAAGGTGTCCGACGACGTGCGCGA
GGAGTACCTGGTGTTCTGCCCCCGCACCCTGCGCCTGGCCTTCCCCGAGGAGAACAACAACTCCATGAAGAA
GATCCCCAAGCTGGAGGACCCCGCCGAGTACTCCCGCCTGGGCCTGGTGCCCCGCCGCTCCGACCTGGACAT
GAACAAGCACGTGAACAACGTGACCTACATCGGCTGGGCCCTGGAGTCCATCCCCCCCGAGATCATCGACAC
CCACGAGCTGCAGGCCATCACCCTGGACTACCGCCGCGAGTGCCAGCGCGACGACATCGTGGACTCCCTGAC
CTCCCGCGAGCCCCTGGGCAACGCCGCCGGCGTGAAGTTCAAGGAGATCAACGGCTCCGTGTCCCCCAAGAA
GGACGAGCAGGACCTGTCCCGCTTCATGCACCTGCTGCGCTCCGCCGGCTCCGGCCTGGAGATCAACCGCTG
CCGCACCGAGTGGCGCAAGAAGCCCGCCAAGCGCATGGACTACAAGGACCACGACGGCGACTACAAGGACCA
CGACATCGACTACAAGGACGACGACGACAAGTGAATCGATAGATCTCTTAAGGCAGCAGCAGCTCGGATAGT
ATCGACACACTCTGGACGCTGGTCGTGTGATGGACTGTTGCCGCCACACTTGCTGCCTTGACCTGTGAATAT
CCCTGCCGCTTTTATCAAACAGCCTCAGTGTGTTTGATCTTGTGTGTACGCGCTTTTGCGAGTTGCTAGCTG
CTTGTGCTATTTGCGAATACCACCCCCAGCATCCCCTTCCCTCGTTTCATATCGCTTGCATCCCAACCGCAA
CTTATCTACGCTGTCCTGCTATCCCTCAGCGCTGCTCCTGCTCCTGCTCACTGCCCCTCGCACAGCCTTGGT
TTGGGCTCCGCCTGTATTCTCCTGGTACTGCAACCTGTAAACCAGCACTGCAATGCTGATGCACGGGAAGTA
GTGGGATGGGAACACAAATGGAAAGCTTAATTAAGAGCTCCCGCCACCACTCCAACACGGGGTGCCTGGACA
AGGACGAGGTGTTTGTGCCGCCGCACCGCGCAGTGGCGCACGAGGGCCTGGAGTGGGAGGAGTGGCTGCCCA
TCCGCATGGGCAAGGTGCTGGTCACCCTGACCCTGGGCTGGCCGCTGTACCTCATGTTCAACGTCGCCTCGL
GGCCGTACCCGCGCTTCGCCAACCACTTTGACCCGTGGTCGCCCATCTTCAGCAAGCGCGAGCGCATCGAGG
TGGTCATCTCCGACCTGGCGCTGGTGGCGGTGCTCAGCGGGCTCAGCGTGCTGGGCCGCACCATGGGCTGGG
CCTGGCTGGTCAAGACCTACGTGGTGCCCTACCTGATCGTGAACATGTGGCTCGTGCTCATCACGCTGCTCC
AGCACACGCACCCGGCGCTGCCGCACTACTTCGAGAAGGACTGGGACTGGCTGCGCGGCGCCATGGCCACCG
TGGACCGCTCCATGGGCCCGCCCTTCATGGACAACATCCTGCACCACATCTCCGACACCCACGTGCTGCACC
ACCTCTTCAGCACCATCCCGCACTACCACGCCGAGGAGGCCTCCGCCGCCATCAGGCCCATCCTGGGCAAGT
ACTACCAGTCCGACAGCCGCTGGGTCGGCCGCGCCCTGTGGGAGGACTGGCGCGACTGCCGCTACGTCGTCC
CGGACGCGCCCGAGGACGACTCCGCGCTCTGGTTCCACAAGTGAGTGAGTGA
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SEQ ID NO: 138

5’ FADc genomic region donor DNA
GGGCTGGTCTGAATCCTTCAGGCGGGTGTTACCCGAGAAAGAAAGGGTGCCGATTTCAAAGCAGACCCATGT
GCCGGGCCCTGTGGCCTGTGTTGGCGCCTATGTAGTCACCCCCCCTCACCCAATTGTCGCCAGTTTGCGCAL
TCCATAAACTCAAAACAGCAGCTTCTGAGCTGCGCTGTTCAAGAACACCTCTGGGGTTTGCTCACCCGCGAG
GTCGACGCCCAGCATGGCTATCAAGACGAACAGGCAGCCTGTGGAGAAGCCTCCGTTCACGATCGGGACGLT
GCGCAAGGCCATCCCCGCGCACTGTTTCGAGCGCTCGGCGCTTCGTAGCAGCATGTACCTGGCCTTTGACAT
CGCGGTCATGTCCCTGCTCTACGTCGCGTCGACGTACATCGACCCTGCACCGGTGCCTACGTGGGTCAAGTA
CGGCATCATGTGGCCGCTCTACTGGTTCTTCCAGGTGTGTTTGAGGGTTTTGGTTGCCCGTATTGAGGTCCT
GGTGGCGCGCATGGAGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCACCTTCCAGGGL
GCCTTCGGCACGGGTGTCTGGGTGTGCGCGCACGAGTGCGGCCACCAGGCCTTTTCCTCCAGCCAGGCCATC
AACGACGGCGTGGGCCTGGTGTTCCACAGCCTGCTGCTGETGCCCTACTACTCCTGGAAGCACTCGCACCG

SEQ ID NO: 139
3’ FADc genomic region donor DNA

CCGCCACCACTCCAACACGGGGTGCCTGGACAAGGACGAGGTGTTTGTGCCGCCGCACCGCGCAGTGGCGCA
CGAGGGCCTGGAGTGGGAGGAGTGGCTGCCCATCCGCATGGGCAAGGTGCTGGTCACCCTGACCCTGGGCTG
GCCGCTGTACCTCATGTTCAACGTCGCCTCGCGGCCGTACCCGCGCTTCGCCAACCACTTTGACCCGTGGTC
GCCCATCTTCAGCAAGCGCGAGCGCATCGAGGTGGTCATCTCCGACCTGGCGCTGGTGGCGGTGCTCAGCGG
GCTCAGCGTGCTGGGCCGCACCATGGGCTGGGCCTGGCTGGTCAAGACCTACGTGGTGCCCTACCTGATCGT
GAACATGTGGCTCGTGCTCATCACGCTGCTCCAGCACACGCACCCGGCGCTGCCGCACTACTTCGAGAAGGA
CTGGGACTGGCTGCGCGGCGCCATGGCCACCGTGGACCGCTCCATGGGCCCGCCCTTCATGGACAACATCCT
GCACCACATCTCCGACACCCACGTGCTGCACCACCTCTTCAGCACCATCCCGCACTACCACGCCGAGGAGGC
CTCCGCCGCCATCAGGCCCATCCTGGGCAAGTACTACCAGTCCGACAGCCGCTGGGTCGGCCGCGCCCTGTG
GGAGGACTGGCGCGACTGCCGCTACGTCGTCCCGGACGCGCCCGAGGACGACTCCGCGCTCTGGTTCCACAA
GTGAGTGAGTGA

SEQ ID NO: 140
5’ donor DNA sequence of Prototheca moriformis FATA1l knockout homologous
recombination targeting construct

GCTCTTCGGAGTCACTGTGCCACTGAGTTCGACTGGTAGCTGAATGGAGTCGCTGCTCCACTAAACGAATTG
TCAGCACCGCCAGCCGGCCGAGGACCCGAGTCATAGCGAGGGTAGTAGCGCGCCATGGCACCGACCAGCCTG
CTTGCCAGTACTGGCGTCTCTTCCGCTTCTCTGTGGTCCTCTGCGCGCTCCAGCGCGTGCGCTTTTCCGGTG
GATCATGCGGTCCGTGGCGCACCGCAGCGGCCGCTGCCCATGCAGCGCCGCTGCTTCCGAACAGTGGCGGTC
AGGGCCGCACCCGCGGTAGCCGTCCGTCCGGAACCCGCCCAAGAGTTTTGGGAGCAGCTTGAGCCCTGCAAG
ATGGCGGAGGACAAGCGCATCTTCCTGGAGGAGCACCGGTGCGTGGAGGTCCGGGGCTGACCGGCCGTCGCA
TTCAACGTAATCAATCGCATGATGATCAGAGGACACGAAGTCTTGGTGGCGGTGGCCAGAAACACTGTCCAT
TGCAAGGGCATAGGGATGCGTTCCTTCACCTCTCATTTCTCATTTCTGAATCCCTCCCTGCTCACTCTTTCT
CCTCCTCCTTCCCGTTCACGCAGCATTCGGGGTACC

SEQ ID NO: 141
3’ donor DNA gequence of Prototheca moriformis FATA1l knockout homologous
recombination targeting construct

GACAGGGTGGTTGGCTGGATGGGGAAACGCTGGTCGCGGGATTCGATCCTGCTGCTTATATCCTCCCTGGAA
GCACACCCACGACTCTGAAGAAGAAAACGTGCACACACACAACCCAACCGGCCGAATATTTGCTTCCTTATC
CCGGGTCCAAGAGAGACTGCGATGCCCCCCTCAATCAGCATCCTCCTCCCTGCCGCTTCAATCTTCCCTGCT
TGCCTGCGCCCGCGGTGCGCCEGTCTGCCCGCCCAGTCAGTCACTCCTGCACAGGCCCCTTGTGCGCAGTGCT
CCTGTACCCTTTACCGCTCCTTCCATTCTGCGAGGCCCCCTATTGAATGTATTCGTTGCCTGTGTGGCCAAG
CGGGCTGCTGGGCGCGCCGCCEGTCGGGCAGTGCTCGGCGACTTTGGCGGAAGCCGATTGTTCTTCTGTAAGC
CACGCGCTTGCTGCTTTGGGAAGAGAAGGGGGGGGGTACTGAATGGATGAGGAGGAGAAGGAGGGGTATTGG
TATTATCTGAGTTGGGTGAAGAGC

SEQ ID NO: 142
Chlorella protothecoides actin promoter/5’UTR

ACTAGAGAGTTTAGGTCCAGCGTCCGTGGGGGGGGACGGGCTGGGAGCTTGGGCCGGGAAGGGCAAGACGAT
GCAGTCCCTCTGGGGAGTCACAGCCGACTGTGTGTGTTGCACTGTGCGGCCCGCAGCACTCACACGCAAAAT
GCCTGGCCGACAGGCAGGCCCTGTCCAGTGCAACATCCACGGTCCCTCTCATCAGGCTCACCTTGCTCATTG
ACATAACGGAATGCGTACCGCTCTTTCAGATCTGTCCATCCAGAGAGGGGAGCAGGCTCCCCACCGACGCTG
TCAAACTTGCTTCCTGCCCAACCGAAAACATTATTGTTTGAGGGGGGGGGGGGGGGGGCAGATTGCATGGCG
GGATATCTCGTGAGGAACATCACTGGGACACTGTGGAACACAGTGAGTGCAGTATGCAGAGCATGTATGCTA
GGGGTCAGCGCAGGAAGGGGGCCTTTCCCAGTCTCCCATGCCACTGCACCGTATCCACGACTCACCAGGACC
AGCTTCTTGATCGGCTTCCGCTCCCGTGGACACCAGTGTGTAGCCTCTGGACTCCAGGTATGCGTGCACCGC
AAAGGCCAGCCGATCGTGCCGATTCCTGGGGTGGAGGATATGAGTCAGCCAACTTGGGGCTCAGAGTGCACA
CTGGGGCACGATACGAAACAACATCTACACCGTGTCCTCCATGCTGACACACCACAGCTTCGCTCCACCTGA
ATGTGGGCGCATGGGCCCGAATCACAGCCAATGTCGCTGCTGCCATAATGTGATCCAGACCCTCTCCGCCCA
GATGCCGAGCGGATCGTGGGCGCTGAATAGATTCCTGTTTCGATCACTGTTTGGGTCCTTTCCTTTTCGTCT
CGGATGCGCGTCTCGAAACAGGCTGCGTCGGGCTTTCGGATCCCTTTTGCTCCCTCCGTCACCATCCTGCGC
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GCGGGCAAGTTGCTTGACCCTGGGCTGGTACCAGGGTTGGAGGGTATTACCGCGTCAGGCCATTCCCAGCCC
GGATTCAATTCAAAGTCTGGGCCACCACCCTCCGCCGCTCTGTCTGATCACTCCACATTCGTGCATACACTA
CGTTCAAGTCCTGATCCAGGCGTGTCTCGGGACAAGGTGTGCTTGAGTTTGAATCTCAAGGACCCACTCCAG
CACAGCTGCTGGTTGACCCCGCCCTCGCAA

AACGCCTTTGTACAACTGCA

SEQ ID NO: 143

AtTHIC expression cassette comprising Chlorella protothecoides actin
promoter/5'UTR, Arabidopsis thaliana THIC protein coding sequence codon-
optimized for expression in Prototheca moriformis, and Chlorella
vulgaris nitrate reductase 3’ UTR

agtttaggtccagegtcegtggggggggacgggctgggagettgggeccgggaagggcaagacgatgecagtee
ctctggggagtcacageccgactgtgtgtgttgecactgtgeggeccgecagcactcacacgcaaaatgectgge
cgacaggcaggccctgtccagtgceaacatccacggtcecctcectcecatcaggetcacecttgetecattgacataac
ggaatgcgtaccgcectetttecagatctgtecateccagagaggggagcaggeteccccaccgacgetgtecaaact
tgcttectgeccaaccgaaaacattattgtttgagggggggggggggggggcagattgecatggegggatate
tcgtgaggaacatcactgggacactgtggaacacagtgagtgcagtatgcagagcatgtatgetaggggtca
gcgcaggaagggggcecttteccagteteccatgecactgecacegtatccacgactcaccaggaccagettet
tgatcggettecgeteccegtggacaccagtgtgtagectetggacteccaggtatgegtgecacecgecaaaggec
agccgategtgecgattectggggtggaggatatgagtcagecaacttggggetcagagtgecacactgggge
acgatacgaaacaacatctacaccgtgtcctceccatgetgacacaccacagettegetecacctgaatgtggg
cgcatgggeccececgaatcacageccaatgtegetgetgecataatgtgatccagacectetecgeccagatgecg
agcggatcgtgggegctgaatagattcecctgtttegatcactgtttgggtectttecttttegteteggatge
gcgtcetecgaaacaggctgegtegggettteggatecettttgeteecctecgtcaccatectgegegegggea
agttgcttgacccectgggcetgtaccagggttggagggtattacecgegtcaggecatteccagececggatteaa
ttcaaagtctgggccaccaccctecgecgetetgtetgatcacteccacattegtgecatacactacgttcecaag
tcctgateccaggegtgtetegggacaaggtgtgettgagtttgaatctcaaggacccactecagecacagetyg
ctggttgacccececgecctegecaatetagaATGgecgegteegtecactgeaceetgatgteegtggtetgeaa
caacaagaaccactcececgcecegecccaagetgeccaactecteecctgetgeeceggettegacgtggtggteoca
ggccgeggcecaccegettcaagaaggagacgacgaccaccegegececacgetgacgttegacceeeccecacgac
caactcececgagecgegcecaageagegeaageacaccatcegaccectectecececececgacttecageccatececte
cttecgaggagtgcettceccecccaagtccacgaaggagcacaaggaggtggtgecacgaggagtececggeecacgtect
gaaggtgccctteegecgegtgecacctgteccggeggegagececgecttecgacaactacgacacgteeggece
ccagaacgtcaacgceccacatecggectggegaagetgecgcaaggagtggatcgaccgecgegagaagetggg
cacgccececegcectacacgecagatgtactacgegaagcagggecatcatcacggaggagatgetgtactgegegac
gcgcgagaagcetggaccccgagttegteocgetecgaggtcgegeggggecgegecatecatecectecaacaa
gaagcacctggagctggagcecccatgatcecgtgggecgecaagttoctggtgaaggtgaacgegaacateggcaa
ctcegeegtggectectecatecgaggaggaggtctacaaggtgecagtgggecaccatgtggggegeecgacac
catcatggacctgtccacgggccgecacatccacgagacgegegagtggatecctgegeaactecgeggtecee
cgtgggcaccgtcecccatcetaccaggegetggagaaggtggacggeatcgeggagaacctgaactgggaggt
gttcecgegagacgcetgatcgagecaggcecgagcagggegtggactacttecacgateccacgegggegtgetget
gcgctacatcecccecctgaccgceccaagegectgacgggecategtgtecegeggeggeteccateccacgegaagtyg
gtgcctggcectaccacaaggagaacttcegectacgagecactgggacgacatectggacatetgecaaccagta
cgacgtcecgecectgtceccateggegacggectgegecceggetecatetacgacgeccaacgacacggececagtt
cgccgagetgcetgacccagggecgagetgacgegecgegegtgggagaaggacgtgecaggtgatgaacgaggg
cceceggecacgtgeccatgecacaagateccecgagaacatgecagaagecagetggagtggtgecaacgaggegec
cttectacacccectgggecccectgacgaccgacatecgegeceggetacgaccacatecacctecgecateggege
ggccaacatcggegecctgggecaccegecctgetgtgetacgtgacgeccaaggagecacctgggectgeccaa
ccgecgacgacgtgaaggegggegteoategectacaagatcgecgeccacgeggeecgacctggecaageagea
ccecececacgeccaggegtgggacgacgegetgteccaaggegegettegagtteecgetggatggaccagttege
gctgtcecceccectggaccceccatgacggegatgteocttccacgacgagacgectgececgeggacggegegaaggtege
ccacttetgetceccatgtgeggecccaagttetgeteccatgaagatcacggaggacatcecgecaagtacgeecga
ggagaacggctacggctccgecgaggaggccatcecgecagggecatggacgeecatgteccgaggagttecaacat
cgccaagaagacgatctceoecggecgagcagecacggegaggtcggeggegagatctacctgeececgagtectacgt
caaggccecgegcagaagTGAcaattggcagcagcageteggatagtatcgacacactetggacgetggtegtg
tgatggactgttgccgceccacacttgetgecttgacctgtgaatatecectgecgettttatcaaacagectea
gtgtgtttgatcttgtgtgtacgecgettttgegagttgectagetgettgtgetatttgegaataccaceecece
agcatccecettcececctegtttecatategettgeateccaaccgecaacttatctacgetgtectgetateecte
agcgctgctectgetectgetcactgeccecctegecacagecttggtttgggetecegectgtattectectggta
ctgcaacctgtaaaccagcactgecaatgcetgatgecacgggaagtagtgggatgggaacacaaatggaggatce
c

SEQ ID NO: 144
Codon-optimized sequence of PmKASII comprising a C. protothecoides S106
stearoyl-ACP desaturase transit peptide

ATGgccaccgcatcecacttteteggegttcaatgecegetgeggegacctgegtecgetcggegggcteegay
cceocggcgeccagegaggocacteccegtgegegggegegecgacegecgecgacgacgacaacecegecaga
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ccecgagegecgegtggtgatcaccggecagggcgtggtgacctecectgggecagaccatecgageagttetac
tcectecctgctggagggegtgtecggeatctoccagateccagaagttcgacaccaccggctacaccaccace
atcgccggcgagatcaagtcooctgecagetggacecectacagtgeccaagegectgggccaagegegtggacgac
gtgatcaagtacgtgtacatcgcecggcaagcaggccctggagtcegecggaectgeccatcgaggeccgaecgga
ctggccggegecggectggaccoeagecctgtgeggegtgetgatcggcaccgecatggecggcatgacctec
ttecgeccgeceggegtggaggeoctgaccogoeggcggegtgegcaagatgaaccacttetgeateccettetec
atctccaacatgggcggcgeccatgetggecatggacateggcttcatgggecccaactactecatetecace
gcctgogecaccggcaactactgecatectgggegecgecgaccacatcegecgeggcgacgecaacgtgatyg
ctggccggeggcgecgacgeocgecatcatecoctecggeateggeggettcategectgcaaggeectgtec
aagcgcaacgacgagcccgagcgagoctecocgecectgggacgecgaccgaegacggcttegtgatgggegayg
ggcgccggegtgetggtgctggaggagetggagcacgccaagoegoecgcggegecaccatectggecgagetyg
gtgggcggogecgccacctecgacgeccaccacatgaccgagoeccgacaccccagggcegeggegtgegectyg
tgcctggagcgegecctggagegagoccgactggeoccccgagegegtgggctacgtgaacgeccacggcace
tccacceceogecggcgacgtggecgagtaccgegecatecgegeegtgateccccaggactecctgegeate
aactccaccaagtccatgatcggecacctgctgggeggcgecggcgccgtggaggecgtggecgecatecayg
gccctgegeaccggctggectgecaccecaacctgaacctggagaaccocgeccccggegtggaceccegtggtg
ctggtaggcccocogcaaggagcgogoccgaggacctggacatggtgetgteccaactectteggetteggegge
cacaactcctgcgtgatcttocgecaagtacgacgagatggactacaaggaccacgacggcgactacaaggac
cacgacatcgactacaaggacgacgacgacaagTGA

SEQ ID NO: 145
Codon-optimized amino acid sequence of PmKASII comprising a C.
protothecoides 8106 stearoyl-ACP desaturase trangit peptide

MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAAAAADANPARPERRVVITGQGVVTSLGQTIEQFY
SSLLEGVSGISQIQKFDTTGYTTTIAGEIKSLOQLDPYVPKRWAKRVDDVIKYVYIAGKQALESAGLPIEAAG
LAGAGLDPALCGVLIGTAMAGMTSFAAGVEALTRGGVRKMNPFCIPFSISNMGGAMLAMDIGFMGPNYSIST
ACATGNYCILGAADHIRRGDANVMLAGGADAATIIPSGIGGFIACKALSKRNDEPERASRPWDADRDGFVMGE
GAGVLVLEELEHAKRRGATILAELVGGAATSDAHHMTEPDPQGRGVRLCLERALERARLAPERVGYVNAHGT
STPAGDVAEYRAIRAVIPQDSLRINSTKSMIGHLLGGAGAVEAVAATIQALRTGWLHPNLNLENPAPGVDPVV
LVGPRKERAEDLDVVLSNSFGFGGHNSCVIFRKYDEMDYKDHDGDYKDHDIDYKDDDDK

SEQ ID NO: 146
Codon-optimized Protetheca moriformis (UTEX 1435) FAD2 protein-coding
sequence

ATGgccatcaagaccaaccgccageccgtggagaagecccecttcaccateggecacectgegcaaggecate
ccegeccactgcettegagegeteocgecctgegetectecatgtacctggecttegacategecgtgatgtec
ctgctatacgtggectecacctacatcgaccecgeccecegtgeccacctgggtgaagtacggegtgatgtgyg
ccectatactggtteottocagggegectteggcaccggegtgtgggtgtgegeccacgagtgeggecaccag
gccttetectecteccaggecatcaacgacggegtgggectggtgttecactecectgetgetggtgeactac
tactcctggaagcactcoccaccgecgeccaccactecaacaccggctgectggacaaggacgaggtgttegtyg
cceoeccaccgegecgtggeccacgagggaectggagtgggaggagtggetgeccateegecatgggcaaggtyg
ctggtgaccctgaccctgggetggeccctgtacctgatgttcaacgtggectecegecectaceceacgette
gccaaccacttcgaccectggtcocccatettetecaagegegagegcategagataggtgatectecgacctyg
gccoctggtggecgtgetgtecggectgtecgtgetgggecgcaccatgaggctgggectggetggtgaagacc
tacgtaggtgccctacctgategtgaacatgtggetggtgectgatcaccctgetgocagcacacccaccecgaec
ctgceccactacttocgagaaggactgggactggoetgegeggcgecatggecaccgtggaccegetecatggge
ccccectteoatggacaacatcoctgcaccacatctecgacaccecacgtgectgecaccacctgttetecaccate
cceccactaccacgccgaggaggoctoogeocgacatecgeccecatectgggcaagtactaccagtecgactec
cgctgagtgggccgegecctgtgggaggactggegegactgcegetacgtggtgoccgacgececcgaggac
gactccgcectgtggttcecacaagTAG

SEQ ID NO: 147
Codon-optimized Protetheca moriformis (UTEX 1435) amino acid sequence of
Prototheca moriformis FAD2

MAIKTNRQPVEKPPFTIGTLRKAIPAHCFERSALRSSMYLAFDIAVMSLLYVASTYIDPAPVPTWVKYGVMW
PLYWFFQGAFGTGVWVCAHECGHQAFSSSQAINDGVGLVFHSLLLVPYYSWKHSHRRHHSNTGCLDKDEVFEV
PPHRAVAHEGLEWEEWLPIRMGKVLVTLTLGWPLYLMFNVASRPYPRFANHFDPWSPIFSKRERIEVVISDL
ALVAVLSGLSVLGRTMGWAWLVKTYVVPYLIVNMWLVLITLLOHTHPALPHYFEKDWDWLRGAMATVDRSMG
PPFMDNILHHISDTHVLHHLFSTIPHYHAEEASAATRPILGKYYQSDSRWVGRALWEDWRDCRYVVPDAPED
DSALWFHK

SEQ ID NO: 148

Codon-optimized coding region of Brassica napus Cl8:0-preferring
thioesterase from pSz1358
ACTAGTATGCTGAAGCTGTCCTGCAACGTGACCAACAACCTGCACACCTTCTCCTTCTTCTCCGACTCCTCC
CTGTTCATCCCCGTGAACCGCCGCACCATCGCCGTGTCCTCCGGGCGECGCCTCCCAGCTGCGCAAGLCCLGLC
CTGGACCCCCTGCGCGCCGTGATCTCCGCCGACCAGGGCTCCATCTCCCCCGTGAACTCCTGCACCCCCGLC
GACCGCCTGCGCGCCGGCCGCCTGATGGAGGACGGCTACTCCTACAAGGAGAAGTTCATCGTGCGCTCCTAC
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GAGGTGGGCATCAACAAGACCGCCACCGTGGAGACCATCGCCAACCTGCTGCAGGAGGTGGCCTGCAACCAC
GTGCAGAAGTGCGGCTTCTCCACCGACGGCTTCGCCACCACCCTGACCATGCGCAAGCTGCACCTGATCTGG
GTGACCGCCCGCATGCACATCGAGATCTACAAGTACCCCGCCTGGTCCGACGTGGTGGAGATCGAGACCTGG
TGCCAGTCCGAGGGCCGCATCGGCACCCGCCGCGACTGGATCCTGCGCGACTCCGCCACCAACGAGGTGATC
GGCCGCGCCACCTCCAAGTGGGTGATGATGAACCAGGACACCCGCCGCCTGCAGCGCGTGACCGACGAGGTG
CGCGACGAGTACCTGGTGTTCTGCCCCCGCGAGCCCCGCCTGGCCTTCCCCGAGGAGAACAACTCCTCCCTG
AAGAAGATCCCCAAGCTGGAGGACCCCGCCCAGTACTCCATGCTGGAGCTGAAGCCCCGCCGCGCCGACCTG
GACATGAACCAGCACGTGAACAACGTGACCTACATCGGCTGGGTGCTGGAGTCCATCCCCCAGGAGATCATC
GACACCCACGAGCTGCAGGTGATCACCCTGGACTACCGCCGCGAGTGCCAGCAGGACGACATCGTGGACTCC
CTGACCACCTCCGAGATCCCCGACGACCCCATCTCCAAGTTCACCGGCACCAACGGCTCCGCCATGTCCTCC
ATCCAGGGCCACAACGAGTCCCAGTTCCTGCACATGCTGCGCCTGTCCGAGAACGGCCAGGAGATCAACCGC
GGCCGCACCCAGTGGCGCAAGAAGTCCTCCCGCATGGACTACAAGGACCACGACGGCGACTACAAGGACCAC
GACATCGACTACAAGGACGACGACGACAAGTGAATCGAT

SEQ ID NO: 149
Amino acid sequence of Brassica napus Cl18:0-preferring thiocesterase
(Accession No. CAA52070.1)

MLKLSCNVINNLHTFSFFSDSSLFIPVNRRTIAVSSSQLRKPALDPLRAVISADQGSISPVNSCTPADRLRA
GRLMEDGYSYKEKFIVRSYEVGINKTATVETIANLLOQEVACNHVQKCGFSTDGFATTLTMRKLHLIWVTARM
HIEIYKYPAWSDVVEIETWCQSEGRIGTRRDWILRDSATNEVIGRATSKWVMMNQDTRRLORVTDEVRDEYL
VFCPREPRLAFPEENNSSLKKIPKLEDPAQYSMLELKPRRADLDMNQHVNNVTYIGWVLESIPQEIIDTHEL
QVITLDYRRECQQDDIVDSLTTSEIPDDPISKFTGTNGSAMSSIQGHNESQFLHMLRLSENGQEINRGRTQW
RKKSSR

SEQ ID NO: 150

Prototheca moriformis FATALl allele 1 5’ homology donor region
GGAGTCACTGTGCCACTGAGTTCGACTGGTAGCTGAATGGAGTCGCTGCTCCACTAAACGAATTGTCAGCAL
CGCCAGCCGGCCGAGGACCCGAGTCATAGCGAGGGTAGTAGCGCGCCATGGCACCGACCAGCCTGCTTGCCA
GTACTGGCGTCTCTTCCGCTTCTCTGTGGTCCTCTGCGCGCTCCAGCGCGTGCGCTTTTCCGGTGGATCATG
CGGTCCGTGGCGCACCGCAGCGGCCGCTGCCCATGCAGCGCCGCTGCTTCCGAACAGTGGCGGTCAGGGCCG
CACCCGCGGTAGCCGTCCGTCCGGAACCCGCCCAAGAGTTTTGGGAGCAGCTTGAGCCCTGCAAGATGGCGG
AGGACAAGCGCATCTTCCTGGAGGAGCACCGGTGCGTGGAGGTCCGGGGCTGACCGGCCGTCGCATTCAACG
TAATCAATCGCATGATGATCAGAGGACACGAAGTCTTGGTGGCGGTGGCCAGAAACACTGTCCATTGCAAGG
GCATAGGGATGCGTTCCTTCACCTCTCATTTCTCATTTCTGAATCCCTCCCTGCTCACTCTTTCTCCTCCTC
CTTCCCGTTCACGCAGCATTCGG

SEQ ID NO: 151

Prototheca moriformis FATALl allele 1 3’ homology donor region
GACAGGGTGGTTGGCTGGATGGGGAAACGCTGGTCGCGGGATTCGATCCTGCTGCTTATATCCTCCCTGGAA
GCACACCCACGACTCTGAAGAAGAAAACGTGCACACACACAACCCAACCGGCCGAATATTTGCTTCCTTATC
CCGGGTCCAAGAGAGACTGCGATGCCCCCCTCAATCAGCATCCTCCTCCCTGCCGCTTCAATCTTCCCTGCT
TGCCTGCGCCCGCGGTGCGCCGTCTGCCCGCCCAGTCAGTCACTCCTGCACAGGCCCCTTGTGCGCAGTGLT
CCTGTACCCTTTACCGCTCCTTCCATTCTGCGAGGCCCCCTATTGAATGTATTCGTTGCCTGTGTGGCCAAG
CGGGCTGCTGGGCGCGCCGCCETCGGGCAGTGCTCGGCGACTTTGGCGGAAGCCGATTGTTCTTCTGTAAGC
CACGCGCTTGCTGCTTTGGGAAGAGAAGGGGGGGGGTACTGAATGGATGAGGAGGAGAAGGAGGGGTATTGG
TATTATCTGAGTTGGGT

SEQ ID NO: 152
Prototheca moriformis FATALl allele 2 5’ homology donor region

AATGGAGTCGCTGCTCCACTAATCGAATTGTCAGCACCGCCAGCCGGCCGAGGACCCGAGTCATAGCGAGGG
TAGTAGCGCGCCATGGCACCGACCAGCCTGCTTGCCCGTACTGGCGTCTCTTCCGCTTCTCTGTGCTCCTCT
ACGCGCTCCGGCGCGETGCGCTTTTCCGGTGGATCATGCGGTCCGTGGCGCACCGCAGCGGCCGCTGCCCATG
CAGCGCCGCTGCTTCCGAACAGTGGCTGTCAGGGCCGCACCCGCAGTAGCCGTCCGTCCGGAACCCGLCCCAA
GAGTTTTGGGAGCAGCTTGAGCCCTGCAAGATGGCGGAGGACAAGCGCATCTTCCTGGAGGAGCACCGGTGC
GCGGAGGTCCGGGGCTGACCGGCCGTCGCATTCAACGTAATCAATCGCATGATGATCACAGGACGCGACGTC
TTGGTGGCGGTGGCCAGGGACACTGCCCATTGCACAGGCATAGGAATGCGTTCCTTCTCATTTCTCAGTTTT
CTGAGCCCCTCCCTCTTCACTCTTTCTCCTCCTCCTCCCCTCTCACGCAGCATTCGTGG

SEQ ID NO: 153
Prototheca moriformis FATALl allele 2 3’ homology donor region

CACTAGTATCGATTTCGAACAGAGGAGAGGGTGGCTGGTAGTTGCGGGATGGCTGGTCGCCCGTCGATCCTG
CTGCTGCTATTGTCTCCTCCTGCACAAGCCCACCCACGACTCCGAAGAAGAAGAAGAAAACGCGCACACACA
CAACCCAACCGGCCGAATATTTGCTTCCTTATCCCGGGTCCAAGAGAGACGGCGATGCCCCCCTCAATCAGC
CTCCTCCTCCCTGCCGCTCCAATCTTCCCTGCTTGCATGCGCCCGCGAGAGGCTGTCTGCGCGCCCCGTCAG
TCACTCCCCGTGCAGACGCCTCGTGCTCGGTGCTCCTGTATCCTTTACCGCTCCTTTCATTCTGCGAGGCCC
CCTGTTGAATGTATTCGTTGCCTGTGTGGCCAAGCGCGCTGCTGGGCGCGCCGCCEGTCGGGCGGTGCTCGGL
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GACTCTGGCGGAAGCCGGTTGTTCTTCTGTAAGCCACGCGCTTGCTGCTTTTGGAAAAGAGGGGGGTTTACT
GAATGGAGGAGGAGCAGGATAATTGGTAGTATCTGAGTTGTTG

SEQ ID NO: 154
SAD2 hairpin C

actagtGCGCTGGACGCGGCAGTGGGTGGCCGAGGAGAACCGGCACGGCGACCTGCTGAACAAGTACTGTTG
GCTGACGGGGCGCGTCAACATGCGGGCCGTGGAGGTGACCATCAACAACCTGATCAAGAGCGGCATGAACCC
GCAGACGGACAACAACCCTTACTTGGGCTTCGTCTACACCTCCTTCCAGGAGCGCGCGACCAAGTACAGCCA
CGGCAACACCGCGCGCCTTGCGGCCGAGCAGTGTGTTTGAGGGTTTTGGTTGCCCGTATCGAGGTCCTGGTG
GCGCGCATGGGGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCACCTTCCAGGGCGCET
ACGggatccTGCTCGGCCGCAAGGCGCGCGGTGTTGCCGTGGCTGTACTTGGTCGCGCGCTCCTGGAAGGAG
GTGTAGACGAAGCCCAAGTAAGGGTTGTTGTCCGTCTGCGGGTTCATGCCGCTCTTGATCAGGTTGTTGATG
GTCACCTCCACGGCCCGCATGTTGACGCGCCCCGTCAGCCAACAGTACTTGTTCAGCAGGTCGCCGTGCCGG
TTCTCCTCGGCCACCCACTGCCGCGTCCAGCGCaagett

