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HIGH PALMITIC OIL COMPOSITIONS AND USES THEREOF
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which has been submitted electronically in XML file format and is hereby incorporated by

reference in its entirety. Said Sequence Listing XML, created on February 3, 2025, is named

009919_00098_WO_SL.xml and is 142,039 bytes in size.

BACKGROUND

[0003] Oleaginous microorganisms have the ability to convert carbon substrates into
oils, including triacylglycerols (TAG) or lipids, and accumulate these oils intracellularly. Some
microorganisms can accumulate lipids in amounts of up to 89% dry weight. Thus, oleaginous
microorganisms, including microalgae, bacteria, fungi, and yeasts, can serve as an ideal source
for biobased oil production. Genetic and non-genetic modification techniques can allow for the
production of oils with particular fatty acid profiles.

[0004] Oils containing significant amounts of palmitic acid are valuable across many
industries, including foods, personal care, home care, cosmetics, and biofuel. However, the
primary oil responsible for providing high levels of palmitic acid is palm oil derived from oil
palms (Elaeis guineensis). Because palm oil is semisolid at room temperature, they are
routinely fractioned into a liquid fraction (palm olein) and a solid fraction (palm stearin). It is
generally known that palm olein contains higher levels of oleic and linoleic acids compared to
palm oil. The demand for palm oil and the development of this industry has led to a significant
reduction of biodiversity in tropical locations where palms are grown. Thus, a need exists for

sustainable sources of palm oil.

INCORPORATION BY REFERENCE
[0005] All publications, patents, and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if each individual publication, patent,
or patent application was specifically and individually indicated to be incorporated by

reference.
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SUMMARY
[0006] In some aspects, the present disclosure provides an oil comprising a TAG
component, wherein the TAG component has a fatty acid content comprising at least 30% or
more of palmitic (C16:0) acid.
[0007] In some aspects, the present disclosure provides an oil, obtained through non-
genetic engineering means, comprising TAG components having a fatty acid content
comprising 30% or more of palmitic (C16:0) acid, 45% or more of oleic (C18:1) acid and 8%
or less of linoleic (C18:2) acid.
[0008] In some aspects, the present disclosure provides an oil derived from a microalgal
cell comprising a TAG component, wherein the TAG component has a fatty acid content
comprising 30% or more of (C16:0) acid, wherein the TAG component has a low linoleic
content.
[0009] In some aspects, the present disclosures provide an oil derived from a microalgal
cell, wherein the oil provides an alternative to palm oil-derived olein.
[0010] In some aspects, the present disclosure provides an oil derived from a microalgal
cell comprising a TAG component, wherein the TAG component has at least 30% C16:0 fatty
acids and at least 40% C18:1 fatty acids, and wherein the oil is produced through classical
strain improvement of a microalgal cell.
[0011] In some aspects, the present disclosure provides an oil derived from a microalgal
cell comprising a TAG component, wherein the TAG component has a fatty acid content
comprising 30% or more C16:0 fatty acid, wherein the oil further comprises less than 1%
tripalmitin.
[0012] In some aspects, the present disclosure provides an oil comprising a TAG
component having a fatty acid content comprising at least 30% C16:0 fatty acids, less than
about 1% diacylglycerols, and less than about 1% monoacylglycerols.
[0013] In some aspects, the present disclosure provides an oil that further comprises
sterols, such as ergosterol.
[0014] In some aspects, the present disclosure provides an oil, obtained through non-
genetic engineering means, comprising TAG components having a fatty acid content
comprising 49% or more of palmitic (C16:0) acid, about 36% or less of oleic (C18:1) acid, and
8% or less of linoleic (C18:2) acid.
[0015] In some aspects, the present disclosure provides an oil obtained through non-

genetic engineering means, comprising TAG components having a POP (palmitic-oleic-
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palmitic) TAG population comprising 45% or more of all TAG species, while PPP (tripalmitin)
comprises less than 2.7%.

[0016] In some aspects, the present disclosure provides a combination of screening
modalities for Prototheca moriformis, including mutagenesis with agents including UV light
(254 nM) and 4-nitroquinoline-1-oxide (4-NQO), followed by repeated cycles of growth in a
lipid production medium at temperatures up to about 38°C followed by a brief (up to about 4
min) incubation in near lethal temperatures (up to about 68 °C ). After incubation at lethal
temperatures, the cells are allowed to recover for about 1 to 5 days (e.g., up to about 3 days)
in a low glucose (i.e., a media containing up to 5 g/L) growth media, followed by plating the
cells to growth medium containing plates. Individual clones are then selected for growth in a
lipid production medium, followed by screening for fatty acid profile of their resulting lipid
(oil). The fatty acid profile is screened by generating fatty acid methyl esters (FAME:s),
interrogating those FAMEs by gas chromatography utilizing flame ionization detection
(GC/FID), and analyzing the triacylglycerol (TAG) composition of the oils by Liquid-
Chromatography/Time of Flight-Mass Spectrometry (LC/TOF-MS) equipped with an
Atmospheric Pressure Chemical lonization (APCI) source. Using such a method, a person of
skill in the art can produce a microalgal cell that can make an oil with the desired TAG
composition.

[0017] In some aspects, the present disclosure provides a means to produce valuable
structured fats through the biotransformation of a sugar, wherein the fats have a similar
composition or components to the palm mid fraction, but in the absence of the capital
equipment, exhaustive fractionation, and wasteful processes.

[0018] In one embodiment, an isolated microalgal cell is provided such as a Prototheca
sp. cell obtained through classical microalgal cell improvement, wherein the microalgal cell
produces an oil characterized as comprising: (a) a 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP)
content of at least 17% of the TAG component, or of at least 23%, or of at least 29%, or of at
least 32%, or of at least 35%, or at least 45%, and (b) a tripalmitin (PPP) content less than
0.3%, or less than about 0.6%, or less than about 1.0%, or less than at least 1.2%, or less than
about 1.5%, or less than about 2.7% of the TAG component.

[0019] In another embodiment, the isolated microalgal cell has a POP content that is at
least about 45%, or at least about 50% or at least about 55%, or at least about 60%, and a PPP

content that is less than about 2.7% of the TAG component.
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[0020] In another embodiment, the microalgal oil comprising the TAG component, has
a TAG component of (a) a 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 17% of
the TAG component, or at least 23%, or at least 29%, or at least 32%, or at least 35%, or at
least 45%, and (b) a tripalmitin (PPP) content less than 0.3% of the TAG component, or less
than about 0.6%, or less than about 1.0%, or less than at least 1.2%, or less than about 1.5%,
or less than about 2.7% of the TAG, and wherein the microalgal oil is produced by a microalgal
Prototheca cell obtained through classical strain improvement.

[0021] In one aspect, the microalgal oils produced by the microalgal cells described are
from a cell that has had no exogenous nucleic acid introduced. In another aspect, the oil-
producing microalgal cell obtained by the classical means described herein can be further
recombinantly engineered with an exogenous nucleic acid that is not native to the parent
microalgal cell that produced the strain.

[0022] In a further embodiment, the microalgal oil has a TAG component that
comprises: (a) a 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 45%, and (b) a
tripalmitin (PPP) content of less than about 2.7% of the TAG. Alternatively, a contemplated
microalgal oil can have (a) the POP content of at least 35% and the PPP content of less than
about 1.5%, or (b) the POP content of at least 45% and the PPP content of less than about 2.7%.
The microalgal oils described above and herein can further comprise at least about 30% C16:0
fatty acids, or at least about 35% C16:0 fatty acids, or at least about 40% C16:0 fatty acids, or
at least about 45% C16:0 fatty acids, or at least about 50% C16:0 fatty acids.

[0023] Also contemplated is a method of obtaining a microalgal cell that produces the
oil of any of claims 4 to 8§ comprising the steps of: (a) mutagenizing microalgal cells with at
least one or more agents, which promote errors in DNA excision repair known (e.g., ultraviolet
light (e.g., 254 nm), 4-nitroquinoline 1-oxide (4-NQO), methyl methanesulfonate (MMS), Ni,
Ar, or polyaromatic hydrocarbons while culturing the microalgal cells at about 28 °C to about
38 °C in a vegetative or a lipid production media; (b) enriching the mutagenized microalgal
cells by exposing the mutagenized cells to physical conditions (e.g., an elevated temperature
of about 50 to about 68°C or by using density fractionation on sucrose or percoll gradients to
isolate specific subpopulations based on density) or a chemical compound (e.g., herbicides,
fungicides, or inhibitors of lipid biosynthesis, such as tebutam or cofenstrole); (c) growing the
mutagenized, enriched microalgal cells in a lipid production medium; and (d) harvesting the
microalgal oil from the microalgal cells and interrogating the microalgal oil using a FAME

analysis and a triacylglyceride (TAG) analysis to determine the component of the screened
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microalgal cells; and wherein the TAG component of the screened microalgal cells comprises
(e) a 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 17% of the TAG component,
or of at least 23%, or of at least 29%, or of at least 32%, or of at least 35%, or at least 45%, and
(f) a tripalmitin (PPP) content less than 0.3%, or less than about 0.6%, or less than about 1.0%,
or less than at least 1.2%, or less than about 1.5%, or less than about 2.7% of the TAG
component. In a preferred embodiment, the method uses a Prototheca sp. cell.

[0024] Another embodiment is a method of obtaining a microalgal oil of a microalgal
cell as described herein by: (a) mutagenizing cells with agents that introduce mutations through
promoting errors in DNA excision repair known to include, but not limited to, UV light (254
nm), 4-nitroquinoline 1-oxide (4-NQO), methyl methanesulfonate (MMS), Ni, Ar, or
polyaromatic hydrocarbons culturing the microalgal cells at about 28 °C to about 38 °C in
vegetative or lipid production media and (b) Enriching said cell populations using physical
change (e.g., elevated temperatures of about 50, about 60 or up to about 68°C or fractionation
on sucrose or percoll gradients to isolate specific subpopulations based on density) or chemical
compound (e.g., herbicides, fungicides or inhibitors of lipid biosynthesis such as tebutam or
cofenstrole) and (c) plating aforementioned mutagenized and enrich populations to solid
vegetative medium, (d) growing said individuals in a lipid production medium, (e) harvesting
the microalgal cells from said lipid production medium, (f) obtaining the microalgal oil from
the cultured microalgal cells and interrogating the oil via FAME analysis as well as TAG
analysis.

[0025] This Summary is provided to introduce certain concepts in a simplified form
that are further described in the Detailed Description. The intention of this Summary is not to
identify key or necessary features of the claimed subject matter, nor is it intended to be used to

limit, in any way, the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] The novel features of the TAG component of microalgal oils, microalgal oils,
and the microalgae producing them, as well as the methods of obtaining said unpurified oils,
are set forth with particularity in the appended claims. A better understanding of the features
and advantages of the methods, compositions, and components will be obtained by reference
to the following detailed description that sets forth illustrative embodiments, in which the
principles of the compositions, components, and methods are utilized, and the accompanying

drawings of which:
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[0027] FIG. 1A and 1B show a sequence alignment of a plastidic 23 S rDNA between
a UTEX 1533; SEQ ID NO:30, designated as Prototheca wickerhamii, and a Prototheca
moriformis strain, designated UTEX 1435; SEQ ID NO:31.

[0028] FIG. 2A and 2B show an outline of the mutagenesis trait selection, high
throughput, and automated screening steps of the improvement process described herein.
[0029] FIG. 3 shows an overview of the workflow and strategy utilized in classical
strain improvement for the generation of mutants derived from UTEX 1533 in the current
disclosure.

[0030] FIG. 4 shows TIC chromatograms of extracted triacylglycerols derived from
classically improved mutant isolates (a-c/CHK100 mutant isolates 1-3) derived from the
classically improved base strain CHK100(d).

[0031] FIG. 5 is a mass spectrum of POP/PPO triglyceride present in mutant isolate
(a)/CHK 100 mutant isolate 1 in FIG. 4.

[0032] FIG. 6 is a mass spectrum of POP/PPO triglyceride present in mutant isolate
(b)/CHK100 mutant isolate 2 in FIG. 4.

[0033] FIG. 7 is a mass spectrum of POP/PPO triglyceride present in mutant isolate
(¢)/CHK100 mutant isolate 3 in FIG. 4.

[0034] FIG. 8 is a mass spectrum of POP/PPO triglyceride present in the CHK100
parental strain in FIG. 4.

[0035] FIG. 9 is a mass spectrum of POP/PPO triglyceride of red palm oil.

[0036] FIG. 10 is a mass spectrum of 1,3-palmitin-2-olein analytical standard.

[0037] FIG. 11 is a mass spectrum of 1,2-palmitin-3-olein analytical standard.

[0038] FIG. 12 is a graph illustrating the triglyceride profiles of some of the higher

palmitate strains of the present disclosure compared to red palm oil.

[0039] FIG. 13 is a graph illustrating the triglyceride profiles of mutant isolate (b) in
FIG. 4 compared to red palm oil.

[0040] FIG. 14 illustrates a comparison between the levels of palmitic acid (C16:0) and
unsaturated fatty acids (sum of C18:1 and C18:2 fatty acids) found in a novel oil of the present
disclosure compared to the fatty acid levels found in palm olein.

[0041] FIG. 15 shows the TAG profile of the oil produced by the high-palmitic acid
algal strains of the present disclosure compared to the TAG profiles of palm olein.

[0042] FIG. 16 shows FAME (fatty acid methyl ester) profiles of algal train 268U
derived mutant BLKO8 F04 run in lipid production at 28 °C versus 32 °C.
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[0043] FIG. 17 shows TAG profiles of algal train 268U derived mutant BLK0OS8 F04
run in lipid production at 28 °C versus 32 °C with PPO and POP regioisomers indicated.

[0044] FIG. 18 shows levels of PPO and POP regioisomers and PPP in classically
improved algal strains of the present disclosure compared with red palm oil and palm olein

mid-fraction

DETAILED DESCRIPTION
[0045] Provided herein are microalgal oil compositions having high-palmitic acid
content, high POP TAG content, and low PPP content, as well as methods of making thereof,
formulations, and applications thereof. The microalgal oils having such a ratio of high-palmitic
acid content and POP TAG content, and having a low PPP content, can then be a ready source
substitute for the fractions obtained from palm oil that involves numerous fractionation steps
and many days to obtain the mid-fractions of interest.
[0046] The principal species of palm under global cultivation is Elaeis guineensis or
various cultivars and varieties derived from it. One source of palm oil is the palm fruit, which
is comprised of a fleshy outer mesocarp that surrounds the hard palm kernel or endocarp. The
oil of the palm fruit differs markedly from the oil of the hard palm kernel, termed “palm kernel
oil” (“PKO”). PKO is characterized as being high in C12:0 fatty acids (lauric, >45%) and
C14:0 (myristic, > 15%), and with relatively low C16:0, palmitic (8§%), and C18:1, oleic (15%).
The palm oil from the palm fruit is virtually devoid of C12:0 and C14:0 fatty acids, being
comprised primarily of palmitic acid (40-46%) and oleic acid (37-45%) and some C18:2 fatty
acids (linoleic, 8-12%).
[0047] Palm oil is used ‘as is’ for cooking and other applications, including personal
care, but a significant amount of commercial palm oil is fractionated to create more valuable
components. (Jin et al., “Characteristics of palm mid-fractions produced from different
fractionation paths and their potential usages,” Int. J. Food Prop. 21: 58-69, 2018).
[0048] The first fractionation of refined palm oil, a so-called dry fractionation process
because it does not use solvents, yields two fractions: a palm olein fraction and a palm stearin
fraction. The palm olein fraction is a liquid at room temperature and is enriched in oleic and
linoleic fatty acids; the palm stearin fraction is a solid at room temperature and is highly
enriched in palmitate (50-60%).
[0049] Palm olein can be further dry fractionated to a “palm mid-fraction A” (“PMF-
A”) component. During the fractionation process, palm olein is cooled to roughly 16°C, with

the rate depending on the specific manufacturer and their process. This is followed by a further
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decrease in temperature to 12-13°C and holding at this temperature for a period of time to allow
for further crystallization of the solid PMF-A fraction. The PMF-A fraction is enriched in
palmitate, particularly POP (40%). After this fractionation step, the liquid component at these
low temperatures is termed “super olein.”

[0050] Palm stearin can be further fractionated to produce a palm mid-fraction B (PMF-
B) component employing a wet fractionation technique utilizing acetone (ratios of 1:4-8 wt:wt
of solvent:oil) and temperatures ranging from 17-25 °C with holds at the indicated temperature
of 8-48 hr. The resulting solid fraction produced by the further fractionation is termed “‘super
stearin,” and enriched in C18:1, while the PMF-B is further enriched in palmitate and the POP
fraction (45% POP).

[0051] The PMF-A and PMF-B fractions can be blended and wet fractionated yet again
using acetone (ratios of 1:10, wt:wt of solvent:oil) and at a very low temperature (e.g., about 4
°C) combined with a hold time of up to 24 hr, to produce a third, highly enriched POP fraction
(60-65% POP), termed PMF-C.

[0052] The resulting high POP fractions obtained by these methods from palm oil are
highly valued for their use in the confectionery industry, where they give chocolates their
characteristic sharp melt profile (see e.g., BAILEY’S INDUSTRIAL OILS AND FAT PRODUCTS.
2005. 6 Ed. Shahidi, Fereidoon, Ed. John Wiley and Sons, Inc., Hoboken, NJ. Volume 4:
“Edible oil and fat products: Products and Applications,” 4: 159-173).

[0053] It will not be lost to the average layperson that the processes involved in the
generation of these PMF components are indeed quite involved and costly from a capital (cost
of equipment), energy (chilling and alternately heating large quantities of oil) and hazardous
chemicals (large quantities of acetone) perspective.

[0054] Provided herein are examples of a simpler process, whereby fermentable sugars
are converted into triglyceride oils in microalgae with POP compositions equal or superior to
those found in PMF derived from a more complicated and more costly process currently
employed in the manufacture of these materials.

[0055] Having a more commercially available form of these structured oils for use from
a non-GMO organism, given cocoa butter and palm oil availability, will result in economic
savings in production and will not be as prone to climate changes or plant viruses and blights.
[0056] Oil compositions provided herein can be produced by a microorganism that is
genetically modified or non-genetically modified. Non-genetically modified or non-genetically

engineered microorganisms or non-genetically modified organisms (non-GMO) can be
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produced using strategies such as those described herein. The non-GMO microorganisms
obtained by the methods described herein can be further recombinantly modified if desired.
[0057] Genetic and non-genetic modification techniques can allow for the production
of oils having particular phenotypes. While genetic engineering techniques can tend to be more
targeted to phenotypes elicited in a host oleaginous microbe. Classical strain improvement or
other non-genetic engineering techniques can also be employed to enhance phenotypes.
Enhancement of phenotypes can include the elaboration of a particular fatty acid profile (e.g.,
high-palmitic acid content), yield on carbon, volumetric oil accumulation (e.g., grams oil/L
culture), oil productivity (e.g., g oil/L culture day), and oil as a percent dry cell weight (DCW)
as a measure of strain performance.
[0058] A further benefit of classical strain improvement techniques, when used as the
sole means to alter or improve strain phenotype and performance, can be realized from both a
regulatory and business/marketing perspective. From a regulatory perspective, non-genetically
engineered microbes may be exempt from regulatory oversight by entities such as the U.S.
EPA's Toxic Substances Control Act (TSCA) and the requirement to file a Microbial
Commercial Activity Notice (MCAN) when the material is to be used in chemical (non-food)
applications. Such dispensation extends to other geographies as well, such as Brazil, for
example, where such microbes are exempt from filing a Strain Dossier with the Brazilian
regulatory body (the National Technical Commission of Biosafety, Ministry of Science,
Technology, Innovation, and Communications or CTNBio) that oversees industrial microbes.
The avoidance of such regulatory oversight can save millions of dollars in development costs.
From a marketing and consumer branding perspective, the raw materials produced by such
non-genetically engineered means can meet GMO-free and organic labeling standards, as well
as brands' and consumers' desires for "clean labeling".
[0059] As used herein, the term "classical strain improvement" or “classical strain
optimization” refers to methods of random or semi-random mutagenesis of microbes to create
non-naturally occurring strains with improved properties. These methods include, but are not
limited to, mutagenesis of a population to create genetic variants, random selection or screening
of a surviving population to identify an improved strain, and identification of improved strains
by assaying fermentation broth for products. Classical strain improvement methods include
exposure to UV radiation (e.g., 254 nm), chemical mutagens (e.g., 4-nitroquinoline 1-oxide,
which forms bulky quinolone purine adducts but also produces mutagenic superoxide radicals
(see e.g., Downes, D. et al., “Characterization of the Mutagenic Spectrum of 4-Nitroquinoline
1-Oxide (4-NQO) in Aspergillus nidulans by Whole Genome Sequencing,” G3, Genes,
9
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Genomics and Genetics 1-10, 2014) and/or selective or enrichment agents (see e.g., Tebutam,
a microtubule inhibitor and potent inhibitor of fatty acyl-ACP thioesterase, FATA as discussed
in Johnen et al., “Inhibition of acyl-ACP thioesterase as site of action of the commercial
herbicides cumyluron, oxaziclomefone, bromobutide, methyldymron and tebutam,” Pest
Manag Sci. 78: 3620-3629, 2022).