SEQ ID NO: 155

MSIQFALRAAYIKGTCQRLSGRGAALGLSRDWTPGWTLPRCWPASAAATAPPRARHQERATIHLTSGRRRHSA
LASDADERALPSNAPGLVMASQANYFRVRLLPEQEEGELESWSPNVRHTTLLCKPRAMLSKLOMRVMVGDRV
IVTAIDPVNMTVHAPPFDPLPATRFLVAGEAADMDITVVLNKADLVPEEESAATLAQEVASWGPVVLTSTLTG
RGLOELERQLGSTTAVLAGPSGAGKSSIINALARAARERPSDASVSNVPEEQVVGEDGRALANPPPFTLADI
RNAIPKDCFRKSAAKSLAYLGDLSITGMAVLAYKINSPWLWPLYWFAQGTMFWALFVVGHDCGHQSFSTSKR
LNDALAWLGALAAGTWIWALGVLPMLNLYLAPYVWLLVTYLHHHGPSDPREEMPWYRGREWSYMRGGLTTID
RDYGLFNKVHHDIGTHVVHH

SEQ ID NO: 156

MFWALFVVGHDCGHQSFSTSKRLNDAVGLFVHSIIGVPYHGWRISHRTHHNNHGHVENDESWYPPTESGLKA
MTDMGRQGRFHFPSMLFVYPFYLFWRSPGKTGSHFSPATDLFALWEAPLIRTSNACQLAWLGALAAGTWALG
VLPMLNLYLAPYVISVAWLDLVTYLHHHGPSDPREEMPWYRGREWSYMRGGLTTIDRDYGLFNKVHHDIGTH
VVHHLFPQIPHYNLCRATKAAKKVLGPYYREPERCPLGLLPVHLLAPLLRSLGQDHFVDDAGSVLFYRRAEG
INPWIQKLLPWLGGARRGADAQRDAAQ

SEQ ID NO: 157
Camelina sativa omega-3 FAD7-2

MANLVLSECGIRPLPRIYTTPRSNFVSNNNKPIFKFRPFTSYKTSSSPLACSRDGFGKNWSLNVSVPLTTTT
PIVDESPLKEEEEEKQRFDPGAPPPFNLADIRAATIPKHCWVKNPWKSMSYVLRDVAIVFALAAGASYLNNWI
VWPLYWLAQGTMFWALFVLGHDCGHGSFSNNPRLNNVVGHLLHSSILVPYHGWRISHRTHHQNHGHVENDES
WHPMSEKIYQSLDKPTRFFRFTLPLVMLAYPFYLWARSPGKKGSHYHPESDLFLPKEKTDVLTSTACWTAMA
ALLICLNFVVGPVOMLKLYGIPYWINVMWLDFVTYLHHHGHEDKLPWYRGKEWSYLRGGLTTLDRDYGVINN
IHHDIGTHVIHHLFPQIPHYHLVEATEAVKPVLGKYYREPDKSGPLPLHLLGILAKSIKEDHYVSDEGDVVY
YKADPNMYGEIKVGAD

SEQ ID NO: 158
Prototheca moriformis delta 12 desaturase allele 2

MAIKTNRQPVEKPPFTIGTLRKAIPAHCFERSALRSSMYLAFDIAVMSLLYVASTYIDPAPVPTWVKYGIMW
PLYWFFQGAFGTGVWVCAHECGHQAFSSSQAINDGVGLVFHSLLLVPYYSWKHSHRRHHSNTGCLDKDEVFEV
PPHRAVAHEGLEWEEWLPIRMGKVLVTLTLGWPLYLMFNVASRPYPRFANHFDPWSPIFSKRERIEVVISDL
ALVAVLSGLSVLGRTMGWAWLVKTYVVPYMIVNMWLVLITLLOQHTHPALPHYFEKDWDWLRGAMATVDRSMG
PPFMDSILHHISDTHVLHHLFSTIPHYHAEEASAATIRPILGKYYQSDSRWVGRALWEDWRDCRYVVPDAPED
DSALWFHK

SEQ ID NO: 159
Camelina sativa omega-3 FAD7-1

MANLVLSECGIRPLPRIYTTPRSNFVSNNNKPIFKFRPLTSYKTSSPLFCSRDGFGRNWSLNVSVPLATTTP
IVDESPLEEEEEEEKQRFDPGAPPPFNLADIRAATIPKHCWVKNPWKSMSYVLRDVAIVFALAAGAAYLNNWI
VWPLYWLAQGTMFWALFVLGHDCGHGSFSNNPRLNNVVGHLLHSSILVPYHGWRISHRTHHQNHGHVENDES
WHPMSEKIYQSLDKPTRFFRFTLPLVMLAYPFYLWARSPGKKGSHYHPESDLFLPKEKTDVLTSTACWTAMA
ALLICLNFVVGPVOMLKLYGIPYWINVMWLDFVTYLHHHGHEDKLPWYRGKEWSYLRGGLTTLDRDYGVINN
IHHDIGTHVIHHLFPQIPHYHLVEATEAVKPVLGKYYREPDKSGPLPLHLLGILAKSIKEDHYVSDEGDVVY
YKADPNMYGEIKVGAD
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SEQ ID NO: 160
PmFATA-hpB

actagt CATTCGGGGCAACGAGGTGGGCCCCTCGCAGCGGCTGACGATCACGGCGGTGGCCAACATCCTGCA
GGAGGCGGCGGGCAACCACGCGGTGGCCATGTGGGGCCGGAGCGTGTGTTTGAGGGTTTTGGTTGCCCGTAT
TGAGGTCCTGGTGGCGCGCATGGGGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGCTACCCTCCCGGCALCC
TTCCAGGGCGCGTACGggatccGCTCCGGCCCCACATGGCCACCGCGTGGTTGCCCGCCGCCTCCTGCAGGA
TGTTGGCCACCGCCGTGATCGTCAGCCGCTGCGAGGGGCCCACCTCGTTGCCCCGAATGaagett

SEQ ID NO: 161

PmFATA-hpC
actagtGGAGGGTTTCGCGACGGACCCGGAGCTGCAGGAGGCGGGTCTCATCTTTGTGATGACGCGCATGCA
GATCCAGATGTACCGCTACCCGCGCTGGGGCGACCTGATGCAGGTGGAGACCTGGTTCCAGAGTGTGTTTGA
GGGTTTTGGTTGCCCGTATTGAGGTCCTGGTGGCGCGCATGGGGGAGAAGGCGCCTGTCCCGCTGACCCCCT
CGGCTACCCTCCCGGCACCTTCCAGGGCGCGTACGggat ccTCTGGAACCAGGTCTCCACCTGCATCAGGTC
GCCCCAGCGCGGGTAGCGGTACATCTGGATCTGCATGCGCGTCATCACARAGATGAGACCCGCCTCCTGCAG
CTCCGGGTCCGTCGCGAAACCCTCCaagett

SEQ ID NO: 162

PMFATA-hpD

actagt CGGCEGGCAAGCTEGGCECECAGCGCGAGTGEETECTEGCGCGACAAGCTEGACCGGCGAGGCECTEG
GCGCGGCCACCTCGAGCTGGGETCATGATCAACATCCGCACGCGCCEGCCATGCCGCATGCCGGETETETTTG
AGGGTTTTGETTGCCCETATCGAGGTCCTGETEGGCGCECATEGGGEGAGAAGGCGCCTETCCCGCTGACCCCC
CCGGCTACCCTCCCGGCACCTTCCAGEGCECATACCGggat ccCCGGCATEGCGECACGGCCGECGCATECGEA
TGTTGATCATGACCCAGCTCGAGGTGGCCECGCCCAGCGCCTCGCCGETCAGCTTGTCGCGCAGCACCCACT
CGCGCTGCECECCCAGCTTEGCCCGCCGaagett

SEQ ID NO: 163
PMFATA-hpE

actagtGTCCGCGTCAAGTCGGCCTTCTTCGCGCGCGAGCCGCCGCGCCTGGCGCTGCCGCCCGCGETCACG
CGTGCCAAGCTGCCCAACATCGCGACGCCGGCGCCGCTGCGCGGGCACCGLCAGETCGLGLGLCGCACCGAL
ATGGACATGAACGGGCACGTGAACAACGTGGCCTACCTGGCCTGGTGCCTGGAGTGTGTTTGAGGGTTTTGG
TTGCCCGTATTGAGGTCCTGGTGGCGCGCATGGGGGAGAAGGCGCCTGTCCCGCTGACCCCCCCGGLTALCCT
TCCCGGCACCTTCCAGGGCGCGTACGggatccTCCAGGCACCAGGCCAGGTAGGCCACGTTGTTCACGTGLCC
CGTTCATGTCCATGTCGGTGCGGCGCGCGACCTGGCGGTGCCCGCGCAGCGGCGLCCGGCETCGCGATGTTGG
GCAGCTTGGCACGCGTGACCGCGGGCGGCAGCGCCAGGCGCGGCGGCTCGCGCGCGAAGAAGGCCGACTTGA
CGCGGACaagctt

SEQ ID NO: 164
PMFATA-hpF

actagt CCGTGCCCGAGCACGTCTTCAGCGACTACCACCTCTACCAGATGGAGATCGACTTCAAGGCCGAGT
GCCACGCGGGCGACGTCATCTCCTCCCAGGCCGAGCAGATCCCGCCCCAGGAGGCGCTCACGCACAALGGLG
CCGGCCGCAACCCCTCCTGCTTCGTCCATAGCATTCTGCGCGCCGAGACCGAGCGETGTGTTTGAGGGTTTTG
GTTGCCCGTATCGAGGTCCTGGTGGCGCGCATGGGGGAGAAGGCGCCTGTCCCGCTGACCCCCLCCGGLTALCT
CTCCCGGCACCTTCCAGGGCGCGTACGggatccGCTCGGTCTCGGCGCGCAGAATGCTATGGACGAAGCAGG
AGGGGTTGCGGCCGGCGCCGTTGTGCGTGAGCGCCTCCTGGGGCGGGATCTGCTCGGCCTGGGAGGAGATGA
CGTCGCCCGCGTGGCACTCGGCCTTGAAGTCGATCTCCATCTGGTAGAGGTGGTAGTCGCTGAAGACGTGCT
CGGGCACGGaagctt

SEQ ID NO: 165
PmFATA-hpG

actagtTCGTCCGCGCGCGAACCACATGGTCGGCCCCCATCGACGCGCCCGCCGCCAAGCCGCCCAAGGCGA
GCCACTGAGGACAGGGTGGTTGGCTGGATGGGGAAACGCTGGTCGCGGGATTCGATCCTGCTGCTTATATCC
TCGTGTGTTTGAGGGTTTTGGTTGCCCGTATTGAGGTCCTGGTGGCGCGCATGGGGGAGAAGGCGCCTGTCC
CGCTGACCCCCCCGGCTACCCTCCCGGCACCTTCCAGGGCGCGTACGggat ccGAGGATATAAGCAGCAGGA
TCGAATCCCGCGACCAGCGTTTCCCCATCCAGCCAACCACCCTGTCCTCAGTGGCTCGCLCTTGGGCGGLTTG
GCGGCGGGCGCGETCGATGGGGGCCGACCATGTGGTTCGCGCGCGGACGAaagett

SEQ ID NO: 166
Prototheca moriformis (UTEX 1435) glyoxysomal fatty acid beta-oxidation
multifunctional protein

ATGTCGAAGGAGCCGCAGTCTTTCTACAAGGTGGAGGATGGAGTGGCCATCATCACCATCTCCTACCCTCCC

ATGAACGCCCTTCACCCCACGCTGATCAAGGACATGTTCAACAACGTCCGTCGCGCCCAGGAGGATGCCAGC
GCCAAGGCCATCGTCATCACCGGTGCCAACGGTCGCTTCTGCGCCGGCTTTGACATCAACCAGTTCCAGAAC
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AAGAGCGCCGGCGCSGGCGGCGGCATCGACATGAGCATCAACAACGCGTTTGTSGAGCTCATCGAGAACGGS
CGCAAGCCGACGGTGGCCGCGATCGAGCGGCTGGCCCTGGGCGGCGGGETGCGAGCTGGCGCTGGCCTGCAAL
GCGCGCGTAGCGGCGCCCGGCACCATCATGGGCCTGCCCGAGCTGACGCTGGGCATTTTGCCCGGCTTTGGC
GGCACGCAGCGCCTGCCGCGCETGEGTGGGCCTTGAGAAGGGCCTGTCCATGATCCTGACCAGCAAGCCCATC
AAGGARCCCGAGGCGCTCAAGCTGGGCCTGCTGGACGAGGTGGTGCCCGCGCCGCAGCTGCTGGCGCGCGLL
AAGGCCTTTGCGCTGGAGATCGTGMCSGGGCAGCGCCCGCGCGTCAACGCGCTCCAGCGCACGGACAAGCTG
CCCGCGTACGCGGACGCGCTGCAGATCATCCAGTTTGCGCGCGAGCAGACGGCCAAGCGCGCGCCCAACCTG
CAGCACCCGCTCTTCACGCTGGACGCGATCCAGGCCGGCATCGAGCACGGCGGGCTCAAGGGCCTGCGCGLL
GAGGCCGACGCCTTTGCGCGCTCGGCGGCGCTGCCCACGCACGACTCGCTGGTGCACGTCTTCTTCGCGCAG
CGCTCGACCAAGCGCGTGCGCGGAGTGACCGACGTCGGGCTCAAGCCACGTGCGGTCAAGAGGATCGCCGTG
CTGGGCGGCGGGCTCATGGGCTCGGGCATCGCCACCGCCTCGGCGCTGGCGGGCETSGAGGTGCTGCTCAAG
GAYATCAARSAYAAYTTCCTSGAGGGCGGCCTGGGCCGCATCCGCGCCAACCTGGCGTCCAAGGTCAAGCGG
AAGCAGCTCTCGCAGCAGGCGGCGGACGCCGCGATGGCCCGCGTCAAGGGCGTGCTCACCTACGACGACTTC
AAGACSGTCGACATGGTGATCGAGGCGGCCATCGAGAAGGTGGACCTGAAGCAGGACATCTTCGTGGACCTG
GTCAGGGCCACGCGCCCCGACTGCATCCTGGCCACCAACACGTCGACCATCAACATCGAGACGGTGGGCGLC
AAGATCCCGGGCGACCTGGGCCGCGETGATCGGCGCGCACTTTTTCTCGCCRGCGCACATCATGCCCCTGCTG
GAGATCGTGCGCTCGGACAAGACCAGCGCGCAGGTCATCCTGGACACGCTCGAGTACGGCAGCAAGATCAAG
AAGACGCCCGTCGTGGTGGGCAACTGCACGGGCTTTGCGGTCAACCGCGTCTTCTTCCCCTACTCCATGGCC
GCGACCATTCTCTTGGACTCGGGGCTCGACCCCTACGCCATCGACGCCGCCATCACGGCCTTTGGCATGCCC
ATGGGGCCCTTCCGCCTGGGCGACCTGGTCGGCCTGGACGTCTCGCTCTTCGTGGGCGCCTCCTACCTGCAG
GACTACGGCGACCGCGTCTACCGCGGCGCCATGGTCCCGCTGCTCAACGAGGCCGGCCGRCTGGGCGAGAAG
ACCGGCGCCGGCTGGTACAAGTTTGACGACCGCCGCCGCGCGAGCCCGGACCLCGGLCGLCTGGCGCCGCTCCTC
TCGCCCAAGGACATCGCCGAGTTCATCTTCTTCCCGGTCGTCAACGAGGCCTGCCGCGTCGTGGCCGAGGGL
ATCGTGGACAAGCCCTCCGACCTGGACATCGCCACCGTCATGTCCATGGGCTTCCCGGCCTACCGCGGCGGL
ATCCTCTTCTACGGCGACATCGTCGGCGCCAAGTACGTCGTCGACCGTCTCAACGCCTGGGCCAAGCAGTAC
CCCGCGCAGGCCGGCTTCTTCAAGCCCTGCGACTACCTCCTSCGCGCCGCGCAGACCGGCACCAAGCTCGAG
GCCGGCAACAAGCCCGCCTCCAAGATCTGA

SEQ ID NO: 167
Prototheca moriformis (UTEX 1435) glyoxysomal fatty acid beta-oxidation
multifunctional protein

MSKEPQSFYKVEDGVAIITISYPPMNALHPTLIKDMFNNVRRAQEDASAKAIVITGANGRFCAGFDINQFQN
KSAGXGGGIDMSINNAFXELIENXRKPTVAATERLALGGGCELALACNARVAAPGTIMGLPELTLGILPGFG
GTQRLPRVVGLEKGLSMILTSKPIKXPEALKLGLLDEVVPAPQLLARAKAFALEIVXGQRPRVNALQRTDKL
PAYADALQIIQFAREQTAKRAPNLOHPLFTLDAIQAGIEHGGLKGLRAEADAFARSAALPTHDSLVHVFEFFAQ
RSTKRVRGVTDVGLKPRAVKRIAVLGGGLMGSGIATASALAGXEVLLKX IXXXFXEGGLGRIRANLASKVKR
KQLSQQAADAAMARVKGVLTYDDFKXVDMVIEAATEKVDLKQDIFVDLVRATRPDCILATNTSTINIETVGA
KIPGDLGRVIGAHFFSXAHIMPLLEIVRSDKTSAQVILDTLEYGSKIKKTPVVVGNCTGFAVNRVFFPYSMA
ATILLDSGLDPYAIDAAITAFGMPMGPFRLGDLVGLDVSLFVGASYLODYGDRVYRGAMVPLLNEAGXLGEK
TGAGWYKFDDRRRASPDPALAPLLSPKDIAEFIFFPVVNEACRVVAEGIVDKPSDLDIATVMSMGFPAYRGG
ILFYGDIVGAKYVVDRLNAWAKQYPAQAGFFKPCDYLXRAAQTGTKLEAGNKPASKI

SEQ ID NO: 168
Prototheca moriformis (UTEX 1435) Triacylglycerol Lipase (TAGL)

ATGGACAGGGCGTGGATGCTGGACCGCGAGCTGGCGGCCAACCGCAGCCGGGGCCTTGACTGGGGCGTGGCG
CGGGCGCTGTCGGCCTACGTCTCGGCCTCGTACTGCAACAGCACGAGCCTGGCCGCGTGGAACTGCACGCGC
TGCTCGCCGCGCGGCATCGACGGCAACGCCACGTGGATRGACCCCAACTTTGCGCTGGAGGCGCTGGCCTGG
GACGAGGCCTGGGACCTGCTGGGCTACGTGGGCTGGAGCGAGGAGATGGGCGCGACCGTGATCGCCTTCCGL
GGCACCGACTCGCACAGCTACCACAACTGGGTGGCCAACATGCGCACCTGGCGCACCGACCTCAACCTGACC
ATGCACGGCGCGCCGGCCAACGCGCTCGTGCACGGCGGCTTCTGGTTCTCCTGGAACGCCAGCTCCCTGGCC
ACCTCCGTGACCGCGGCCGTGCTGCGCCTGCAGCGGCGCCACGGCGCGCACCCGGTCTACGTGTCGGGGCAL
TCGCTGGGCGGCGCGCTGGCCACCATCTGCGCGCTGGAGCTGCGCACCATGCYCCYCKTGCGCGACGTGCAC
CTGGTCACCTTTGGCAGCCCGCGCGTGGGCAACGCCGTCTTCGCCGGCTGGTTCGAGCGGCGCATCACCTCG
CACTGGCGCTTCACGCACAACCGCGARATCGTGCCCAGCGTGCCGCCGCCCTACATGGGCTTCTGGCACCTG
GCGCGCGAGGTCTGGGTGCTGGACAACGCGCGCCTCAACCCGCTCGTCGGCGTCTGCGACGGGACGGGGGAG
GACATGCAGTGCCACAACTCCATGTGCCACCTGGGCCTCTGCTCCTCCATCGCAGACCACCTCCTCTACATC
TCKGAGATGTACACCCCGAGGCCCATGGGCTGCTGA

SEQ ID NO: 169

Prototheca moriformis (UTEX 1435) Triacylglycerol Lipase (TAGL)
MDRAWMLDRELAANRSRGLDWGVARALSAYVSASYCNSTSLAAWNCTRCSPRGIDGNATWXDPNFALEALAW
DEAWDLLGYVGWSEEMGATVIAFRGTDSHSYHNWVANMRTWRTDLNLTMHGAPANALVHGGFWFSWNASSLA
TSVTAAVLRLORRHGAHPVYVSGHSLGGALATICALELRTMXXXRDVHLVTFGSPRVGNAVFAGWFERRITS
HWRFTHNRXIVPSVPPPYMGFWHLAREVWVLDNARLNPLVGVCDGTGEDMQCHNSMCHLGLCSSIADHLLYI
XEMYTPRPMGC

SEQ ID NO: 170
Prototheca moriformis (UTEX 1435) Fumarate hydratase
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ATGAGTACCCGCACGGAGCGCGACACGTTTGGGCCCCTGGAGGTTCCCTCCGACAGGTACTGGGGTGCCCAG
ACGCAGCGTTCCCTGCAAAACTTCAAGATCGGCGGCGCCCCCGAGCGCATGCCGGAGCCGGTGGTGCGETGCC
TTTGGCGTGCTCAAGGGCGCGGCGGCCAAGGTGAACATGGACCTGGGCGTGCTGGACAAGACCAAGGGCGAG
GCGATCGTGGCGGCGGCCAAGGAGGTGGCGGAGGGCAAGCTGACGGACCACTTCCCCCTGGTGGTGTGGCAG
ACGGGGTCTGGCACGCAGAGCAACATGAACGCCAACGAGGTGATTGCCAACCGCGCGATCGAGATGCTGGGC
GGCGAGCTGGGCGACAAGAGCGTGGTGCACCCCAACGACCACTGCAACAAGGGCCAGAGCTCCAACGACALCC
TTCCCCACGGTGATGCACATCGCGGGCGTGACGGAGATCAGCCGCCGCCTGGTGCCCGGGTTGCGCCACCTG
GCGGAGGCGCTGCGCGCCAAGGAGAAGGAGTTTGCCGGCATCATCAAGATCGGGCGCACGCACACGCAGGAL
GCGACGCCGCTGACGCTGGGCCAGGAGTTCAGCGGCTACGCGACGCAGGTCGAGTACGGCATCGAGCGCGTG
CAGGCCGCGCTGCCGCGGCTGAGCATGCTGGCGCAGGGCGGCACCGCGGTGGGCACGGGGCTGAACGCCAAG
GTCGGCTTTGCGGAGAAGGTGGCCGAGGCGGTGGCCGCCGACACGGGCCTGCCCTTCACCACCGCGCCCAAL
AAGTTTGAGGCGCTGGCCGCGCACGACGCGGTGGTGGAGGCCAGCGGCGCGCTCAACACCGTGGCTGTGAGC
CTGATGAAGGTCGCCAACGACGTGCGCTTCCTGGGCAGCGGCCCGCGCTGCGGCCTGGGCGAGCTGAGCCTG
CCCGAGAACGAGCCGGGCTCCTCCATCATGCCGGGCAAGGTCAACCCCACGCAGTGTGAGGCGCTGACCATG
GTCTGCGCGCAGGTGATGGGCAACCACGTGGCCGTCAGCGTGGGCGGCTCCAACGGCCACTTTGAGCTCAAC
GTGTTCAAGCCCATGATGATCCGCAACCTGCTGCACTCGGCGCGCCTGCTCGCCGACGCCGCCACCTCCTTC
ACCGACAACTGCGTCGTGGGCATCAGGGCCAACGAGGGCCGCATCGCGCAGCTCCTGCACGAGTCCCTCATG
CTCGTCACCGCGCTCAACAACCACATCGGCTACGACAAGGCCGCCGCCATCGCCAAGAAGGCGCACAAGGAL
GGCAGCACGCTCAAGCAGGCCGCGCTCGAGCTCGGCTACTGCACCGAGCAGGAGTTTGCCGACTGGGTCAAG
CCCGAGGACATGCTCGCGCCCACGCCCTAG

SEQ ID NO: 171
Prototheca moriformis (UTEX 1435) Fumarate hydratase

MSTRTERDTFGPLEVPSDRYWGAQTQRSLONFKIGGAPERMPEPVVRAFGVLKGAAAKVNMDLGVLDKTKGE
AIVAAAKEVAEGKLTDHFPLVVWQTGSGTQSNMNANEVIANRATIEMLGGELGDKSVVHPNDHCNKGQSSNDT
FPTVMHIAGVTEISRRLVPGLRHLAEALRAKEKEFAGIIKIGRTHTQDATPLTLGQEFSGYATQVEYGIERV
QAALPRLSMLAQGGTAVGTGLNAKVGFAEKVAEAVAADTGLPFTTAPNKFEALAAHDAVVEASGALNTVAVS
LMKVANDVRFLGSGPRCGLGELSLPENEPGSSIMPGKVNPTQCEALTMVCAQVMGNHVAVSVGGSNGHFELN
VFKPMMIRNLLHSARLLADAATSFTDNCVVGIRANEGRIAQLLHESLMLVTALNNHIGYDKAAATAKKAHKD
GSTLKQAALELGYCTEQEFADWVKPEDMLAPTP

SEQ ID NO: 172
Prototheca moriformis (UTEX 1435) succinate semialdehyde dehydrogenase

ATGTCGACCRTGTCCGAATCCAAGGAGATCCARGTCCGGGACGATGTCCTGAAGCGGCTCAARGACCCATCC
CTCRTGCACACCGAGTCGTACATCGGGGGCAGCTGGGTGAACGCTGCCGATGACGACAGGGTGGAGGTGCAC
GACCCGGCCAGTGGCGAGGTGCTCGCCCGCGTGACTCATGCCAAGGCTGTGGAGACCAAGGCGGCCATCGES
GAGGCGTCCTCTGTGTTTGGCATGTGGTCGGCRAAGTCMGGCCWGGAGCGGTCCAACATCCTRCGCCGCTGG
TTTGAGCTGCTGCGTGAGAATCAGGACGACATRGCGACGCTCATGACCCTGGAGAGCGGCAAGCCCCTGGSC
CAGGCCAAGGCCGAGATCGCGAGCGGCCTGGGCTCTGTGGAGTGGTTTGCGGAGGAGGCCAAGCGCGTGGAL
GGCGACATTCTGTGCAGCCCCTTCCCCAACAAGCGCTACCTGGTCATGCGGCAGCCCATCGGCGTGGTGGGC
GCCATCACGCCCTGGAACTTTCCCTTTTCCATGATCACGCGCAAGATCTCGCCCGCCCTGGCGGCCGGCTGL
ACGGTGGTGCTGAAGCCGAGCGAGCTGACGCCGCTGACGGCGCTGGCGATGGCCGAGCTGGGGGAGCGGGCT
GGCATCCCGCTGGGCGTGCTCAACGTCGTCGTGGGCGACGCCAAGTCCATCGGCGACGAGCTCATCAAGAGC
GACGAGGTGCGCAAGGTCGCCTTCACCGGCTCCACCCGCATCGGCAAGATCCTCATGGCCGGCGCGGCCAAL
ACGGTCAAGAAGGTCTCCATGGAGCTGGGCGGGAACGCGCCCTACATCGTCTTCCCAGACGCCGACCTCAAG
GCGGCGGCCTCCCAGGCGGCGGCGTCCTCCCACCGCAACGCCGGGCAGACGTGCATCTGCACCAACCGGGETG
CTTGTCCACGAAAGCGTGCACGACGAGTTTGTCAAGGAGCTGGTGGCAGCGGTGCAGGAATTCAGGCTGGGT
CACGGCACCGACCCCAGCACCACGCACGGCCCGCTCATCCAGCCGGGGGCCGTCGACAAGGTGGAGGAGAAG
GTGCAGGACGCGGTGGCCAAGGGCGCGACGGTGCAGACCGGGGGCAAGCGCCCCACGTTCAGCGAGAACAGC
CCCCTCAACAACGGCTTCTTCTTCGAGCCCACCGTCATCTCCAATGCGACCATCGACATGAAGGTGTTCAGG
GAGGAGATCTTCGGGCCCGTGACCCCCGTGTTCAAGTTTTCCTCGGACGAGGAGGCCGTCAAGCTGGCGAAC
AACACCGAGTACGGGCTGGCTGCCTACCTCTTCACCAAGGACCTCGCGCGCGCCTGGAAGGTGTCCGAGGCG
CTCGAGTTCGGCATGGTCGGCGTGAACGACGTGCTCATCACCAGCTACGTCTCGCCCTTTGGCGGCGTCAAG
CAGTCGGGCCTSGGCCGCGAGGAGTCCAAGTACGGCATCGARGAGTACCTGCAGATGAAGTCGGTGTGCATG
AACCTGGGGTACTGA

SEQ ID NO: 173
Prototheca moriformis (UTEX 1435) succinate semialdehyde dehydrogenase

MSTXSESKEIXVRDDVLKRLXDPSLXHTESYIGGSWVNAADDDRVEVHDPASGEVLARVTHAKAVETKAATX
EASSVFGMWSXKXGXERSNIXRRWFELLRENQDDXATLMTLESGKPLXQAKAETASGLGSVEWFAEEAKRVD
GDILCSPFPNKRYLVMRQPIGVVGAITPWNFPFSMITRKISPALAAGCTVVLKPSELTPLTALAMAELGERA
GIPLGVLNVVVGDAKSIGDELIKSDEVRKVAFTGSTRIGKILMAGAANTVKKVSMELGGNAPYIVFPDADLK
AAASQAAASSHRNAGQTCICTNRVLVHESVHDEFVKELVAAVQEFRLGHGTDPSTTHGPLIQPGAVDKVEEK
VODAVAKGATVQTGGKRPTFSENSPLNNGFFFEPTVISNATIDMKVFREEIFGPVTPVFKFSSDEEAVKLAN
NTEYGLAAYLFTKDLARAWKVSEALEFGMVGVNDVLITSYVSPFGGVKQSGXGREESKYGIXEYLOMKSVCM
NLGY

SEQ ID NO: 174
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Prototheca moriformis (UTEX 1435) Malonyl coenzyme A : acyl carrier
protein transacylase

ATGGCCGCTACGCTCAGCATGAAGTCCGTGGCGCTGCAGCGTCCCACCAGGTGTGGGCCTGCACCCCGCACA
GTGGTCCGGGCGCCGGCCATGCGCGTCCGGGCTGCAGCCACCGCCGCCCCGGAGGCCCCCGCCGCGGACCAL
GCGTTTGACGACTACCAGCCCCGCACGGCCATCCTCTTCCCTGGGCAGGGCGCGCAGAGCGTGGGCATGGCG
GGCGAGCTRGTCAAGTCGGTGCCCAAGGCGGCSCACATGTTTGACGAGGCCTCYGCCATCCTKGGCTACGAC
CTGCTCAAGACSTGCGTGGAGGGCCCCAAGGAGCGCCTGGACAGCACGGTGGTGAGCCAGCCGGCCATCTAC
GTGACGAGCCTGGCGGCCGTCGAGAAGCTGCGCGCCGACGAGGGCGACGAGGCGGTGGCGGCCGTCGACGTG
GCGGCGGGCCTGTCCCTGGGCGAGTACACGGCCCTGGCCTTTGCCGGCGCCTTCAGCTTCGAGGACGGGCTG
CGACTGGTCGCGCTGCGCGGCGCCAGCATGCAGCGCGCGGCCGACGCGGCCGCCAGCGGCATGGTCTCCGTC
ATCGGCCTCTCGGCCGCCGCGACCGAGGCGCTGTGCGAGGCGGCCAACGCCGAGGTCCCGCCCGAGCAGGLT
GTGCGCGTGGCCAACTACCTCTGCAACGGCAACTACGCCGTGAGCGGCGGCCTYGAGGGCTGCGCGGCLCGETC
GAGCGCCTRGCCAAGGCGCACAARGCGCGCATGACCGTGCGCCTGGCCGTGGCCGGCGCCTTCCACACGGLCC
TACATGCAGCCGGCCGTGGAGGCGCTGACCGCGGCCCTGGCCAGCACGGACATCGCCGCRCCGCGCATCCCC
GTCGTCTCCAACGTCGACGCYGCGCCGCACGCCGACCCGGACACCATCCGCGLCLCCTGLCTGGCCCGCCAGGTC
ACCGCGCCCGTGCAGTGGGAGACCACGCTCAACACCCTGCTCTCCCGCGGCCTCCAGCGCTCCTACGAGGTC
GGCCCGGGCAAGGTCATCGCCGGCATCATCAAGCGCGTCAACAAGAAGCACCCGGTGACCAACATCACTGCC
TGA

SEQ ID NO: 175
Prototheca moriformis (UTEX 1435) malonyl coenzyme A : acyl carrier
protein transacylase

MAATLSMKSVALQRPTRCGPAPRTVVRAPAMRVRAAATAAPEAPAADHAFDDYQPRTAILFPGQGAQSVGMA
GEXVKSVPKAXHMFDEAXATXGYDLLKXCVEGPKERLDSTVVSQPAIYVTSLAAVEKLRADEGDEAVAAVDV
AAGLSLGEYTALAFAGAFSFEDGLRLVALRGASMQRAADAAASGMVSVIGLSAAATEALCEAANAEVPPEQA
VRVANYLCNGNYAVSGGXEGCAAVERXAKAHXARMTVRLAVAGAFHTAYMQPAVEALTAALASTDIAXPRIP
VVSNVDXAPHADPDTIRALLARQVTAPVOWETTLNTLLSRGLORSYEVGPGKVIAGITIKRVNKKHPVTNITA

SEQ ID NO: 176
Prototheca moriformis (UTEX 1435) phosphatidate cytidylyltransferase

ATGCAGTTGCAGCGAGCGCTCACGGTGCGCCTGCGGAGGAGGGGCTGGCGTCGCAACTCGTTCAACAATGTG
GACGCCGTCTCGCCCAAGCTTGTGCGCAAGWCATCCAATGCCGGGCAGCAGACACAGTCGGAGGACAGGTTT
AGGTCCTTCAAGGTCAGGACCCTGTCCACAATCGTCCTCATCGCCACCTTCATCGGCATCATCGCCACGGGG
CACGTGCCCCTCATGCTCATGATCCTGGGCATCCAGTTTCTGATGGTCMGGGAGCTSTTTGCGCTGGCGAGG
GTSGCGCCCCAGGAGCGCAAGGTCCCCGGCTTCCGGGCGCAGCAGTGGTACTTTTTCTTCGTGGCCGCCTTT
TACCTGTACATCCGCTTCATCAAGACCAACCTCACGGTGGAGCTCTCCTCCTCGGCGCAAACGGCGGCCATG
TTTGGCTGGATCATCCGCCACCACACGCTCCTCTCCTTCGCCCTCTACACGGCCGGGTTCGTGTCGTTCGTG
CTGCGCCTGAARAAGGGACTCTACAGYTACCAGTTCCAGCAGTACGCCTGGACGCACATGATCCTCATGGTC
ATCTTCCTGCCTTCGTCCTTCTTTGTGTACAACCTCTTCGAGGGGCTGATCTGGTTCCTGCTCCCCGCGGCT
TTGGTCGTGGTCAACGACATYGCGGCCTACCTGGCAGGCTTTTTCTTTGGGAGGACCCCKCTGATCAAGCTG
TCTCCCAAGAAGACGTGGGAGGGCTTYATCGGCGGCCTGGCGGGCACGGTGGTGGTGGGCTGGTATCTGGCC
AAGTTGCTGTCTCAATTCAACTGGTTCATCTGTCCTCGGCGGGACCTGTCCATCATCCAGCCTCTGCACTGT
GACAGCAAGCTGGACATCTACCAGCCAGAGACATTCTACCTGACAGATGTCTTGACGCTCTTGCCGGCCGAC
CTGGCCACCGCGGTGGTCACGGGGCTCACCCGCCTCTCGCCCGGCTGGCAGGAAGCTGCGCGGCAGGTGTCC
CTGACCTGCCTGCCCATGCAGCTGCACGCGGTCGTGCTGGCGACGTTTGCGAGCCTGATCGCACCCTTTGGC
GGCTTCTTCGCCTCGGGCTTCAAGCGCGGCTTCAAGATCAAGGACTTTGGCGACAGCATCCCCGGCCALCGGL
GGCATGACCGACCGCATGGACTGCCAGGTGGTCATGTCGGTCTTCTCCTWCATCTACCTCACGTCCTACGTG
GCGCCCGCGGGCCCCACCGETCGGCAGCGTCCTGGCGGCCGCCGTGAAGCTGGCGCCGCTGGARCAGCTGGAC
CTGTTTGAGCGCATGGCCAACGTGCTGGTGGGCTCCAAGGTCCTGTCCCCGGCCATCGGCGAGACCATCGCC
GCCACCGCGCGCCGCAAGCTCCAGACGGGCGCCCTTTAG