[0060] The latter class of agents is deployed after a cell population is mutagenized as
a means to enrich or differentiate truly mutagenized cells from those that are not, by looking
for phenotypes that lie outside those of the ‘wild type’ or non-mutagenized control population.
A person in the art would understand that such control populations, or ‘mock controls’, are
always assessed alongside the mutagenized population when using enrichment agents as a
means to assess the degree of divergence of the mutagenized population form the control
population. Selective or enrichment agents can be both physical (e.g., tolerance to extremes in
temperature, the buoyancy of the mutagenized cells in percoll, sucrose, or other gradients, the
intensity with which cells take up neutral lipid dyes such as Nile Red or 4,4-difluoro-4-bora-
3a,4a-diaza-s-indacene-BODIPY, and a means to sort highly fluorescent populations from less
fluorescent ones) or chemical (e.g., the resistance of mutagenized populations to tolerate
inhibition by pharmacological agents, herbicides, salts). Classical strain improvement methods
do not include recombinant genetic engineering methods targeted to one or more genomic
regions, e.g., via homologous recombination, random insertion, markerless transformation, or
CRISPR-Cas9-based technologies.

[0061] As used herein, the term "microbial oil" refers to an oil produced or extracted
from a microorganism (microbe), €.g., an oleaginous, single-celled, eukaryotic, or prokaryotic
microorganism, including but not limited to, microalgae, yeast, bacteria, and fungi. Preferably,
the microorganism is a microalgal organism. More preferably, the microalgal organism is a
Prototheca strain and has been classically enhanced via exposure to chemical mutagens,
compounds, temperature, and/or UV light.

[0062] As used herein, the term "triacylglycerol”, "triglyceride", or "TAG" are
synonymous and refer to esters between glycerol and three fatty acids. Generally, fatty acids
of TAGs have chain lengths of 6 carbon atoms or more.

[0063] Because there are three possible positions on the glycerol backbone to which
fatty acids can esterify, referred to as sn-/, -2, and -3, the number of possible TAG molecules
in an oil is equal to the number of fatty acid species present in the oil raised to the 3™ power.
By example, an oil comprised of seven different fatty acids will have 343 possible TAG
species.

10
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[0064] Regioisomers of TAGs are triacylglycerol molecules that have the same fatty
acid composition and molecular weight but whose fatty acid moieties are arrayed in a different
order, e.g., POP contains palmitate at the sn-/ and sn-3 positions and oleate at sn-2, while PPO
contains palmitate both at sn-1 and sn-2 and oleate at sn-3. PPP, with palmitate at sn-/, -2, and
-3, has no regioisomer.

[0065] As used herein, the term "TAG purity", "molecular purity", or "oil purity" refers
to the number of molecular species that make up an oil composition on an absolute basis or
present in amounts above a certain threshold. The fewer the number of TAG species in an oil,
the greater the "purity" of the oil.

[0066] Properties of oils and their modes of characterization, processing,
characteristics, and compositions are well known (see e.g., THE LIPID HANDBOOK. 2007.
Gunstone, F.D., Harwood, J.L. and Dijkstra, A.J Eds. CRC Press Taylor and Francis Group).
[0067] As used here, the terms “oil” or “lipid” are synonymous and refer to all the
TAGs comprising the oil and lipid, accounting for >98% of the molecules in the lipid or oil;
the remaining components are comprised of free fatty acids, sterols, color bodies, metals, and
phospholipids. This is largely the composition of oil or lipid as it exists in the microalgal cell
prior to being separated from the cell.

[0068] The term “fats” as used here, refers to oils or lipids that are solid at room
temperature, about 20-25 °C.

[0069] A microalgal oil can be further categorized based on the degree to which it has
been purified and separated from the other cellular debris or non-lipid biomass. This separation
can be affected using mechanical means, i.e., by expeller pressing, or by chemical means, i.e.,
by solvent extraction and bead milling, where solvents include combinations of hydrocarbons
such as hexane, ethanol, or propane used alone or separately.

[0070] Solvents can also include aqueous solvents comprised of water and salts such
as ammonium sulfate, magnesium sulfate, sodium chloride, etc.

[0071] Once the oil is separated from the non-lipid biomass either by mechanical
pressing or solvent extraction, the resulting oil is termed “crude oil.”

[0072] In the case of solvent-extracted oils, the solvent-oil mixture is termed “micellae”
and, depending on the solvent type, the solvent is removed, which can be further purified via
passage through a centrifuge or filter press to remove “fines” or small particles of non-lipid

biomass.
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[0073] The composition of the “crude oil” is comprised of TAGs, free fatty acids,
sterols, color bodies, metals, and phospholipids.

[0074] Crude oils can be further processed by refining. Refining oil serves to remove
free fatty acids and can be achieved by adding NaOH or “caustic” to create soaps, which are
removed by centrifugation.

[0075] Refined oils are further processed by degumming, which includes neutralization
of residual caustic with citric acid and water washing, followed by centrifugation to remove
the precipitated “gums” or phospholipid fraction of the crude oil.

[0076] The refined, degummed oil can next be bleached, using earthen bleaching clays
to remove residual free fatty acids, metals including Ca, PO4, Fe, Cl, and K, among others, and
color bodies that can affect oil quality and appearance.

[0077] Refined, degummed, and bleached oils are finally purified via deodorization,
where steam can be used to strip the oil under a vacuum of the volatile components and off-
putting flavors. The final oil is termed an RBD oil (i.e., refined, bleached and deodorized oil).
[0078] In the present disclosure, the fatty acid composition or FAME profile and the
TAG composition or profile as determined from an intact cell are equivalent to what is
determined from an RBD oil for two reasons. First, the analytical methods used to determine
FAME and TAG profiles, whether from whole cells or RBD oil affect a certain purification of
the oil away from the cellular debris. Second, the oils within the cells are already highly pure
materials, >98% TAGs.

[0079] As used herein, the terms “diacylglycerol”, “diglyceride”, and “DAG” refer to
glycerides having two fatty acids esterified to a glycerol molecule.

[0080] As used herein, the terms “monoacylglycerol”, “monoglyceride”, and “MAG”
refer to glycerides having one fatty acid esterified to a molecule of glycerol.

[0081] As used herein, the terms "fatty acid profile” or “fatty acid content” refer to a
fatty acid composition of an oil, e.g., an oil produced by a cell provided herein or a derivative
thereof. Derivatives of an oil produced by a cell provided herein include a refined, bleached,
and deodorized oil. Fatty acid profiles can be determined by subjecting an oil to
transesterification to generate fatty acid methyl esters (FAMEs) and subsequently quantitating
fatty acid type by Gas-Chromatography (GC) equipped with a Flame-Ionization Detector
(GC/FID).

[0082] As used herein, the term "sterol profile" refers to a sterol composition of an oil
(e.g., an oil produced by a cell provided herein or a derivative thereof). Derivatives of an oil

produced by a cell provided herein include a refined, bleached, and deodorized oil.

12



WO 2025/170996 PCT/US2025/014579

"non

[0083] As used herein, "oleic content”, "oleic acid content”, "oleate content”, and "olein
content” refer to the percentage amount of oleic acid in the fatty acid profile of a substance
(e.g.,a TAG oil).

[0084] As used herein, the term "C18:1 content” refers to the percentage amount of a
C18:1 fatty acid (e.g., oleic acid) in the fatty acid profile of a substance (e.g., a microbial oil).
[0085] As used herein, “linoleic content” and “linoleic acid content” refer to the
percentage amount of linoleic acid in the fatty acid profile of a substance (e.g., a TAG oil)
[0086] As used herein, the term “C18:2 content” refers to the percentage amount of a
C18:2 fatty acid (e.g., linoleic acid) in the fatty acid profile of a substance (e.g., a microbial
oil).

[0087] As used herein, “palmitate content”, “palmitic content”, and “palmitic acid
content” refer to the percentage amount of palmitic acid in the fatty acid profile of a substance
(e.g., a microalgal oil).

[0088] As used herein, the term “C16:0 content” refers to the percentage amount of
C16:0 fatty acid (e.g., palmitic acid) in the fatty acid profile of a substance (e.g., a microbial
oil).

[0089] As used herein, “PPP”, “tripalmitin”, “tripalmitate”, and “tripalmitoylglycerol”
refer to a triacylglycerol having palmitic acid or palmitate as the only fatty acid on the glycerol
backbone. The PPP content or PPP level is generally discussed as a percentage of the TAG
component.

[0090] The term “POP” or “palmitic-oleic-palmitic” can refer to a triacylglycerol
having palmitic acid or palmitate at the sn-/ and sn-3 positions on the glycerol backbone and
oleate at the sn-2 position on the glycerol backbone. The POP content or POP level is generally
discussed as a percentage of the TAG component.

[0091] The term “PPO” or “palmitatic-palmitic-oleate” can refer to a triacylglycerol
having palmitic acid or palmitate at the sn-1 and sn-2 positions on the glycerol backbone and
oleate at the sn-3 position on the glycerol backbone. The PPO content or PPO level is generally
discussed as a percentage of the TAG component.

[0092] As used herein, the term “high palmitate” or “high palmitic” can refer to greater
than 30% palmitic acid, or greater than 35% palmitic acid, greater than 40% palmitic acid,
greater than 45% palmitic acid, greater than 50% palmitic acid, greater than 55% palmitic acid,
or greater than 60% palmitic acid.

[0093] As used herein, the term “low linoleic content” or “low linoleic acid content”

can refer to lower than 10%, lower than 9%, lower than 8%, lower than 7%, lower than 6%,
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lower than 5%, lower than 4%, lower than 3%, lower than 2% or lower than 1% linoleic acid
of the total fatty acid content.

[0094] As used herein, the term “low MAG” or “low monoacylglycerol” can refer to
lower than 5%, lower than 4%, lower than 3%, lower than 2%, or lower than 1% of MAG of
the total lipid content of an oil.

[0095] As used herein, the term “low DAG” or “low diacylglycerol” can refer to lower
than 5%, lower than 4%, lower than 3%, lower than 2%, or lower than 1% of DAG of the total
lipid content of an oil.

[0096] As used herein, "sequence identity" refers to a percentage of identical nucleotide
or amino acid residues between two sequences being compared after an optimal alignment of
sequences. An optimal alignment of sequences may be produced manually or by means of
computer programs that use a sequence alignment algorithm (e.g., Clustal W, T-coffee,
COBALT, BestFit, FASTA, BLASTP, BLASTN, and TFastA). Sequence identity can be
calculated by determining the number of identical positions between the two sequences being
compared, dividing this number by the number of positions compared, and multiplying the
result obtained by 100 to obtain the sequence identity between the two sequences; this
calculation can be done for DNA, RNA, and protein sequences.

[0097] As used herein, the term "about" refers to + 10% of the value provided.

[0098] As used herein, cells are grown in a growth media suitable for the cells being
used during classic enrichment and selection strategies. For example, in one embodiment,
Prototheca microalgal cells from a specific Prototheca strain can use a vegetative growth
media comprising NaH2PO4, KoHPO4, citric acid monohydrate, MgSO47H20, CuCl22H20,
dextrose, (NH4)2S0O4, Sigma antifoam 204 at final concentrations of 13.6 mM, 11.4 mM, 5 mM,
0.15 mM, 40 g/L, 7.5 mM and 0.23 g/L, respectively. The vegetative growth media also can
comprise vitamins such as thiamine HCI, D-pantothenic acid, biotin, cyanocobalamin,
riboflavin, and pyridoxine HCl at final concentrations of 2.96E-06, 2.24E-07, 6.53E-09, 8.30E-
11, 1.33E-08, and 1.27E-08 molar, respectively. The vegetative growth media can further
comprise one or more of the following micronutrients: H3BO3, ZnSO427H>0, MnSO4°H20,
NaMoO4+2H;0, Ni(NO3)2+6H:0, citric acid monohydrate, CuSO4+5H;0 and FeSO47°H>0 at
final concentrations of 2.96E-05, 1.22E-05M, 1.46E-05, 3.97E-07, 2.75E-07, 1.95E-04, 3.96E-
07, and 5.4E-06 molar, respectively. The Prototheca cells in the log phase of growth in the
vegetative medium are then subjected to mutagenesis by means of chemicals or UV light (FIG.
3, Step 1). The exemplified Prototheca cells are then sub-cultured into a lipid production
medium where the cells are then subjected to selection/enrichment strategies (FIG. 3, Step 2).

14



WO 2025/170996 PCT/US2025/014579

A suitable lipid production medium can be used to culture the cells. For Prototheca cells, a
suitable culture media comprises the same vitamins and micronutrients at the same
concentrations as used in a vegetative medium. Macronutrients in the lipid production medium,
relative to the vegetative medium, can be adjusted to include 25 mM citric acid monohydrate,
50 g/L dextrose, and 1.5 mM (NH4)>SO4. Microalgal cells can then be plated on a suitable
solid vegetative medium containing 0.8% agarose to obtain clonal isolates (FIG. 3, Step 3).
Once suitable clonal isolates are obtained, the isolates are interrogated in a suitable lipid
production medium in a 96-well format (FIG. 3, Step 4). Using glucose consumption as a
surrogate for oil production, high glucose consuming microalgal cell strains can be validated
by culturing in a suitable lipid production medium in a tube or shake flask format (FIG. 3, Step
5). Clonal isolates that are successfully validated are then subcultured for multiple generations
to stabilize mutations (FIG. 3, Step 6), followed by purification of clonal isolates (FIG. 3, Step
7). The clonal isolates that are stable can undergo subsequent re-interrogation in a lipid
production medium (FIG. 3, Step 8). Clones deemed to be phenotypically stable (e.g., clones
having %cv <5% for profile, glucose consumption, and oil titer) after the second interrogation
round are ready for validation in fermentation (FIG. 3, Step 9), while clones that still
demonstrate variability in their phenotype (FIG. 3, Step 8), are passaged once more (FIG. 3,
Step 6) to generate stable clonal lines. Unless indicated otherwise, microalgal Prototheca cells
were grown at about 28 °C with shaking at 200 rpm for cultures grown in tubes or shake flasks
while blocks were grown with shaking at 900 rpm.

[0099] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present teachings, some

exemplary methods and materials are described herein.

Microbial Cells and Oils Produced Therefrom

[0100] An ol provided herein s oblained from a pon-genctically wodified
microorganisim (microbe), for example, oleaginons microalgae, veast, or bacteria. In some
cmbodiments, the non-genetically moditied microorganism is a microalgal cell. In some
embodiments, the microalgal cell is a non-genetically modified Prototheca sp. strain, The non-
genetically modified Prorotheca sp. strain can be produced by one or more classical sirain

improvement strategies described herein.
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[G161] in some embodiments, a cell provided herein does not comprise an exogenons
gene o exogenous nucleotides that encode for an exogenous protein or gene. For example, a
cell provided herein does not comprise an exogenous gene o a lipid biosyuthetic pathway. In
sorae embodiments, a cell provided herein does not comprise a genetic disruption of one or
more alleles of an endogenous gene in a lipid biosynthetic pathway. In some embodiments, a
cell provided herein does not comprise a heterologous insertion within a genomic region that
socodes for an endogenous geoe 1o a lipid blosynthetic pathway, Nov-hmiting examples of
zenes involved in lipid biosynthesis inclade acyl-ACP thioesterase (FAT), delta-12 fatty acid
desaturase {FAD), ketoacyb-ACP  synthase (KAR), stearovl-ACP  desaturase {SADY),
tysophosphatidic acid acyltransterase (LPAAT), ketoacyl-{CnA reductase (KCR), hydroxyacyl-
CoA dehydratase (HACD), and enovi-CoA reductase {ECR).

{3102] In some embodiments, a cell provided herein does not comprise an exogenous
acyi-ACP thioesterase gene. In some cmbodiments, a cell provided herein does not comprise a
genetic disruption of one or more alleles of an endogenous acvl-ACP thicesterase gepe. In
some cmbodiments, a cell provided herein does not comprise a heterologous insertion within a
genorgie region that encodes for an endogenous acyl-ACP thivesterase gene. In some
embodiments, the endogenous acyl-ACP thioesterase gene is FATA {(fatty-acyl-ACP A}
14103} In some embodiments, a cell provided herein does not comprise an exogenous
fatty acid desatwrase gene. In some embodiments, a cell provided herein does not comprise a
genetic disruption of one or more alleles of an endogenous tatty acid desaturase gene. In some
embodiments, a cell provided herein does not comprise a heterologous insertion within a
genontic region that encodes for an endogenous falty scid desaturase gene. In some
esnbodiments, the endogenous fatty acid desaturase gene 18 a delta-12 fatty acid desaturase. In
some embodiments, the endogenous fatty acid desaturase gene is FADZ.

{3104] In sorue embodiments, a cell provided herein does not comprise an exogenons
ketoacyi- ALK synthase gene. In some embodiments, a cell provided herein does not comprise
a genctic disruption of one or more alicies of an endogenous ketoacyl-ACP synthase gene. In
some embodiments, a cell provided herein does not comprise a heterclogous insertion within a
genomic region that encodes for an endogenous ketoacyl-ACP synthase gene. In some
embodiments, the endogenous ketoacyl-ACP synthase gene is KASE KASH, or KASHL
f6185] in some embodiments, a cell provided herein does not comprise an exogenous
stearoyl-ACP desaturase gene. In sovoe embodiments, a celf provided herein does not comprise
a genetic disruption of ong or more alleles of an endogenous stearoyl- ACE desaturase gene, In
some embodiments, a cell provided herein does not coraprise a beterologous insertion withio a
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cgenomic region that enendes for an endogenons stearoyl-ACP desatarase gene. In some
embuodiments, the endogenous stearoyi-ACP desaturase gene s SADL

131061 in some embodiments, a cell provided herein does not comprise an exogenous
iysophosphatidic acid acyltransterase gene. In some embodiments, a celi provided herein does
not comprise a genetic disruption of one or more alleles of an endogenous lysophosphatidic
acid acyltransferase gene, In some embodiments, a cell provided herein does not comprise 4
heterologous  insertion  within  a  genomie region that encodes for an  endogenous
lysophosphatidic acid acyitransferase gene.

{6167} In some embodiments, a cell provided herein does not comprise a genetic
disruption of one or more alleles within 1.5 kb of an endogencus V-type proton ATPase
catalytic sybunit A isoform | gene or 65 gepomic region. In some cmbodiments, a cell
provided herein does not comprise a beterologons insertion within 1.5 kb of ap endogenons V-
type protor ATPase catalytic subonit A isoform | gene or 65 genomic region.

{3108} in some embodiments, a cell provided herein does notl comprise a genetic
disruption of pne or more alleles within 1.5 kb of an endogenous DAGIB gene. In some
embodiments, a cell provided herein does not comprise a heterologous insertion within 1.5 kb
of an endogenous DADIB pens.