SEQ ID NO: 177
Prototheca moriformis (UTEX 1435) phosphatidate cytidylyltransferase

MOLQORALTVRLRRRGWRRNSFNNVDAVSPKLVRKXSNAGQQTQSEDRFRSFKVRTLSTIVLIATFIGIIATG
HVPLMLMILGIQFLMVXEXFALARXAPQERKVPGFRAQOWYFFFVAAFYLYIRFIKTNLTVELSSSAQTAAM
FGWIIRHHTLLSFALYTAGFVSFVLRLXKGLYXYQFQQYAWTHMILMVIFLPSSFFVYNLFEGLIWFLLPAA
LVVVNDXAAYLAGFFFGRTXLIKLSPKKTWEGXIGGLAGTVVVGWYLAKLLSQFNWFICPRRDLSIIQPLHC
DSKIDIYQPETFYLTDVLTLLPADLATAVVTGLTRLSPGWQEAARQVSLTCLPMQLHAVVLATFASLIAPFG
GFFASGFKRGFKIKDFGDSIPGHGGMTDRMDCQVVMSVEFSXIYLTSYVAPAGPTVGSVLAAAVKLAPLXQLD
LFERMANVLVGSKVLSPAIGETIAATARRKLQTGAL

SEQ ID NO: 178
Prototheca moriformis (UTEX 1435) l-acyl-sn-glycerol-3-phosphate
acyltransferase, putative

ATGTTGCTGCCCTTTGAGCTCATGTTCGACCGCTACAGGCGGCATATTCTGAACAAGATCAACCAGTTTTGG
GCGCGGGTGGCCGCETGGCCGTTTTACGGCGTCATCGTGGAYGGCCGCGAGAACCTGCCRCCTCCCGGCGAA
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GCCGTGATCTATGTCGCCAACCACCAGAGCTACCTGGACATCACGGCGCTGCTGCACATGGGCGCMGACTTC
AAGTACGTCTCCAAGGCCGCCCTTTTCATGGTGCCTTTCCTGGGCTGGGCCATGTTCCTCACAGGGCACGTC
CGGCTCGTRCGAGACGACCGCGAGTCGCAGCAAAAATGCTTGAAACAGTGCGACACCCTCCTCCGCAACGGC
ACCTCCGTCGCCTTTTTCCCCGAGGGCACGCGGAGCCAGGATGGSAAGATGCATGCCTTCAAAAAGGGCGCC
TTTATGGTGGCGGCCAGGGCGCGGGTGAACGTCGTGCCCGTCACGATCGAGGGCTCCGGCGACCTGATGCCC
AGCCGGAACGAGTACCTGATGACCTACGGCGACATTCGGGTGCGCATCCACCCGCCCATCGCCTCGCGCGGE
CGGTCGCTGGAGTCGCTGCGCCTGGCGGCGCAGGAGGCGGTGGCGTCCGSGCTGCCCGAGCGCCTGATCGGG
GACGACATCCGGCCGCGCKAGCTGGAGGCGCCCACGCCGGCGCCGACAGAGGCGACAGAGGCGAGAGAGGLCG
CCGCTGCACGAACAGCGCTGA

SEQ ID NO: 179
Prototheca moriformis l-acyl-sn-glycerol-3-phosphate acyltransferase,
putative

MLLPFELMFDRYRRHILNKINQFWARVAAWPFYGVIVXGRENLXPPGEAVIYVANHQSYLDITALLHMGXDF
KYVSKAALFMVPFLGWAMFLTGHVRLXRDDRESQQKCLKQCDTLLRNGTSVAFFPEGTRSQDXKMHAFKKGA
FMVAARARVNVVPVTIEGSGDLMPSRNEYLMTYGDIRVRIHPPIASRGRSLESLRLAAQEAVASXLPERLIG
DDIRPRXLEAPTPAPTEATEAREAPLHEQR

SEQ ID NO: 180
Prototheca moriformis (UTEX 1435) glycerophosphodiester
phosphodiesterase

ATGTCCAAGGCTTCTTCCACCATCGTCTCCGCTCCTGCGGGCCCGCAGGAGTCGCCCGCTCGCTACAGTACC
GAGTCGACCGAGATCCGGAGCTCYCCCCTGTTTGGACGCCTTTTGGACGTCAAGAGCAACGTTGTCGCCCTT
GGAGGGCACAGAGGYCTGGGCGCCAACTACTGGGACAAGCCGGCGCAGGGCTCGCTCCGCCGCTTCAGCGTG
CGAGAGAACACCATCCCCTCCTTCCTCAAGTCGGTTGCGGCCGGCGCCAGCTTCATCGAGTTTGACGTGCAG
GTCACGCGGGACGGCGTGCCTGTGATCTGGCACGACAACTATGTGGTAACGGGCACGCCCGATTGCTTTGTG
AACCGGCTGATCAGCGACCTGAGCTACGACGAGTTTGTGAGCCTGGTGCCGGCCAGCGCCGAYCTGGCGCGL
CAGAAGGCGGGCCAGGTGGCGGGCCTGCGCGCGGAGGACGTGGAGGGCAGCACGCGCTTGCTGCGCGCGCTG
GTGGGCGACGAGCCRGTGGACCCSGGCAACCCGACCGTGGCGGGGTGGGAGGCCGACTCGGAGTCGCGCCTG
CCCAGCTTGGCCGAGCTGTTCGCAGCCATCCCCTCGCACGTCGCCTTTGACATCGAGATCAAGGTCGCGACC
AGCAGCCGCACGGTGCACACGCCGCTGCGCGAGGTGGAGCGCCTGCTGTCCGCCATCCTGACGGCCGTGGAL
GCGGCGCAGGAGGCGGCCGAGGCCGCGGGCCGCCCGCGGCGCGAGATCCTGTACAGCTCCTTCGACCCGGAL
GTCTGCGCGGAGCTGGCGCAGCGCCGCCCCGACGCGGCCGTCATGTTCCTGTCGGGCGGCGGGCAGTATGCG
CACTCGGACCCCCGCCGCACCTCCTTTGCGGCCGCCATCGACTGGGCGCGCGGCGCCAACCTGGCCGGCETG
ATCTTCCACGCGGGCCGCCTGCGCACCGCGCTCGAGGCGGTCGTGCGCGACGCGCTGGCCGCGGGCCTCCAG
GTCATGACCTACGGCCAGGACAACACCGACGCCGGCTACGTGGAGGAGCAGTACGCTCGCGGCGETCCGCGGL
GTCATCGTGGACGACGTCAGCTCGGTCGTGGACGCGCTCGTCCAGCGCGGCGTCGCGCGGCGCTCGGETCGCG
CTGGCCGCCGGCGAGGGCAAGCAGAACGGCGTGCCGGACTCGGAGAAGGTGAAGGCCTCGCCCGCGCGCCTG
CCGGCCCTGGCCGCCGCCTGCTAA

SEQ ID NO: 181
Prototheca moriformis (UTEX 1435) glycerophosphodiester
phosphodiesterase

MSKASSTIVSAPAGPQESPARYSTESTEIRSXPLFGRLLDVKSNVVALGGHRXLGANYWDKPAQGSLRRFSV
RENTIPSFLKSVAAGASFIEFDVQVTRDGVPVIWHDNYVVTGTPDCFVNRLISDLSYDEFVSLVPASAXLAR
QKAGQVAGLRAEDVEGSTRLLRALVGDEXVDXGNPTVAGWEADSESRLPSLAELFAATIPSHVAFDIEIKVAT
SSRTVHTPLREVERLLSAILTAVDAAQEAAEAAGRPRREILYSSFDPDVCAELAQRRPDAAVMFLSGGGQYA
HSDPRRTSFAAAIDWARGANLAGVIFHAGRLRTALEAVVRDALAAGLQVMTYGQDNTDAGYVEEQYARGVRG
VIVDDVSSVVDALVQRGVARRSVALAAGEGKONGVPDSEKVKASPARLPALAAAC

SEQ ID NO: 182
Prototheca moriformis (UTEX 1435) diacylglycerol acyltransferase type 2

ATGACGGAGGCCGTCTCGGACAGGGATGCTCTSCAACCGGAGCTGGGCTTCGTSCAGAAGCTGGGCATGTAC
TTTGCGCTGCCAGTTTGGATGATAGGCCTCGTGGTGGGCGCCCTCTGGCTMCCCGTGACCGTGGTGTGCCTC
TTCATCTTCCCAAAGCTGGCGACATTGAGTCTGGGGCTGCTGCTGGTGGCGATGCTCACCCCCCTGTCGCTG
CCCTGCCCCAAGCCGCTGGCCCGCTTCCTGGCCTACTGCACCACCGCCGCGGCCGAGTACTACCCCGETGCGS
TTCATCTACGAGGACAAGGAGGAGATGGAGGCCACCAAGGGCCCCGTCATCATCGGGTACGAGCCCCACAGL
GTCATGCCRCAGGCCATCTCCATGTTRGCCGAGTACCCGCACCCCGCCGTGGTCGGCCCGCTGCGCAAGGCG
CGCGTGCTGGCKTCCAGCACCGGCTTCTGGACGCCGGGCATGCGGCACCTGTGGTGGTGGCTGGGCACGCGC
CCCGTGAGCAAGCCCTCCTTCCTCGCCCAGCTGCGCAAGCAGCGCTCCGTCGCCCTCTGCCCGGGCGGCETG
CAGGAGTGCCTCTACATGGCCCACGGCAAGGAGGTCGTCTACCTCCGCAAACGCTTTGGATTTGTCAAACTG
GCCATCCAGACCGGCACCCCGCTGGETCCCGGTCTTCGCCTTTGGCCAGACGGAGACCTACACCTTTGTGCGG
CCCTTCATCGACTGGGAGACGCGCCTGCTGCCGCGGTCCAAGTACTTTTCGCTGGTGCGCCGCATGGGCTAC
GTGCCCATGATCTTCTTCGGCCACCTGGGCACGGCCATGCCCAAGCGCGTGCCCATCCACATCGTCATCGGC
CGGCCCATCGAGGTGCCGCAGCAGGACGAGCCCGACCCGGCCACGGTGCAGCAGTACCTCGACAAGTTCATC
GACGCCATGCAGGCAATGTTTGAGAAGCACAAGGCCGACGCCGGCTACCCCAACCTGACGCTCGAGATCCAC
TGA
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SEQ ID NO: 183
Prototheca moriformis (UTEX 1435) diacylglycerol acyltransferase type 2

MTEAVSDRDAXQPELGFXQKLGMYFALPVWMIGLVVGALWXPVIVVCLFIFPKLATLSLGLLLVAMLTPLSL
PCPKPLARFLAYCTTAAAEYYPVXFIYEDKEEMEATKGPVIIGYEPHSVMXQAISMXAEYPHPAVVGPLRKA
RVLXSSTGFWTPGMRHLWWWLGTRPVSKPSFLAQLRKQRSVALCPGGVQECLYMAHGKEVVYLRKRFGFVKL
AIQTGTPLVPVFAFGQTETYTFVRPFIDWETRLLPRSKYFSLVRRMGYVPMIFFGHLGTAMPKRVPIHIVIG
RPIEVPQODEPDPATVQQYLDKFIDAMQAMFEKHKADAGYPNLTLEIH

SEQ ID NO: 184
Prototheca moriformis (UTEX 1435) Ketoacyl-CoA Reductase (KCR)

ATGGACGCTCAAGGATACCTCGTSAAGGCGTCCGAGTCKCCAGCATGGACGTACCTGGTSCTGCTGGCCTCG
GCGCTGTTCGCCATCAAGGTCGTGGGATTYGTCCTGACGGTTCTGGGCGGGCTGTACGCCCACTTTCTCCGC
AAGGGAAAGAAACTGCGGCGATATGGGGACTGGGCAGTGGTGACTGGCGCGACAGACGGCATCGGCAAGGLC
TACGCTGAGGCCCTCGCGAAGCAAAAGCTGCGCCTGGTGCTGATCTCGCGGACAGAGTCGCGTCTTGAGGAG
GAGGCCCGGCTGCTGCAGGACAAGTTTGGCGTGGAGGTGAAGATCATCCCCGCCGACCTCAGCTCCTCGGAC
GAGGCCGTGTTTGCCCGGATCGGCAAGGGCCTGGAGGGCCTGGACATTGGCATCCTGGTGAACAATGCCGGC
ATGTCCTACCCCCACCCGGAGTACCTGCACCTGGTCGACGACGAGACCCTGGCCAACCTCATCAATCTCAAC
GTCGCCACCCCGACCAAGCTGTGCAAGATGGTGCTGGGCGGCATGAAGGAGCGCGGCCGCGGCYTGGTGGTC
AACGTYGGSAGCGGCGTCGCGAGCGCCATTCCCTCGGGGCCCCTCCTCTCGGCCTACACCGCCAGCAAGGCG
TACGTGGACCAGCTGAGCGAGTCGCTGAACGACGAGTACAAGGAGTTTGGCGTGCAGGTGCAGAACCAGGCG
CCGCTGTTTGTGGCCACCAAGATGTCCAAGATCCGCAAGCCGCGCATCGACGCGCCCACGCCCGGCACCTGG
GCCGCCRCCGCSGTYCGCGCCATGGGRTTCGAGACGCTGTCCTTCCCCTACTGGTTCCACGCGCTGCAGGCG
GCCGTCGTGGAGCGCCTGCCGGAGGCCATGATCCGCTACCAGGTCATGCAGATCCACCGCAGCCTGCGCCGL
GCGGCCTACAAGAAGAAGGCGCGCGCGETCCGCCGCCGCCCTGGCGGACGAGGGCGTCTCCGCGGAGCCCAAG
AAGGACCTGTGA

SEQ ID NO: 185
Prototheca moriformis (UTEX 1435) Ketoacyl-CoA Reductase (KCR)

MDAQGYLXKASEXPAWTYLXLLASALFAIKVVGXVLTVLGGLYAHFLRKGKKLRRYGDWAVVTGATDGIGKA
YAEALAKQKLRLVLISRTESRLEEEARLLODKFGVEVKIIPADLSSSDEAVFARIGKGLEGLDIGILVNNAG
MSYPHPEYLHLVDDETLANLINLNVATPTKLCKMVLGGMKERGRGXVVNXXSGVASATPSGPLLSAYTASKA
YVDQLSESLNDEYKEFGVQVONQAPLFVATKMSKIRKPRIDAPTPGTWAAXXXRAMXFETLSFPYWFHALQA
AVVERLPEAMIRYQVMQIHRSLRRAAYKKKARASAAALADEGVSAEPKKDL

SEQ ID NO: 186
Prototheca moriformis (UTEX 1435) glycerol-3-phosphate acyltransferase

ATGGAGAGGAGGACCTCGGCCAACCCCTCCGTGGGTCTTAGCAGCTTAAAGCACGTTCCGTTGAGCGCGGTG
GACCTCCCCAATTTCGAGTCCGTTCCCAAGGGTGCGGCCAGCCCCGATGTCCATCGTCAGATAGAGGAGCTG
GTGGACAAGGCACGCGCAGATCGGTCACCGGCATCGTTGTCGCTCCTAGCCGATGTGCTGGACATCAGCGGG
CCGCTGCAGGACGCGGCCTCGGCGATGGTGGACGACTCCTTCCTGCGCTGCTTCACCTCCACCATGGACGAG
CCCTGGAACTGGAACTTTTACCTGTTCCCGCTCTGGGCGCTCGGCGTCGTCGTRCGCAACRTGATCCTGTTC
CCCCTGCGCCTCCTCACCATCGTGCTGGGGACGCTGCTCTTCGTGCTGGCCTTTGCCGTGACGGGCTTCCTC
CCCAAGGAGAGGCGGCTCGCGGCCGAGCAGCGGTGCGTCCAGTTCATGGCGCAGGCATTCGTGGCCTCCTGG
ACAGGCGTGATCCGGTACCACGGCCCCCGCCCCETGGCGGCGCCCAACCGCGETGTGGGTCGCCAACCACACG
TCCATGATCGACTACGCGGTGCTGTGCGCCTACTGCCCGTTTGCGGCCATCATGCAGCTGCACCCSGGCTGG
GTGGGCGTCTTRCAGACGCGCTACCTGGCCTCGCTGGGCTGCCTCTGGTTCAACCGCACGCAGGCCAAGGAC
CGCACGCTCGTGGCCAAGCGCATGCGCGAGCACGTGGCCAGCGCGACCAGCACGCCGCTGCTCATCTTCCCC
GAGGGCACCTGCGTCAACAACGAGTACTGCGTCATGTTCCGCAAGGGCGCCTTRGACCTGGGCGCCACCGTC
TGCCCCGTSGCCATCAAGTACAACAAGATCTTCGTCGACGCCTTTTGGAACAGCAAGCGCCAGTCCTTCTCC
GCGCACCTCATGAAGATCATGCGCTCGTGGGCCCTCGTCTGCGACGTCTACTTCCTGGAGCCCCAGACGCGG
AGGGAGGGCGAGTCGGTCGAGGCGTTTGCGAACCGCGTGCAGGCGCTGATCGCGCAAAAGGCCCGGCTGAAG
GTCGCGCCCTGGGACGGCTACCTCAAGTACTACAACCTGGCCGAGAAGCACCCGGACCTGATCGAGAACCAG
CGGCGCCAGTACAGCGCCGTCATCAAAAAGTARGCCGAGGASTGA

SEQ ID NO: 187
Prototheca moriformis (UTEX 1435) glycerol-3-phosphate acyltransferase

MERRTSANPSVGLSSLKHVPLSAVDLPNFESVPKGAASPDVHRQIEELVDKARADRSPASLSLLADVLDISG
PLODAASAMVDDSFLRCFTSTMDEPWNWNFYLFPLWALGVVXRNXILFPLRLLTIVLGTLLFVLAFAVTGFL
PKERRLAAEQRCVQFMAQAFVASWTGVIRYHGPRPVAAPNRVWVANHTSMIDYAVLCAYCPFAATIMQLHXGW
VGVXQTRYLASLGCLWFNRTQAKDRTLVAKRMREHVASATSTPLLIFPEGTCVNNEYCVMFRKGAXDLGATV
CPXAIKYNKIFVDAFWNSKRQSFSAHIMKIMRSWALVCDVYFLEPQTRREGESVEAFANRVQALIAQKARLK
VAPWDGYLKYYNLAEKHPDLIENQRRQYSAVIKKXAEX

SEQ ID NO: 188
Prototheca moriformis (UTEX 1435) Monoglyceride lipase
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ATGCCCCTCCCGAACGCCATAGAGCTCCCGGGCGCCGATCCCAAATCGAGCTCGGTGTACAGCTTTCAGGGG
CACAGCACGAATCTGCAAGTCAACGCCAGGGGCGTCGCKCAGTCCGTGTACGACGARGTCGACCCCGCAACG
TACCTGGGGCCCAGAGGGCGGCAGGAGACGGTCGTGAACGCGCAGGGCCTCACGCTGCGGGTTTACTACTGG
CCGGCAGAGCAGCCCAAGGCAATCTTGCAGTTTGTGCACGGACATGGCGCGCACGCACTGTTTGAACTCTTG
GAMATCGATGAGGCTGGAAAGCCGCCAACGTACGCTGGCTGGGTGGCCAAGCTCAATGCCGCGGGCATCAGC
GTGGTCGCCCACGACAATCAGGGCTGCGGGCGCTCAGAGGCGGCGCGGGGCCTGCGCTTCTACATCGAGTCC
TTTGACGATTTTGTCAAGGACGTGTTGCTTCTCCGCAGGGAGCTGGTGAAGCAAGAGGGCTTTGACAGCYTG
CCGGTYTTCCTGGGGGGCATCTCACTWGGYGGCTGCATAGCGCTCACCTCCCTGCTCGAAGAGCCCGACCAR
TACCRCGGGCTGTGCCTGCTGGCGCCCATGATCTCGCTSCAAAAGGTGTCCCGCAAGGGCCTYAAYCCCTAC
CTGCGGCCGCTGGCGGCGCTGCTGAGCCGCGTCGTCCCGTGGGCGCCCATCATCGCGACCGACCGCACCTCC
AACTCTGTYCTCCAGCTGCAGTGGGATGCAGACCCACTGACCGCGCACATGAACACGCGCGTCCGCAACGCC
AACGAGTACCTCTGCGCGACGGAGCGCGTGACGGCCCGGCTGRGCRCGYTGCAGAAGCCCTTCATCGTCTTC
CACTCGGAGAACGACACAATGTGCGACGCGGACGGCTCCAAGCAGCTCTACGCCGAGGCACAGTCCAGCGAL
AAGACCATCCGCTTTGTCAACAGCATGTGGCACGTGCTGGTCAAGGARCCGGGCAACGAGGAGGTCYTGCAG
ASTCTGGTGCAGTGGATCCTCGAMCGGGCGTGA

SEQ ID NO: 189
Prototheca moriformis (UTEX 1435) Monoglyceride lipase

MPLPNAIELPGADPKSSSVYSFQGHSTNLQVNARGVXQSVYDXVDPATYLGPRGROQETVVNAQGLTLRVYYW
PAEQPKAILQFVHGHGAHALFELLXIDEAGKPPTYAGWVAKLNAAGISVVAHDNQGCGRSEAARGLRFYIES
FDDFVKDVLLLRRELVKQEGFDSXPXFLGGISXXGCIALTSLLEEPDXYXGLCLLAPMISXQKVSRKGXXPY
LRPLAALLSRVVPWAPIIATDRTSNSXLQLOWDADPLTAHMNTRVRNANEYLCATERVTARLXXXQKPFIVF
HSENDTMCDADGSKQLYAEAQSSDKTIRFVNSMWHVLVKXPGNEEVXQXLVQWILXRA

SEQ ID NO: 190
Prototheca moriformis (UTEX 1435) acyl-CoA oxidase

ATGGATGCTCAGAAGCGAGTCCAAGTCTTGTCCGGTCACTTGTCCGAAACTGCGGGCGATGCCGTGGCGGETC
TGCCGGGCGGACACCCTGGCCGCGGGGGTGAGCCCCAAGTTCGACCAGGCCCAGGACATGACCGTGTTTCCC
CCGGCCAACCACGATGCGCTCTTCCTCAGCGACCTGCTGACTCCCGAGGAAAAGGATGTGCAAATGCGCGTC
CGCAAGTTTGCGGAGGAGACCGTTGCGCCCAACGTGATTCCCTACTGGGAAAAGGCCGAGTTCCCGCACGCG
CTGCGKCCCGAGTTTGGRAAGCTGGGCATCGGCGGCGGGCACAACAAGGGGCACGGCTGCCCCGGCCTGAGE
ACCATGGCGGCGGCSTCGGCGGTGGTGGAGCTGGCGCGCGTGGACGGCTCCATGAGCACYTTTTTCCTGGTS
CACACCTACCTGGGCGCGATGACGGTGGGCCTGCTGGGCTCSGAGGCGCAGAAGCGGGAGCTGCTGCCCGGL
TTCCACRCCTTTGACAAGGTGTGCAGCTGGGCGCTGACGGAGCCGAGCAACGGGTCGGACGCCTCGGCGCTG
ACCACGACCGCGCGSCGCGETGGAGGGCGGCTGGCTGCTCMGCGGGCGCAAGCGCTGGATCGGCAACGCGACC
TTTGCGGACATCATCATCGTCTGGGCGCGCAGCAGCGTGACGGGGCAGGTCAACGCCTTCATCGTGCGCAGG
GGCGCGCCGGGGCTGACCACGAGCAAGATCGAGAACAARATCGCGCTGCGCTGCGTGCAGAACGCCGACATC
CTGATGGAGGACGTGTTTGTCCCCGACGCGGACCGCCTGCCCGGSGTCAACTCGTTCGCGGACGCGGCGGGL
ATGCTGGCCATGTCGCGCTGCCTGGTGGCCTGGCAGCCGGTGGGCCTGGTGCGTGGGYGTGTACGACATGGTG
CTGCGCTACACGCAGCAGCGCCGCCAGTTTGGCGCGCCGCTGGCCGCCTTCCAGCTGGTGCAGGAGCGGCTG
GCGCGCATGCTGGGCACCATCCAGGCCATGTACCTCATGTGCGCGCGCCTGAGCAAGCTCTACGACGAGGGC
CGCATGACGCACGAGCAGGCCAGCCTGGTCAAGGCCTGGACCACCGCGCGCTCGCGCGAGGTCGTCGCGCTC
GGCCGCGAGTGCCTGGGCGGCAACGGCATCGTCGGCGAGTTCCTCGTGGCCAAGGCCTTTGTCGACGCCGAG
GCGTATTACACGTATGAAGGGACCTACGACGTCAACGTGCTCGTCGCCGCGCGCGGCCTCACCGGCTALCGLC
GCCTTCAAGACGCCCGGCCGCGGCGGCAAGAAGGACGMCGCCGCGAAGAAGGAGCACTGA

SEQ ID NO: 191
Prototheca moriformis (UTEX 1435) acyl-CoA oxidase

MDAQKRVQVLSGHLSETAGDAVAVCRADTLAAGVSPKFDQAQDMTVFPPANHDALFLSDLLTPEEKDVQMRY
RKFAEETVAPNVIPYWEKAEFPHALXPEFXKLGIGGGHNKGHGCPGLSTMAAXSAVVELARVDGSMSXFFLX
HTYLGAMTVGLLGXEAQKRELLPGFHXFDKVCSWALTEPSNGSDASALTTTAXRVEGGWLLXGRKRWIGNAT
FADIIIVWARSSVTGQVNAFIVRRGAPGLTTSKIENXIALRCVONADITLMEDVFVPDADRLPXVNSFADAAG
MLAMSRCLVAWQPVGLVVXVYDMVLRYTQQRRQFGAPLAAFQLVQERLARMLGTIQAMYLMCARLSKLYDEG
RMTHEQASLVKAWTTARSREVVALGRECLGGNGIVGEFLVAKAFVDAEAYYTYEGTYDVNVLVAARGLTGYA
AFKTPGRGGKKDXAAKKEH

SEQ ID NO: 192
Prototheca moriformis (UTEX 1435) enoyl-CoA hydratase

ATGGCGCCGAGCCCGACCTTCAAGGCACTCAAGGTCTGGATGGACGACGATCTGGTGGGACACATCCAGCTC
AATCGTCCTCAAGCCGCCAATTCGATGAATGAGGAGATGTGGACGGAGCTGCCGCAGGCCACAGCGTGGTTG
GAGAGCCAGTCTGCGCGCGTCATWCTGGTCACGGGCGCSGGCAAGAACTTTTGCGCGGGCATCGACGTGGCG
AGCCTCGGCTCGACCGTGCTCTCCCACGKCGCCGGCTGCGCGGCGCGCTCGGCCTACCGCTTCCGCMCGGGE
CTGACCAMSCTGCAGGAGGCCATGACYGCCCTGGAGCGCGTGCGCTGCCCCACCGTGGCGCTGGTGCACGGY
CACTGTGTSGGGGCCGGCGTCGACCTCATCACGGCCTGCGACATCCGKTTTGCCACGGCGGACGCCAAGCTS
TGCGTCAAGGAGGTCGARCTGGCCGTGATCGCCGACATGGGCACGCTCCAGCGCCTCCCAGGCATCGTGGGS
CAKGGCCACGCCCGCGAGCTGTCGCTGACGGCCCGGGTCTTCTCCGGGGAGGAAGCAAAGCAGATGGGTCTC
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GCCACCGCGGCGCTGCCGAGCCGGGACGAGCTGGAGAGGCACGGCCGCGCGGTCGCGCAGGGCATCGCGGCT
AAATCCCCCGTGGCCGTGGCTGGGACCAAGCAGGTGCTGCTCTACCAAAGGGACCACACCGTCGCCGATGGC
CTGGACTACGTCAACACCTGGAACGCTGGCATGCTGCACTCGGCTGATTTCGCCGAGGTGTTTGCGGCCATG
AAGGAGAGGCGTAAGCCGGTGTTCAGCAAGCTCTGA

SEQ ID NO: 193
Prototheca moriformis (UTEX 1435) enoyl-CoA hydratase

MAPSPTFKALKVWMDDDLVGHIQLNRPQAANSMNEEMWTELPQATAWLESQSARVXLVTGXGKNFCAGIDVA
SLGSTVLSHXAGCAARSAYRFRXGLTXLQEAMXALERVRCPTVALVHXHCXGAGVDLITACDIXFATADAKX
CVKEVXLAVIADMGTLQRLPGIVXXGHARELSLTARVFSGEEAKQMGLATAALPSRDELERHGRAVAQGIAA
KSPVAVAGTKQVLLYQRDHTVADGLDYVNTWNAGMLHSADFAEVFAAMKERRKPVFSKL

SEQ ID NO: 194
Prototheca moriformis (UTEX 1435) mitochondrial acyl carrier protein
allele 2

ATGGCGTTCTTGCAGCGGACGAGCGCGCTGGTGCGCCAGGGTGTCCTGTCTCGCCTCGCCGTGCAGGCCAGC
CCCGCCCTGAACAGCGTCCGGGCCTTCGCCTCGGCGTCCTACCTGGACAAGAATGAGGTGACGCACCGCGTG
CTGTCGATTGTCAAGAACTTTGACCGCGTCGACGCCGGCAAGGTCACGGACTCTGCCAACTTCCAGTCCGAC
CTGGGTCTGGACTCACTAGACACCGTGGAGCTGGTCATGGCCCTGGAGGAGGAGTTTGCGATCGAGATCCCG
GATGCGGAGGCCGACAAGATCCTCTCCGTCCCGGAGGCGATTTCCTACATTGCCGCGAACCCCATGGCCAAG
TAG

SEQ ID NO: 185
Prototheca moriformis (UTEX 1435) mitochondrial acyl carrier protein
allele 2

MAFLQRTSALVRQGVLSRLAVQASPALNSVRAFASASYLDKNEVTHRVLSIVKNFDRVDAGKVTDSANFQSD
LGLDSLDTVELVMALEEEFAIEIPDAEADKILSVPEAISYIAANPMAK

SEQ ID NO: 196
Prototheca moriformis (UTEX 1435) trans-2-enoyl-ColA reductase

ATGCCACTGGAAATTCTTGTCAAGACCAGGAATGGTCGACCTGCCTTTTCCAGAGACGGCGGCGCCATTACT
GTCGATAGCACGAGTGCGACGGTGCAGGAGGTCAAGGGCCTCATCGCTCGCGCCAAGAAGTTGAGCCCCGLC
CGCCTGCGCCTGACGTTGCCCGCGCCGGCCGGCACGCGGCCCACGGTGCTGGAGGACAAGAAGCCCTTGGCC
GACTATGGTCTGCACGACGGCGCCAGCCTCGTGCTCAAGGACCTGGGACCTCAGATCGGGTACCAGATGGTC
TTTTTCTGGGAGTARTTRGGGCCGCTGGCCATCTACCCCCTCTTCTACTTCCTGCCYTCCTTGATTTACGGA
AGGRCGACCGAGCACGTCTTTGCMCAAAAGGCAGCGCTCGCCTTCTGGACCTTRCACTACGSGAAGCGCATC
RTGGAGWCCTTTTTCGTGCACAYGTTTGGGCACGCCACGATGCCCGTGCGCAATCTGGTGAAGAACTGCAGC
TATTACTGGAGCTTTGGCGCCTTCATCTCCTACTTRGTGAACCACCCGCTCTACMCGGCGCCTCCCGCGGLC
CAGACCGCCGTCGCCTTTGTGGCCGCCACCCTCTGCACGCTCTCGAACTTCAAGTGTCATCTGATCCTGAGC
AACCTGCGTGCGCCCGGAGGCAGCGGCTATGTCATTCCGCGTGGCTTCCTGTTTGACTACGTCACCTGTGCC
AACTACACCGCTGAAATCTGGAGCTGGATTTTCTTCTCCATCGGCACCCAGTGCTTGCCGGCYCTCYTYTTC
ACCGTRGCTGGYGCCGCGCAAATGGCCATCTGGGCCGGGGGCAAGCATTGCCGTCTGAAAAAGCTCTTCGAC
GGCAAGGAGGGCCGCGAGCGCTACCCCAAGCGCTACATCATGRTTCCCCCGCTGTACTGA

SEQ ID NO: 197
Prototheca moriformis (UTEX 1435) trans-2-enoyl-ColA reductase

MPLEILVKTRNGRPAFSRDGGAITVDSTSATVQEVKGLIARAKKLSPARLRLTLPAPAGTRPTVLEDKKPLA
DYGLHDGASLVLKDLGPQIGYQMVFFWEXXGPLAIYPLFYFLXSLIYGRXTEHVFXQKAALAFWTXHYXKRI
XEXFFVHXFGHATMPVRNLVKNCSYYWSFGAFISYXVNHPLYXAPPAAQTAVAFVAATLCTLSNFKCHLILS
NLRAPGGSGYVIPRGFLFDYVTCANYTAEIWSWIFFSIGTQCLPXLXFTXAXAAQMATIWAGGKHCRLKKLFEFD
GKEGRERYPKRYIMXPPLY

SEQ ID NO: 198
Prototheca moriformis (UTEX 1435) long-chain-fatty-acid-CoA ligase

ATGGCTTCCAAGTATCCCCGGCTGACCAAGGTCTCCGATGGCGTGYCTGCCAACGAGGAGGGCGTCGAGTTT
GGACCCGAATACAGTTGCACATTCATGAAGGAAAAGACGCTGTCCGTGCCCGGGATCAAGTCTCTGGGCGAG
CTCTTTGCGGACTCGGTGTCGCAGCACAAGCGCCGGCCGTGCCTGGGCAAGCGCACCAAGGACGGCTACAGC
TGGCGCACGTACGAGCAGACGGGCCGCGAGATCGCGGCCATGGGCGCGGCCTTTGCCGCGCGCGGCCTGGLL
CAGCAGTCGCGTGTGGGCGTGTACGGGCCCAACGCGCCCGAGTGGATGATCACGATGCAGGCGTGCAACCGC
CAGGGCTACTACTGCGTGCCGCTGTACGACTCKCTGGGCGAGACCGCGGTGGAGTTCATCATCAAGCACGCG
GAGGTGAGCGCGGTGGCGGTGGCCGGGCCCAAGCTGGCRGAGCTGGCCAARGCSCTGCCCAACGTGGCGAGC
CAGGTCAAGACGGTGGTCTTYTGGGACGASGCCGACCGYGCGGCGGTGGAGGCGGTGCAGGCGCTGGGCETG
GGCGTGTTTGGCTTCGACGAGTTTGTGAAGCAGGGCGAGGCCGCGGAGGCCGTGCCGCCCGCCAGCGTGGAG
GGCGAGGACCTGTGCACCATCATGTACACGAGCGGCACGACGGGCGACCCCAAGGGCGTCATGCTCACGCAC
CGCGCCGTGATCGCGACYGTGCTGAGCCTGSACGCGTTYCTGAAGAGYGTGGACGTGGCGCTGGGCGAGGGC
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GAYGCCATYYTKTCYTTCCTGCCGCTGGCGCACATCTTYGACCGCGCGGCGGAGGAGCTGATGCTCTACGTG
GGCGGCAGCATCGGCTACTGGAGCGGCAACGTCAAGGGCCTGCTGGGCGACATCGCGGCGCTGCGCCCGALCG
CTCTTCTGCTCCGTGCCGCGCGTGTTTGACCGCATCTACTCCTCGGTCACGGGCAAGGTRGAGAGYGGCGGC
TGGCTCAAGCGCACCATGTTCCACCACGCCTTCAAGACCAAGTTYGGGCGGCTGAAGCGCGGCGTGCCGCAG
GCCAAGGCCGGCGGCATCTGGGACAAGATCGTGTTCAAGAAGATCAAGGAGGCGCTGGGCGGGCGGTGCAAG
ATCATCGTCTCGGGCGGCGCGCCGCTGTCGACGCACGTGGAGGAGTTCCTGCGCGTCTGCATGTGCTCGCAT
GTGGTGCAGGGGTACGGGCTGACCGAGACCTGCGCGGCCAGCTTCATCGCGGAGCCGGCCGACATCCGCCAG
ATGGGCACGGTCGGCCCGCCGCAGCCGGCGGTCAGCTTCCGCCTGGAGGGCGTGCCGGAGATGAAGTACAGC
CCCAGCGCGGACCCCGCGCETGGCGAGCTGCTCATCCGCGGGCCCGCGCTCTTCTCCGGCTACTACAAGGAL
CAGGAGAAGACGGACGAGGTGGTCACGCCGGACGGCTGGTTCCACACGGGCGACATCGCGGAGATCACGCCC
GCCGGCGCCATCCGCATCATCGACCGCAAGAAGAACATCTTCAAGCTCGCGCAGGGCGAGTACGTGGCCGETS
GAGAAGCTGGAGAACACGTACAAGATGTCGCCGGCCGTGGAGCAGATCTGGGTCTACGGCAACAGCTTCGAG
AGCGTGCTCGTGGCCGTGGTCGTGCCCAGCGAGGACAAGGTCAAGGCCCACGGCGGCTCCAGCGCCGCGCAG
CTCGCCTCGGACGCYGCCTTCAAGAAGGCCGTGCTGGACGACCTCACCGCCGCCGCCAAGGCCGACAAGCTC
AAGGGCTTCGAGATGGTCAAGGGCGTCATCATCGAGCCCGAGCCCTTCAGCGTCGAGAACAACCTGCTCACG
CCCACCTTCAAGCTCAAGCGGCCGCAGCTGCTCGACCATTACCGCACCGAGATCGACGCGCTCTACGCGAGT
CTGAAGAAGTAG