16109 In some embodiments, a cell provided herein does not coroprise a genetic
disruption of one or wmore alleles within 1.5 kb of an endogenous Thid gene. In some
embodiments, a cell provided herein does not comprise a heterologous insertion within 1.5 kb
of an endogenouns Thid gene,

fei119} Accordingly, a cell provided herein comprises uninderrupted sequences of
endogenous genes or genomic regions, including FADZ FATA L KAST, SADZ, V-iype proton
ATPase catalytic subunit A isoform 1 (653, DAGIEB, and Thid described herein,

R In some embodiments, a cell provided hercin comprises at least 80%, at least
83%, at ipast ¥0%, at least 5%, or at least ¥9% sequence identity to any one of SEQ ID NO:1-
26 (shown 1o Table 11 of the present disclosure). In some ecmbodiments, a cell provided herein
comprises any one of SEQ 1D NO:1-26 {gepomic regions of CHE2Z and CHK1003. In some
embodiments, a cell provided herein comprises SEQ 1D NO:1-26 (genomdce regions of CHE22
and CHEKI0O).

o112 in some embodiments, a cell provided herein comprises at least 80%, at least
839, at least H0%, at least 95%, or at least 99% sequence identily to any one of SEQ ID NG,
3,5,7.9, 1L, 13, 15, 18, 19, 21, 23, and 25 {(genomic regions of CHEKZ2 and CHRKIGH). In
some embodiments, a cell provided herein comprises any ope of SEQ D NG, 3,5, 7,9, 11,
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13, 15, 18, 19, 21, 23, and 23 ({(genowmic regions of CHKZZ and CHKION). In some
embuodiments, a cell provided herein comprises SEQ HINO:L, 3,5, 7,9, 11,13, 15, 18,19, 21,
23, and 25 {penowmic regions of CHEZ2Z and CHKI100).

fG113] in some embodiments, an oil provided herein is produced by microalgac. In
some embodiments, the microaigae i3 a species of a genus selected from the gronp consisting
of: Chiorella sp., Pseudochiorella sp., Heterochlorella sp., Prototheca sp.. Arihrospiva sp., E
uglena sp., Nannochioropsis sp.. Phaeodactylm sp., Chlamydomonay sp., Scenedesmus sp.,
{Istreecoccus sp., Selenastrum sp., Haemaiococcus sp., Nitvschia, Dunaliella, Navicula sp.,
Trebouxio sp., Pseudotrebouxia sp., Vavicula 3p., Bracteococcus sp., Gomophonema ip.,
Watanabea, sp., Botrvococcas sp., Tetraselmis sp., and fsochyris sp. In some embodiments. the
microalgae is Profotheca sp. I some embodiments, the microalgae are a £, moriformis strain,
in some embodiments, the microalgae are a P wickerhanunii strain.

(114} In some embodiments, the microalgal cell described herein for use in
manufacturing microbial o1l is derived from a UTEX 1435 base strain. In some embodiments,
a cell provided herein can be derived from a UTEX 1333 base strain. In some embodiments, a
cell provided herein te derived from a base strain baving a 235 ribosoroal DMNA sequence that
is at least 80%, at least 5%, at least 90%, at least 95%, or 100% identity to SEQ 1D NO:S3G or
SEG D NG3L In some embodiments, a cell provided berein has a 235 ribosomal DNA
sequence that 1S at least 80%, at least 85%, at least 90%, at least 95%, or 130% identity o SEQ
D NGB0 or SEG ID NG L

HIAEY In some embodiments, an ofl provided herein can be produced by oleaginous
yeast, i soroe embodiments, the oleaginous yeast 18 a species of a genus selected from the
group  conststing  oft Candida sp., Cryptococcus sp., Debaromivees sp., Fadomycopsis sp.,
Geotrichuom sp., Hyphopichia sp., Lipomyces sp., Fichia, sp., Redesporidivm sp., Rhodotoruln
sp., Sporobolowyces  sp.,  Swarmerella  sp.,  Torwlaspora, sp.,  Trichosporon  sp.,
Wickerhamonivees sp., Yarrowia sp., and Zvgoascus sp.

[G116} In some embodiments, an oil provided herein is obtained from or produced by
oleaginous bacteria. In some embodiments, the oleaginons bacteria is a species selected from
the group consisting of: Flavimonas oryzihabitans, Pseudomonas aeruginosa, Morococcus sp.,
Rhodobacter sphavroides, Bhodococcus opacus, Rhodococows ervibropolis, Strepiomyces
Jeddahensis, Gchrobactrum sp., Arthrobacier sp., Nocardia sp., Mvcobacteria sp., Gordonia

sp., Caterdsphaera sp., and Diezia sp.
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[6187] Fuarther provided herein are bioreactors comprising a non-naturally cccurring
wicroorgamsm. For example, these bioreactors comprise an oleaginons, pov-natarally
ocowring microorganism and an oil produced by the wicroorganism.

THERY While in many embodiments, an oil provided herein is obtained from a non-
genetically modified wicroorganisan or a classically-tmiproved wmicroorganism, in other
cmbodiments, an oil provided herein is obtained from a genetically modificd microorganism,
for example, oleaginous wicroalgae, yeast, or bactenia. In some erobodiments, an ol provided
herein is obiained from a classically-improved microorganism that is then genetically modified
o produce a genstically medified wicroorganisro. In some embodiments, the genetically

modified micrporganism is a genetically modified Profotheca sp. strain.

Classical Strain Improvement.

[0119] “Classical strain improvement” and “classical microalgal strain improvement”
or “classical microalgal cell improvement” are the terms used herein to characterize the strategy
of selecting for organisms having desired phenotypes, e.g., high palmitic oil production.
Classical strain improvement (also called "mutation breeding") involves exposing organisms
to chemicals or radiation to generate mutants with desirable traits. These classical strain
improvement methods introduce random or semi-random mutations, which can thereby allow
the selection of strains exhibiting desirable traits as a result of random mutagenesis. Several
iterations of mutagenesis and selection can be performed with one or more mutagens to obtain
a strain having desirable phenotypes. Ultraviolet (UV) light can be used to introduce random
mutations within a microorganism's nuclear genome. Chemical mutagens include compounds
that inhibit or disrupt the biosynthetic processes of a microorganism, e.g., antibiotics,
antifungals, or carcinogens. Non-limiting examples of chemical mutagens include ICR-191,
ethyl methanesulfonate (EMS), and 4-nitroquinoline- 1-oxide (4-NQO). Non-limiting
examples of chemical mutagens include acridine mutagens, amino acid analogs, fatty acid
biosynthesis inhibitors, cholesterol biosynthetic inhibitors, mTOR inhibitors, and membrane
solubilizing agents. Combinations of chemical mutagens can also be used simultaneously (or
serially) to induce mutagenesis. Following mutagenesis, selective or enrichment agents can be
used to select or enrich for strains of interest. Non-limiting examples of enrichment agents
include L-canavanine, cerulenin, triparanol, clomiphene, clomiphene citrate, clotrimazole,
terfenadine, fluphenazine, AZD8055, BASF 13-338, cafenstrole, clomiphene, PF-042110, and

phenethyl alcohol, as well as the use of a combination of enrichment agents.
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[0120] By “an isolated cell” is meant a microalgal cell or other microorganism as set
forth herein that has been isolated from its native environment and grown and cloned such that
all the clones are the same.

[0121] Methods provided herein include classical strain improvement methods to
improve strain productivity, carbon yield, and palmitic acid content. The glucose consumption
rate of the microbial cells can be a highly predictive indicator of lipid titer and is known in the
art. As such, the glucose consumption rate can be used as an enrichment tool in the mutant
selection process. The methods provided herein can include one or more of determining a total
lipid titer of the cell, determining a fatty acid profile of the oil, or determining a C16:0 (e.g.,
palmitic acid) content of the oil. Further, the methods provided herein can include assaying cell
media to determine glucose consumption rate, total lipid titer, a fatty acid profile, a C16:0 (e.g.,

palmitic acid) content, and TAG profile.

High Palmitic Oils of the Disclosure.

[0122] The high palmitic oils of the microbial strains, e.g., microalgal strains, described
herein are obtained from isolated clonal cells that have been manipulated using classical strain
improvement strategies as discussed herein. Exemplary strains are Prototheca microalgal
strains such as P. wickerhamii or P. moriformis.

[0123] The complexity and physical properties of an oil can be evaluated by the fatty
acid and the TAG profile of the TAG component of a microalgal oil. The fatty acid profile is a
measure of fatty acid composition and can be determined by subjecting an oil to
transesterification to generate fatty acid methyl esters (FAMEs) and subsequently quantitating
fatty acid type by Gas-Chromatography equipped with a Flame-Ionization Detector (GC/FID).
Accordingly, fatty acid content can be determined by GC/FID. Since TAGs comprise three
fatty acids arrayed along the glycerol backbone in the TAG molecule, the number of possible
distinct regioisomers of TAGs can be defined by the number of fatty acid species in the oil
raised to the third power. The TAG profile provides relative amounts of various TAG species
in an oil, which can be determined by subjecting the oil to TAG fractionation using Liquid-
Chromatography/Time of Flight-Mass Spectrometry (LC/TOF-MS) equipped with an
Atmospheric Pressure Chemical Ionization (APCI) source.

[0124] In some embodiments, an oil provided herein has a high palmitic acid content.
For example, the fatty acid content of the TAG component of an oil provided herein can be
high in palmitic acid, comparable to the palmitic acid content in palm olein derived from palm

oil.
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[0125] In some embodiments, an oil provided herein has a high palmitic acid content.
For example, the fatty acid content of the TAG component of an oil provided herein can be
high in palmitic acid, comparable to the palmitic acid content in palm olein derived from palm
oil.

[0126] In some embodiments, an oil provided herein comprises saturated fatty acid
content of at least 30%, at least 40%, at least 50%, or at least 60%. For example, an oil provided
herein has a C16:0 content of at least about 30%, at least about 31%, at least about 32%, at
least about 33%, at least about 34%, at least about 35%, at least about 36%, at least about 37%,
at least about 38%, at least about 39%, at least about 40%, at least about 41%, at least about
42%, at least about 43%, at least about 44%, at least about 45%, at least about 46%, at least
about 47%, at least about 48%, at least about 49%, at least about 50%, at least about 51%, at
least about 52 %, at least about 53%, at least about 54%, at least about 55%, at least about 56%,
at least about 57%, at least about 58%, at least about 59%, at least about 60%, or more.

[0127] In some embodiments, an oil provided herein has a fatty acid content comprising
at least 30%, at least 40%, at least 50%, or at least 60%, or more of C16:0 fatty acid. In some
embodiments, the C16:0 fatty acid comprises palmitic acid.

[0128] In some embodiments, an oil provided herein has a fatty acid content of the
TAG component comprising at least 40%, at least 45%, or at least 50%, or more of a C18:1
fatty acid. In some embodiments, the C18:1 fatty acid comprises oleic acid.

[0129] In some embodiments, the oil provided herein has a fatty acid content of the
TAG component comprising less than 8%, less than 7%, less than 6%, less than 5%, or less of
a C18:2 fatty acid. In some embodiments, the C18:2 fatty acid comprises linoleic acid.

[0130] In some embodiments, an oil provided herein comprises less than 5%, less
than 4%, less than 3%, less than 2%, less than 1 %, less than 0.5%, less than 0.1%, or less
tripalmitin.

[0131] In some embodiments, an oil provided herein comprises polyunsaturated fatty
acids. In some embodiments, the polyunsaturated fatty acid comprises C18:2. In some
embodiments, the oil has a C18:2 content from about 3% to about 9%, from about 4% to about
8%, or from about 5% to about8%. In some embodiments, an oil provided herein can have a
C18:2 content of less than 8%, less than 7%, less than 6%, or lower.

[0132] In some embodiments, the fatty acid content of the TAG component can
comprise from about 35% to about 60% C16:0 fatty acids.

[0133] In addition to the fatty acid profile, an oil can be further evaluated by the sterol
profile or composition. Sterol composition can be determined by mass spectrometry, for
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example, gas chromatography-mass spectrometry (GC-MS), liquid chromatography-mass
spectrometry (LC-MS), tandem mass spectrometry (MS/MS), and coupled liquid and gas
chromatography with subsequent flame ionization detection (LC-GC-FID). The concentration
of the different sterols present in an oil can be expressed as mg sterol/100 grams of oil. Non-
limiting examples of sterols include ergosterol, ergost-8(14)-en-3-ol, (3p), 5.Xi.-Ergost-7-en-
3B-, 9,19-cyclolanost-24-en-3-ol, (3B), and 9,19-cyclolanostan-3-ol, 24-methylene-,(3B). In
some embodiments, ergosterol may be present in an amount of at least about 30mg/100 g oil.
In some embodiments, 5.Xi.-Ergost-7-en-3B-ol may be present in an amount of at least about
25 mg/100 g oil. In some embodiments, 9,19-Cyclolanost-24-en-3-ol, (3B)- may be present in
an amount of at least 15 mg/100 g oil. In some embodiments, 19-cyclolanostan-3-ol, 24-
methylene-,(3B) may be present in an amount of at least about 25 mg/100g oil.

[0134] In some embodiments, an oil provided herein can comprise less than 5%, less
than 4%, less than 3%, less than 2%, less than 1%, less than 0.5%, less than 0.1%, or less of
monoacylglycerols (MAG).

[0135] In some embodiments, an oil provided herein can comprise less than 5%, less
than 4%, less than 3%, less than 2%, less than 1%, less than 0.5%, less than 0.1%, or less of
diacylglycerols (DAG).

[0136] The microalgae-derived oil of the present disclosure can be useful as an
alternative to palm oil in a variety of applications that utilize palmitic acid. A microalgae-
derived oil of the present disclosure can deliver palmitic acid like palm olein and palm mid-
fraction, the palm mid-fraction is valued for its high levels of the structuring fat, POP.
However, the microalgae-derived oil of the present disclosure can also be advantageous over
palm oil and its various fractions due to the reduced C18:2 fatty acid levels. The microalgae-
derived oil of the present disclosure can comprise a lower level of C18:2 in comparison to palm
oil. Because C18:2 fatty acids can be prone to oxidation, an oil comprising high levels of C18:2
can be more prone to oxidative degradation. Therefore, the oil of the present disclosure can be
advantageous in food and nutrition product production that require long-shelf lives. The
microalgae-derived oil of the present disclosure can also be advantageous over palm oil due to
the reduced levels of MAG and DAG. MAG and DAG can be more sensitive to oxidation than
TAG. MAG and DAG can also act as precursors for the formation of glycidyl esters, harmful
process contaminants, during the thermal process of refining vegetable oils and fats.

[0137] For at least these reasons, the oil of the present disclosure can be advantageous

in the production of food and nutrition products requiring the highest level of food safety.
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Food, Nutrition and Home and Personal Care Applications

[0138] The oils described herein can be used or formulated with one or more excipients
for a variety of food applications, including but not limited to, food products, e.g., food-grade
oils, cooking oil, frying oils, coatings, salad dressings, spreads, frozen desserts,
pharmaceuticals, nutritional supplements, nutraceuticals, meal replacements, infant formulas,
beverages, flavoring agents, and food additives.

[0139] Further, the oils of the present disclosure may be used in personal and home
care as alternatives to palm oils and palm oil fractions which are commonly used as feedstock

to prepare surfactants and derivatives.

EXAMPLES
Example 1. Generation of a Classically Improved Microalgal Strain Capable of
Producing a Triglyceride Oil that is Highly Enriched in Palmitic Acid.
Strain Acquisition, Isolation, and Characterization
[0140] A Prototheca wickerhamii strain (UTEX 1533) was obtained from the
University of Texas at Austin Culture Collection of Algaec (UTEX). Analysis of the 23S
ribosomal DNA (rDNA) sequence of UTEX 1533 (SEQ ID NO:30) suggests that UTEX 1533
is very closely related to a Prototheca moriformis strain, UTEX 1435 (SEQ ID NO:31). The
23S rDNA sequence of UTEX 1533 has 100% sequence identity with the published 23S rDNA
sequence from UTEX 1435 (FIG. 1). The UTEX 1533 strain acquired from UTEX was verified
as axenic through repeated passages on solid media containing various antibiotic and antifungal
agents, followed by passage on antibiotic-free solid media to confirm a single cell type and a
homogeneous morphology. This parent strain was given the designation “Strain 0” and is also
referred to herein as CHK22.
First Round of Mutagenesis.
[0141] The classical strain improvement of CHK22 was undertaken to improve its
productivity, yield on carbon, and to increase its palmitic acid content. The strain lineage of
mutants generated in the examples are shown in FIG.2A and 2B, while an overview of the
process flow for mutagenesis, trait selection, and high-throughput, automated screening steps
of the improvement process is outlined in FIG. 3. As shown in FIG. 2A and 2B, algal cells
were cultured in a vegetative growth medium where indicated, comprised of the following
components including macronutrients comprised of NaH:PO4, KoHPOs4, citric acid
monohydrate, MgSO4+7H>0, CuCl2*2H->0, dextrose, (NH4)2S04, Sigma antifoam 204, at final
concentrations of 13.6 mM, 11.4 mM, 5 mM, 0.15 mM, 40 g/L, 7.5 mM and 0.23 g/L,
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respectively. Vitamins were present as follows in the vegetative growth media: Thiamine HCI,
D-pantothenic Acid, Biotin, Cyanocobalamin, Riboflavin, and Pyridoxine HCL at final
concentrations of 2.96E-06, 2.24E-07, 6.53E-09, 8.30E-11, 1.33E-08 and 1.27E-08 molar,
respectively. Micronutrients were present in the vegetative growth media used as follows:
H3;BOs3;, ZnSO47H0, MnSO4H>O, NaMoO42H>0, Ni(NO3):*6H20, citric acid
monohydrate, CuSO4*5H>0 and FeSO4+7H-0 at final concentrations of 2.96E-05, 1.22E-05M,
1.46E-05, 3.97E-07, 2.75E-07, 1.95E-04, 3.96E-07, and 5.4E-06 molar, respectively. Cells in
the log phase of growth in the vegetative medium, were subjected to mutagenesis by means of
chemicals or UV light (FIG. 3, Step 1). Cells were then sub-cultured into the lipid production
medium, where they were subjected to selection/enrichment strategies (FIG. 3, Step 2).
[0142] The lipid production medium was comprised of the same vitamins and
micronutrients at the same concentrations as used in the vegetative medium. Macronutrients in
the lipid production medium, relative to the vegetative medium, were adjusted to include 25
mM citric acid monohydrate, 50 g/L dextrose, and 1.5 mM (NH4)2SO4. The microalgal strains
were plated to a solid medium vegetative medium containing 0.8% agarose to obtain clonal
isolates (FIG. 3, Step 3), followed by the interrogation of these isolates in the lipid production
medium in a 96-well format (FIG. 3, Step 4).

[0143] Using glucose consumption as a surrogate for oil production, high glucose-
consuming strains can be validated in a lipid production medium in a tube or shake flask format
(FIG. 3, Step 5). Isolates that successfully were validated were sub-cultured for multiple
generations to stabilize mutations (FIG. 3, Step 6), followed by purification of clonal isolates
(FIG. 3, Step 7) and subsequent re-interrogation in the lipid production medium (FIG. 3, Step
8). Clones deemed to be phenotypically stable (% cv <5% for profile, glucose consumption
and oil titer) were then validated via fermentation (FIG. 3, Step 9), while clones that still
exhibited variability in (FIG. 3, Step 8) were passaged once more (FIG. 3, Step 6) to generate
stable lines. Unless indicated otherwise, cells were grown at about 28 °C with shaking at 200
rpm for cultures grown in tubes or shake flasks, while blocks were grown with shaking at 900
rpm.

[0144] As detailed in FIG. 3, CHK22 was chemically mutagenized with 44 uM 4-
nitroquinoline 1-oxide (4-NQO) or subjected to sham mutagenesis with the addition of only
the mutagen solvent, dimethyl sulfoxide (DMSO). The mutagen was inactivated with the
addition of sodium thiosulfate which was then removed with repeated washing in with water.