SEQ ID NO: 199
Prototheca moriformis (UTEX 1435) long-chain-fatty-acid-CoA ligase

MASKYPRLTKVSDGVXANEEGVEFGPEYSCTFMKEKTLSVPGIKSLGELFADSVSQHKRRPCLGKRTKDGYS
WRTYEQTGREIAAMGAAFAARGLAQQSRVGVYGPNAPEWMITMQACNRQGYYCVPLYDXLGETAVEFIIKHA
EVSAVAVAGPKLXELAXXLPNVASQVKTVVXWDXADXAAVEAVQALGVGVFGFDEFVKQGEAAEAVPPASVE
GEDLCTIMYTSGTTGDPKGVMLTHRAVIAXVLSLXAXLKXVDVALGEGXAXXXFLPLAHIXDRAAEELMLYV
GGSIGYWSGNVKGLLGDIAALRPTLFCSVPRVFDRIYSSVTGKXEXGGWLKRTMFHHAFKTKXGRLKRGVPQ
AKAGGIWDKIVFKKIKEALGGRCKIIVSGGAPLSTHVEEFLRVCMCSHVVQGYGLTETCAASFIAEPADIRQ
MGTVGPPQPAVSFRLEGVPEMKYSPSADPARGELLIRGPALFSGYYKDQEKTDEVVTPDGWFHTGDIAEITP
AGAIRIIDRKKNIFKLAQGEYVAXEKLENTYKMSPAVEQIWVYGNSFESVLVAVVVPSEDKVKAHGGSSAAQ
LASDXAFKKAVLDDLTAAAKADKLKGFEMVKGVIIEPEPFSVENNLLTPTFKLKRPQLLDHYRTEIDALYAS
LKK

SEQ ID NO: 200
Prototheca moriformis (UTEX 1435) Enoyl-CoA reductase

ATGGCGTCCYCYCAGCTCCTGTCCAAGTCCCAGGGTCTGGTCGGTGCCCTGAAGGACGTCAGGGCCGTCCGG
GTGYCCCTGCCCCGCGCCGGACCCCYTGCCGCCCCTCGCGCCGATGCCTACTCGAGCTCCAGGGCGCCTGLC
TCCATGGTGCTGGCCCCCCAGCGCCGCGGGCTGAGCGTGAAGGCTGCCGCCAGCACCAGCCCTGCCGGCALCC
GGCTTGCCCATTGATCTGCGGGGCAAGAAGGCCTTTATCGCGGGCGTCGCCGACGACCAGGGTTTTGGCTGG
GCCATRGCCAAGCAGCTGGCTGAGGCGGGCGCGGAGATCTCCCTGGGCGTGTGGGTGCCTGCCCTGAACATT
TTCGAGAGCAACTACCGCCGCGGCAAGTTTGACGAGAACCGCAAGCTGGCCAACGGCGGCCTGATGGAGTTT
GCGCACATCTACCCCATGGATGCGGTCTTCGACTCGCCCGCGGACGTGCCCGAGGACATTGCCAGCAACAAG
CGCTACGCCGGGAACAAGGGCTGGACGGTGAGCGAGACGGCCGACAAGGTCGCGGCCGACGTGGGCAAGATC
GACATCCTGGTGCACTCGCTGGCCAACGGGCCCGAGGTGCAGAAGCCGCTGCTGGAGACCAGCCGCLCGLGGL
TACCTCGCCGCSCTGAGCGCCTCCTCCTACTCCCTCATCTCCATGGTCCAGCGCTTTGGCCCGCTCATGAAC
CCCGGCGGCGCCGTCATCTCGCTGACCTACAACGCCTCCAACCTGGTCATCCCCGGCTACGGCGGCGGCATG
AGCACGGCCAAGGCCGCGCTCGAGTCCGACACGCGCGTGCTGGCCTACGAGGCCGGCCGCAAGTACCACGTG
CGCGTGAACACCATCAGCGCCGGGCCGCTCGGCTCGCGCGCCGCCAAGGCCATCGGCTTCATCGACGACATG
ATCCGCTACTCGTACGAGAACGCGCCCATCCAGAAGGAGCTCAGCGCCTACGAGGTCGGCGCSGCCGCCGLT
TTCCTCTGCTCCCCGCTCGCCTCGGCCGTCACTGGCCACGTCATGTTTGTCGACAACGGCCTCAACACCATG
GGCCTCGCCCTCGACTCCAAGACCCTCGACCYCAGCGAGTGA

SEQ ID NO: 201
Prototheca moriformis (UTEX 1435) Enoyl-CoA reductase

MASXQLLSKSQGLVGALKDVRAVRVXLPRAGPXAAPRADAYSSSRAPASMVLAPQRRGLSVKAAASTSPAGT
GLPIDLRGKKAFIAGVADDQGFGWAXAKQLAEAGAEISLGVWVPALNIFESNYRRGKFDENRKLANGGLMEF
AHIYPMDAVFDSPADVPEDIASNKRYAGNKGWTVSETADKVAADVGKIDILVHSLANGPEVQKPLLETSRRG
YLAXLSASSYSLISMVQRFGPLMNPGGAVISLTYNASNLVIPGYGGGMSTAKAALESDTRVLAYEAGRKYHV
RVNTISAGPLGSRAAKAIGFIDDMIRYSYENAPIQKELSAYEVGXAAAFLCSPLASAVTGHVMFVDNGLNTM
GLALDSKTLDXSE

SEQ ID NO: 202
Prototheca moriformis (UTEX 1435) membrane bound O-acyl transferase
domain-containing protein

ATGGCGCAGAACCTCATCCTCTCCATGCCGTGGGAGGAGTCGGCGTGCTCGTCCCTGGGCCTGTCCCTTTCT
GAGCTGCGATTTGTTGTATCATTTTTTGCCTACGTGCTCGTGTCCGCCGTGCTCCGCCACATCCGTGGCACC
CGGACCCGGCACTGGTTTGCCCTCGTCACCGGGTTCCTGCTCATCTACTACCCCTTTGGCTCGGGCGTGATG
CACGCCTTTGTGTCCTCCACCRTGGTGTACCTGGCKATGGCGGCAGTGCCCTCCCACTGCGGGACSCTGGCC
TGGCTCATRGCCTTTCCGTACCTCATCCTCAACCACGTGCTCCAGGCCAGCGGCCTMAGCTGGAAGGAGGGC
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CAYCTGGATTTCACGGGCGCGCAAATGGTGCTGACGTTGAAGCTGATCGCCGTCGGCGTCTGCTACCAGGAC
GGCCGGTCCGGCCAGTCGTACGCRAGCCACTACCGCCAGTCCATGCGCCTGCCCYCGCTGCCGGGCCTCCTG
GAGTACTACAGCTACTGCTTTGCCTACGGCAACCTCCTGGCCGGCCCCTTTTTCGAGGCGAAAGAGTACTTT
GATTTCATGGCSCGGCAGGGRGAGTGGGACGAGGGCGAGCACGGCCGCCTGCCCYGCGGCCTGGGCGCLCGGL
CTGGTCCGCTTCCTCAAGGGCATCCTGTGCGCCGCGCTGTGGATGCAGCTGGGCAAGCGCTTCAGCGCGAGT
CTGCTCGAGTCGGTCTTCTGGACCACGCTGTCCGTCCCGCGACGAATGGCGCTGATCTGGGTCATCGGCTTT
GCCGCGCGGCTCAAGTACTACTTTGTCTGGTCGGTGGCCGAGTCTGGGCTCATCCTGTCSGGCCAGTGCTTC
GCCGGCAAGACCCAAAAGGGCAAGGCGCAGTGGACGCGGTACATCAACACCAAGATCAGGGAGCTGACGTCG
GGCATCTGGCACGGGCTCTTCCCCGGCTACTGGGCCTTTTTCGGGACGAGCGCGCTCATGTTCGAGGCGGCC
AAGACCATCTACCGCTACGAGCTGGGCTGGCCGGCCTGGCTGCGCGCGGCGCTGCCCTGGCGCGCCCTCAAG
ATGGCGCTCACGGCCTTTGTGCTCAACTATGCCGCCATGTCCTTCCTGGTGCTCACCTGGGCCGACACCTGG
GCCGTCTGGAAGTCGGTGGGCTTCCTGGGGCACACGCTGCTGCTCCTGATCCTCATAGTCGGCGTCGTGCTG
CCGCCCCGCCGCCGACACAAGGGCCAGGCCACCACCGCGCCCGTGGTCACGCCCGCCGCCATCCCGGCCGAG
GGAGAGCTGCCMCAYAAGAAGGCAGAGTGA

SEQ ID NO: 203
Prototheca moriformis (UTEX 1435) membrane bound O-acyl transferase
domain-containing protein

MAQNLILSMPWEESACSSLGLSLSELRFVVSFFAYVLVSAVLRHIRGTRTRHWFALVTGFLLIYYPFGSGVM
HAFVSSTXVYLXMAAVPSHCGXLAWLXAFPYLILNHVLQASGXSWKEGXLDFTGAQMVLTLKLIAVGVCYQD
GRSGOSYXSHYRQSMRLPXLPGLLEYYSYCFAYGNLLAGPFFEAKEYFDFMXRQXEWDEGEHGRLPXGLGAG
LVRFLKGILCAAIWMQLGKRFSASLLESVFWITLSVPRRMALIWVIGFAARLKYYFVWSVAESGLILXGQCF
AGKTQKGKAQWTRYINTKIRELTSGIWHGLFPGYWAFFGTSALMFEAAKTIYRYELGWPAWLRAALPWRALK
MALTAFVLNYAAMSFLVLTWADTWAVWKSVGFLGHTLLLLILIVGVVLPPRRRHKGQATTAPVVTPAAIPAE
GELXXKKAE

SEQ ID NO: 204
Prototheca moriformis (UTEX 1435) NAD-dependent glycerol-3-phosphate
dehydrogenase

ATGTCCGTCCAACCCATTTCCGAGGAGCTGACCAAGGTGACCGTCATCGGCGCCGGCGCCTGGGGTACCGCC
CTCGCCATCCACTGCGCCCGCAAGGGCCATGACACCATGTTGTGGGCCATGGAGCCGCACGCGGTGGAGGAG
ATCAACACCAAGCACACCAACGAGACTTTCCTGAAGAACGTGCCCCTGCCTGAGTCGCTCAAGGCGACGGGC
GACATCAAGGAGGCCGTGGAGCGCGCGGAGATGATCCTGACCGTCATCCCGACTCCCTTCTTGTTCAAGTCG
ATGAGCGGGATCAAGGAGTACCTGAGGGAGGACCAGTACATCGTGTCCTGCACCAAGGGCATTCTGAACGAC
ACCCTGGAGACCCCCGACGGCATCATCCGCCGCGCCCTGCCCGATAACCTCTGCAAGAGGCTGGCGTTCCTG
TCGGGCCCCTCCTTTGCGGCCGAGGTGGGCCGCGACTTCCCCACGGCGGTCACCATCGCGGCCGAGGALCCLCG
GCCGTGGCGCAGCGCGTGCAGCAGCTCATGTCCACCAACCGCTTCCGCTGCTACCGCACCACCGACGTCGTG
GGCGTCGAGCTCGCTGGCGCGCTGAAGAACGTGCTGGCCATCGCCTGCGGCATCTCCGACGGCTGCGGCTTT
GGCAACAACGGCCGCGCGGCGCTCATCACGCGCGGGCTGGACGAGATCACGCGCATCGCGGTGGCCAGCGGL
GCCAACCCGCTGACCCTGGCGGGCCTGGCGGGCEGTGGGCGACATCGTGCTCACCTGCTGCGGCGACCTGAGC
CGCAACCGCACGGTCGGCCTGCGCCTGGGCAAGGGTGAGAAGCTGGACCACATCGTCAAGACGCTGGGCGCC
ACGGCCGAGGGCGTGCTCACCTCGCGCGCGGCCTACGACCTCACCAAGAAGCTGGGCATCGACTGCGCCGTC
ATCCACGGCATCTACCGCGTCGTGAACGAGGAGGCCGAGCCCATGAAGGTCGTGGCCGAGACCATGGCGCGC
CCGCTGCGCGCCGAGGTGGCCGAGAGCGTCGCCGAGGCCGCCGTCACCAACGCCCGCAACCTCGCCGAGTAG

SEQ ID NO: 205
Prototheca moriformis (UTEX 1435) NAD-dependent glycerol-3-phosphate
dehydrogenase

MSVQPISEELTKVTVIGAGAWGTALAIHCARKGHDTMLWAMEPHAVEEINTKHTNETFLKNVPLPESLKATG
DIKEAVERAEMILTVIPTPFLFKSMSGIKEYLREDQYIVSCTKGILNDTLETPDGIIRRALPDNLCKRLAFL
SGPSFAAEVGRDFPTAVTIAAEDPAVAQRVQOLMSTNRFRCYRTTDVVGVELAGALKNVLATIACGISDGCGF
GNNGRAALITRGLDEITRIAVASGANPLTLAGLAGVGDIVLTCCGDLSRNRTVGLRLGKGEKLDHIVKTLGA
TAEGVLTSRAAYDLTKKLGIDCAVIHGIYRVVNEEAEPMKVVAETMARPLRAEVAESVAEAAVTNARNLAE

SEQ ID NO: 206
Prototheca moriformis Plastidial Acyl-Carrier Protein (ACP) allele 1

ATGGCGATGTCTATGACCTCCTGCCGCGCCETCTGCGCCCCTCGCGCCACCCTCCGGETGCAGGLTLCCCCEL
GTGGCTGTCCGCCCCTTCCGCGCCCAGCGCATGATCTGCCGCGCTGTGGACAAGGCTAGCGTCCTGAGCGAC
GTGCGCGTGATCATTGCCGAGCAGCTGGGCACCGATGTCGAGAAGGTCAACGCCGACGCCAAGTTTGCCGAC
CTGGGTGCCGACTCCCTGGACACCGTTGAGATCATGATGGCTCTGGAGGAGAAGTTTGACCTGCAGCTCGAT
GAGGAGGGTGCGGAGAAGATCACCACCGTGCAGGAGGCCGCTGACCTCATCTCCGCCCAGATCGGCGCTTGA

SEQ ID NO: 207

Prototheca moriformis (UTEX 1435) Plastidial Acyl-Carrier Protein (ACP)
allele 1
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MAMSMTSCRAVCAPRATLRVQAPRVAVRPFRAQRMICRAVDKASVLSDVRVIIAEQLGTDVEKVNADAKFAD
LGADSLDTVEIMMALEEKFDLQLDEEGAEKITTVQEAADLISAQIGA

SEQ ID NO: 208
Prototheca moriformis (UTEX 1435) 3-hydroxyacyl-CoA dehydratase

ATGTCGCTGAGGAGCGCCTACCTCACTGTTTATAATGCGTCGCTCGCGCTGGGCTGGGCGTACCTGCTGTGG
CTGAGCGTGTCTGTCCTRGCCGCTGGCGGCAGCCTGTGGGACCTGTGGAAGACTGTGGAGGTGCCTCTCAAG
GTCGTTCAGACGGCGGCGATCGCGGAAGTTGTGCATGCCAGTGTTGGCATTGTCCGCTCGCCCCCACTCGTC
ACTGCCCTGCAAGTGGCTTCGCGAGTGTTCCTGGTCTGGGGCGTGGTGAATCTGGCTCCAGAGGTGGCGACC
GGCTCGCAGGTGGCCGCCATTCCCATCCCCGGGGTCGGCCGCEGTGGGCCTCTCCTTTGCGACCCTGGTCATC
GCCTGGGCCCTCAGCGAGATCATCCGCTACGGCCACTTTGCCGCCAAGGAGGCGGGCATTGCCAGCAAGCTG
CTGCTCTGGCTTCGCTACACCGGCTTCCTGGTGCTCTACCCGCTGGGCGTCTCCAGCGAGCTGACCATGATC
TACCTAGTGGCTCCCTACGTCAAGGAGCGCGGCATCCTGAGCCTGGAGATGCCCAACGCCGCCAACTTTGCC
TTTAGCTACTACGCCGCGCTCTGGATCGTCAGCCTCACCTACATTCCCGKMYWWCMKMKGWWRKMCGGGTAC
ATGCTCAAGCAGCGGAARAAAGATGCTTGGTGGTGGCGCCAAGGCCAAGAAACTGGCTTGA

SEQ ID NO: 209
Prototheca moriformis (UTEX 1435) 3-hydroxyacyl-CoA dehydratase

MSLRSAYLTVYNASLALGWAYLLWLSVSVXAAGGSLWDLWKTVEVPLKVVQTAATAEVVHASVGIVRSPPLV
TALQVASRVFLVWGVVNLAPEVATGSQVAAIPIPGVGRVGLSFATLVIAWALSEIIRYGHFAAKEAGIASKL
LLWLRYTGFLVLYPLGVSSETMIYLVAPYVKERGILSLEMPNAANFAFSYYAATWIVSLTYIPXXXXXXGYM
LKQRKKMLGGGAKAKKLA

SEQ ID NO: 210
Prototheca moriformis (UTEX 1435) Ketoacyl-ACP Synthase II

ATGCAGACCGCGCACCAGCGGCCCCCGACCGAGGGGCACTGCTTCGGTGCGAGGCTGCCCACGGCGTCGAGG
CGGGCGGTGCGCCGGGCATGGTCCCGCATCGCGCGCGCGGCGGCCGCGGCCGACGCAAALCCCLCGLCCGLeCT
GAGCGCCGCGTGGTCATCACGGGCCAGGGCGTGGTGACCAGCCTGGGCCAGACGATCGAGCAGTTTTACAGC
AGCCTGCTGGAGGGCGTGAGCGGCATCTCGCAGATCCAAAAGTTTGACACCACGGGCTACACGACGACGATC
GCGGGCGAGATCAAGTCGCTGCAGCTGGACCCGTACGTGCCCAAGCGCTGGGCCAAGCGCGTGGACGACGTC
ATCAAGTACGTCTACATCGCGGGCAAGCAGGCGCTGGAGAACGCGGGGCTGCCGATCGAGGCGGCGGGGCTG
GCGGGCGCGGGGCTGGACCCGGCGCTGTGCGGCGTGCTCATCGGCACCGCCATGGCGGGCATGACGTCCTTC
GCGGCGGGCGTGGAGGCGCTGACGCGCGGCGGCGTGCGCAAGATGAACCCCTTTTGCATCCCCTTCTCCATC
TCCAACATGGGCGGCGCGATGCTGGCGATGGACATCGGCTTCATGGGCCCCAACTACTCCGTCTCCACAGCC
TGCGCGACGTCCAACTACGCATTTGTGAACGCGGCCAACCACATCCGCAAGGGCGACGCGGACGTCATGGTC
GTGGGCGGCACCGAGGCCTCCATCGTGCCCGTGGGCCTGGGCGGCTTTGTGGCCTGCCGCGCGCTGTCCACG
CGCAACGACGAGCCCAAGCGCGCGAGCCGGCCGETGGGACGAGGGCCGCGACGGCTTTGTGATGGGCGAGGGC
GCGGCCGTGCTGGTCATGGAGTCGCTGGAGCACGCGCAGAAGCGTGGCGCGACCATCCTGGGCGAGTACCTG
GGGGGCGCCATGACCTGCGACGCGCACCACATGACGGACCCGCACCCCGAGGGCCTGGGCGTGAGCACCTGC
ATCCGCCTGGCGCTCGAGGACGCCGGCGTCTCGCCCGACGAGGTCAACTACGTCAACGCGCACGCCACCTCC
ACCCTGGTGGGCGACAAGGCCGAGGTGCGCGCGGTCAAGTCGGTCTTTGGCGACATGAAGGGTATCAAGATG
AACGCCACCAAGAGTATGATCGGGCACTGCCTGGGCGCCGCCGGCGGCATGGAGGCCGTCGCCACGCTCATG
GCCATCCGCACCGGCTGGGTGCACCCCACCATCAACCACGACAACCCCATCGCCGAGGTCGATGGCCTGGAC
GTCGTCGCCAACGCCAAGGCCCAGCACGACATCAACGTCGCCATCTCCAACTCCTTCGGCTTTGGCGGGCAC
AACTCCGTCGTCGCCTTTGCGCCCTTCCGCGAGTAG

SEQ ID NO: 211
Prototheca moriformis (UTEX 1435) Ketoacyl-ACP Synthase II

MOTAHQRPPTEGHCFGARLPTASRRAVRRAWSRIARAAAAADANPARPERRVVITGQGVVTSLGQTIEQFYS
SLLEGVSGISQIQKFDTTGYTTTIAGEIKSLOLDPYVPKRWAKRVDDVIKYVYIAGKQALENAGLPIEAAGL
AGAGLDPALCGVLIGTAMAGMTSFAAGVEALTRGGVRKMNPFCIPFSISNMGGAMLAMDIGFMGPNYSVSTA
CATSNYAFVNAANHIRKGDADVMVVGGTEASIVPVGLGGFVACRALSTRNDEPKRASRPWDEGRDGFVMGEG
AAVLVMESLEHAQKRGATILGEYLGGAMTCDAHHMTDPHPEGLGVSTCIRLALEDAGVSPDEVNYVNAHATS
TLVGDKAEVRAVKSVFGDMKGIKMNATKSMIGHCLGAAGGMEAVATLMAIRTGWVHPTINHDNPIAEVDGLD
VVANAKAQHDINVAISNSFGFGGHNSVVAFAPFRE

SEQ ID NO: 212
Prototheca moriformis (UTEX 1435) sterol 14 desaturase

ATGGACGCCTTTGGCGAGCTCATCATCCTGACCGCCTCGCGCACGCTGCTGGGCCGCGAGGTGCGCGAGTCC
ATGTTCCGCGAGGTGGCCGACCTCTTCCACGACCTGGACGACGGCATGCGCCCGCTGAGCGTGCTCTTCCCC
TACCTGCCGACCGCCTACCACAGGCGCCGCGACGTCGCGCGCCGGCGCCTGCAGGACATCTTCAAGCGCGTC
ATCGCCGCGCGCCGCGCCTCGGGCETCAAGGAGGACGACGTGCTGCAGGCGCTGATCGACGCGCGCTACCGC
AAGGTCTACGACGGCCGCGCCACGACGGACGAGGAGATCACGGGCCTCCTCATCGCGCTGCTCTTCGCCGGE
CAGCACACCAGCTCCGTGACCTCCACCTGGACGGGYCTCTACATGATGMCSGGCGACCAGCGCTACTTCAYG
GTGGTCGAGGAGGAGCAGCGCCGCGETCGTCGCCGAGCACGGCGACGCGCTCGACTTTGACGTGCTCAACGGC
ATGGACCGCCTGCACCTGGCCATCATGGAGGCCCTGCGCCTGCAGCCGCCCCTCGTCCTCCTCATGCGCTAC
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GCCAAGGAGCCCTTCGAGGTCGTCACCTCCGACGGCAAGGCCTTCACCGTGCCCAAGGGCGACATTGTGGCG
ACCTCGCCCTCCTTCTCCCACCGCCTCAAAAACGTGTTCCGGGATCCCAACGACTTCCAYCCCGAYCGCTTT
GAAGCGCCCCGCGACGAGGACAAGGCCGTGCCCTTCTCCTACATCGGRTTTGGCGGCGGGCGGCACGGGTGC
ATGGGCTCGCAGTTCGCCTACCTCCAGATCAAGACCATCTGGAGCGTGCTCCTCCGCAACTTCACCTTTGAG
CTGGTGGACCCCTTCCCGGAGCCGGACTGGGCCTCCATGGTCATCGGGCCCAAGCCCTGCCGCGTGCGCTAC
ACGCGCCGAAAGACGCCCCTGGCCTGA

SEQ ID NO: 213
Prototheca moriformis (UTEX 1435) sterol 14 desaturase

MDAFGELIILTASRTLLGREVRESMFREVADLFHDLDDGMRPLSVLFPYLPTAYHRRRDVARRRLODIFKRV
IAARRASGVKEDDVLQALIDARYRKVYDGRATTDEEITGLLIALLFAGQHTSSVTSTWTXLYMMXGDQRYFX
VVEEEQRRVVAEHGDALDFDVLNGMDRLHLAIMEALRLQPPLVLLMRYAKEPFEVVTSDGKAFTVPKGDIVA
TSPSFSHRLKNVFRDPNDFXPXRFEAPRDEDKAVPFSYIXFGGGRHGCMGSQFAYLQIKTIWSVLLRNFTEFE
LVDPFPEPDWASMVIGPKPCRVRYTRRKTPLA

SEQ ID NO: 214
Prototheca moriformis (UTEX 1435) Ketoacyl-ACP Synthase III

ATGCGCATACTGGGCAGCGGTTCCTCCACCCCTTCCACGGTGCTGAGCAACGCCGATCTGGAGCAGCTGGTG
GAGACGAACGACGAGTGGATCGTTGCCCGGACTGGCATCCGGCGCCGGCACATCCTGGGCCCGGGGGAGALCG
CTCACCCACCACTGCACCCTGGCCTGCCAGCGCGCGCTAGAGATGGCGGGCGTGGACGCCAAGGACGTGGAL
CTCATCCTGCTGGCCACGTCCAGCCCGGACGACTCCTTTGGCAGCGCCTGTGCTGTGCAGGCCGAGCTCGGG
GCCAAGAGCGCGGCCGCCTACGACCTCACCGCCGCCTGCTCCGGCTTTGTCATGAGCACGGTCACCGCCACLCC
CAATTCTTGAGAACGGGGGTGTACAAGAACATCCTGGTCATCGGCGCGGACGCCCTGTCCCGCTACATCGAC
TGGCGGGACCGGAGCACGTGCATCCTGTTTGGCGACGGCGCCGGCGCTGTCCTCCTCCAGCGCGACGATCGC
GAGGGTGAGGACTCCCTTCTCGGGTTCGACATGCACTCTGATGGGCACGGCCAGAAGCACCTCCACGCLCGGL
TTCATGGGCTGCGGCAACAAGGCCTTCTCGGAGCAGCCCTCCAGCGCCGCCGCTTTCGGCAACATGTACATG
AACGGCAGCGAGGTCTTCAAGTTTGCCGTGCGAGCCGTGCCGCGGGTGGTGGAGGCCTCGCTGAAAATGGCG
GGGCTGAGCGTGTCCGACATCGACTGGCTGGTCCTGCACCAGGCCAACCAACGAATTTTGACGGCTGCCGCC
GATCGGCTGGGTGTCCCCGCTGAGAAAGTGGTGTCCAATGTGGCCGAGTACGGCAACACGTCGGCCGCCTCC
ATCCCCCTCGTGCTGGACGAATCGGTCCGGCAGGGCCTGATCAAGCCGGGCGACATCCTGGGCATGGCAGGG
TTTGGGGCTGGCCTGTCCTGGGCGGGAGCCATCCTCCGATGGGGCTAG

SEQ ID NO: 215
Prototheca moriformis (UTEX 1435) Ketoacyl-ACP Synthase III

MRILGSGSSTPSTVLSNADLEQLVETNDEWIVARTGIRRRHILGPGETLTHHCTLACQRALEMAGVDAKDVD
LILLATSSPDDSFGSACAVQAELGAKSAAAYDLTAACSGFVMSTVTATQFLRTGVYKNILVIGADALSRYID
WRDRSTCILFGDGAGAVLLQRDDREGEDSLLGFDMHSDGHGQKHLHAGFMGCGNKAFSEQPSSAAAFGNMYM
NGSEVFKFAVRAVPRVVEASLKMAGLSVSDIDWLVLHQANQRILTAAADRLGVPAEKVVSNVAEYGNTSAAS
IPLVILDESVRQGLIKPGDILGMAGFGAGLSWAGAILRWG

SEQ ID NO: 216
Prototheca moriformis (UTEX 1435) acyl transferase

ATGAAGGAGCAAGTGGTTATGCCCCCCCCTGAGGCCCCCACGAATGGGGACCTTGCGGCCCCCTTTGTGCGG
AAGGACCGGTTCGGGGAGTATGGCATGGCCCCGCAGCCCCCGATGGTGAAGGTGGTGCTGGCACTCGAGGCC
TTGGTGCTCTTGCCGCTGCGCGCGGTGAGCGTGCTCATCCTCGTCGTGCTGTACTGGCTCATTTGCAATGCT
TCGGTCGCACTCCCGCCCAAGTACTGCGCGGCCGTCACGGTCACCGCTGGGCGCTTGGTCTGCCGGTGGGCG
CTCTTCTGCTTCGGATTCCACTACATCAAGTGGGTGAACCTGGCGGGCGCGGAGGAGGGCCCCCGLCCGGGL
GGCATTGTTAGCAACCACTGCAGCTACCTGGACATCCTGCTGCACATGTCCGATTCCTTCCCCGCCTTTGTG
GCGCGCCAGTCGACGGCCAAGCTGCCCTTTATCGGCATCATCAGCCAAATTATGAGCTGCCTCTACGTGAAC
CGCGACCGCTCGGGGCCCAACCACGTGGGTGTGGCCGACCTGGTGAAGCAGCGCATGCAGGACGAGGCCGAG
GGGAAGACCCCGCCCGAGTACCGGCCGCTGCTCCTCTTCCCCGAGGGCACCACCTCCAACGGCGACTACCTG
CTTCCCTTCAAGACCGGCGCCTTCCTGGCCGGGGTGCCCGTCCAGCCCGTCGTCCTCCACTACCACAGGGGA
ACCCTGTGGCCCACGTGGGAGACGATTCCGGCCAAGTGGCACATCTTCCTGATGCTCTGCCACCCCCGCCAC
AAAGTGACCGTGATGAAGTTGCCCGTGTACGTCCCCAATGAGGAGGAAAAGGCCGACCCCAAGCTGTACGCC
CAAAACGTCCGCAAAGCCATGATGGAGGTCGCCGGGACCAAGGACACGACGGCGGETGTTTGAGGACAAGATG
CGCTACCTGAACTCCCTGAAGAGAAAGTACGGCAAGCCTGTGCCTAAGAAAATTGAGTGA

SEQ ID NO: 217
Prototheca moriformis (UTEX 1435) acyl transferase

MKEQVVMPPPEAPTNGDLAAPFVRKDRFGEYGMAPQPPMVKVVLALEALVLLPLRAVSVLILVVLYWLICNA
SVALPPKYCAAVTVTAGRLVCRWALFCFGFHYIKWVNLAGAEEGPRPGGIVSNHCSYLDILLHMSDSFPAFV
ARQSTAKLPFIGIISQIMSCLYVNRDRSGPNHVGVADLVKQRMODEAEGKTPPEYRPLLLFPEGTTSNGDYL
LPFKTGAFLAGVPVQPVVLHYHRGTLWPTWETIPAKWHI FLMLCHPRHKVTVMKLPVYVPNEEEKADPKLYA
ONVRKAMMEVAGTKDTTAVFEDKMRYLNSLKRKYGKPVPKKIE

SEQ ID NO: 218
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Prototheca moriformis ENR1-1 (Enoyl-ACP Reductase) 1 cDNA sequence;
version 1

ATGGCGTCCGCACAGCTCCTGTCCAAGTCCCAGGGTCTGGTCGGTGCCCTGAAGGACGTCAGGGCCGTCCGG
GTGACCCTGCCCCGCGCCGGACCCCGETGCCGCCCCTCGCGCCGATGCCTACTCGAGCTCCAGGGCGCCTGLC
TCCATGGTGCTGGCCCCCCAGCGCCGCGGGCTGAGCGTGAAGGCTGCCGCCAGCACCAGCCCTGCCGGCALCC
GGCTTGCCCATTGATCTGCGGGGCAAGAAGGCCTTTATCGCGGGCGTCGCCGACGACCAGGGTTTTGGCTGG
GCCATCGCCAAGCAGCTGGCTGAGGCGGGCGCGGAGATCTCCCTGGGCGTGTGGGTGCCTGCCCTGAACATT
TTCGAGAGCAACTACCGCCGCGGCAAGTTTGACGAGAACCGCAAGCTGGCCAACGGCGGCCTGATGGAGTTT
GCGCACATCTACCCCATGGATGCGGTCTTCGACTCGCCCGCGGACGTGCCCGAGGACATTGCCAGCAACAAG
CGCTACGCCGGGAACAAGGGCTGGACGGTGAGCGAGACGGCCGACAAGGTCGCGGCCGACGTGGGCAAGATC
GACATCCTGGTGCACTCGCTGGCCAACGGGCCCGAGGTGCAGAAGCCGCTGCTGGAGACCAGCCGCLCGLGGL
TACCTCGCCGCGCTGAGCGCCTCCTCCTACTCCCTCATCTCCATGGTCCAGCGCTTTGGCCCGCTCATGAAC
CCCGGCGGCGCCGTCATCTCGCTGACCTACAACGCCTCCAACCTGGTCATCCCCGGCTACGGCGGCGGCATG
AGCACGGCCAAGGCCGCGCTCGAGTCCGACACGCGCGTGCTGGCCTACGAGGCCGGCCGCAAGTACCACGTG
CGCGTGAACACCATCAGCGCCGGGLCCGCTCGGCTCGCGCGCCGCCAAGGCCATCGGCTTCATCGACGACATG
ATCCGCTACTCGTACGAGAACGCGCCCATCCAGAAGGAGCTCAGCGCCTACGAGGTCGGCGCGGCCGCCGLT
TTCCTCTGCTCCCCGCTCGCCTCGGCCGTCACTGGCCACGTCATGTTTGTCGACAACGGCCTCAACACCATG
GGCCTCGCCCTCGACTCCAAGACCCTCGACCACAGCGAGTGA

SEQ ID NO: 219
Prototheca moriformis ENR1-1 (Enoyl-ACP Reductase) 1 cDNA sequence;
version 2