The cells were then allowed to recover in limited a sugar growth media. The limited sugar
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growth media is the same as the vegetative media, but contains 5 g/L glucose. The mutagenized
and the mock-mutagenized populations were then each independently cultured in the lipid
production media at 38 °C for five days. The optimal lipid production temperature for CHK22
is typically between 28-32 °C, so the higher-than-optimal temperature was applied as a stressor,
with the goal of providing an advantage to those mutants with a predisposition toward
exhibiting higher palmitate levels. A similar phenomenon has been observed in both fungal
model systems and in some commercially relevant seed oil-producing higher plant species
following chronic exposure to higher temperatures during growth or cultivation, respectively.
At the end of the 5-day, 38 °C lipid culture, the cells were collected and then exposed next to
65 °C for 4 min. Based on range-finding experiments conducted in the same format, exposure
to temperatures in this range for this duration of time typically kills >99% of the cell population.
After heat exposure, the cells were recovered in limited sugar growth media for three days and
then diluted and plated. Mutant clones were then picked and assessed for glucose consumption
rate and fatty acid profile in a 72 hrs, 96-well block-based lipid production assay (FIG. 2A).
The first three rows in Table 1 depict values for glucose consumption rate and fatty acid profile
for the CHK22 parental strain, tested in triplicate. The last three columns in Table 1 depict
CHK22 mutants. As shown in Table 1, CHK22 mutant 1 exhibited nearly 8% more palmitate
than the CHK22 parent, albeit with a significant reduction in glucose consumption rate, a
hallmark of lower lipid titer.

Table 1: Fatty acid profiles of select CHK22 mutant strains exhibiting higher glucose

consumption in a 96-well block lipid assay and increased palmitate levels.

Sample
CHK22 | CHK2 | cHk22 | CHK22 | CHK22 | CHK22
mutant 1 mutant 2 mutant 3
Glucose 7.00 7.17 7.18 5.26 7.11 6.90
consumption
Rate (g/L*D)
C14:0 1.51 1.58 1.59 5.38 1.68 1.53
C16:0 27.92 28.09 28.61 35.86 31.02 30.60
C16:1 0.84 0.76 0.85 1.38 1.00 0.92
C18:0 3.16 3.38 3.29 2.16 2.70 3.00
C18:1 56.73 56.11 55.89 43.45 53.39 54.78
C18:2 8.19 8.23 8.02 9.40 8.61 7.57
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Sample
CHK22 | CHK22 | cmkz | CHK2 | CHK2 | CHK2

mutant 1 mutant 2 | mutant 3
C18:3 alpha 0.59 0.61 0.63 0.76 0.54 0.56
C20:0 0.33 0.35 0.31 0.26 0.26 0.26
C20:1 0.10 0.13 0.10 0.11 0.11 0.10

[0145] As shown in FIG. 2A, mutant strains were grown in lipid production medium

(0.5 mL) with shaking (900 rpm) for 72 hours at 28 °C at which point glucose consumption
was measured. Isolates with high glucose consumption levels were further interrogated for
fatty acid composition with lead strains shown in Table 1.

[0146] To further adapt the CHK22 mutant 1 to its altered fatty acid composition and
improve its lipid productivity, CHK22 mutant 1 was serially passaged in the absence of any
selection and then plated to solid media to yield single colonies. These sub-clones were
screened in a lipid production assay to assess the phenotypic stability of the lineage (e.g., %cv
<5%) for both glucose consumption rate and fatty acid profile. After one cycle of serial
passaging, the mutant was still phenotypically unstable. Several sub-clones that retained the
higher palmitate level phenotype, along with increased rates of glucose consumption, were
taken through additional rounds of serial passaging and stability assessment. After a total of
five rounds of serial passaging and stability assessment, a stable strain, designated CHK100,
was identified. CHK100 exhibited about 5% more palmitate and had an oil content, dry cell
weight, and lipid titer greater than the CHK22 parental strain (FIG. 2A).

Table 2: Tube based assays on CHK100, a classically improved derivative of strain CHK22,

showing increased C16:0 content and improved lipid titer.
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Sample
CHK100 | CHK100 CHK100 | CHK100 CHK22 CHK22 CHK22 CHK22
@ )] 3 €] @ (V)] 3) C)]
Lipid% 78.6 78.0 75.5 77.1 77.1 76.1 76.0 74.7
wW/w
Avg. 77.3 76.2
Lipid
Jowlw
DCW 114 11.3 11.6 11.6 8.8 9.1 94 9.6
(g/L)
Avg. 115 9.2
DCW
(g/L)
Lipid Titer | 9.0 8.8 8.8 8.9 6.8 6.9 7.1 72
(g/L)
NLB (g/L) | 24 2.5 2.8 2.7 2.0 2.2 2.3 24
PCP 3.7 3.5 3.1 3.4 3.5 3.2 3.2 3.0
C14:0 1.22 1.22 1.18 1.18 1.39 1.39 1.36 1.36
Cl4:1 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02
C15:0 0.03 0.03 0.03 0.04 0.03 0.03 0.04 0.03
C16:0 32.25 32.25 32.07 32.15 27.59 27.62 27.39 27.37
C16:1 1.36 1.36 1.40 1.38 0.85 0.85 0.85 0.85
C18:0 2.03 2.02 1.99 1.99 3.27 3.27 3.27 3.29
C18:1 55.65 55.61 55.89 55.91 57.92 57.86 58.28 58.34
C18:2 6.36 6.37 6.27 6.25 7.45 7.44 7.30 7.30
C18:3 0.50 0.53 0.57 0.55 0.64 0.63 0.68 0.67
alpha
C20:0 0.19 0.19 0.18 0.19 0.33 0.32 0.31 0.32
C20:1 0.05 0.05 0.05 0.05 0.07 0.07 0.07 0.07
C21:0 0.05 0.05 0.05 0.04 0.06 0.06 0.06 0.06
[0147] As shown in FIG. 2A, all strains were run under standard lipid production

conditions in which strains were grown in duplicate in 10 mL of lipid production medium.

Cultures were grown with shaking (200 rpm) for 121 hours at 28 °C at which point 1 mL of

biomass was removed, applied to a polycarbonate filter, washed with an equal volume of Milli

Q water, and placed in a tared glass vial at -80 °C for 30 minutes. Vials containing filters and

frozen biomass were lyophilized to dryness overnight, their weights recorded, and filters with
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dried biomass were subjected to direct transesterification followed by GC/FID to quantitate
FAME:s.

Mutagenesis of CHK100

[0148] CHK100 cells were recovered from a 24-hour lipid production culture and
chemically mutagenized for 30 min at 32 °C with 22 uM 4-nitroquinoline 1-oxide (4-NQO) or
subjected to sham mutagenesis with the addition of only the mutagen solvent, DMSO. The
mutagen was inactivated with the addition of sodium thiosulfate which was then removed with
repeated washing with water and media. The cells were then allowed to recover in limited sugar
growth media. The mutagenized and the mock-mutagenized populations were then each
independently cultured, first in seed media for 24 h at 38 °C and then in lipid production media
for three days at 38 °C. At the end of the 3 days in the 38 °C lipid culture, the cells were
collected and then exposed next to 65 °C for 1, 2, 3, or 4 min. After heat exposure, the surviving
cells were recovered in limited sugar growth media for three days and then diluted and plated.
Viable cells were only recovered from the 1 min at 65 °C exposure condition. Mutant clones
were then picked and assessed for glucose consumption rate and fatty acid profile in a 72 h,
96-well block-based lipid production assay (FIG. 2A and 2B). Two of the mutants identified
(Table 3; highlighted in bold font and underlined) exhibited 4-4.5% more palmitate than the
CHK100 parent while maintaining a reasonable glucose consumption rate, which is typically a
hallmark of a strain having an acceptable lipid titer.

Table 3: Fatty acid profiles of select mutant strains exhibit higher glucose consumption rate
(g/L*d, grams per liter per day cultured) in a 96-well block lipid assay and increased

palmitate levels.

CHK100 | Glue. | C14:0 Cl4:1 C15:0 C16:0 Cl6:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1
Controls | Cons. alpha
Rt.

1 7.75 1.50 0.04 0.04 33.69 1.21 2.38 53.05 6.87 0.54 0.21 0.10
2 8.99 1.37 0.04 0.05 33.55 1.26 232 53.68 6.61 0.49 0.20 0.10
3 8.41 1.41 0.02 0.05 33.26 1.17 242 53.53 6.72 0.50 0.21 0.09
4 - 1.43 0.03 0.04 33.10 1.19 243 53.33 6.78 0.50 0.21 0.10
5 9.23 1.40 0.00 0.04 33.02 1.31 224 54.35 6.58 0.49 0.17 0.04
6 8.01 1.45 0.03 0.04 32.97 1.16 2.39 53.99 6.717 0.50 0.20 0.08
7 8.03 1.43 0.02 0.04 32.78 1.14 241 54.15 6.78 0.50 0.21 0.08
8 8.28 1.36 0.03 0.04 32.67 1.18 244 54.14 6.87 0.53 0.20 0.10
9 9.30 1.31 0.03 0.03 32.57 1.20 227 54.87 6.54 0.49 0.18 0.08
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CHK100 | Glue. | C14:0 | Cl4:1 | C15:0 | C16:0 | Clé:1 | C18:0 | C18:1 | C18:2 | C18:3 | C20:0 | C20:1
Controls | Cons. alpha
Rt

10 866 | 134 0.03 005 | 3253 | 1,17 243 | 5443 | 669 0.53 021 0.09
11 826 | 136 0.02 004 | 3232 | 111 239 | 5490 | 667 0.49 0.20 0.10
12 831 | 137 0.02 004 | 3226 | L11 240 | 5481 | 679 0.50 021 0.10
13 830 | 135 0.02 004 | 3216 | 1.09 240 | 5509 | 671 0.50 021 0.09
14 837 | 134 0.02 004 | 3208 | 113 241 | 5501 | 677 0.51 0.20 0.09
15 829 | 134 0.03 003 | 3202 | L10 239 | 5523 | 671 0.50 020 0.10
16 867 | 133 0.03 003 | 3196 | L1 236 | 5525 | 673 0.51 020 0.09
17 830 | 131 0.03 004 | 3172 | 108 237 | 5550 | 672 051 020 0.09
18 875 | 127 0.03 004 | 3143 | 110 232 | 5593 | 672 0.51 0.20 0.09
Avg. 847 | 137 0.03 004 | 3256 | 116 238 | 5451 | 672 0.51 020 0.10
CHK100 | 883 | 1.68 0.04 004 | 3727 | 114 244 | 4948 | 672 047 022 0.08
mutant

isolate 2

CHK100 | 882 | 160 0.03 004 | 3651 | 124 224 | 5104 | 621 045 0.20 0.08
mutant

isolate 3

[0149] CHK100 mutant strains were grown in the lipid production medium (0.5 mL)

described above with shaking (900 rpm) for 72 hours at which point glucose consumption was
measured. Isolates with high glucose consumption levels were further interrogated for fatty
acid composition with lead strains shown in Table 3 here compared to aggregated CHK100
parental control data.