ATGGCGTCCGCACAGCTCCTGTCCAAGTCCCAGGGTCTGGTCGGTGCCCTGAAGGACGTCAGGGCCGTCCGG
GTGACCCTGCCCCGCGCCGGACCCCGETGCCGCCCCTCGCGCCGATGCCTACTCGAGCTCCAGGGCGCCTGLC
TCCATGGTGCTGGCCCCCCAGCGCCGCGGGCTGAGCGTGAAGGCTGCCGCCAGCACCAGCCCTGCCGGCALCC
GGCTTGCCCATTGATCTGCGGGGCAAGAAGGCCTTTATCGCGGGCGTCGCCGACGACCAGGGTTTTGGCTGG
GCCATCGCCAAGCAGCTGGCTGAGGCGGGCGCGGAGATCTCCCTGGGCGTGTGGGTGCCTGCCCTGAACATT
TTCGAGAGCAACTACCGCCGCGGCAAGTTTGACGAGAACCGCAAGCTGGCCAACGGCGGCCTGATGGAGTTT
GCGCACATCTACCCCATGGATGCGGTCTTCGACTCGCCCGCGGACGTGCCCGAGGACATTGCCAGCAACAAG
CGCTACGCCGGGAACAAGGGCTGGACGGTGAGCGAGACGGCCGACAAGGTCGCGGCCGACGTGGGCAAGATC
GACATCCTGGTGCACTCGCTGGCCAACGGGCCCGAGGTGCAGAAGCCGCTGCTGGAGACCAGCCGCLCGLGGL
TACCTCGCCGCGCTGAGCGCCTCCTCCTACTCCCTCATCTCCATGGTCCAGCGCTTTGGCCCGCTCATGAAC
CCCGGCGGCGCCGTCATCTCGCTGACCTACAACGCCTCCAACCTGGTCATCCCCGGCTACGGCGGCGGCATG
AGCACGGCCAAGGCCGCGCTCGAGTCCGACACGCGCGTGCTGGCCTACGAGGCCGGCCGCAAGTACCACGTG
CGCGTGAACACCATCAGCGCCGGGCCGCTCGGCTCGCGCGCCGCCAAGGCCATCGGCTTCATCGACGACATG
ATCCGCTACTCGTACGAGAACGCGCCCATCCAGAAGGAGCTCAGCGCCTACGAGGTCGGCGCGGCCGCCGLT
TTCCTCTGCTCCCCGCTCGCCTCGGCCGTCACTGGCCACGTCATGTTTGTCGACAACGGCCTCAACACCATG
GGCCTCGCCCTCGACTCCAAGACCCTCGACCGCAGCGAGTGA

SEQ ID NO: 220
Prototheca moriformis ENR1-1 (Enoyl-ACP Reductase) 1 Protein sequence;
version 1

MASAQLLSKSQGLVGALKDVRAVRVTLPRAGPRAAPRADAYSSSRAPASMVLAPQRRGLSVKAAASTSPAGT
GLPIDLRGKKAFIAGVADDQGFGWAIAKQLAEAGAEISLGVWVPALNIFESNYRRGKFDENRKLANGGLMEF
AHIYPMDAVFDSPADVPEDIASNKRYAGNKGWTVSETADKVAADVGKIDILVHSLANGPEVQKPLLETSRRG
YLAALSASSYSLISMVQRFGPLMNPGGAVISLTYNASNLVIPGYGGGMSTAKAALESDTRVLAYEAGRKYHV
RVNTISAGPLGSRAAKAIGFIDDMIRYSYENAPIQKELSAYEVGAAAAFLCSPLASAVTGHVMFVDNGLNTM
GLALDSKTLDHSE*

SEQ ID NO: 221
Prototheca moriformis ENR1-1 (Enoyl-ACP Reductase) 1 Protein sequence;
version 2

MASAQLLSKSQGLVGALKDVRAVRVTLPRAGPRAAPRADAYSSSRAPASMVLAPQRRGLSVKAAASTSPAGT
GLPIDLRGKKAFIAGVADDQGFGWAIAKQLAEAGAEISLGVWVPALNIFESNYRRGKFDENRKLANGGLMEF
AHIYPMDAVFDSPADVPEDIASNKRYAGNKGWTVSETADKVAADVGKIDILVHSLANGPEVQKPLLETSRRG
YLAALSASSYSLISMVQRFGPLMNPGGAVISLTYNASNLVIPGYGGGMSTAKAALESDTRVLAYEAGRKYHV
RVNTISAGPLGSRAAKAIGFIDDMIRYSYENAPIQKELSAYEVGAAAAFLCSPLASAVTGHVMFVDNGLNTM
GLALDSKTLDRSE*

SEQ ID NO: 222

Prototheca moriformis Heteromeric acetyl-CoA carboxylase b-CT subunit
ATGGCACTTCCACTTCCGCCACTCCCATCACTTCCAAAACTTCCAAAAATTCAATTTCCTTTTTTTTCTTGG
TTAGATTGGGGAAAAGATAAACGACTTGAGAAAAAAAAAGAAATTGAAAATAAAATAGAGCAACAAATACCG
AATCTAATAAAGTTAAGTGCACTTAAATATAAGAGAGATGTTAAAGCTGAAAAAGATTTAGGTTTATGGACT
CGTTGTGAAAATTGTGGTGTTATTATATACATAAAACATTTACAAGTAAACAAAAAAGTTTGTATAGGATGT
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AATTATCATATATTAATGAGCAGTTTTGAACGAATTGCTCGCTTTCTTGACATAGAAAGTTGGACTCCATTA
AATGAAACAATGTCTTCAGGTAATCCTTTAGGATTTAGTGATCAAAAATCATATACAGAAAGATTAATAGAG
TCTCAAGAATTAACAGGATTACAGGATGCAGTTCAAACAGGAACTGGCGTTATAGAAGGTATTCCTTTAGCA
CTCGGAATGATGGATTTCCATTTTATGGGTGGTAGTATGGGTTCTGTTGTTGGAGAAAAATTAACTCGTTTA
ATTGAATATGCAACAATTAAAGGCCTTTCTTTAGTAATTTTTTGTGCTTCTGGTGGTGCTCGTATGCAAGAA
GGTATTTTAAGTTTAATGCAAATGGCTAAAATTTCTGCTGCATTAAATCGTCATCAAAATATAGCAAAACTT
TTATATATCCCAGTTTTAACATCACCTACTACAGGAGGAGTTACTGCAAGTTTTGCGATGCTAGGAGATTTA
ATTTATGCAGAACCTCGTGCACTTATTGGTTTTGCTGGACGACGAGTTATTTCTCAAACACTTCAAGAACAA
TTACCAAAAGATTTTCAAACAGCTGAATATTTATTACATCATGGATTAATTGATTTAATTATTTCAAGATTT
TTCTTAAAACAAGCATTAGCTGAAACAGTTATTTTATTTCAACAAGCTCCTTCAAAAGAAATAGGATCTATT
GAATTCCGTGAACGTGTTACTTTAACAAAAGTTGAAGAAGAATTATTAAGACGTTCAATAATCGAGAATGAA
AACTCTTTTAAAAAAATGTTAGAATCGTTTTTATCTTTTATTCCAGGAAGAAAAAAAGCAATTTCAACAGAT
TTAGCATTTAATGAAGTTCTTGATGAAGCTTTTGATAATTCATTAAATGCTTCTATAACAAAAGACTTCAGT
TATATGCTTTCTTCAACTAAATTAATTGAAGCTTAA

SEQ ID NO: 223

Prototheca moriformis Heteromeric acetyl-CoA carboxylase b-CT subunit
MALPLPPLPSLPKLPKIQFPFFSWLDWGKDKRLEKKKETITENKIEQQIPNLIKLSALKYKRDVKAEKDLGLWT
RCENCGVIIYIKHLQVNKKVCIGCNYHILMSSFERIARFLDIESWTPLNETMSSGNPLGFSDQKSYTERLIE
SQELTGLODAVQTGTGVIEGIPLALGMMDFHFMGGSMGSVVGEKLTRLIEYATTIKGLSLVIFCASGGARMQE
GILSLMQMAKISAALNRHONIAKLLYIPVLTSPTTGGVTASFAMLGDLIYAEPRALIGFAGRRVISQTLQEQ
LPKDFQTAEYLLHHGLIDLIISRFFLKQALAETVILFQQAPSKEIGSIEFRERVTLTKVEEELLRRSITIENE
NSFKKMLESFLSFIPGRKKAISTDLAFNEVLDEAFDNSLNASITKDFSYMLSSTKLIEA*

SEQ ID NO: 224
Prototheca moriformis Glycerol-3-phosphate acyltransferase
(GPAT)nucleotide

TCGGCACCTGGATGAGGGCCTGGACGACATGCCAGCCCATGTCAAGGTTGCTGCCCGTGGGCATGACAGTGC
AAGGGAAATAGGTCATCTTTCACACGCTCACTATAATCAATGAAACATCTACTTTCATCATATTGCAGTCTT
CTTTGATGGGAGTCGGTCTAACAATCCCCATCAGTCACGGCCGGCTGGCACTAGGTACCTGGCAAGGAGTCT
ACTTGAATGAGCACAGGGATTGCGGGGGCGCACGCCATCTGATTGTGACGCTGCAGGGGTGCTCTTCCTGAT
GAGGGTTGGGCCCCATGGCAGCTCGGCGCAATCTGGATCTGATCCCATGCTGGGGCTTTAAAACTGCGTTCC
GACATGCGACAGGGACAATGCGCGCCCCCACTGACGGCCTTTCATAGCCGTCAGCATAAACAAGATACCACT
TGACAGAGTTGCGGGTTGCAAGGGGCTCAAGGCCTCTGGGGGCGCGCCGCTCTTCGCCATGCAAACCTTGGC
TAGCACCCGCACCGTGCCCGCGGCGETCGGGCACCGATCGGGCCGCTCATGGGGCGATCAGATATCATGCCCA
GCGCATTCAATCAAGGTTTGCGGCTTCAAGGAGGGGCGCCCGGGCTCTGGGCCCCCCCCGGGCTGTGGCGTC
TGCCAAGACGTCCCCTGGGGAGCTGCGCCTGCCCTTTAGCCACGTCCGCTCGGAGGAAGAGCTGTTCGCCAT
TTTGCGGTCCGGCGTGGCGCATGGCCAGCTGCCCGCGTCGATTCTGAACCGCGCCTCGGAGCTCATGGAGTC
GTACACGGCATCCATGAAGGCCGGCGGCGTTAGCGACCCGAGCGCTTACACGGTCAAGATAATGGCGGAGCA
CTTTGGTCTGTCCATGCTGCAAATGGCCCATCGGCACAAGTTTGATTCGGCGCACAAGCGGGTGCTGGAGCC
GTACGACTACTACTCCTTTGGCCAGCGCTACATCCAGGGCCTCATCGACATGCAGCGCTCCTGCCTGGGCCA
CGTGGACCGCTTCGCCGAGATCCAAGCGCAGCTGGACAGAGGCGAGAACGTGGTGCTGCTCGCAAACCACCA
GACGGAGGCCGACCCCGLCGETGTGGGCGCTGCTGCTGGAGTCGCGCTTCCCGAAGCTGGCGACGGAGGTGGC
GTACGTGGCGGGCGACCGCGTGATCACCGACCCGCTCTGCATCCCCTTTTCGCTGGGCCGCAACCTCTACTG
CGTGCACTCCAAGAAGCACCTGGACGACGTCCCGGAGCTCAAGGCGGAGAAGGCCGCGACAAACCGCCAGAL
CCTGCGCGTCATGGCCCGCGACCTGGCCGCGGGCGGGETGCTCCTCTGGGTTGCGCCCTCGGGCGGCCGGGA
CCGCGCCGETCTGCCCGAGCACGGGCGAGACCCTGCCCGACCCCTTTGACCCCGCGGTCGTGGAGCTCATGCG
GGCCCTGCTCGCCAAGGCCGGCCGGCCGGGGCACCTCTGGCCCCTGGCCATGTACTCTGCCAGGGTGATGCC
CCCGCCGACGACCATTGAGAAGGACATTGGCGAACGGCGGGTCGTCGGCTTTGCCGGCTGCGGTCTCTCCCC
CGGACCCGAACTCGATGTGGCAGCCCTGGTGCCTCCCAACGTGACGGACCGTGCGCAGCGGCAGCAGCTGCT
CTCGGATGCGGCGTTTGAGTCCATCTCTCACGAGTACGACCGGCTGTTGAAAGCGGTGCATGGGCAGCTGAG
TGGTGCGGAAGCCGAGGCGTACACCCAGCCCAAGCTCGAGTCCTAGTTGCTGCAAGTTTCCCTCGCGCTGGG
CGGCGGTGTGCCACCCAAGCGTTGGGGACCTGGGTTTTCCAGGCTTGGCCTCCCACCGCCGGTCAAGACTGG
CTCTCGACCTCGGCGACCCCGGCTTTCCCTGTCGTCCAATGTGTGCGGCACTCTGAGCGACGACCACCACCC
AGTGATGCCTCAGTTTTTCACTAGCTCTTGCGCATAGATAGCCCCCTCTGAAACCTGTTCATGCCTTCACCC
TCTTCCAAGAGTCACCTGCAACCTTTTTGGCACCAAAAAAAA

SEQ ID NO: 225
Prototheca moriformis Glycerol-3-phosphate acyltransferase (GPAT),
protein

MOTLASTRTVPAASGTDRAAHGAIRYHAQRIQSRFAASRRGARALGPPRAVASAKTSPGELRLPFSHVRSEE
ELFAILRSGVAHGQLPASITLNRASELMESYTASMKAGGVSDPSAYTVKIMAEHFGLSMLOMAHRHKFDSAHK
RVLEPYDYYSFGQRYIQGLIDMQRSCLGHVDRFAEIQAQLDRGENVVLLANHQTEADPAVWALLLESRFPKL
ATEVAYVAGDRVITDPLCIPFSLGRNLYCVHSKKHLDDVPELKAEKAATNRQTLRVMARDLAAGGVLLWVAP
SGGRDRAVCPSTGETLPDPFDPAVVELMRALLAKAGRPGHLWPLAMYSARVMPPPTTIEKDIGERRVVGFAG
CGLSPGPELDVAALVPPNVTDRAQRQQLLSDAAFESISHEYDRLLKAVHGQLSGAEAEAYTQPKLES*

SEQ ID NO: 226
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Prototheca moriformis PAP, nucleotide

GGCCGGCGTGAAGCCCTCCAAGGGCAGGCTGGTCCCCGTGGCCAACCCGGCCTGGAGCGCGCTCATCAACTC
CCACTGGCACCAGTACCTTGCCATGGTTCTGGGCTACCTCGTGTGCCTCTACAGCGACCGGGCCACGCCCTT
TCGCCGCGCCATCTACCACGAGACCGACGCCGAGCTCTGGAGGTATAGCTACCCGCTGCTCCCGAACCAGGT
CCCCGCCCAGGCGGTGGTGCTCCTCTGCTTCACCGCCCCCTTTGCCGTCATCCTGCCCTTTTACTTTGCGGG
CCGCATCTCGCGCATCGTGGCGCACCACGGCCTGCTCCAGGCCTTTGCGGCCGTCGTGATCACTGGCCTTAT
CACCAACCTCATCAAGCTGAATGTGGCGCGTCCCCGGCCCGACTTTGTGGCGCGGTGCTGGCCCCACGGCGL
CGCGCGCGCCTTCACCGACGTGGGCGTGCCCATCTGCGCGCCCGACGCGATCGACTGGGTGGAGGGCCTCAA
GTCCTTCCCCTCCGGGCACACCTCCTGGGCCGCCTCGGGCATGGCCTACCTCACGCTCTGGCTGGTGGGCGC
GCTGCGCGTTTTCTCCGGCGCGGCGCGGCCGACCAGCATCGCGGCCGCGCTGTGCCCGCTGTGCCTGGCCGL
CTGGATCGGCATGACGCGCATCCAGGACCGGTGGCACCACACGGAGGACGTCATGGTCGGCTTCAGCCTGGG
CAGCACGATTGCCTACCTCTGCTACCGCGCGGTGCACTGCCCCGTCAACGGACCGCALCGCGGGCGCGCTCAL
CGCGCTGGCCCTGCCGGACGAGGGGCCCGGCGCCGGGCCCAGCATCAGCCGCGAGCCGAGCTTTGCGCAGAT
GGCGGCCGCGGCCGGCETGGGCETGCCCCTGCAGCCCGTGCGCTACAACCCCCTCGTGGAAACCACGCCCGA
AGAGACCGTCTAGGACGGGGGGTGGGGCGAGAGGATGTCAAGGCTGCTGTCGGTGTGCTGTTTCTTTATGCC
CTGGCCAGTCTGCCAGTGCATGCACCACAATTTTGACGACTGTACCGCTAAACACGAGCTCCCCCTGCCAGG
TGACCTCGATGCGTGTGGCAAAAGAAACGTGTATTTTGTGCTTCCCGCCCGTGCCGTTGCGCGGGCAGGTTT
TTCTACCGCCTCCTTCTGGAATGTGTCGGGCCGCTCGATCGAGGGCAGTGGCCCCTGCCATTCTTCTTATTT
TTAGAATTTGATCCTCAG

SEQ ID NO: 227
Prototheca moriformis PAP, protein

MVLGYLVCLYSDRATPFRRAIYHETDAELWRYSYPLLPNQVPAQAVVLLCFTAPFAVILPFYFAGRISRIVA
HHGLLQAFAAVVITGLITNLIKLNVARPRPDFVARCWPHGAARAFTDVGVPICAPDAIDWVEGLKSFPSGHT
SWAASGMAYLTLWLVGALRVFSGAARPTSIAAATLCPLCLAAWIGMTRIQDRWHHTEDVMVGFSLGSTIAYLC
YRAVHCPVNGPHAGALTALALPDEGPGAGPSISREPSFAQMAAAAGVGVPLOPVRYNPLVETTPEETV*

SEQ ID NO: 228
Prototheca moriformis DGAT1-1, nucleotide

CTGGAGCTGTGCTGGCCGCTGCTGGCGCTGCTGGCGCTGGCCGACGCCGCGGCCAGCGAGTGGGTCGTCTTC
GCGCTCAACCTGCTCAACACGAGCGCGATCCTGGGCGTCCCCGCGGCCGTCATCCACTACACACACTCTGAG
CTCTTGCCCGGCTTTGCGCTCTGCACCGTCTCGGTCATCCTCTGGCTCAAGACCGTCTCCTATGCGCACTGC
AACTGGGACCTGCGCATGGCGCACCGCGCGGGCGAGCTGCGCGACGGCGAGCGCGGCAGCGCCTGGGTCCCG
CGCGACTGCGCCGCGCAGCTCAAGTACCCGGAGAACCTCACGCTCCGGAACTTGGGATATTTCCTCGCGGCC
CCCACGCTGTGCTACCAGCTGAGCTACCCGCGGTCGGAGCGGTTCCGGCTCAAGTGGCTGCTGCGCCGCGTG
CTCATGTTTGCCCTCACCATCACGCTGATGATGTTCATGATCGAGCAGTACGTGAACCCGCTCATCCACAAC
AGCCTGCAGCCGATGATGAGCATGGACTGGCTGCGCCTGTTCGAGCGCGTGCTCAAGCTGTCGCTGCCCAAC
CTCTACCTCTGGCTGCTCATGTTCTACGCGGGCTTCCACCTCTGGCTCAACATCGCCGCCGAGCTGACCATG
TTTGGCGACCGCGAGTTCTACAAGGAGTGGTGGAACGCGACCACCATCGGCGAGTACTGGCGCCTCTGGAAC
CAGCCCGTGCACCAGTGGATGCTGCGCCACTGCTACTTCCCCTGCGTGCGCCACGGCGTGCCCAAGGTCTGG
GCAGGCATCGTCGTCTTCTTCGTCAGTGCCGTCTTCCACGAGTGGATCGTCGCGCTGCCCCTGCACATGGTC
AAGGGCTGGGCC

SEQ ID NO: 229
Prototheca moriformis DGAT1-1, protein

MELCWPLLALLALADAAASEWVVFALNLLNTSAILGVPAAVIHYTHSELLPGFALCTVSVILWLKTVSYAHC
NWDLRMAHRAGELRDGERGSAWVPRDCAAQLKYPENLTLRNLGYFLAAPTLCYQLSYPRSERFRLKWLLRRV
LMFALTITLMMFMIEQYVNPLIHNSLOPMMSMDWLRLFERVLKLSLPNLYLWLLMFYAGFHLWLNIAAELTM
FGDREFYKEWWNATTIGEYWRLWNQPVHQWMLRHCYFPCVRHGVPKVWAGIVVFFVSAVFHEWIVALPLHMV
KGWA

SEQ ID NO: 230
Prototheca moriformis DGAT1-2, nucleotide

CTGGAGCTGTGCTGGCCGCTGCTGGCGCTGCTGGCGCTGGCCGACGCCGCGGCCAGCGAGTGGGTCGTCTTC
GCTTTGAACCTGGTCAACACGAGCGCGATCCTGGGCGTCCCCGCCGCGGTCATCCACTACACGCACTCTGAG
CTGCTGCCCGGCTTTGCGCTCTGCACCGTGTCGGTCATCCTCTGGCTCAAGACCGTGTCCTACGCGCALCTGC
AACTGGGACCTGCGCATGGCGCACCGCGCGGGCGAGCTGCGCGACGGCGAGCGCGACAGCGCCTGGGTCCCG
CGCGACTGCACCGCGCAGCTCAAGTACCCGGAGAACCTCACGCTGCGCAACCTGGGCTACTTTTTGGCGGCG
CCCACGCTGTGCTACCAGCTGAGCTACCCGCGGTCGGAGCGGTTCCGGCTCAAGTGGCTGCTGCGCCGCGTG
CTCATGTTTGCGCTCACCATCACGCTGATGATGTTCATGATCGAGCAGTACGTGAACCCGCTGATCCACAAC
AGCCTGCAGCCGATGATGAGCATGGACTGGCTGCGCCTCTTCGAGCGCGTGCTCAAGCTGTCGCTGCCCAAC
CTCTACCTCTGGCTGCTCATGTTCTACGCGGGCTTCCACCTCTGGCTCAACATCGCCGCCGAGCTGACCATG
TTTGGCGACCGCGAGTTCTACAAGGAGTGGTGGAACGCGACCACCGTCGGCGAGTACTGGCGCCTCTGGAAC
CAGCCCGTGCACCAGTGGATGCTGCGACACTGCTACTTCCCCTGCGTGCGCCACGGCGTGCCCAAGGTCTGG
GCCGGCATCGTCGTCTTCTTCGTCAGCGCCGTCTTCCACGAGTGGATCGTCGCGCTGCCCCTGCACATGGTC
AAGGGCTGGGCC
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SEQ ID NO: 231
Prototheca moriformis DGAT1-2, protein

MELCWPLLALLALADAAASEWVVFALNLVNTSAILGVPAAVIHYTHSELLPGFALCTVSVILWLKTVSYAHC
NWDLRMAHRAGELRDGERDSAWVPRDCTAQLKYPENLTLRNLGYFLAAPTLCYQLSYPRSERFRLKWLLRRV
LMFALTITLMMFMIEQYVNPLIHNSLOPMMSMDWLRLFERVLKLSLPNLYLWLLMFYAGFHLWLNIAAELTM
FGDREFYKEWWNATTVGEYWRLWNQPVHQWMLRHCYFPCVRHGVPKVWAGIVVFFVSAVFHEWIVALPLHMV
KGWA

SEQ ID NO: 232
Prototheca moriformis DGAT2, nucleotide

ATGCCCCGATTACGAAATATTGCTACTGCGTTGCTGATCGGGCCCGCTGCCCGTGCCTGCACCATGGGGCAL
GCCATTGACGTTCGACCCGTTGAACCGGACACACATTTTTTAAATTTAATTCATCTCAGTAGTCGTCGCAAT
GACGGAGGCCGTCTCGGACAGGGATGCTCTGCAACCGGAGCTGGGCTTCGTGCAGAAGCTGGGCATGTACTT
TGCGCTGCCAGTTTGGATGATAGGCCTCGTGGTGGGCGCCCTCTGGCTTCCCGTGACCGTGGTGTGCCTCTT
CATCTTCCCAAAGCTGGCGACATTGAGTCTGGGGCTGCTGCTGGTGGCGATGCTCACCCCCCTGTCGCTGCC
CTGCCCCAAGCCGCTGGCCCGCTTCCTGGCCTACTGCACCACCGCCGCGGCCGAGTACTACCCCGTGCGCTT
CATCTACGAGGACAAGGAGGAGATGGAGGCCACCAAGGGCCCCGTCATCATCGGGTACGAGCCCCACAGCGT
CATGCCTCAGGCCATCTCCATGTTTGCCGAGTACCCGCACCCCGCCGTGGTCGGCCCGCTGCGCAAGGCGCG
CGTGCTGGCATCCAGCACCGGCTTCTGGACGCCGGGCATGCGGCACCTGTGGTGGTGGCTGGGCACGCGCCC
CGTGAGCAAGCCCTCCTTCCTCGCCCAGCTGCGCAAGCAGCGCTCCGTCGCCCTCTGCCCGGGCGGCGTGCA
GGAGTGCCTCTACATGGCCCACGGCAAGGAGGTCGTCTACCTCCGCAAACGCTTTGGATTTGTCAAGTACGA
GTTTGTGTGCAGCAAAGGGGGGTGGAGAGATGTCCTCCAATCTCACCAATCCAATCTACTCTTCCTCATGAC
TCCCGTTCATGTCACCGTACGCGCAGACTGGCCATCCAGACCGGCACCCCGCTGGTCCCGGTCTTCGCCTTT
GGCCAGACGGAGACCTACACCTTTGTGCGGCCCTTCATCGACTGGGAGACGCGCCTGCTGCCGCGGTCCAAG
TACTTTTCGCTGGTGCGCCGCATGGGCTACGTGCCCATGATCTTCTTCGGCCACCTGGGCACGGCCATGCCC
AAGCGCGTGCCCATCCACATCGTCATCGGCCGGCCCATCGAGGTGCCGCAGCAGGACGAGCCCGACCCGGLL
ACGGTGCAGCAGTACCTCGACAAGTTCATCGACGCCATGCAGGCAATGTTTGAGAAGCACAAGGCCGACGCC
GGCTACCCCAACCTGACGCTCGAGATCCACTGA

SEQ ID NO: 233
Prototheca moriformis DGAT2, protein

MPRLRNIATALLIGPAARACTMGHAIDVRPVEPDTHFLNLIHLSSRRNDGGRLGQGCSATGAGLRAEAGHVL
CAASLDDRPRGGRPLASRDRGVPLHLPKAGDIESGAAAGGDAHPPVAALPQAAGPLPGLLHHRRGRVLPRAL
HLRGQGGDGGHQGPRHHRVRAPQRHASGHLHVCRVPAPRRGRPAAQGARAGIQHRLLDAGHAAPVVVAGHAP
REQALLPRPAAQAALRRPLPGRRAGVPLHGPRQGGRLPPQTLWICQVRVCVQQRGVERCPPISPIQSTLPHD
SRSCHRTRRLAIQTGTPLVPVFAFGQTETYTFVRPFIDWETRLLPRSKYFSLVRRMGYVPMIFFGHLGTAMP
KRVPIHIVIGRPIEVPQODEPDPATVQQYLDKFIDAMQAMFEKHKADAGYPNLTLEIH*

SEQ ID NO: 234
Prototheca moriformis KASIII, nucleotide

ATGTCGACAGCTCGGGCAATGGCCGCGGGGCCGCCCTCTCGGTGTTTTGCTCCCAGCTCAACCCAGGCAGCC
TGCGTCCGCCCGGTTAACCCCTCGCGAAGGGTCTGTGCCCGGGCGGGCATGCGCATGCTGGGCAGCGGTTCC
TCCACCCCTTCCACGGTGCTGAGCAACGCCGATCTGGAGCAGCTGGTGGAGACGAACGACGAGTGGATCGTT
GCCCGGACTGGCATCCGGCGCCGGCACATCCTGGGCCCTGGGGAGACGCTCACCCACCACTGCACCCTGGLC
TGCCAGCGCGCGCTAGAGATGGCGGGCGTGGACGCCAAGGACGTGGACCTCATCCTGCTGGCCACGTCCAGC
CCGGACGACTCCTTTGGCAGCGCCTGTGCTGTGCAGGCCGAGCTCGGGGCCAAGAGCGCGGCCGCCTACGAL
CTCACCGCCGCCTGCTCCGGCTTTGTCATGAGCACGGTCACCGCCACCCAGTTCTTGAGAACGGGGGTGTAC
AAGAACATCCTGGTCATCGGCGCGGACGCCCTGTCCCGCTACATCGACTGGCGGGACCGGAGCACCTGCATC
CTGTTTGGCGACGGCGCCGGCGCCGTCCTCCTCCAGCGCGACGATCGCGAGGGCGAGGACTCCCTTCTCGGG
TTCGACATGCACTCTGGTACGCTGCAATGGTCGAAGCGGGGCATCCATCCAACCCTTCCACACACCGNNNNN
NNNNNCGCGGCCGCCTACGACCTCACCGCCGCCTGCTCCGGCTTTGTCATGAGCACGGTCACCGCCACCCAA
TTCTTGAGAACGGGGGTGTACAAGAACATCTTGGTCATCGGCGCGGACGCCCTGTCCCGCTACATCGACTGG
CGGGACCGGAGCACGTGCATCCTGTTTGGCGACGGCGCCGGCGCTGTCCTCCTCCAGCGCGACGATCGCGAG
GGTGAGGACTCCCTTCTCGGGTTCGACATGCACTCTGGTACGCTGCAATGGTGGGGGGTGGACGAAGAGGGG
ACGAATTGGAGCCATCAAGCTGCCCATGCGTGCTGTACTGTGCTCTTCCACGGGCCACACCTAGCATCCATC
CAACCTTTCCACCCACGCTCTTCAGATGGGCACGGCCAGAAGCACCTCCACGCCGGCTTCATGGGCTGCGGC
AACAAGGCCTTCTCGGAGCAGCCCTCCAGCGCCGCCGCTTTCGGCAACATGTACATGAACGGCAGCGAGGTC
TTCAAGTTTGCCGTGCGAGCCGTGCCGCGGGTGGTGCGAGGCCTCGCTGAAAAAGGCGGGGCTGAGCGTGTCC
GACATCGACTGGCTGGTCCTGCACCAGGCCAACCAACGAATTTTGACGGCTGCCGCCGATCGGCTGGGTGTC
CCCGCTGGTGCGCACGCATGCGGTGCTGCGGCTGGGGATGCGCTGTTCGACTGTGTGTCACAGCGCCATTTT
GCCGACCCGGGCGCTCTGTGTGGTGGGATGCTCAACGCTCAGTCCCGATTTCTTAAGAAAGTGGTGTCTAAT
GTGGCCGAGTACGGCAACACCTCGGCCGCGETCCATCCCCCTCGTGCTGGACGAATCGGTCCGGCAGGGCCTG
ATCAAGCCGGGCGACATCCTGGGCATGGCAGGGTTTGGGGCTGGCCTGTCCTGGGCGGGAGCCATCCTCCGA
TGGGGC
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SEQ ID NO: 235
Prototheca moriformis KASIII, protein

MLGSGSSTPSTVLSNADLEQLVETNDEWIVARTGIRRRHILGPGETLTHHCTLACQRALEMAGVDAKDVDLI
LLATSSPDDSFGSACAVQAELGAKSAAAYDLTAACSGFVMSTVTATQFLRTGVYKNILVIGADALSRYIDWR
DRSTCILFGDGAGAVLLQRDDREGEDSLLGFDMHSDELEPSSCPCVLCCALPWATPSTHPTLPHT?? ? ?AAA
YDLTAACSGFVMSTVTATQFLRTGVYKNILVIGADALSRYIDWRDRSTCILFGDGAGAVLLOQRDDREGEDSL
LGFDMHSDGHGQKHLHAGFMGCGNKAFSEQPSSAAAFGNMYMNGSEVFKFAVRAVPRVVEASLKKAGLSVSD
IDWLVLHQANQRILTAAADRLGVPAEKVVSNVAEYGNTSAASIPLVLDESVRQGLIKPGDILGMAGFGAGLS
WAGAILRWG

SEQ ID NO: 236
Prototheca moriformis Choline Kinase, nucleotide

ATGGCGGGCGTCCCACACAGCTCTCTGGAGCTCGATCCGCTGTCGAGCAGAGCCGAGCTCGAGGTGGGGATC
AGGGCGGTCTGCCGCGATCTGCTGCCGGGCTGGAAGGGCCTTGCCGACGATGCGATAGAGATCACCACCATT
ACGGGCGGGATCAGCAATGCGCTGTACAAGGCGACCCCGACCGTGGACGGGGACCTGGGACCGGTCCTCTGC
CGGGTGTACGGCCTCAACACCGATCACTTTATCGAGCGGAAGAAGGAGGTGGCCATCATGCAGATTGTGAAC
GAGCACGGATTTGGCACCGAGGTGCTGGGGACGTTTGCGACGGGCCGGCTGGAGGCCTTTTTGCCTCAAAAG
TGCCTGGAGCCGGAGCARCTCAAGGACCCCCAGATCTCRGCGGCCATTGCCCGGGCCATGGCCCGTTTCCAC
GCCGTCCCRGGGCCGGGCCCCAAGACGGCGTCCACGCCGTTTGGCCGCATCCACAAGTGGCTGGACATGGCG
AGCGGGTTTACCTGGGACGACCCGCAGAAGCGGGAGGGGTTTGAGGCGTTTGACCTCTCGGAGCTGCGGCRG
CAGGTGGAGGAGGTGGAGGCGCTCTGCRGCGCRGTCGGSGGCCCCATCGTCTTYGGGCACAACGATCTCCTG
GCCGGCAACGTCATGGCCTCGGAGGCCTTTCTGCAGCGCGCGCAGCGCGGCGAGCGGCCGGACCCGGACKLG
GACGTCCGCGCGAGCGCCGAGAGCGACCTGACCTTTATCGACTTTGAGTATGCCGACTGGACGCCGCGAGGA
TTCGACTGGGGCAACCACTTTAACGAGTGATTTGCGGGCTTCGACGGCAACTACGACAACTACCCAACCLCCC
GCCGAGGCGGCCGETGTTTGTGCGGGCCTACATGGCGGCGGAGCGCGGCTGCGAGGRRAGCGCGGTCCCGGAL
GCGGACGTGGACCGSGCGGTGRTCGAGGCGGAYCTGTTTGCGCTGGCYAGCCACCAKTACTGGGGCGCCTGG
TGCTTCYTGCAGGCGCARTGGTCMAARCTK

SEQ ID NO: 237
Prototheca moriformis Choline Kinase, protein

MAGVPHSSLELDPLSSRAELEVGIRAVCRDLLPGWKGLADDAIEITTITGGISNALYKATPTVDGDLGPVLC
RVYGLNTDHFIERKKEVAIMQIVNEHGFGTEVLGTFATGRLEAFLPQKCLEPEQLKDPQISAATARAMARFH
AVPGPGPKTASTPFGRIHKWLDMASGFTWDDPQKREGFEAFDLSELR?QVEEVEALC?AVGGPIVFGHNDLL
AGNVMASEAFLQRAQRGERPDPD?DVRASAESDLTFIDFEYADWTPRGFDWGNHFNE* FAGFDGNYDNYPTP
AEAAVFVRAYMAAERGCE?SAVPDADVDRAV?EADLFALASH? YWGAWCFLQAQWSKL

SEQ ID NO: 238
Prototheca moriformis Pyruvate Dehydrogenase, Alpha subunit, nucleotide

ATGTCGTCAGTCGTGATCAGCTCCAGGACGGGCTGCCTCCCCCGCGCCGCGEGECGEGGGCLCGGGCCGCCCCCAG
CTCGCCTGCTCGTTCCGGCCGGGGTCCCACCCGCCCCGGGCGGGCGCCCCCGGCCLCLCLGLLLELElealaat
GTGGCCCCGCTGTCTGCCGTGGCTACCCCGCTCAAGGATGCGCCCGCGCAGCCCTCCAGCAAGCCCTCGATC
AGCGCCGAGGTGGCCAAGGAGCTCTACCGGGACATGGTGCTTGGTCGGGAGTTTGAGGAGATGTGCGCGCAG
ATGTACTACCGCGGCAAGATGTTTGGATTCGTGCACCTCTACTCGGGCCAGGAGGCCGTGTCGACAGGCGTG
ATCAAGGGCTGCCTTCGCAAGGACGACTACATCTGCTCCACGTACCGGGACCACGTGCACGCGCTGAGCAAG
GGCGTGGCGGCGCGCAAGGTGATGGCGGAGCTGTTTGGCAAGCGTACGGGCGTGTGCCGCGGCCAGGGTGGG
TCCATGCACATGTTTGACGCGGAGCACGGGCTGCTGGGCGGGTACGCCTTCATCGGCGAGGGTATCCCCGTG
GGCCTGGGCGCGGCCTTCTCGGTGGCCTACCGCCGCAACGTGCTCGGCGAGGACGGCGCGGACCAGGTGTCT
GTCAACTTCTTCGGGGACGGCACCTGCAACGTGGGCCAGTTCTACGAGTCGCTCAACATGGCCAGCCTGTAC
AAGCTGCCCTGCATCTTTGTGGTGGAGAACAACCTGTGGGCCATCGGCATGAACCACCCGCGGTCCACGGGG
CCCACGCTGGGCGACCAGGAGCCCTGGATCTACAAGAAGGGACCCGCCTTTGGCATGCCGGGCGTGCGCGETG
GACGGCATGGACGTGCTCAAGGTGCGGGAGGTCGCGCTGGAGGCCGTGGAGCGCGCGCGCCGCGGCGAGGGG
CCCACGCTGATCGAGGCCGAGACCTACCGCTTCCGCGGGCACTCCCTGGCCGACCCGGACGAGCTGCGCAGC
AAGGAGGAGAAGGCCAAGTACGCGGCGCGCGACCCCATCCCGCAGCTCAAGCGCTTCATGCTCGACAAGGGA
CTGGCCACCGAGGAGGAGCTGCGCGACCTCGAGGCCGGCGTCGCCGCCGAGGTGGAGGAGTCGGTCACCTTT
GCCGAGGCCAGCCCCAAGCCCGACATGTCCCAGCTCCTGGAAAACGTGTTTGCCGACCCCAAGGGL

SEQ ID NO: 239
Prototheca moriformis Pyruvate Dehydrogenase, Alpha subunit, protein

MSSVVISSRTGCLPRAAAGPGRPQLACSFRPGSHPPRAGAPGPRPRRGVAPLSAVATPLKDAPAQPSSKPSI
SAEVAKELYRDMVLGREFEEMCAQMYYRGKMFGFVHLYSGQEAVSTGVIKGCLRKDDYICSTYRDHVHALSK
GVAARKVMAELFGKRTGVCRGQGGSMHMFDAEHGLLGGYAFIGEGIPVGLGAAFSVAYRRNVLGEDGADQVS
VNFFGDGTCNVGQFYESLNMASLYKLPCIFVVENNLWAIGMNHPRSTGPTLGDQEPWIYKKGPAFGMPGVRV
DGMDVLKVREVALEAVERARRGEGPTLIEAETYRFRGHSLADPDELRSKEEKAKYAARDPIPQLKRFMLDKG
LATEEELRDLEAGVAAEVEESVTFAEASPKPDMSQLLENVFADPKG*
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SEQ ID NO: 240
Prototheca moriformis Pyruvate Dehydrogenase, Beta subunit, nucleotide

ATGCAGAGCGCGCTCAAAACCGTGACCAACCCCGTGTCGGGGGTCTCGCCCCGCCCLCGCLCLCGGETCGGETCC
CGGGTGCCCGGCGTCCATGTGGCCCGGCGCCAGGTCTTCCGAGGTGGGCCCCTGCGTGCCAAGTCGGCCAAG
AAGGAGATGATGATGTGGGAGGCCCTGCGCGAGGGCCTGGACGAGGAGATGGAGCGCGACCCCAAAGTCTGC
CTCATCGGCGAGGACGTGGGTCACTACGGCGGTTCGTACAAGGTGTCGTACGGCCTGCACAAAAAGTACGGC
GACATGCGCCTGCTGGACACGCCCATCTGCGAGAACGGCTTCCTGGGCATGGGCGTGGGCGCGGCGATGACG
GGCCTGCGGCCCGETGGTGGAGGGCATGAACATGGGCTTCCTGCTGCTGGCCTTCAACCAGATCAGCAACAAC
TGCGGCATGCTGCACTACACGAGCGGCGGGCAGTTCAAGGTGCCCATGGTCGTGCGCGGGCCCGGCGGCETG
GGGCGCCAGCTGGGCGCCGAGCACTCGCAGCGGCTGGAGTCCTACTTCCAGTCCATCCCCGGCGTGCAGCTG
GTGGCGGTGTCCACGCCCAAGAACGCCAAGGCCCTCTTCAAGGCCGCCATCCGCTCGGACAACCCCATCATC
TTCTTCGAACACGTGCTCCTGTACAACATCAAGGGCGAGGTGGAGGGCCCCGACCACGTGCAGAGCCTGGAG
CGCGCCGAGGTCGTGCGCCCGGGCGCGGACGTGACGGTGCTCTGCTACTCGCGCATGCGCTACGTGGCCATG
CAGGCCGTGCAGCAGCTGGAGCGCGAGGGCTACGACCCCGAGGTCATCGACCTCATCTCCCTCAAGCCCTTC
GACATGGAGACCATCGCGCGCTCCGTGCGCAAGACGCGGCGCGTCATCATCGTGGAGGAGTGCATGAAGACC
GGCGGCATCGGCGCCTCGCTCTCCGCCGTCATCCACGAGTCCCTCTTCGACGACCTCGACCACGAGGTCATC
CGCCTCTCCTCCCAGGACGTGCCCACCGCCTACGCCTACGAACTGGAGGCAGCAACCATCGTCCAGCCCGAA
AAGGTCATCGCCGCCGTGAAAAAGGTCGTCGGCAGCCCCTCCAAGGCCCTCAGCTACGCGTGA

SEQ ID NO: 241
Prototheca moriformis Pyruvate Dehydrogenase, Beta subunit, protein

MOSALKTVINPVSGVSPRPAPVGSRVPGVHVARRQVFRGGPLRAKSAKKEMMMWEALREGLDEEMERDPKVC
LIGEDVGHYGGSYKVSYGLHKKYGDMRLLDTPICENGFLGMGVGAAMTGLRPVVEGMNMGFLLLAFNQISNN
CGMLHYTSGGQFKVPMVVRGPGGVGRQLGAEHSQRLESYFQSIPGVQLVAVSTPKNAKALFKAAIRSDNPI I
FFEHVLLYNIKGEVEGPDHVQSLERAEVVRPGADVTVLCYSRMRYVAMQAVQQOLEREGYDPEVIDLISLKPF
DMETIARSVRKTRRVIIVEECMKTGGIGASLSAVIHESLFDDLDHEVIRLSSQDVPTAYAYELEAATIVQPE
KVIAAVKKVVGSPSKALSYA*

SEQ ID NO: 242
Prototheca moriformis Pyruvate Dehydrogenase, DLAT E2 subunit,
nucleotide

ATGCCGGCGCTCTCGCCCACGATGTCCCAGGGCAACCTGGTGGAGTGGACGGTGAAGGAGGGGCAGGAGGTC
GCGCCCGGCGACTCCCTGGCCGAGGTCGAGACGGACAAGGCCACCATGACGTGGGAGAATCAGGATGACGGC
TTTGTGGCCAAGATCCTGGTGCCCGCCGGCGCCCAGGGCATCGAGGTCGGCACGCCCGTCCTGGTACTGGTC
GAGGACGAGGCGGACGTGGCCGCCTTCAAGGACTACAAGCCCCAGGGCCAGGCAGCGGCGGCCGGGGACAAT
AAGGAGGAGGGGTCCGAGAGCAAGGCCCCGGCCGCGAAGGCCGAGAAGGCGAGTGCGGCETCTGGCGTGGCG
AGGAACGACCACCTGCTTGGCCCCGCGGCCCGGCTGCTGCTGCAGGGCGTGGGGCTGTCGGTCGAGGACGTG
ACGCCCACGGGGCCGCACGGCGTCGTGACCAAGGGCGACGTCCTGGCGGCGATCGAGAGCGGCGCCAAGCCC
GCGCCGAAGAAGGAGGAGGCGAAGAAGAGCGAGAAGGTGGTCGCGAAGAAGGAGGCGGCAACCCCCGCGCAG
GAGGCCGCGGCGGCGECLCETCGGGCEGCCGCGCGCEGGCGCCAGCGCGGCCAGTACACGGACGTGCCCAACTCG
CAGATTCGGAAGATCATCGCCAGCCGCCTGTCCGAGTCCAAGTCGACCATCCCGCACCTCTACCTCTCCGCG
GACGTGGACCTGACCGCGCTGGCGGCGCTGCGCGCCGCGCTCAAGGCGCAGGGCCTGAAGATCTCGGTCAAC
GACTGCGTGGTCAAGGCGGCCGCGGGCGCGCTGGCGGCCGETCCCCGCGGCCAACTTCCACTGGGACGALCGLC
GAGGAGCGGGCGCGGGCGGTGCGGAGCGAGGGCGTGGACATCTCCATCGCCGTGGCCACGGACAAGGGCCTC
ATCACGCCCGTCGTGCGCGGCGCCGACGGCAAGGCCTTAACCGCCGTGGCGTCCGAGATCCGGGAGCTGGCG
GGCCGCGCGCGCAAGAACAAGCTGCGGCCGGAGGAGTTCCAGGGCGGCTCCTTCTCCATCAGCAATCTGGGC
ATGTTTGGCATCGACAGCTTCTGCGCCATCATCAACCCGCCCCAGGCCTGCATCATGGCCGTCGGCGCGGGG
CGCGAGGAGACCGTGCTCGTGGACGGCCGGCCCCAGACCAAGACCATCATGACGGTCACCCTCTCCGCGGAT
CACAGGGTCTACGACGGTGAAATTGCGTCGGCGCTCCTGGAGTCCTTCAAGGCCAAGATCGAGGCGCCCTAC
ACGCTCCTCCTGGCTTGA

SEQ ID NO: 243
Prototheca moriformis Pyruvate Dehydrogenase, DLAT E2 subunit, protein

MPALSPTMSQGNLVEWTVKEGQEVAPGDSLAEVETDKATMTWENQDDGFVAKILVPAGAQGIEVGTPVLVLYV
EDEADVAAFKDYKPQGQAAAAGDNKEEGSESKAPAAKAEKASAASGVARNDHLLGPAARLLLOGVGLSVEDV
TPTGPHGVVTKGDVLAATIESGAKPAPKKEEAKKSEKVVAKKEAATPAQEAAAAPSGGRARRQRGQYTDVPNS
QIRKITIASRLSESKSTIPHLYLSADVDLTALAALRAALKAQGLKISVNDCVVKAAAGALAAVPAANFHWDDA
EERARAVRSEGVDISIAVATDKGLITPVVRGADGKALTAVASEIRELAGRARKNKLRPEEFQGGSFSISNLG
MFGIDSFCAIINPPQACIMAVGAGREETVLVDGRPQTKTIMTVILSADHRVYDGEIASALLESFKAKIEAPY
TLLLA*

SEQ ID NO: 244
Prototheca moriformis Acyl-CoA Binding Protein 1, nucleotide
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ATGTCGAGCGACTTGGAGCCCAAGTTCAAAAAGGCCGTGTGGCTGATCCGCAACGGACCCCCGGCCGAGGGL
GCCACCACCGAGACCAAGCTGCTCTACTACGCGCACTACAAGCAGGCCACGGAGGGCGATGTCACGGGGTCG
CAGCCCTGGCGGGCGCAGTTCGAGGCCCGGGCCAAGTGGGACGCCTGGGCCAAGCTCAAGGGCATGAGYCGG
GAGGAAGCTATGCAGAAATACATCGACCTCATCAGCAAGTCCAGACCCGACTGGGAGAACAACCCTGCTCTC
AAGGACTACCAGGAGGAGTAG

SEQ ID NO: 245
Prototheca moriformis Acyl-CoA Binding Protein 1, protein

MSSDLEPKFKKAVWLIRNGPPAEGATTETKLLYYAHYKQATEGDVTGSQPWRAQFEARAKWDAWAKLKGMSR
EEAMQKYIDLISKSRPDWENNPALKDYQEE*

SEQ ID NO: 246
Prototheca moriformis Acyl-CoA Binding Protein 2, nucleotide
(transcript)

GCTCGGCCTCCTCCACCTCGCCCTCCTTCTCCTCCTTGGCCTCCTCATCACAAGTTCAATTTTTGATCACTT
GCATGTATACGTTGTTTCGATACACGACATCGGCTCTGGGTCCCTCGAGAGTTCACTGATCCGTCCCACTTG
CGGGCCGCACGGTGCGATGAGCGCCGCGCGCGAGGTGCAGGAGGAGGAGGAGGACCATTTCGAGGCGGCGGL
CGAGCAACTGACCGTGACCATCGCGACGGGCACGAGACTGCCGGACGCCTCCCTGCTGGAGCTGTACGCCCT
GTACAAGCAGGGCTCGGAGGGGCCCTGCTCCAGGCCCAAGCCGTCCTTCCTGGATCCCAAGGGCCGAACCAA
ATGGAAGGCCTGGCACGACCTGGGCGCCATGCCCCGCGATGAGGCCAGGGACAAGTACGTCGTCGCGGTGCG
GCGACTGCTGGGCGGCGCGCCTGAGGGCCAGCCGCAGCCGGCGGCCTACGGCAGCACGGGCCCGGCGGETGAG
CACCCCGGCCCGCGCCCTCGGCGAGGAGGCGGGGGACGCGGTGGGCGAGGGGGCCGACGACGTGGGGCCCCT
CCACGCGGCGCTGGCCGATGGAGACGCGGCGCGGTTCGCGGCCGCCGTCGCCGAGGCCACGACCGGCCAGGL
CGAGCGGCGGGACGCGGAGGGGGGCACCCCCCTCCACATCGCCGCGGATGCCGGCAACGTCGAGGCCATTGA
CCTCCTGAGAGCCAAGGGAGTCGACCTGGATCTGAAAGATCAGGACGGCATGACGGCGCTGCACTATGCGGC
GCTGGCGAGCCAGCGAGAGGCGTACGAGGCCTTGCTTGAAGCGGGCGCGGATAGCAGTGTCCGAGACGCCGA
GGGCCAGTCGCCCGCCGACCTGGCGCCCCCGGACTGGAACCGCGCGTGACGGGTGGGTTGTATGCCAAAACA
TTTGGAGACTGGAGTTTCCCAATCGGTGACTGGCCCCGCGCTTCGTGCCAAATTCTAGACAATTTCATGAGT
CAGAGAGAGACGGCTCGGGTGCGGCTGCAACAGACTGCGCTTTCTGTAAGCAAGGCACTCTCGACAGATGGC
GCTCCCGATGCCGGGCGCGAGCGCGCGCATCGCTACCCTGCGCGCTGCGCTTCTCCCTCCTCCTCGTGCAGG
AGGCGGAGCCGCGCGGCGCGGATGACGTTGTGCATGGTGGCGGCGATGGTCATGGGCCCGATGCCGCC

SEQ ID NO: 247
Prototheca moriformis Acyl-CoA Binding Protein 2, protein

LGLLHLALLLLLGLLITSSIFDHLHVYVVSIHDIGSGSLESSLIRPTCGPHGAMSAAREVQEEEEDHFEAAA
EQLTVTIATGTRLPDASLLELYALYKQGSEGPCSRPKPSFLDPKGRTKWKAWHDLGAMPRDEARDKYVVAVR
RLLGGAPEGQPQPAAYGSTGPAVSTPARALGEEAGDAVGEGADDVGPLHAALADGDAARFAAAVAEATTGQA
ERRDAEGGTPLHIAADAGNVEAIDLLRAKGVDLDLKDQDGMTALHYAALASQREAYEALLEAGADSSVRDAE
GQSPADLAPPDWNRA*

SEQ ID NO: 248
Prototheca moriformis Malic Enzyme, nucleotide

CGAGCCCTGGGGCCGTGCACCCTTTGGAGCAGCCAGGTGCAGCGACACCCTTTGGTACGCAGCCTGGCCACA
GGCCCCTGCACTTTTACCTAGACTACATCTGATTGAATTTTATGTATGCTTGTCGTAATCGCGCATCTCCCG
GTGTGCCCCATTGCCTGCAGTAGGCCTTCTCGATCGCTTACCCGGCTAGCAGCGTCTGGGTGCGGTGGATCG
CCTCGGACGACCCCAACTTCCCCTACAAGCCCCTGGAGGTGAACGCCACGAGCGTGGTGCACCACCGCGGLCA
TGGAGCTGCTGCAGAACCCGGTGTTCAACAAGGGCACCGCCTACTCTGTGGCCGAGCGGGAGCGCCTGGGCG
TGCGCGGTCTGCTCCCGCCGCAGGTGCTGCCCGTGTCGCGCCAGATGGCGCGCGTCATGGACCGGTACTGGC
ACGGCTCCGACTTCATCAGCCCCGAGGAGATCGAGTCGGGCGGCATCACGCACGAGCACACCCGCAAGTGGC
TCGTCCTGACCGAGCTCCAGGACCGGAATGAGACGCTGTTTTACCGCTGCCTGATAGAAAACTTTGTGGAGA
TGGCGCCGATTCTGTACACGCCAACGGTGGGCTGGGCGTGCCTGAACTACCACAAGCTCTTCCGCCGCLCCGL
GCGGCATGTACTTCTCGGCCTTTGACCACGGCAAGATGTCGACCATGGTGCACAACTGGCCGCACGAGGAGG
TGGACGCGATCGTGGTCACGGACGGCTCGCGCATCCTGGGGCTGGGCGACCTCGGCTGCAACGGGCTGGGCA
TCCCCGTGGGCAAGCTGGACTTGTACGTGGCCGCGGGCGGCTTCCACCCCTCGCGCGTGCTGCCCTGCGETGG
TCGACGTGGGCACCAACAACGAGGCCCTGCGCGCCGACCCGCAGTACCTGGGCGTCAAGCAGGCGCGCCTCG
TGGGCGACGCCTACTACTCCCTGCTCGACGAGTTTGTGCAGGCCGTCATGCTGCGCTGGCCGCACGCCGTGL
TCCAGTTCGAGGACTTTGCCATGGAGCACGCGGCGCCACTGCTGGCGCGCTACCGCAACCACCALCACCGTCT
TCAACGACGACATCCAGGGCACCGCCTGCGTCGCGCTGGCGGGGCTCTACGGCGCGCTGCGCGTGCTGGGCC
GCGGGCCCGCCGACCTCACCGGCCTGCGCATCGCCGTTGTGGGCGCCGGCAGTGCCGGCATGGGCGTCGTGT
CCATGATCGCGAAAGGCATGGAGCAGCACGGGCTGACGCCGGAGGAGGCGGCGGACAACTTTTGGGTGCTGG
ACGCCGACGGGCTGATTACGGAGGAGCGCGCCAACCTGCCGGCCCACGTCCGGCGCTTTGCGCGCTCCGACG
AGCGCGGCACCGACGGCGAGCGCCTGCTGGAGACCATCCGCCGCGTCAAGCCGACCTGCCTCATCGGCCTCT
CGGGCGCGGGGCGCCTCTTCATTAAGGACGTGCTCCAGGCCATGGCGGAGGTGACGCCGCGCCCCATCATCT
TCCCCATGAGCAACCCCATCGCCAAGATGGAGTGCACGCACCAGGAGGCCATCAAGCACACCAAGGGCAAGG
CGGTGTTTGCCTCTGGGAGCCCGCAGGGCCCGGTGGAGTGGGAGGGCCACTCGCACGCCCCCTCGCAGGLCCA
ACAACATGTACATCTTCCCCGGCATCGCGCTGGGGGCCTGGCTGGCGCGGTCGGGCACGATCACGGACCGCA
TGCTCATGGCCTCGGCGGAGGCCCTGGCCCAGTGCACCACGCCCGCGGAGCTCGCCCTCGGCATGGTCTACC
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CCAGCATGACCCGCATCAGGGAAATTTCGCTGAGGGTGGCCGAAGCGGTGATCGAGGCCGCCGGCGCCTTGG
CCCAGAACGAGCGCCTGCTCAAGGCAAAGGCCGAGGGGCCCGAGGCCCTGCGGGACTACATCCAGGCGCACA
TGTACCACCCAGAGTACACAACCTTGGTCTACAAAGAAAGCCGGTAAATTGCCGAGCTTGCTTGAACGTCTG
ATGTTTTGGCCCATAATGAGGCAGCCTCTGGCCAGCGCGTGCCCTTGCTTTCCCTTGCTGGTCCTTTTAAAG
TTGGTTTCGCTCCCTATGGTGTGTTTGTGCGATGTGTAGAAAGT

SEQ ID NO: 249
Prototheca moriformis Malic Enzyme, protein

LEVNATSVVHHRGMELLONPVFNKGTAYSVAERERLGVRGLLPPQVLPVSROQMARVMDRYWHGSDFISPEEI
ESGGITHEHTRKWLVLTELQDRNETLFYRCLIENFVEMAPILYTPTVGWACLNYHKLFRRPRGMYFSAFDHG
KMSTMVHNWPHEEVDAIVVTDGSRILGLGDLGCNGLGIPVGKLDLYVAAGGFHPSRVLPCVVDVGTNNEALR
ADPQYLGVKQARLVGDAYYSLLDEFVQAVMLRWPHAVLOQFEDFAMEHAAPLLARYRNHHTVFNDDIQGTACY
ALAGLYGALRVLGRGPADLTGLRIAVVGAGSAGMGVVSMIAKGMEQHGLTPEEAADNFWVLDADGLITEERA
NLPAHVRRFARSDERGTDGERLLETIRRVKPTCLIGLSGAGRLFIKDVLQAMAEVTPRPIIFPMSNPIAKME
CTHQEAIKHTKGKAVFASGSPQGPVEWEGHSHAPSQANNMY IFPGIALGAWLARSGTITDRMLMASAEALAQ
CTITPAELALGMVYPSMTRIREISLRVAEAVIEAAGALAQNERLLKAKAEGPEALRDYIQAHMYHPEYTTLVY
KESR*

SEQ ID NO: 250
Prototheca moriformis ATP:Citrate Lyase Subunit A, nucleotide
(transcript)

TTTTTTTTAGGGTATCCAGACTTCAACTGCTAGGTTGATCAGTGCATAATACAGTGGTGACCACAGCTGTCG
AGGATGCTCTAGGGGGCACCGTATCCAGGCGTTCTAGCGAATCGACAATTGCACGAATAGAATCTATCATGC
GCGATTGCGGGCAGGTGGGGGCGCATGAACAGCTTCGCCAGCCCTTGACGGGAGAAAAAGCTACATGCGCTT
CTTGAGACGCGCATCTACAGACGCGCATCCAGTCCTGTACATCTTCAGATGCGCCTCGTGAGACGCGTGGAT
CCAGACACGCACCCCTGCCTTCAGGCGGCGCTGGAGGCCTTGGCGTCGGCGGCETCGGCCTCGGCCAGGTGG
TCGATGGCGCGCTTGCAGATGCTGGTCATGGTGGTCTCGGGGCCGTAGACCTCGATGTCGATGCCCGTCTCC
TGGCCCAGCTTGCGCATGGCCTCCAGGCCGGCCCTGTAGTTGGGCCCGCCGCGGCGCACGAAGAGCTTGAGG
CGCGCGCCGCGGATGGCGCCCTCGCGCTCGCGGATGGCGGCGATGATGCCGCGGAAGGTGGCGGCGACGTCG
GTGAAGTTGGCGATGCCGCCGCCGATGAGCAGCGCGCGCGCGCGGCCETCGGCGCCGGCGGTGGCGCAGTCG
AGCAGGCGCAGCGCGTAGGCGTGCGTCTCGGCCGCGGAGGGCCCGCCCGAGTACTCGGCGTAGTTGCCCAGC
TCCGCGGCCGCGCCGAGGTCGCCGACCGTGTCCGCGTAGATGACGCTGGCGCCGCCGCCGGCGACCATGGETC
CACACGCGTCCGGACGGGTTGAGGATGCTCAGCTTCAGGCTCGCGCCCGTGCCCTCGTCCATGCCCGCCACG
GCCGCCTCGGCCGCGCTCAGGCGGCGGCCAAAGGGCAGCGGGAACTCCAGGCCCTCGCCGCCCCACTTCTTG
GCCGAGCGGAAGCCCGCGGETGTCGTCCAGCTCGCCGCGCATGTCCAGCGGGAAGGGGCGCCCGTCCGGLLLC
AGCGTGAAGGGGTTCATCTCCATCAGCGTGAAGTCCAGGTCCACGTACACCGCGTAGGCCCCCGCGATGAAG
GCCTCCAGCCCGGGCCGCACCTCCAGCGGCAGCGTGGCCACCAGCGGCGCCAGCTTCTCGCCGGACAGCTCC
TCCTCCACGCCCACGCTGATCGTGCGCACAAGGTCCCAGTTGTCCTCGATCTCCATGCCGCCCGCCTCCGAG
AAGGAGATGTCCGCGCCCGTGCGCGTGCCCTGGATGCAAAGGTAGTACTCCTCCTCGTGCGGCACAAACGGC
TCGATGATGAAGCAGTCGATCACACCCTTGACCGTGCCCATGTCGATGACCTTGCCCATGCGCTGGCCGATA
AACTCCTCAGCGCCGGCCAAGTCCAGCTTGAGGCCCACGAGGTCGTGCTTGCCGCGCTTTCCAAACAGACAA
TCGGGCTTGACCACCAGCGGGACCTGCGTCAACCAGGGGTGCTCGCCCACCAACTCGCCAAAGTTGGTGTCC
TTTTTGACCTGGGCCACCCTGATGGGCAGGTCCAGGCCCGCCAGACGCGCCATGTGCGTCTTCAGCAGCGTC
TTGGAGTTGTACTCCCTGATCTTTTTGCGTGCCATGGCGATCTAATGCGTCCCTGGTCTTGGTGGAGCCGGA
GAGGCCTGGACAGAAAGCGATCGCGGGGTCGCTGGCGGGACGTCCGCGGACAACGAAGCGCGGCCCAAGCLCG
ACCAGCACGCACCCGTCAAGCCTCACGGATGCCGAGCACGACGCGATTCGTGACTGTTGGAGCGGTAGGTAG
CCTTGAATCCAGCAATACGGCCGTCTGGAACACTGAGCGGCTTGTGAGCGACCTCGCGCCTATGCAATAAGG
GGTTGGTTTCGAGTGCTGACGAGGCTCTCCTAGCCTCGGGCACAGTGGGAATTCCTGGCCGCCAAAAAGGTC
GCGAGCAGCCCCAGTGGGCGCTTTCAGTGATGTACAGAGCAGCCCGAGCGTTTATCTTACATTTTACTTGGT
GACAGTGGATGGGTGTTTGAAATGAAGTTACCTGTGTCTGATCACTTATGATGACACCAGTGTTGGTTGGCA
CGGCGAATGCATATGGATGGCATGCAGAAGAATACACCCTCCGTTTTTGCTGCTGGCACAAATTCTCACTGC
AAAGTCTCATGTTTATTCTGTGCAGTCCCTTCTTAGTTATAGACTCGGTCCAATTACGAACAATTTGCATGG
GATGGGTGCTCAACTCATTCCCTGCCAGATACCACAAACAGACCCCAACATAGCCAGACTCATCTATTGTTG
CAAGTCAAATCAAGCTGCTCACAAAAGTATGATTATGGTGGGAGCCTGTGCTTGCTCAAAGAATGTGATCAC
GAATGGCGCAGCCCTGCAGCATTTCCCGTGAATATATATGTATATAAACGAACACATCCAGGTATTGCCTGC
AGCGTTATTCATTTTAGATTGATCAAGAAAGAGTAAGCTTTTGTGTGTTGTTG

SEQ ID NO: 251
Prototheca moriformis ATP:Citrate Lyase Subunit A, protein

MARKKIREYNSKTLLKTHMARLAGLDLPIRVAQVKKDTNFGELVGEHPWLTQVPLVVKPDCLFGKRGKHDLV
GLKLDLAGAEEFIGQRMGKVIDMGTVKGVIDCFIIEPFVPHEEEYYLCIQGTRTGADISFSEAGGMEIEDNW
DLVRTI
SVGVEEELSGEKLAPLVATLPLEVRPGLEAFIAGAYAVYVDLDFTLMEMNPFTLGPDGRPFPLDMRGELDDT
AGFRSAKKWGGEGLEFPLPFGRRLSAAEAAVAGMDEGTGASLKLSILNPSGRVWIMVAGGGASVIYADTVGD
LGAAAELGNYAEYSGGPSAAETHAYALRLLDCATAGADGRARALLIGGGIANFTDVAATFRGIIAATIREREG
ATRGARLKLFVRRGGPNYRAGLEAMRKLGQETGIDIEVYGPETTMTSICKRAIDHLAEADAADAKASSAA*

SEQ ID NO: 252
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Prototheca moriformis ATP:Citrate Lyase Subunit B, nucleotide
(transcript)

GCCGGGGGCTGCGCCCTCATGCTTCCCGTGGCCCTCATTGTGAACAACCTCAGTCCTCACCGTCGCTACCCG
ACCTTCTGGTGGTGAGGGGCTGCAGCGCCTGTGTTATCTTACCGTGGTGGGTCCACATGTCTTGCGAGCAAC
AGTGGCCAGCGCAGACACGCGAGTGCCCACGTTTAGATATTTATGCCATCTTTCTTTGTTGAGTGAGCATCC
ACGCCAATAGCTCTCTTCAGGTGCAGGCTTTTCATTATATCATTTTGCGATTCGCATGCTGGTTCCTGTGTG
CATTTACAATCCAGGTCGACAATTTCTTCCCACTGGCAAACCTGCACTCATCGCTACCCCACCAACCGTGGT
TGCCTTTTTGCCTCCCATTGAGCCATTGCCAATATATAAAATATAATACCAACCCTACGTCATCATATCATT
TATTCCATGTGCAAACCCTCGCTCGTACCAATGACAATGAGAAAACAAGGTGGCGTCCGCAGTGCTCAAGGC
AAAGGGGGCGGCGGTTTGCCACGACCACCGGGGACGCCTTTCGAATGCCGCGTCAGCATGGTGAGCGGGAGG
CATTAGCGAGGGATTGGCCAAAAGCGGTCGCTTCCGGCCTCCCAGCCCGTACCGGGCCCAAAGCCAATCGCC
AAGGCCTCTACAGCCCACACGAAAGAGGTGCTACAGGCGCTCAGAGCGACCGCTCGATCACGATGCCCACGT
CCCCACGCACGCCGGGCCGCTACGGCCAGGCGGGCCAGCTCTTCAGCAAGCAGACGCAGGCCATCTTCTACA
ACTGGAAGCAACTGCCAGTGCAGCGCATGCTGGACTTCGACTTTCTGTGCGGTCGCACCCTTCCCTCTGTGG
CATGCATTGTCCAGCCCGGCAGCCAGCAAGGGTTCCAAAAGGTCTTCTTCGGCCCGGAGGAGGTGGCCATCC
CGCAGTACGGCTCGATCGCCGAGGCGGTGGAGCAGCACCCGCGCGCGGACGTGCTGATCAACATGTCGAGTT
TCCGGAGCGCGTTTGAGTCGTCGCTGGAGGCGCTGCAGCAGCCGACGATCCGCACGGTGGCCATCATCGCCG
AGGGCGTGCCCGAGCGCGACACCAAGAAGCTGATCGCCGTGGCCCAGCGCGCGAACAAGGTCATCCTGGGCC
CGGCCACCGTGGGCGGCGTGCAGGCGGGCGCCTTCAAGGTCGCGGACGCGGCCGGCACGCTGGACAACATCG
TCGCCTGCAAGCTGTACCGCCCCGGCAGCGTGGGCTTTGTGAGCAAGTCGGGCGGCATGAGCAACGAGCTGT
ACAACGTGATCGCGCGCGCGGCGGACGGCATCTACGAGGGCATCGCCATCGGCGGCGACGCCTACCCGGGTT
CGACGCTGTCGGACCACTGCCTGCGCTACCAGCACATCCCCGGCGTCAAGATGATCGTCGTGCTGGGCGAGA
TCGGCGGGCGCGACGAGTACTCGCTGGTCAAGGCGCTGGAGGCGGGCGCCATCACCAAGCCCGTCGTGGCCT
GGGTGTCGGGCACGTGCGCGACGCTGTTCCAGACCGAGGTCCAGTTTGGGCACGCGGGCGCCAAGAGCGGLCG
GCGCCGACGAGTCCGCGCAGGCCAAGAACGCGGCGCTGCGCGCGGCGGGCGCGGTCGTGCCCGACTCGETTCG
AGGACCTGGAGCCGACCATCAAGCGCGTCTACGACGAGCTGGTGGGCGCGGGCGCGATCGTGCCCGCGCCGL
TGCCGCCGCCGCCCTCGGTGCCGGAGGACCTCGCGGCCGCCAAGCGCGCGGGGCGCGTGCGCGTGCCCALCGL
ACATCGTCTCCTCCATCTGCGACGACCGCGGCGAGGAGCCGACCTTCAACGGAGAGTCCATGAGCGCGCTCA
TGGAGCGCGGCGCCACCGTCGCCGACGCCATCGGCCTGCTCTGGTTCAAGCGCCGCCTGCCGCCCTACGCCA
CGCGCTTCATCGAGATGTGCGTCGTGCTCTGCGCCGACCATGGTCCCTGCGTCTCCGGCGCACACAACACCA
TCGTCACCGCGCGCGCGGGGAAGGACCTCATCTCCTCCCTCGTCTCGGGCCTGCTCACCATCGGGCCGCGLT
TTGGCGGCGCCATCGACGGCGCCGCGCAGCACTTCAAGGAGGCGGTTGAGAAAGGCTGGGAGCCCGACGAGT
TCGTGGAGATCATGAAGCGCCGCGGCGTGCGCGTGCCGGGCATCGGCCACCGCATCAAGTCCAAGGACAACLCC
GCGACAAGCGCGTGGAGCTGCTGCAGCGCTACGCCCGCGAACGCTTCCCGTCCACCCGCTTCCTGGACTACG
CCATCGAGGTCGAGGGCTACACCCTGCAAAAGGCCGCCAACCTGGTGCTCAACGTCGACGGCTGCATCGGCG
CGCTCTTCCTCGACCTCCTGCACTCGGTCGGCATGTTTGCCAAGCCTGAGATCGACGACATCGTCCAGATCG
GCTACCTAAACGGCCTCTTCGTCCTCGCGCGCGCCATCGGGCTCATCGGGCACTGCCTCGACCAGAAGCGLCC
TGGGGCAGCCCCTCTACCGCCACCCCTGGGACGACGTCCTCTACACC

SEQ ID NO: 253
Prototheca moriformis ATP:Citrate Lyase Subunit B, protein

MPTSPRTPGRYGQAGQLFSKQTQAIFYNWKQLPVORMLDFDFLCGRTLPSVACIVQPGSQQGFQKVFFGPEE
VAIPQYGSIAEAVEQHPRADVLINMSSFRSAFESSLEALQQPTIRTVAITAEGVPERDTKKLIAVAQRANKY
ILGPATVGGVQAGAFKVADAAGTLDNIVACKLYRPGSVGFVSKSGGMSNELYNVIARAADGIYEGIAIGGDA
YPGSTLSDHCLRYQHIPGVKMIVVLGEIGGRDEYSLVKALEAGAITKPVVAWVSGTCATLFQTEVQFGHAGA
KSGGADESAQAKNAALRAAGAVVPDSFEDLEPTIKRVYDELVGAGAIVPAPLPPPPSVPEDLAAAKRAGRVR
VPTHIVSSICDDRGEEPTFNGESMSALMERGATVADAIGLLWFKRRLPPYATRFIEMCVVLCADHGPCVSGA
HNTIVTARAGKDLISSLVSGLLTIGPRFGGAIDGAAQHFKEAVEKGWEPDEFVEIMKRRGVRVPGIGHRIKS
KDNRDKRVELLQRYARERFPSTRFLDYAIEVEGYTLQKAANLVLNVDGCIGALFLDLLHSVGMFAKPEIDDI
VOIGYLNGLFVLARAIGLIGHCLDQKRLGQPLYRHPWDDVLYT

SEQ ID NO: 254

Prototheca moriformis LEC2, nucleotide (transcript)
GAGTTTCAAGTTGTGCTCTCCACTTCCGCGCGCATTGCGACGAATTCTCACGCCCTTTGTGCAGGTGTCCAG
TTCCACATCGGGAGGCATGGGGGGCCCGCCACCTCGGCGCGETCAAACGGCGTCAGGTAGGGCGGGCACGCTG
GCACTCTTGCCCGATGACCCGTACCGAGCAGTACTGCCATGCCTCGGGETCGGAGACGGTCGGCALCCGLCCCCT
GATCGCGACCACTTCCAAATGATCAAACCCTTGCAGACACGATGGACGTCGCGGCGGETGATACTGTCGLCCCC
AGACAACGCCGCGCCTGGCCGCAGGCCGEEGETCGETGTCGEACGCTCCGCGCAGGCGCCCAGACGALCTGGGETG
CCGGTGGCAGCGAGGACGAAGAAAGGGATGTACTGGACCTCAAGCTTCCAGGAGTGGGCGGGACGCCTCTGET
CGCCCTGGAATGCGGTGATCCTGGAGGACCAGCCATCGACGAAGGACGACGCACGTGCCACGCAACACGATG
AGAGTCCACGCCGACGGGCTTCCCGCCGCAAGATCTGAAGAGGCTCCGATTTAGAGTTCCATGGCCAATGGT
TTTCTTGTACAAATGATTTACATGCAGTACTGTTCGAACACACCTCTCGACACCGGGCATATCGLCCTCGCAG
GGCAATCGAAGGCCGTCAAATCTGGCGGTAGTCGTGGGAAGTGACCCTGCCCGGGGGGGCAATCCGTACCAT
CAGCGAGGTGCGCAGGACCAGGCACGTCTGCCGTATATTTGAGGGCTTCCCTAGGGGTCGAGTCACCTTGCT
CGGCTTCATTTTGCAGGTTTTACCAAAAAACCTGCTTGGCATTTTTCTTAACAGGGCATCTTGAGGTGCGAC
ATACCTGATACCGACGAGCTCGAGCCAACCCTTCGCTCGCTGCGGCATTTTTGTAACGGTCGACCACGGAGC
ATTGCGGCAGCGATAATGTCCAATACTACGATCAAAGTACTGTGCTACAAGTCTCTGACGCACAGCGATGTG
ACGACGGAGATTGCCAAGTCTGGGCGACTGGTTCTGCCGAGGGCCCAGGTCACGGCCTGCCTGCAGCGLCCTC
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CTGGCCCTCGGCAGCGCCGGCGGAGCCCCAGGCAAGGGTCGAGCGGGATCTCTGTGCGGTGCCGTCCCCTTG
TTCATGCACGACATGGAGGGCAAGGTCTGGAACTTTCAGCTGAAGACATGGCACAACGTTGTGGCCTCTGGA
GGCCGGGCAACCTACGTGTTGGAGAATACTGCTGGTTTTGTGCACGAAAACAAGCTTCAACCGGGAAGCTGG
CTGGCTATTTGCGAGCAGGACGACCGCCTGGTCCTCCGCACCGACATCGTCAAGGGCCGCGATTTCCTGCTC
CCCGTGGTGGCGCCCGCGACCACGGTCAAGAAGCCCTCCTCCCCCAGTTTTGCGCCCTGGTCCTCCAAGAGT
TCGGACCTCTCGGCCGCCAGCATGACCCTGGTGAGCCTGGGCCACGACACGCCCTCCAGCAGCGAGGACAAG
GCCTCCGCGCCGTCCCCCACCATCCTGTCGGTGCCGCTGGTGCGCCCGCGCCCCATGTACGGCGCCATCAGC
GTCCAGCAGGTGCCGCGGETTGGGCTGGGCGCTGAGCATGGTGCCGCACCAGCCGCGCGGCCAGCCGETGCTGG
TAACCCCGGGTCGCCCTTCCGGCGTGCTTCCAAGCACACCCCTGCCCCTTCCCAAGCCCGCGCGGLCLCLCGLTC
CGCGCGGCTTCCTCCCCCCGAACCCACCAACAACGTGACCTCGACGGCCACGCCLCGETCGGGGCTCGGGACCT
TGGCACCCCTTCAGTCGCACTACCCCGTCCCCACCCAATAACCAGTGTGCTTGGAAATAAACCGGCAGCGTC
CTCAGCCGCCACCAGCTCACCCTCACCCCCGTTCCCTTACGCGCCCGCGGGACGCCLCLCTCEGTCCCGGCAAGT
CCGGGCGCACGTTGCCCACCCTCGATGTCTCACACGTGTACTCGCCCTTTTCTCGATCGGGCTCCCAAGCTT
GTCAATTTTGCCGCGCGCGGCCCCTCTCTTGCACTGTGGCACCGGACCCAAACTCTCATTATTTTTGTTGCA
CTTGAACCCTGCACACCCGACCTTGGCCCCACCGGCACCTTGCGCAAGCCCAGAGTGTCCCGCAAATTCATT
CTTGGTGCGGCTCGGCCGACTTCTGCCCAAAGCGCGCGGCCGCCCTCGTATAGATACTGCTCTTTTCTCTTA
CTGTGAGATCTCCCTCGGTACCCGGGGTCGCGGCTGCCAGGCGCCGCAGCAGGCCGCCAGGTGGCGTAGGCC
GACCAGCGCCCAGAGCAGGTTGAGCAGGTAGAAAAAGTTGGCGTTCAGGCCGCCAAGATCCAGCCACACATG
GGCCACAGCGGCGTGCGTCGCCAGCAGCGTCATCCACAGGCACTGCCAGGCGCTGGGGTCGCGCCCTCTCCG
CCGCAGCACGGCCGCGCTCGTCGCCATGCACAGCGCCAGGCCA

SEQ ID NO: 255
Prototheca moriformis Leafy cotyledon2 LEC2, protein

MSNTTIKVLCYKSLTHSDVTTEIAKSGRLVLPRAQVTACLQRLLALGSAGGAPGKGRAGSLCGAVPLFMHDM
EGKVWNFQLKTWHNVVASGGRATYVLENTAGFVHENKLQPGSWLAICEQDDRLVLRTDIVKGRDFLLPVVAP
ATTVKKPSSPSFAPWSSKSSDLSAASMTLVSLGHDTPSSSEDKASAPSPTILSVPLVRPRPMYGAISVQQVP
RLGWALSMVPHQPRGQPCW*

SEQ ID NO: 256
Prototheca moriformis DGK/SpiK, nucleotides (transcript)

GGTTTGAGAGGAACAATTTGGGGATGGGCGGTGGCACTGGGATGAGGCACTGGGATGAGGCGCTCATTGTCA
AAGAATAAAACGGAATGGACGAATCGGTCAGGGCCGCCAGCACCGGCCAGGGCCCAGGAGGCAGGCGTTTCA
AGGGCGGGAATGGGGCCCCCAGCTAGTTTCGCGCTCGTCAGCCCTCCACGCCTCTGGCAAACACGTCGATCA
CTCCGCGGTGGAGCTGCGCGTTGATCGTGCGGCTTTGAATGAGCTCCCCATCGACGTTCCAGTGGCTCTCCT
GGCCAACCGCTTCGATGTGCACCGCGTGGGCGGGCAGGACCTGGATGTAGGACCCGTGCTGCCCGCCCGLCT
CGAGGCCGATGTGCGACATCCTGAGCAGAAACTTGAGGTACTGGAGGCGGCTGCACCGCCTGATGAGCACCA
GGTGCAGCAGGCCGTCGCTCAGGTGACCATACTTGGCGACGCCCTTTTTCGACTTGTCAGAGCGGCAGGGCA
TGATGACGAGCATGATGCCTGCAAACTCCTGCTCCGGGAGGTGCACAAACTCTGCTCGCCGCCGCTCCCAGA
GCTCCTCGGCCGAGGCGGTGAACCCCGCLCGCGCCETCGCGGCCCTCGCGCCCGCCGCGCGCGCAGAALCTCGL
AGTTGGCGAGGCAGGCGTGGCTGAAGCTGGCCCGACCCGGTCCGGCGGCCGGGGCCAGGTACGAGACGCGCG
CGGCGTAGGCCCTGTTCGCGGCGAGCATCTTGGCGCCCACCAGCTCGTACCGCGCGGGCCCCAGCCAGCGLCA
GGCGCTCCGACTCGGCCATGAGGTCGCCCATGAAGCCGTAGCTGACCATGCAGGTCGCAAACTCGGGCAGGC
CCGGCTCCCGCTCCAGACGCAGCACATCCAGCGCCACGGCGTCGCCCAGCACGACGTGCACCGCGGCCGTGA
AGGCCGAACGCGTGCCGTTGAGCGTGCAGGCCACGGCGTCGGTGCTGCCGGCCGGGATGTGGCCGATGCGGA
ACTGCGCCCCCGGCGCGACGGCCGCGCACCCGGCCGCGCGCAGGCCCAGCACACCGTTGACGATCTCGTGGA
AGAGCCCGTCCCCGCCCACGGCCACCACGCCGTCAAACGCGCGGCGCGAGGGTGAGCGCGAGCGCCGCGGLT
TGTCGCGGTCGGCGCCAGCGGGGGACAGGGAACGGCGCTCCGCGCCCGCGTCAGCGTCGCTCTCGGCGCCGL
CGCCGATCACCTGGCGCACGATGGTGACGGCGTGCTGCGGCTCCTGCGTCTCCACCACCGCGACCTTGATCC
CGGCCTTTCGGAAGACGGGCGCCACGGTGGAGCTCCAGGTCGAGGGCGCCTGGCGCGAGCCGCCCACCGGGT
TCACGATCACCAGCAGCCGCCGCGGGCGCCAGGTCTGCGCCCGCATGCCGGCTTGCAGCTGGGCGTGCCALCG
CACGTAGCAGCTCCTCGTCTGTGGAGACCAGGGTCACTTGGCGCGGATGCCAGTACGAGGGGTTGGAGGGCG
CGCGCCGAAAGGTGAAGAGCGTGAGGGCCCAGGCCTTCTCGAGCCAGGAACACCACTGGCGACGGAGCGACG
AGGGCTTGACCTCCGCCGCGATGATCTCTTGCAGCGGCAGCGACTCTGCACGCTGCCCGAAGCCTGGCAAGA
GGTTGACGCAGCCGTCCATCTCAAACGCCCAGCTCAAGCCGCCCTCGCTGCCCGCCAGATCCAGACTGACTT
GCGCCGGCACGCCGTCCACCTGCATCGGCACGCCCTGCAGCTCCGCCTCGCTGAGGCGCTTGGGAAAGGAGG
AGGACCGCGATATCGAGGGGTGCATGAGTGGGGGCTGCCTGGGGTGCGCCATCAGGCTGGGCGACGCATTGG
TACCTCGTGTCCGATGCGGAGAAGACAGCGATCCCGCCCGGGAAGAGGGCAGGCTCACGGAATCGTCGTCCA
TGTGCGATGACGGGCGCTGAAGCACCAGCTCGGTGCAGAGAACGTCACGGGGAGCTCCGCGCATGTCCCACT
ACCGACCCAACCGCACGCAGGGAGACGGTCCGTCAGGCATGAACGCGATGCGCATAAGGAAGCAACAACCAT
GCGTGTGTGGCAATCGAACGGCGAAATGGGCCGATTCTTGGCAAAGGGGGGAGGCTGGCGAGGGACGCACAL
CGCGTCTTCCGTCGGCATCACGTGGATCTGTCGTTCATGCATCGGGATGCCTTACATGCAACCATTGGCGCC
GAGGCAGGCGCGAATGAGCCGAGCAACAGTGTACGCACGCCAGGAATCAATTATACTGACTAGACATTTCTG
CCATGAACCTTTCGTACTCGCTCTCCACGGCAGCAGGCGCTGGCGGGGCGGGAGCGGGGGCGGGAGGGGGAG
GGGGCGGCGGTGGCGCCTCEGTCGTCGGCCATACCCCCGACTGGCGGGGGGEGEGGCGGCGGCGGAACGTCGT
CCGTGGGCGGCGGTCCCGGGACCGCCGCCCCGCTAGCGTCGTACATGCCGTGGTACGCGCCCGCCTGATCGG
GCGCGGGCGGCGGCACCGCCCCGTACTGCGCGCCGTAGGCGTACGGGTCGGCGGCGCCAGGGTAGGCCGCET
ACGGGTCGGCTGGGGCCTCGGCGCCGGGGTACGCACCCGGCGGCGGGGGCACGGCGCCGTACGCCCCGLCGG
GCGGCGGCGGCGGCGGGETAGGCGCCGCCGTAGGGCGGETGGTGGGGCGCCGTACCCCGGGCCGTA
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SEQ ID NO: 257

Prototheca moriformis DGK/SpiK, protein
MQVDGVPAQVSLDLAGSEGGLSWAFEMDGCVNLLPGFGQRAESLPLOQEI IAAEVKPSSLRROWCSWLEKAWA
LTLFTFRRAPSNPSYWHPRQVTLVSTDEELLRAWHAQLQAGMRAQTWRPRRLLVIVNPVGGSRQAPSTWSST
VAPVFRKAGIKVAVVETQEPQHAVTIVRQVIGGGAESDADAGAERRSLSPAGADRDKPRRSRSPSRRAFDGV
VAVGGDGLFHEIVNGVLGLRAAGCAAVAPGAQFRIGHIPAGSTDAVACTLNGTRSAFTAAVHVVLGDAVALD
VLRLEREPGLPEFATCMVSYGFMGDLMAESERLRWLGPARYELVGAKMLAANRAYAARVSYLAPAAGPGRAS
FSHACLANCEFCARGGREGRDGAAGFTASAEELWERRRAEFVHLPEQEFAGIMLVIMPCRSDKSKKGVAKYG
HLSDGLLHLVLIRRCSRLQYLKFLLRMSHIGLEAGGQHGSYIQVLPAHAVHIEAVGQESHWNVDGELIQSRT
INAQLHRGVIDVFARGVEG*

SEQ ID NO: 258

Prototheca moriformis Ketoacyl-ACP Reductase (KAR) nucleotide
TGGAGTTCAGACGTGTGCTCTTCCGATCTCGCGTGGTGAGCAAGCCTGCGCCGACGTGTTTGGTTTCTTCTT
CATGTTGTTGCTCGGAGGCGCCGTCGATTAGTTTGCCACCTGACCACCGTGCCCACAGTCCCCGACCAGLTC
ACTGGCACTTTACTGCATGCTCATGCCGCCGTCGATGCTGAGGACCTGGCCGGTGATGTAGGCGGCGGLCCGG
GTCGGTGAGGAGGAACTTGACCAGCCCGGCGACCTGGTCGGGECETGCCGTAGCTGTTGAGCGGGATCTTGGC
GAGGATGGCCTTCTCGACCTCGGGGTTGAGCACGCCCGTCATCTCCGACTCGATGAAGCCCGGCGCGATGGL
GTTGACGAGCACCTTGCGGCCGGCCAGCTCGCGCGCGAGGGAGCGCGETCATGCCGATGACGCCGGCCTTGGA
GGAGGCGTAGTTGACCTGGCCCGCGTTGCCCATGAGCCCGACCACGGAGGTGATGTTGACGATGCGCCCGLG
CCGCGCCTTGGCCATGACCTTGGCCGCGGCCTGGCTCGCGTAGAACACGCCGGACAGGTTGACGTCGATGAC
CTGCTGCCACTGCTCGGGCTTCATGCGCAGCAGCAGCGTGTCGCGCGTGATGCCCGCGTTGTTGACCAGCGL
GTCCACGCGGCCCCACCGGTCCACCGCCGCCTTGATCAGCGCCTGCGCGTCCTCGATCTTGGACAGGTCCCC
CTTGACCACGATCGCCTCGCCGCCAGAGGCCTCGATCTGGTGCGCCACCTCCTCCGCGGCCCCGCTGGALCGL
CGCATAGTTGACCAGCACCTTGCCGCCCGCGGCGCCCAGCTTGAGCGCGATCGCGCGGCCAATGLCCGLGLGA
GGAGCCCGTCACCACCGTCACGCCCTGCTCCAGCTCCTTCTGGAGGGAGACGCCGTTGGGCGACGAGGCCAL
GGAGGCAGCGATCCATGCCGATCAACAGCCGGCTTTTCAGAACCTTAATCATGCAGAGCTCCGTGATGAACG
TGCCGGCGACCCTTTCGGCGGGATGTGCCCTTAGGGCCTCCCCCCGCCTGCCGGCCGLCTCGCCCGGLGCAGL
ACGCTGCCGGTCGCCGGETCGCCGGGCCAGCTGCAGGTCACGLCGCGCCGCTGCCTCCGTGGLCCTCGETCGLCCA
ACGGCGTCTCCCTCCAGAAGGAGCTGGAGCAGGGCGTGACGGTGGTGACGGGCTCCTCGCGCGGCATTGGCC
GCGCGATCGCGCTCAAGCTGGGCGCCGCGGGCGGCAAGGTGCTGGTCAACTATGCGGCGTCCAGCGGGGLLG
CGGAGGAGGTGGCGCACCAGATCGAGGCCTCTGGCGGCGAGGCGATCGTGGTCAAGGGGGACCTGTCCAAGA
TCGAGGACGCGCAGGCGCTGATCAAGGCGGCGGTGGACCGGETGGGEGCCGCGETGGACGCGCTGGTCAACAACG
CGGGCATCACGCGCGACACGCTGCTGCTGCGCATGAAGCCCGAGCAGTGGCAGCAGGTCATCGACGTCAACC
TGTCCGGCGTGTTCTACGCGAGCCAGGCCGCGGCCAAGGTCATGGCCAAGGCGCGGCGCGGGCGCATCGETCA
ACATCACCTCCGTGGTCGGGCTCATGGGCAACGCGGGCCAGGTCAACTACGCCTCCTCCAAGGCCGGCETCA
TCGGCATGACGCGCTCCCTCGCGCGCGAGCTGGCCGGCCGCAAGGTGCTCGETCAACGCCATCGCGCCGGGLT
TCATCGAGTCGGAGATGACGGGCGTGCTCAACCCCGAGGTCGAGAAGGCCATCCTCGCCAAGATCCCGCTCA
ACAGCTACGGCACGCCCGACCAGGTCGCCGGEGCTGGETCAAGTTCCTCCTCACCGACCCGGLCGLCGCCTACA
TCACCGGCCAGGTCCTCAGCATCGACGGCGGCATGAGCATGCAGTAAAGTGCCAGTGAGCTGGTCGGGGACLCT
GTGGGCACGGTGGTCAGGTGGCAAACTAATCGACGGCGCCTCCGAGCAACAACATGAAGAAGAAACCAAACA
CGTCGGCGCAGGCTTGCTCACCACGCGAGATCGGAAGAGCACACGTCTGAACTCCA

SEQ ID NO: 259
Prototheca moriformis Ketoacyl-ACP Reductase (KAR) protein

MOSSVMNVPATLSAGCALRASPRLPAARPAQHAAGRRSPGQLQVTRAAASVASSPNGVSLOQKELEQGVTVVT
GSSRGIGRAIALKLGAAGGKVLVNYAASSGAAEEVAHQIEASGGEAIVVKGDLSKIEDAQALIKAAVDRWGR
VDALVNNAGITRDTLLLRMKPEQWQQVIDVNLSGVFYASQAAAKVMAKARRGRIVNITSVVGLMGNAGQVNY
ASSKAGVIGMTRSLARELAGRKVLVNAIAPGFIESEMTGVLNPEVEKAILAKIPLNSYGTPDQVAGLVKFLL
TDPAAAYITGQVLSIDGGMSMQ*

SEQ ID NO: 260
Prototheca moriformis Lipoate Synthase (LS) transcript

ACTCAATCGACCCGCACGCGAGTACGAAAAGATTCCATGGTGCGAAACGTTGAATGCCATAGTTTGTAACGG
GCCAGGCGTACGCGTGCGGGTCGATTGAGTTGACGTCCCGTAGCCCCGCTGGGCGGTCACCTGAGTGAATTT
GGAGCGAGCCGCATCCGACGACGGGTACCTGTCATTCGAAACACCCGTATCATTACGGGAGTTTTGTATTGC
CAAACTTTTATAATTGAACTGCCCGACAGTACATTCCGCTTGGAAAGCATGTCGTCTCGGATCGACATGGGC
GTGTCGACGTCCGGGAGGGTGGGCAACCCAATGACTGAGCGATCAGCCGCCCACCAATTGCGGGCGACCGLT
GCACGCGTGCCAAGACGGCATGCACCCTTCAAATCCGCCGCAAGGCATCGCGGGCCAGCGGCGATGCGCTCG
GCGGCGTTTGACGAGCTGGTGGCGCTGGCCCGGGCCAAGGACCCCACCCTGCCCCTGCCCAAGCGCAAGCCG
GCCAGCCCGCGCCCCAAGCCCCCCAAGGCGLCLCCTGGCTGCGGCAGCGCGCCCCCCAGGGCGAGCGCTACGAG
TACCTCAAGCAGCAGCTGACGGGCCTGAAGCTGGCGACCGTGTGCCAGGAGGCGCAGTGCCCCAACATCGGC
GAGTGCTGGTCGGGCGGCGCCGAGGGGATCGGCACGGCCACCATCATGGTGCTGGGTGACACCTGCACGCGL
GGCTGCCGCTTCTGCGCTGTCAAGACGTCGCGTGCGCCGCCGCCGCCGGACGCGGACGAGCCCGAGAACALCG
GCCGCGGCGGETGGCCGACTGGGGCETCGGGTACGTGGTGCTGACCTCGGTCGACCGCGACGACCTGCCCGAL
GGCGGCGCGGGETCACTTTGCGGCCACGGTGCGCGCGATCAAGCGCCGGCGCCCCGAGGTCCTGGTCGAGTGC
CTGACCCCCGACTTTTCGGGGGACGAGGCGCTCGTCGCCGAGCTGGCGCGGTGCGGGCTAGACGTCTTTGCG
CACAACGTGGAGACGGTGGCGCGCCTGCAGCGGCGCEGTGCGTGACCACCGCGCCGGCTACGAGCAGACGCTG

226



10

15

20

25

30

35

40

45

50

55

60

65

70

WO 2013/082186 PCT/US2012/066893

GCCGTGCTGCGCGCGGCCAAGCGCGCCTGCCCCTCGCTGCTCACCAAGTCCTCCATCATGCTCGGGCTCGGC
GAGCGCGACGAGGAGGTCGAGCAGACCATGCGCGACCTGCGGGGGGCGGGCETGGACATCCTGACCCTGGGG
CAGTACCTGCAGCCCACGCACCGCCACCTGGAGGTCCAGGACATGGTCCACCCAGACGCCTTTGACCACTGG
CGAGAGGTCGGAGAAGCAATGGGGTTCCGGTACGTGGCCTCGGGTCCGCTGGTGCGGTCCTCGTACAGAGCC
GGCGAGTTTTACGTGGCAGCCATGCTCAGGGAAGGAAAGCGCGGCGGCGCGGGGGCGCAGTTGTCGCCCTGA
GGCGGCGGTGGCAGTCTCTTGAGGCTTTTGGGTGCGCAATCTCAAACACGTGTGTCTGTCCTGCGCGGGACC
GAGAGGCATCATATTCCGCACGAGCGTGCATCATCCGGATGCAAACACCTATTCTCGTATTCTAATCTTGTG
AATTATAGGCTGGCGTCACCAGCTGCTGAATCATGCGTTTTGGAGGCACCGCCCCTGAATATTTGGCGGCCC
ACTGCAACGCTGTAAGAATCTTCTTGCCCTTTCACCCGGAAGTTCAAATATCTCTGCGTAAACAGCAGGCGT
AGAAACAGAAACGAGCGACGCATGGTAGCGGGAGGAACGAAACAAGGCGCGCTGCTCAGGGGCAAGGGGCAT
TCGTCATCACAGATTCCGCCCAGCTCCCAATTTCCCCAACCACTGCTAGATCTGGCGCGCGCCGCGGCTGETC
GAGGCGGACCACCTGACTGGAGTTGGTCTCCAGCCCGCCGTGGCGGAGARAAGGCCTCGGACATGGCGCGCGL
GACGCGCTCGCCGGETGGCCGGGTCCGGCACGACCGCCACGGLT

SEQ ID NO: 261
Prototheca moriformis Lipoate Synthase (LS) protein

MSSRIDMGVSTSGRVGNPMTERSAAHQLRATAARVPRRHAPFKSAARHRGPAAMRSAAFDELVALARAKDPT
LPLPKRKPASPRPKPPKAPWLRQRAPQGERYEYLKQOLTGLKLATVCQEAQCPNIGECWSGGAEGIGTATIM
VLGDTCTRGCRFCAVKTSRAPPPPDADEPENTAAAVADWGVGYVVLTSVDRDDLPDGGAGHFAATVRAIKRR
RPEVLVECLTPDFSGDEALVAELARCGLDVFAHNVETVARLQRRVRDHRAGYEQTLAVLRAAKRACPSLLTK
SSIMLGLGERDEEVEQTMRDLRGAGVDILTLGQYLQPTHRHLEVQDMVHPDAFDHWREVGEAMGFRYVASGP
LVRSSYRAGEFYVAAMLREGKRGGAGAQLSP*

SEQ ID NO: 262
Prototheca moriformis Homomeric Acetyl-CoA Carboxylase, Nucleotide

ATGACGGTGGCCAATCCCCCGGAAGCCCCGTTCGACAGCGAGGGTTCCTCGCTGGCGCCCGACAATGGGTCC
AGCAAGCCCACCAAGCTGAGCTCCACCCGGTCCTTGCTGTCCATCTCCTACCGGGAGCTCTCGCGTTCCAAC
CAGCAGTCGCGGTCGTTCACTTCGCGGGGGGTGCCAGGGAGGACGGACGTTTCGGATGAGCTGGAGCGCCGC
ATCCTCGAGTGGCAGGGCGATCGCGCCATCCACAGCGTGCTGGTGGCCAACAACGGTCTGGCGGCGGTCAAG
TTCATCCGGTCGATCCGGTCGTGGTCGTACAAGACGTTTGGGAACGAGCGTGCGGTGAAGCTGATCGCGATG
GCGACGCCCGAGGACATGCGCGCGGACGCGGAGCACATCCGCATGGCGGACCAGTTTGTGGAGGTCCCCGGL
GGCAAGAACGTGCAGAACTACGCCAACGTGGGCCTGATCACCTCGGTGGCGGTGCGCACCGGGGTGGACGCG
GTCGACTGCGGGGGGCAGATCCGGTTCGTGCGCACCGGGGTGGACGCGGTGTGGCCCGGCTGGGGCCACGLCG
TCCGAGTTCCCGGAGCTGCCCGAGTCGCTGGGCGCCACGCCCTCGCAGATCCGGTTCGTGGGCCCGCCLCGLG
GGGCCCATGGCGGCCCTGGGCGACAAGGTGGGCTCCACCATCCTGGCGCAGGCGGCGGGCGTGCCCACGCTG
GCCTGGTCCGGCTCGGGCGTGAGCATCGCCTACGCGGACTGCCCGCGCGGCGAGATCCCGCCCGAGGTCTAC
CGCCGCGCCTGCATCGACTCGCTGGAGGCGGCGCTGGCCTGCTGCGAGCGCATCGGCTACCCGGTCATGCTC
AAGGCCAGCTGGGGCGGCGGCGGCAAGGGCATCCGCAAGGTGCTCAGCGCCGACGAGGTCAAGCTGGCCTAC
ACCCAGGTCTGCGGCGAGGTCCCCGGCTCGCCCGTGTTCGCCATGAAGCTCGCGCCGCAGTCGCGCCACCTG
GAGGTCCAGCTGCTCTGTGACGCGCACGGCCAGGTCTGCTCGCTCTACTCGCGCGACTGCTCCGTGCAGCGL
CGCCACCAGAAGGTGGTGGAGGAGGGGCCCGTCACCGCCGCGCCGCCCGAGGTGCTGGAGGGCATGGAGCGC
TGCGCGCGCTCCCTGGCGCGCGCCGTCGGCTACGTCGGCGCCGCCACGGTCGAGTACCTCTACATGGTCGAG
ACGCGGGAGTACTGCTTCCTGGAGCTCAACCCGCGCCTGCAGGTGGAGCACCCGGTGACGGAGATGATCACG
GGCGTGAACATCCCCGCCGCGCAGCTGCTCGTCGCGGCCGGCGTGCCCCTGCACCGCATCCCCGACATCCGL
AGGCTGTACCGCGCGCCGCTGGCCGAGGACGGCCCCATCGACTTTGAGGACGACGCCGCGCGCCTGCCGCCC
AACGGGCACGTGCTGGCGGTGCGCGTGACGGCCGAGAACGCGCACGACGGCTTCAAGCCCACCTCGGGCGCG
ATCGAGGAGATCAGCTTCCGCTCCACGCCCGACGTCTGGGGCTACTTCTCGGTCAAGGGCGGCAGCGCCGTG
CACGAGTTCGCCGACAGCCAGTTCGGCCACCTGTTCGCGCGCGGCGACTCGCGCGAGGCGGCCGTGCGGGLL
ATGGTGGTGGCGCTCAAGGAGATCAAGATCAGGGGCGAGATCCAGACGCCCGTCGACTACGTCGCGCGCATG
ATCCAGACCGACGACTTCCTGGGCAACCGCCACCACACGGGCTGGCTGGACGCGCGCATCGCGGCGCAGGTC
GGCGCCGAGCGCCCGCCLTGGTTCCTGGTCGTCATCGCGGGCGCCGETGCTGCGCGCGACGCGCGCCGETGAAL
GAGCGCGCGGCCGCCTTTTTGGACCACCTACGCAAGGGCCAGCTCCCGCCCAGCGAGGTCCCGCTCACGLCGL
GTGGCCGAGGAGTTTGTGGTCGACGGCACCAAGTACGCGGTCGACGTCACGCGCACGGGGCCGCAGGCCTAC
CGCGTCGCGCTGCGCGACCCCGAGGGCGACGGCGCCCCCGGGCACGCGCGCCGCGAGAGCCTCGCCTCCGCG
GCCGGCGCGGCCAGCTCCGTCGACGTCATCGCGCGCACGCTGCAGGACGGCGGCCTGCTGCTGCAGGTGCGA
CGGGCGCGTGCACGTGCTGCACAGCGAGGAGGAGGCGCTGGGCACGCGCCTGGTCATCGACTCGGCCACGTG
CCTGCTCAGCAACGAGCACGACCCCTCGCAGCTCGTGGCCGTCAGCACGGGCAAGCTCGTGCGCCACCTCGT
CGCCGAGGGCGAGCACGTGCGCGCGGACGAGCCCTACGCCGAGGTCGAGGTCATGAAGATGATGATGACGCT
GCTCGCGCCCCGCGGCCGGCECEETGCGCTGGGAGGTGGCCGAGGGCGCCGCGCTGGCGCCGGGCCTGCTGL
TCGCGCGCCTGGAGGAAGCTGGGACGACCCTCCCGCCGTGCGCCCGCGAGCCCTTCCGCGGCGCCTTCCCCG
ACCTGGGCCCGCCCTCGCCCGACTTTGACGGCCTGGCCGCGCGCTACCGCTCCGCGCTCGAGGCCGCGCAGG
ACGTGCTCGACGGCTTCGAGGGCGACGTGCCCGCGGTCGTCGCCGCGCTGCTGGCCGCGCTGGACGACCCCG
CGCTCTCCCTCGTCCTGCTGGACGAGGCGCTGGCCGTGGTCGCGCCGCGGCTGCCGGCLCGCGCTGGCCGCGL
GCCTGGAGGCCGCGGCTGGCCGAGGGCGCCGCCGAGATGGCGGGCGAGCTCTCGGACGACGAGCAGGALCGLC
GCGCTGGCGGCGCCGGGETCGCCGCGCGAAGGGAGGGGCCTCCACGCGCGCTTCGTGGTCAAGCGCCGCGALCC
CGGCGGCGCGCCTGCAGCCGCGCETCTTCGAGGAGGGCCGCCGGCGCGCGGCGECTGGCCTCGCCGCCTCCTG
CTCGAGCGCTACCTGGACGTGGAGGAGCGCTTCGAGTCCGGCGGCGCCAAGACGGACCAGGAGGTCATCGAC
GGCCTGCGCGGCACGCACAGCGCCGACCCGGGCAAGGTGCTGGAGATCGTGGTCGCGCACCAGTCGGCCGGL

227



10

15

20

25

30

35

40

45

50

55

60

65

70

WO 2013/082186 PCT/US2012/066893

CCGCGCGCCGACCTGGTGCACCGCCTGCTCAACGCGCTGGTGCTGCCCTCGCCCGAGGCCTACCGCCCCATC
CTGCGCCGCCTGGCCGCGCTGACGGGCGCCGGCAGCGCCGCGCCCGCGCAGCGCGCGCGCCGCCTGCTGGAG
CACAGCCTGCTGGGCGAGCTGCGCGTGCTGGTCGCTGCGCGCGCNGTCCGGCCNTGGACATGGTTCAGCGAC
GCCGCGCTGCGCGGGCTGTGCCTGGGCGAGTCGCCGGGCGAGCCCGETCTCGCCGCGCGCGGAGCTGGCCAGL
GCGCTCGCGGCCGAGTCCTCGGTCGCGTCGCCCACCTCGCGGCGGTCCACGCTCGCGGAGGGGCTCTACGTC
GGCCTGGGCAACCTGGCGGCTGCCGCCGCGAGCAGCGTGGAGGCGCGCATGGCCATGCTGGTCGAGGCCCCC
GCCGCGGTCGACGACGCGCTGGCCACGCTGCTGGACCACCCGGACCCGGTGCTCCAGCGCCGCGCGLCTGETCC
ACCTACGTCCGCCGCATCTACTTCCCGGGCGTGCTGCACGAGCCGCAGGTCGTCGGGCGTCGGGCCGGCGCG
CGGTCCGTCCGCGTCTGGGCGACGCGGGGCGCGCCCGGCGCGATGGCGCCGCGGCCCAGCAGGACCAGCATG
GCCGGGCTCGCGCCGGGGACGCTGCACGTGGTCCTGACCGCCGAGGGCGCCGCCGCGCTGCAGCTGGACGLC
GCCGCGCAGGCCGCGCTGGGCACGCTTGACGTCTCCGGCTACGTCGCGCCCGAGCACCAGCAGCAGCCGGGG
CTGCCGGACGCCTCGGTCGTCGCGGCCAGTGCCGCCGCCGCGGTGTCGGCGCTCGCGCCCGCGCTGCGCGAG
GCCGGCTACAGCGCCGTCTCCTTCCTCACCAAGCGCGGCGGCGTCGAGCCCCTGCGCGTCGTGTTTTACGAC
GGCACGTCGAGCGGCAGCGCTGCCGCGCCCGACTCCTCGTCCACCCAAACTGGCCATCGACCGGCTGGTCCC
TGGACCCCGTGCTCGGCACGGTCGAGCCGCCGACGGCCGAGGCGCTGGAGCTGGCCTGTCTGGCCGGCCGLG
CGGGCGCCTCGCACGACGCCTCGCGCAACCGTGGCACATGTGGACCGTGGCCGAGCGLCGCCGGCAAGLCGCAG
CGCGGTGCTGCGCCGCACCTTTTTGCGCGGCGCGGTGCGCTCGCTGGGCCGGCCGGCGCTGCTGAGCGCGGL
CTACGCGGGAACGGCCCCGCTGTCGCGGCGGCGGCGCTGGCCGAGCTGGAGCAGACGGTGGAGGCGGCGGLT
GCCGAGCTGGAGCGGCTGGGCAAGGGCCGCETGGGCGGCGCCTCGTCCCGACTGGACGCACCGTGCTTGTCG
GTGCTGATGCTCGCTGCCGCTGGGCGCGTCCGAGCCGCGCGAAGGGAAAGGCGCCGTCGCGCGCGCGLCTGGL
CGCGCCGCGGCCATCGCCTCGCGCCACGTGGCGGCCCTGCGCCGCGCEGCGCTGGCGCAGTGGGAGGTCTGC
CTGCGCACCGGCTCGGGCGGCGCCTCGCACCGCGAGGGCGGCTGGCGCGTGGTCGTGTCCTCGCCCACGGGG
CACGAGGCCGGCGAGGCCTTTGTGGACGTCTACCGCGAGGCCGCCGACGGCACGCTGCGCGCGGTCAACCCC
AGCCTGCGCGCGCCGGGCCCGCTGGACGGCCAGTCCGTGCTCGCGCCCTACCCGACGCTCGCGCCGCTGCAG
CAGCGCCGGCTGACGGCTCGGCGGCACAAGACCACGTACGCGTACGACTTCCCGGCCGTATTCGAGGACGCG
CTGCGCTCGATCTGGCTGCAGCGCGCCGTGGAGCTGGGCGCCACCGGGCTGGAGGCCGCGCGCGAGGACCTG
CTGCCGCCCGGGACCGCCTGGTCACGGCCGGAGCTGGTGCTGGACACGGAGGAGGCGATCTACGAAAACGGC
GCCGCGCACATTCGCCTGACCGACCGCGCGCCCTCGATGAACGACCTCGGCGTCGTGGCCTGGCGCCTGALCG
CTGGCCACGCCCGAGTGCCCGCGCGGCCGCGCCETCGTGGCCATCGCCAACGACATCACCTACAACTCCGGE
TCCTTCGGCCCGCGCGAGGACGCCTTCTTCAAGGCCGCCACCGAGTACGCGCTGGCCGAGCGCCTGCCGETG
GTCTACCTGGCGGCCAACTCCGGCGCGCGCETCGGGCTGGCCGAGGAGGTCAAGCGCTGCCTGCGCGTGGAG
TGGAGCGTGCCGGGCGACCCGACCAAGGGCCACAAGTACCTCTACCTGGACGACGAGGACTACCGCTCCATC
ACGGGCCGCGCCGCGGGCCGCACGCTGCCCGETCAGCTGCTCGGCCAAGGTCGGCGCCGACGGGCGCACGCGG
CACGTGCTGCACGACGTCATCGGGCTCGAGGACGGGCTGGGCGTCGAGTGCCTGAGCGGGTCCGGGGCCATC
GCCGGCGCCTTTGCGCGCGCCTTCCGCGAGGGCTTCACCGTCACGCTCGTGTCGGGGCGCACCGTGGGCATC
GGCGCCTACCTCGCGCGCCTGGGCCGGCGCTGCGTGCAGCGCCGCGAGCAGCCCATCATCCTCACCGGCTTC
GCCGCGCTCAACAAGCTGCTGGGGCGCGAGGTGTACACCTCRCAGCAGCAGCTGGGCGGCCCGCGCGETCATG
GGCGCCAACGGCGTCAGCCACCACGTCGTGGACGACGACCTGCAGGGCGTGCACGCCGTGCTGCGCTGGCTG
GCCTACACGCCCGCGCGCGTGGGCGAGCTGCCGCCCACGCTGCGCGCGGCCGACCCCGTSGACCGCCGLCETG
ACCTACGCGCCGGCCGAGAACGAGAAGCTGGACCCGCGCCTGGCCGTGGCGGGCGGCGACGCGCCCGAGLCLT
GTGACGGGCCTCTTCGACCGCGGCAGCTGGACCGAGGCGCAGGCGGGCTGGGCACAGACCGTGGTCACGGGG
CGCGCGCGCCTGGGCGGCATCCCCGTGGGCETGGTGGCCGTGGAGGTGAACGCGGTGTCGCTGCACATCCCC
GCCGACCCGGGCATGCCCGACTCGGCCGAGCGCACCATCCCGCAGGCGGGCCAGGTCTGGTTCCCGGACTCA
GCGCTCAAGACCGCGCAGGCGATCGAGGAGTTTGGCCTGGAGGGCCTGCCCCTCTTCATCCTGGCCAACTGG
CGCGGCTTCTCGGGCGGGCAGCGCGACCTGTTCGAGGGCGTGCTGCAGGCGGGCAGCCAGATCGTGGAGATG
CTCCGCACCTACCGCCGCCCGGTSACCGTCTACCTGGGCCCGGCTGCGAGCTGCGCGGCGGCGCCTGGGTCG
TGCTCGACTCCCATCAACCCGGCCAGCATCGAGATGTACGCCGACCCCACCGCGCAGGGCGCCGTGCTCGAG
CCGCAGGGTGTCGTGGAGATCAAGTTCAGGACCCCAGACCTCCTCGCCGCCATGCACCGGCTGGACGAAAAG
ATCATCGCGCTCAAGTCGGACGACTCGCCCAGCGCGCTGGCGGCCATCAAGGCGCGAGAAAGCGAGCTGCTG
CCCGTCTACAGCCAGGTCGCGCACCAGTTCGCGCAGATGCACGACGGCCCCGTGCGCATGCTCGCCAAGGGC
GTGCTGCGCGGCATCGTGCCCTGGTCGGCCGCGCGCGCCTTCCTGGCCACGCGCCTGCGCCGGCGCLCTGGLC
GAGGAGGCGCTGCTTCGCCAGATCGCGGCGGCCGACGCGTCCGTCGAGCACGCCGACGCGCTGGCCATGCTG
CGCTCCTGGTTCCTCAGCTCGCCGCCCACGGGCGGCGCGCCCGGCGLCGCCCGGCGECGLCTCGGCGCGCTGCTC
AAGGAGACGGTCGTCGCGCCGCCCGACGCGGGCGAGGCGCCGCTGGCGCTCTGGCAGGACGACCTCGCCTTC
CTGGACTGGAGCGAGGCCGAGGCCGGCGCCTCGCGCGTCGCGCTCGAGCTCAAGAGCCTGCGCGTCAACGTC
GCCATGCGCAGCGTCGACAGACTGTGCCAGACCCCGGAGGGCACCGCCGGGCTCGTCAAGGGACTGGACGAG
GCCATCAAGTCCAACCCGTCCCTCCTCCTCTGCCTCCGCTCGCTGGTCAAGCCGTAG

SEQ ID NO: 263
Prototheca moriformis Homomeric Acetyl-CoA Carboxylase, Protein

MTVANPPEAPFDSEGSSLAPDNGSSKPTKLSSTRSLLSISYRELSRSNQQSRSFTSRGVPGRTDVSDELERR
ILEWQGDRATIHSVLVANNGLAAVKFIRSIRSWSYKTFGNERAVKLIAMATPEDMRADAEHIRMADQFVEVPG
GKNVONYANVGLITSVAVRTGVDAVDCGGQIRFVRTGVDAVWPGWGHASEFPELPESLGATPSQIRFVGPPA
GPMAALGDKVGSTILAQAAGVPTLAWSGSGVSIAYADCPRGEIPPEVYRRACIDSLEAATACCERIGYPVML
KASWGGGGKGIRKVLSADEVKLAYTQVCGEVPGSPVFAMKLAPQSRHLEVQLLCDAHGQVCSLYSRDCSVQR
RHQKVVEEGPVTAAPPEVLEGMERCARSLARAVGYVGAATVEYLYMVETREYCFLELNPRLQVEHPVTEMIT
GVNIPAAQLLVAAGVPLHRIPDIRRLYRAPLAEDGPIDFEDDAARLPPNGHVLAVRVTAENAHDGFKPTSGA
IEEISFRSTPDVWGYFSVKGGSAVHEFADSQFGHLFARGDSREAAVRAMVVALKEIKIRGEIQTPVDYVARM
IQTDDFLGNRHHTGWLDARIAAQVGAERPPWFLVVIAGAVLRATRAVNERAAAFLDHLRKGQLPPSEVPLTR
VAEEFVVDGTKYAVDVTRTGPQAYRVALRDPEGDGAPGHARRESLASAAGAASSVDVIARTLODGGLLLOVR
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RARARAAQRGGGAGHAPGHRLGHVPAQQRARPLAARGRQHGQARAPPRRRGRARARGRALRRGRGHEDDDDA
ARAPRPARCAGRWPRAPRWRRACCSRAWRKLGRPSRRAPASPSAAPSPTWARPRPTLTAWPRATAPRSRPRR
TCSTASRATCPRSSPRCWPRWTTPRSPSSCWTRRWPWSRRGCRPRWPRAWRPRLAEGAAEMAGELSDDEQDA
ALAAPGRRAKGGASTRASWSSAATRRRACSRASSRRAAGARRWPRRLLLERYLDVEERFESGGAKTDQEVID
GLRGTHSADPGKVLEIVVAHQSAGPRADLVHRLLNALVLPSPEAYRPILRRLAALTGAGSAAPAQRARRLLE
HSLLGELRVLVAARAVRPWTWFSDAALRGLCLGESPGEPVSPRAELASATAAESSVASPTSRRSTLAEGLYV
GLGNLAAAAASSVEARMAMLVEAPAAVDDALATLLDHPDPVLQRRALSTYVRRIYFPGVLHEPQVVGRRAGA
RSVRVWATRGAPGAMAPRPSRTSMAGLAPGTLHVVLTAEGAAALQLDAAAQAATLGTLDVSGYVAPEHQQQPG
LPDASVVAASAAAAVSALAPALREAGYSAVSFLTKRGGVEPLRVVFYDGTSSGSAAAPDSSSTQTGHRPAGP
WITPCSARSSRRRPRRWSWPVWPAARAPRTTPRATVAHVDRGRARRQAQRGAAPHLFARRGALAGPAGAAERG
LRGNGPAVAAAATAELEQTVEAAAAELERLGKGRVGGASSRLDAPCLSVLMLAAAGRVRAARRERRRRARAG
RAAATASRHVAALRRAALAQWEVCLRTGSGGASHREGGWRVVVSSPTGHEAGEAFVDVYREAADGTLRAVNP
SLRAPGPLDGQSVLAPYPTLAPLQORRLTARRHKTTYAYDFPAVFEDALRS IWLOQRAVELGATGLEAAREDL
LPPGTAWSRPELVLDTEEAIYENGAAHIRLTDRAPSMNDLGVVAWRLTLATPECPRGRAVVAIANDITYNSG
SFGPREDAFFKAATEYALAERLPVVYLAANSGARVGLAEEVKRCLRVEWSVPGDPTKGHKYLYLDDEDYRSI
TGRAAGRTLPVSCSAKVGADGRTRHVLHDVIGLEDGLGVECLSGSGAIAGAFARAFREGFTVTLVSGRTVGI
GAYLARLGRRCVQRREQPIILTGFAALNKLLGREVYTSQQQLGGPRVMGANGVSHHVVDDDLQGVHAVLRWL
AYTPARVGELPPTLRAADPVDRRVTYAPAENEKLDPRLAVAGGDAPEPVTGLFDRGSWTEAQAGWAQTVVTG
RARLGGIPVGVVAVEVNAVSLHIPADPGMPDSAERTIPQAGQVWFPDSALKTAQAIEEFGLEGLPLFILANW
RGFSGGQRDLFEGVLQAGSQIVEMLRTYRRPVIVYLGPAASCAAAPGSCSTPINPASIEMYADPTAQGAVLE
PQGVVEIKFRTPDLLAAMHRLDEKIIALKSDDSPSALAATKARESELLPVYSQVAHQFAQMHDGPVRMLAKG
VLRGIVPWSAARAFLATRLRRRLAEEALLRQIAAADASVEHADALAMLRSWFLSSPPTGGAPGAPGALGALL
KETVVAPPDAGEAPLALWQDDLAFLDWSEAEAGASRVALELKSLRVNVAMRSVDRLCQTPEGTAGLVKGLDE
ATKSNPSLLLCLRSLVKP*

SEQ ID NO: 264
Prototheca moriformis Nitrogen Response Regulator (NRR1)

ATGGAGGAGCCGGACCAACAGGACCCTGCGGGCTCCGGGACCACCCAGGCCGAGGCTGAAAAGAGGAGTGCA
TCCCCAAAGCCCGTCAGCGAGGCCACCAGCGACGGCAAGGCCTCCTCCGTGGCCACGGCGGCCGAAGCCAAG
CCCGAAAGCTCTCCAGGCGAGGATGTGGCCGCCCTCTACCCCGGCATCCCCGTCCTGCCGGACCTGGGCCGG
TTGCGGGACAACCGGCGCGACGTGCCCCTGACCTGCCAGGTGGTGGGCTGCGGCGAGAGCCTCAGCGGGCAL
GCCGAGTACTACCGGCGGTACCGCGTCTGCAAGCGCCACCTCAAGGGCTCGGCGCTGATCGTGGACGGGGTG
CCGCAGCGATTCTGCCAGCAGTGCGGTCGCTTCCACCTGCTGGAGGCCTTTGACGGCGAGAAGAGAAACTGC
CGCGCCCGGCTGGAGGAGCACAACTCGCGGCGGCGAAAGGTCATGGCGCCGGGGGGCGGCGGCCAGGTGACG
GGCGCGCGCGCGACGCGCCGGGAGTCGGAGCGGCACGGCCGCGGCATGGACCTGCGCGGCGCCGGGCTCGAG
GTCGCTCGGTCGCCCG

SEQ ID NO: 265
Prototheca moriformis Nitrogen Response Regulator (NRR1), protein

MEEPDQQDPAGSGTTQAEAEKRSASPKPVSEATSDGKASSVATAAEAKPESSPGEDVAALYPGIPVLPDLGR
LRDNRRDVPLTCQVVGCGESLSGHAEYYRRYRVCKRHLKGSALIVDGVPQRFCQQCGRFHLLEAFDGEKRNC
RARLEEHNSRRRKVMAPGGGGQVTGARATRRESERHGRGMDLRGAGLEVARSP

SEQ ID NO: 266
Prototheca moriformis Monoacylglycerol acyltransferase (MGAT1)

CGCAAAGGGTGTTCAGTGGTCGATGGGGACGAACTTGACGTCCTCGTAGCCTGGGAAGCTGGGCGCGTAGCG
TGCGAAGAGGTCCTCCAGCGAGGCGTAGAACCGCGCGTGGACGTCGTCGATCTGGGCCTGCGAGGGGCCCTC
TGGCGCCACCTTTGTCGCCGGGAGGATGGGCTTGCCGATCACAAACCTGAGTCCTGTGGGGCGGGGGAAGGG
CGACACCTGGTAGCGCCCGCCGATGAGGTAGGGCACGGGGAAGCCCAGGCGCTTGTAGGTCCAGCGCAGCAT
GCCCGGCAGGTTGACCAGGTTTTGGAGCGAGTCGACCTCGCCCAGCGCCAGCACCGGCACGAGCGLCGGLLTC
GCTCTGCAGCGCCAGCCGCACAAAGCCCTTGTGGCTGCGGAACACGCAAAACTCCCGCGTCGGCCGCGCGAT
GCGGTGCGTGTGCACCAGCTCGGCCTGGCCACCGGGGACGAGCAGCACGGCGCCCTTCTCGCGCAGCGLCGLG
GAGGAAGGATCGCCGCGAGACGACGCGCAGGCCGAGCCAGGCCAGCAGGTCGCGCAGCAAGGGCACCGCAAA
CACGATCGAGGCGCAGAGCGTCACGGGGCGGATGCCGGGGAGCAGGCGCCGGAAGCCGGGCAGCAGCGGCAG
GTAGCCGGCCGCCAGCGGGTACAGACCGTGCACGGCAAAGCCAAAGACGTGGCGGCGCTCGGGGTCGTACTG
GTCCGCCTCGCCGTCGCGCAGGATCTCCAGCGACCCTACCCAGGCCGGGAGCACCTCCTCCGACCGLLCGLLC
AAACCAGTCCCGGAACAGCGGCCACTCCCGCCGGCCTGTCTCGCCAAAGGGCCCGCCAATCAGGGTGATGCT
GTAGTACACAAAGGCCGAAGCGAGCAGGAGCGTCAGGGCAATCTCCAGCGGAAAGAGAAGAAAGTAGAGCGC
AATGATTGTGCACAGCAACTGGACCGGGGCGTAGAGGAGGGTGATGACAAGGGCGTCGGAGAGCCGGGTCCG
TAGGTCGGTCGGCCGCAGCGCGCGCTCCGAGAGCGACGCGCTGAGTCCGCGCACGAGCTCCATGGTCCGCAC
GGGGCCCTTGTACAGCAACAGCGAGCCGGCCAGCACCAGGTGGGAGAAGACCATGAAGATGCCTGCGGTCTG
GGCAAAGCGCTGCGCGCTGTGCACGATGCCGATGGTGCTGTGGGCCATGAGGTAGATGATGAGGCTCAGCCC
CGCGGAGTAGAGCGCCCACCCCAGGGCCTGCGTGGCCACGAACCAGCCGCCGCCCTTGAAGGGCTGGAAAAA
GTGCCATGCGGCCGGCGCGGCCTCATCGCCGCCCTCGGAGTCGCTCTCGCTGCCGGGCTCGGACTTGCGATG
CACGTGCCGCAGGTGGCCCGCCAGCCCGTAGGTCACAAAGGCGGCCATGGTCAAGCATGCGCCCGAGAGCGC
CAGGTACGCCAGCCGCACGGGCGCGTCCTCCAGCAGGTTGGCGCCCAGGTGCAGCAGCGCGGCGCCCAGCGL
GACCCAGAGCGACCCCATCCCGATCACGACGTACGAGGCCGCGGCGGACGACGGCAGCGACTTGACGTCCCA
CAAGACATCGGTGTGGCCCTGCTGGAGACCCGCGAGGATGCGCATGGGCTTGGCCGCGGGGTCAAAGACCAG
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CACGGCAGACACCTGGAAGAGCTGGGAGGACACGGCTCCCACGGCCGCGGCGGCCACCAGCAGCTCCACCGT
CAGGCTAGACATCCAATCGTGCCGCGCGGCCGACAGAATGGGCACCACTACGGCGCAGCTCAGGAGCCAAGC
TGAGAAGGACATGGCCTGGAAGACGAGGGTGCGTACCCCGCCCATCGTGCCCCAGCTCCACCCGGGCCGGAL
CTGGGTCTTGCCCCTGCCCAGCTGCACGGCGCGGTGCAGCCATCGCGCCCCGCCAACGTAGGTGAGGGGCGT
GGACACCGCGAACACCACCCAGCAGGCCGCCAGGCAAATGACCACGTGGTCGCCGGAGAGGACCGACTCCGA
GAGGGAGTGGCTCACCGACGTCATAGCAAGGGCCCTCGTCCGTCAGACAGACTCATTCGATGCACATCCCTG
CTCCCGCGGTGGGAATGAGGTTGGGAAAAAGATGGGATCGACCTGGGAATGGAAGCGAACTGCCAGGAAGGC
ATCGTCACCGGGGGTTCCGACAACCATATCGTCATTGATGCATCGGGGCCTCCGGGGAGGCGTCTGCCGCCG
GACATGGGAGCGATCAGGCGACCGGAGTGTTTAAGCGAGCACACGACCAGCACCGTCGTTGAGCCTCGAAAG
TGATGCAAA

SEQ ID NO: 267
Prototheca moriformis Monocacylglycerol acyltransferase (MGAT1), protein

MTSVSHSLSESVLSGDHVVICLAACWVVFAVSTPLTYVGGARWLHRAVQLGRGKTQVRPGWSWGTMGGVRTL
VFQAMSFSAWLLSCAVVVPILSAARHDWMSSLTVELLVAAAAVGAVSSQLFQVSAVLVFDPAAKPMRILAGL
QQGHTDVLWDVKSLPSSAAASYVVIGMGSLWVALGAALTHLGANLLEDAPVRLAYLALSGACLTMAAFVTYG
LAGHLRHVHRKSEPGSESDSEGGDEAAPAAWHFFQPFKGGGWFVATQALGWALYSAGLSLIIYLMAHSTIGI
VHSAQRFAQTAGIFMVFSHLVLAGSLLLYKGPVRTMELVRGLSASLSERALRPTDLRTRLSDALVITLLYAP
VOLLCTIIALYFLLFPLEIALTLLLASAFVYYSITLIGGPFGETGRREWPLFRDWFGRRSEEVLPAWVGSLE
ILRDGEADQYDPERRHVFGFAVHGLYPLAAGYLPLLPGFRRLLPGIRPVTLCASIVFAVPLLRDLLAWLGLR
VVSRRSFLRALREKGAVLLVPGGQAELVHTHRIARPTREFCVFRSHKGFVRLALQSEAALVPVLALGEVDSL
ONLVNLPGMLRWTYKRLGFPVPYLIGGRYQVSPFPRPTGLRFVIGKPILPATKVAPEGPSQAQIDDVHARFEFY
ASLEDLFARYAPSFPGYEDVKFVPIDH*

SEQ ID NO: 268
Prototheca moriformis Cellulase, Endoglucanase (EG1)

CTCCTCCCAGCCACCGTCCACCAAATCCCACCTCTCGCCCGCTCAGACGTTGATGTAGGTGCCGCAGATGTC
GGAGCGGCGGAAGATGCCGTACTGCTGCAGGCACTGCTCCCAGAGCCCAGAGGGCAGCTTGCTGGCGCCGGL
CAGGGCGCCGATCAGGCCCGCGTTGTTCTCCACGCCCACGTAGGCCGCGGTCGTGTCGCGCGTGTCCACAAA
GTTGTCCGAGCTGGCCGTGCCGTACACGAGCGCGCCCGTGAGCGTGTGCGTGTCGGGGTCGGGCGACAGCAG
ACCGGTCACGCGGTTGCACACCTCTGGCTCGGCCGGGCAGGCCGCGTCGCGGETCCTGCGTGCGCTTGGGCGG
GTTCTTGCCAAAGCCGACGACGAGCGAGCGCCCCGAGTCGCCCAGCACGTAGCGGATCTGGCTCAGGCCCCA
GCACTGGTACTCAAACACGCGCGTCGACCCGGGGTCGTTCAGCGAGTCCGCGTAGGCCAGCGCCGCAAAGGC
CGTGTTCATGGTGGAGCCCAGCGGCGCGCTCATGGGGTTGTAGGCGCGGCCCTTGAGCGTGTAGTTGGCCGC
CAGGTCGGAGCAGATCCAGGACTTGAGGAACAGCTCCGACTGGCTCTGGAAGGTCACGCCGCCCGTCTCCTG
CGCCAGCAGCACGTTGGTCGGCCAGAACACGTTGTCCCAGTCAAACGCGTACTTGAAGTCGCTCACCGACGA
CTCGTACTCCAGGTGGTTCACGTACTGGCTGTACATGTTGGTCAGGTACTGCTGCTCCCCCGTCGCCTTGTA
CATCCAGCTGCTCGACCACGCCAGGTCGTCGTAAAACGTGCTCGAGTTGTACACCTTGGAAATGTTCCAGTC
CTGCACCGAGTAGTGGCCCAGGTCGGTGGAGGCGATGTCGTACACGGCCTTGGCCTTGGTCAGCAGCTCCGT
CGCGTAGGCCGCGTCGCCGCTGGCGTTGAACACGATGGAGGCCGAGGCCAGCGCCGCLCGCGACCTGGLCGLL
CAGGTCGCTCGCGCCCTTGGCCATGTCCACCACGTACGCGGGCCGGTCCGTGGTGTAGTCCTCCAGACGGTA
CCAGTTGAGCTCCTCCTGCTGGATGTTGCCAATCCTGGACAGAATGTAGGTGGTGTTGCTCGTCGTCTGCAC
CGTCTTGAGCAGGTAGTCCGTGGACCAGCGCAGGTTGTCCAGCAGCGACGCGGAGCTGCCCGCGTCCCCGAT
GGCCTCGCCGTAGGTCTGGTAGGCCCAGGACATGAGCGTCGCCGTAAAGGCGATGGGCAGCGTGGCCTTGAA
GTTGCCGGCCGCCATGCCCGTCACGTAGCCGCCCTCCAGGTCCCAGGTCGCGCCCAGCTTGACCGCCTGCGG
CACCGACTTGGTCGACGAGGAGGGGCTGATCGTGGAAGGCGGCGGCAGGGTGGGGATGAGCGACGAAGGCGA
GGAGCCCGGGGTGCTGGGCGACGAGCCCGCCACGGGCGACCACACCAGGTTGGCARAACGG

SEQ ID NO: 269
Prototheca moriformis Cellulase, Endoglucanase (EGl), protein

PFANLVWSPVAGSSPSTPGSSPSSLIPTLPPPSTISPSSSTKSVPQAVKLGATWDLEGGYVTGMAAGNFKAT
LPIAFTATLMSWAYQTYGEAIGDAGSSASLLDNLRWSTDYLLKTVQTTSNTTYILSRIGNIQQEELNWYRLE
DYTTDRPAYVVDMAKGASDLGGQVAAALASASIVFNASGDAAYATELLTKAKAVYDIASTDLGHYSVQDWNI
SKVYNSSTFYDDLAWSSSWMYKATGEQQYLTNMYSQYVNHLEYESSVSDFKYAFDWDNVFWPTNVLLAQETG
GVTFQSQSELFLKSWICSDLAANYTLKGRAYNPMSAPLGSTMNTAFAALAYADSLNDPGSTRVFEYQCWGLS
QIRYVLGDSGRSLVVGFGKNPPKRTQDRDAACPAEPEVCNRVTGLLSPDPDTHTLTGALVYGTASSDNFVDT
RDTTAAYVGVENNAGLIGALAGASKLPSGLWEQCLQQYGIFRRSDICGTYINV*

SEQ ID NO: 270
P. moriformis KAS II

MOTAHQRPPTEGHCFGARLPTASRRAVRRAWSRIARAAAAADANPARPERRVVITGQGVVTSLGQTIEQFYS
SLLEGVSGISQIQKFDTTGYTTTIAGEIKSLOLDPYVPKRWAKRVDDVIKYVYIAGKQALESAGLPIEAAGL
AGAGLDPALCGVLIGTAMAGMTSFAAGVEALTRGGVRKMNPFCIPFSISNMGGAMLAMDIGFMGPNYSISTA
CATGNYCILGAADHIRRGDANVMLAGGADAATIIPSGIGGFIACKALSKRNDEPERASRPWDADRDGFVMGEG
AGVLVLEELEHAKRRGATILAELVGGAATSDAHHMTEPDPQGRGVRLCLERALERARLAPERVGYVNAHGTS
TPAGDVAEYRAIRAVIPODSLRINSTKSMIGHLLGGAGAVEAVAATQALRTGWLHPNLNLENPAPGVDPVVL
VGPRKERAEDLDVVLSNSFGFGGHNSCVIFRKYDE
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SEQ ID NO: 271
P. moriformis stearoyl ACP desaturase

MASAVTFACAPPRGAVAAPGRRAASRPLVVRAVASEAPLGVPPSVQRPSPVVYSKLDKQHRLTPERLELVQS
MGQFAEERVLPVLHPVDKLWQPQDFLPDPESPDFEDQVAELRARAKDLPDEYFVVLVGDMITEEALPTYMAM
LNTLDGVRDDTGAADHPWARWTROQWVAEENRHGDLLNKYCWLTGRVNMRAVEVTINNLIKSGMNPQTDNNPY
LGFVYTSFQERATKYSHGNTARLAAEHGDKNLSKICGLIASDEGRHEIAYTRIVDEFFRLDPEGAVAAYANM
MRKQITMPAHLMDDMGHGEANPGRNLFADFSAVAEKIDVYDAEDYCRILEHLNARWKVDERQVSGQAAADQE
YVLGLPQRFRKLAEKTAAKRKRVARRPVAFSWISGREIMV

SEQ ID NO: 272
Prototheca moriformis dl12 desaturase allele 1

MAIKTNRQPVEKPPFTIGTLRKAIPAHCFERSALRSSMYLAFDIAVMSLLYVASTYIDPAPVPTWVKYGVMW
PLYWFFQGAFGTGVWVCAHECGHQAFSSSQAINDGVGLVFHSLLLVPYYSWKHSHRRHHSNTGCLDKDEVEV
PPHRAVAHEGLEWEEWLPIRMGKVLVTLTLGWPLYLMFNVASRPYPRFANHFDPWSPIFSKRERIEVVISDL
ALVAVLSGLSVLGRTMGWAWLVKTYVVPYLIVNMWLVLITLLOQHTHPALPHYFEKDWDWLRGAMATVDRSMG
PPFMDNILHHISDTHVLHHLFSTIPHYHAEEASAATRPILGKYYQSDSRWVGRALWEDWRDCRYVVPDAPED
DSALWFHK

SEQ ID NO: 273
Prototheca moriformis delta 12 desaturase allele 2

MAIKTNRQPVEKPPFTIGTLRKAIPAHCFERSALRSSMYLAFDIAVMSLLYVASTYIDPAPVPTWVKYGIMW
PLYWFFQGAFGTGVWVCAHECGHQAFSSSQAINDGVGLVFHSLLLVPYYSWKHSHRRHHSNTGCLDKDEVFEV
PPHRAVAHEGLEWEEWLPIRMGKVLVTLTLGWPLYLMFNVASRPYPRFANHFDPWSPIFSKRERIEVVISDL
ALVAVLSGLSVLGRTMGWAWLVKTYVVPYMIVNMWLVLITLLOQHTHPALPHYFEKDWDWLRGAMATVDRSMG
PPFMDSILHHISDTHVLHHLFSTIPHYHAEEASAATIRPILGKYYQSDSRWVGRALWEDWRDCRYVVPDAPED
DSALWFHK
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WHAT IS CLAIMED I8S:

10.

11.

12.

13.

14.

A recombinant nucleic acid comprising a coding sequence that encodes a
Prototheca lipid biosynthesis protein, provided that the protein is not ketoacyl
acyl carrier protein synthase 11, stearoyl acyl carrier protein desaturase, or delta
12 fatty acid desaturase.

The recombinant nucleic acid of claim 1 wherein the lipid biosynthesis protein
18 selected from a protein in Table 1.

The recombinant nucleic acid of claim 2 wherein the protein has at least one
point mutation in comparison to a protein in Table 1.

The recombinant nucleic acid of claim 1 wherein the protein has at least 50%,
60%, 70%, 80%, 85%, 90% or 95% sequence identity to a protein in Table 1.
The recombinant nucleic acid of any one of claims 1 to 4, wherein the coding
sequence is in operable linkage with a promoter.

The recombinant nucleic acid of any one of claims 1 to 5, wherein the coding
sequence is in operable linkage with an untranslated control element.

The recombinant nucleic acid of any one of claims 1 to 6, wherein the coding
sequence is in operable linkage with a targeting sequence.

The recombinant nucleic acid of claim 7, wherein the targeting sequence is a
transit peptide selected from the group of plastidial targeting sequence and
mitochondrial targeting sequence.

The recombinant nucleic acid of any one of claims 1 to 8, wherein the nucleic
acid is a DNA molecule.

The recombinant nucleic acid of any one of claims 1 to 9 that encodes a
functional Prototheca lipid biosynthesis protein.

The recombinant nucleic acid of claim 3 wherein the protein is diacylglycerol
diacyltransferase (DGAT) having at least one point mutation.

The recombinant nucleic acid of any one of claims 1 to 11 that further encodes
a sucrose invertase.

The recombinant nucleic acid of any of one of claims 1 to 12 that further
encodes an inhibitory RNA that suppresses expression of a Prototheca lipid
biosynthesis gene.

An expression cassette comprising a recombinant nucleic acid of any one of

claims 1 to 13.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

A genetically engineered microbial cell transformed with a recombinant
nucleic acid of any one of claims 1 to 13.

The genetically engineered microbial cell of claim 15, wherein the cell is a cell
of the genus Prototheca or Chlorella.

The genetically engineered microbial cell of claim 16, wherein the cell is a cell
of the genus Prototheca.

The cell of claim 17, wherein said cell comprises both an endogenous lipid
biosynthesis gene and one or more exogenous Prototheca lipid biosynthesis
gene selected from the genes listed in Table 1.

The cell of claim 18, wherein said exogenous gene encodes a lipid biosynthesis
protein and wherein the amino acid sequence of the lipid biosynthesis protein is
identical to the endogenous lipid biosynthesis protein.

The cell of claim 19,wherein said exogenous gene comprises a nucleotide
sequence in which the codons of the nucleotide sequence encoding the amino
acids of the lipid biosynthesis protein have been altered.

The cell of any one of claims 15 to 20, wherein said exogenous gene encodes a
protein with at least 50% amino acid identity to a native Prototheca protein.
The cell of any of claims 15 to 21, wherein said exogenous gene is in operable
linkage with a promoter element that is not a native Prototheca promoter.

The cell of any of claims 15 to 22, wherein said exogenous gene is in operable
linkage with an untranslated control element that is not a native Prototheca
untranslated control element.

The cell of any of claims 15 to 23 wherein said exogenous gene is in operable
linkage with a nucleotide sequence encoding a transit peptide that is not a
native Prototheca transit peptide.

The cell of claim 24, wherein the transit peptide is a plastidial targeting
sequence or a mitochondrial targeting sequence.

The cell of any of claims 15 to 25, wherein the cell has a 23S rRNA sequence
with at least 75% nucleotide identity to SEQ ID NO: 5.

The Prototheca cell of any one of claims 15 to 26, wherein the cell has a fatty
acid profile that is at least 10% C8-C14.

The Prototheca cell of any one of claims 15 to 26, wherein the cell has a fatty

acid profile that is at least 50% C12.
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29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

The Prototheca cell of any one of claims 15 to 26, wherein the cell has a fatty
acid profile that is at least 70% C18:1.

A method for obtaining microbial oil comprising culturing a genetically
engineered Prototheca cell of any one of claims 15 to 29 under conditions such
that oil is produced.

A microbial oil produced by the method of claim 30.

A genetically engineered cell of the genus Prototheca wherein the activity of
one or more endogenous lipid biosynthesis gene selected from the genes listed
in Table 1 has been attenuated.

The cell of claim 32, wherein the activity of the endogenous gene has been
attenuated through chromosomal gene deletion, chromosomal gene insertion,
frameshift mutation, point mutation, or inhibitory RNA.

The genetically engineered cell of claims 32 or 33, further comprising an
exogenous Prototheca lipid biosynthesis pathway gene selected from the genes
listed in Table 1.

The genetically engineered cell of any one of claims 32 to 34, wherein one or
more allele of an endogenous lipid biosynthesis gene is attenuated.

The genetically engineered cell of any one of claims 32 to 35, wherein one
allele of the endogenous lipid biosynthesis gene is replaced with an exogenous
Prototheca lipid biosynthesis pathway gene selected from Table 1 and a
selectable marker.

The genetically engineered cell of any one of claims 32 to 36 wherein two or
more alleles of the endogenous lipid biosynthesis gene are replaced with an
exogenous Prototheca lipid biosynthesis pathway gene selected from Table 1
and a selectable marker.

The genetically engineered cell of any one of claims 15 to 37 wherein the cell
has a 23S rRNA sequence with at least 75% nucleotide identity to SEQ ID
NO:5.

The Prototheca cell of any of one of claims 32 to 35 wherein the cell has a
fatty acid profile that is at least 10% C8-C14.

A method for obtaining microbial oil comprising culturing a genetically
engineered Prototheca cell of any one of claims 32 to 39 under conditions such
that oil is produced.

A microbial oil produced by the method of claim 40.
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