[0150] These mutants were re-screened in a 5-day bioreactor tube-based lipid
production assay to quantitatively assess their fatty acid profile, lipid productivity, and
triacylglycerol (TAG) distribution, with a particular focus on the level of valuable palmitic-
oleic-palmitic (POP)-containing TAGs. POP is valuable as an alternative to traditional POP
obtained from palm oil, which requires a great deal of industrial processing to obtain and can
be subject to supply issues given climate change.

[0151] As shown in Table 4, one of the mutants, “...B1k07;F02” or “CHK100 mutant
isolate 2”7, continues to exhibit ~4.5% more palmitate than the CHK100 parental strain. In
addition, the lipid titer and oil content are modestly improved compared to the parent. An
overview of the lineage history of these classically improved high palmitate strains is illustrated
in FIG. 2A, with oleate (C18:1) and palmitate (C16:0) levels reported for each strain in the
lineage. The method of mutagenesis utilized at each step is presented above each arrow, and

the enrichment strategy utilized in conjunction with each mutagenesis strategy is presented
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below each arrow. “...Blk07;F02” is otherwise referred to as “CHK mutant isolate 2 in the

present disclosure.

Table 4: Tube-based assays evaluating CHK100 mutants showing increased C16:0 levels and

improved lipid titer. “Dry cell weight” (“DCW”) was determined by applying 1 mL of culture

broth to a pre-weighed glass filter sitting atop a sintered glass funnel under vacuum and

washing with 5 mL of water. Filters were then lyophilized to dryness and reweighed to

determine the DCW of each sample. “Non lipid biomass” (“NLB”) was determined by

subtracting the lipid (g/L) from the DCW. “Per cell production” (“PCP”’) was determined by
dividing the NLB by the lipid titer.

Sample
CHK100 CHK100 CHK100 CHK100 CHK100 CHK100 CHK100 CHK100 CHK100 CHK100 CHK100 CHK100
mutant mutant mutant mutant mutant mutant mutant mutant control control control control
isolate 2 isolate 2 isolate 2 isolate 2 isolate 1 isolate 1 isolate 1 isolate 1 Rep A Rep A Rep B Rep B
Rep A Rep A Rep B Rep B Rep A Rep A Rep B Rep B 1) ) 1 2)
¢V} 2) ¢V} 2) ¢V} 2) 1 2)
Yowiw 70.0 71.3 73.0 75.8 70.9 74.1 69.1 68.9 70.7 70.9 69.2 70.7
Avg. %
whw 72.5 70.8 70.4
Biomass 16.5 16.2 16.1 15.7 16.1 15.7 16.2 15.9 16.3 16.6 16.1 16.2
wt (mg)
Vol. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
applied
to filter
(mL)
DCW 16.2 16.2 16.1 15.7 16.1 15.7 16.2 15.9 16.3 16.6 16.1 16.2
(g/L)
Avg.
DCS 16.1 16.0 16.3
(L)
Lipid 11.6 11.6 11.8 11.9 11.4 11.6 11.2 11.0 11.5 11.8 11.1 11.5
Titer
L)
Avg.
Lipid 11.7 11.3 11.5
Titer
(gL)
NLB 1.9 4.6 4.3 3.8 4.7 4.1 5.0 4.9 4.8 4.8 5.0 4.7
(g/L)
PCP 2.3 2.5 2.7 3.1 2.4 2.9 2.2 2.2 24 24 2.2 24
Cl14:0 1.42 1.43 1.45 1.40 1.38 1.36 1.41 1.42 1.18 1.17 1.17 1.17
Cl4:1 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cl15:0 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.03
Cl16:0 36.56 36.63 36.75 36.54 35.40 35.38 35.52 35.65 32.18 32.13 32.15 32.14
Cl6:1 1.37 1.37 1.37 1.34 1.40 1.38 1.41 1.41 1.32 1.31 1.30 1.30
C18:0 1.96 1.95 1.97 2.01 1.99 2.02 1.98 1.99 2.06 2.08 2.07 2.07
Cl18:1 51.88 51.86 51.74 52.02 53.21 53.29 53.00 52.87 56.20 56.32 56.32 56.32
C18:2 5.81 5.81 5.80 577 5.69 5.64 573 572 6.00 6.00 6.03 6.01
Cl18:3 0.37 0.37 0.37 0.37 0.37 0.36 0.37 0.37 0.40 0.40 0.40 0.40
alpha
C20:0 0.14 0.14 .015 .015 0.15 0.16 0.15 0.14 0.15 0.15 0.16 0.15
C20:1 0.03 0.03 0.04 0.04 0.04 0.05 0.04 0.02 0.05 0.05 0.05 0.04
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[0152] All strains included in Table 4 were run under standard lipid production
conditions in which strains were grown in duplicate in 10 mL of the lipid production medium.
Cultures were grown with shaking (200 rpm) for 121 hours at 28 °C at which point 1 mL of
biomass was removed, applied to a polycarbonate filter, washed with an equal volume of Milli
Q water and placed in a tared glass vial at -80 °C for 30 minutes. Vials containing filters and
frozen biomass were lyophilized to dryness overnight, their weights recorded and filters with
dried biomass were subjected to direct transesterification followed by GC/FID to quantitate
FAME:s. Abbreviations included in Table 4 include: DCW (dried cell weight), NLB (non-lipid
biomass), and PCP (per-cell production, defined as [lipid titer (g/L)]/NLB).

[0153] FIG. 2B shows the continued progression of the mutant isolate “...BlIk07;F02”,
also referred to herein as strain “CHK mutant isolate 2.” Serial passaging of the isolate and
screening in the lipid assays, as described above, resulted in a stable strain, CHK224, having a
palmitate level of 37% in the isolated crude oil as determined by FAME analysis. A separate
stability screen resulting from SSID 1447 produced subclone “C06” (FIG. 2B) and the
intermediate strain CHK243u, which, upon additional serial passage and interrogation of
isolates in lipid production, resulted in subclone “A10.” Subclone A10 is characterized as
having a palmitate level of 39% in the isolated oil. Subclone A10, upon another round of
passaging and interrogation in lipid production assays (SSID 1515), resulted in a branch in the
lineage. One branch in the lineage gave rise to clone “E04°, which, upon additional passaging
and stability assays in lipid production medium, resulted in the stable strain, CHK263, which
is characterized as having 40% palmitate in the isolated crude oil.

[0154] The second branch point, as illustrated in FIG. 2B from the SSID 1515 clone,
gave rise to the unstable strain “sub-clone E07”, which was subsequently designated
CHK256u. A lipid stage culture of CHK256u was subsequently exposed to 2.8 uM 4-NQ at 30
°C for 30 minutes and allowed to recover for 24 hrs in fresh vegetative medium at 30 °C. The
mutant population of the exposed CHK256u cells was then exposed during culture in lipid
production medium to 100 uM tebutam (herbicide) at 35 °C for 72 h. Surviving cells were
recovered and subjected to screening. The first clone from the screening of SSID1642 resulted
in a mutant, “clone FO7”, with a palmitate level of 42% in the isolated crude oil; this clone is
designated CHK 268u. CHK 268u was subsequently subjected to serial passage and further
interrogation using lipid production assays (SSID 1710). After screening of the SSID 1710
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cells, from this screen was cloned “BIk08,F04,” which has 49.9% palmitate when cultivated in

lipid production medium at 32 °C in the isolated microalgal oil.

LCMS Analytical Method

[0155] Triglyceride (TAG) profile analysis was conducted on CHK100 and the
CHK100 mutant strains using liquid chromatography-mass spectrometry (LCMS). The TAGs
were extracted from P. moriformis dried biomass into a solution of 3:1 toluene/2-propanol (v/v)
by means of a mechanical disruption using ceramic beads and vigorous agitation. The filtered
extracts were then injected into an Agilent 1290 Infinity Il UHPLC system coupled to a 6470B
triple quadrupole mass spectrometer and APCI ionization source according to the parameters
described by Co, E.D. et al. (Co, E.D., Koutchekinia, M., Carney, J.R. et al., “Matching the
Functionality of Single-Cell Algal Oils with Different Molecular Compositions,” J. Am. Oil
Chem. Soc. 91: 533-48, 2014 ) and their Total Ion Chromatograms (TIC) are shown in FIG. 4.
FIG. 4 illustrates, through the LCMS data shown, that TAG designations are non-regiospecific.

LCMS Determination of Regioisomers

[0156] Chromatographic separation of regioisomers is not achieved by the LCMS
method described, however, a qualitative assessment regarding the regiospecificity of the
predominant isomer can be made based on the abundance of diacylglycerol (DAG) ions
resulting from fragmentation of the TAG. In LC-APCI-MS analyses of TAGs, the loss of the
fatty acid at the sn-/ and sn-3 positions are energetically more favorable compared to loss at
the sn-2 position, resulting in a greater abundance of the diacylglycerol ions formed from the
former fragments. For example, in the case of 1,2-palmitin-3-olein, (PPO), a near 1:1 ratio of
[OP]* DAG ion (m/z 577) and [PP]* DAG ion (m/z 551) can be observed as the contribution of
the 1-palmitin, 3-olein DAG species is a relatively rare event (also the [OP]+ DAG ion species
(m/z 577). In the case of 1,3-palmitin-2-olein (POP) a greater abundance of the [OP]* DAG
ion (m/z 577) can be observed, as elimination of palmitate at either sn-1 or sn-3 results in [OP]*
DAG ion (m/z 577) while the corresponding [PP]+ DAG ion (m/z 551) can only arise via the
rare loss of olein at the sn-2 position. For AAB and ABA type triglycerides, a linear calibration
curve between [AA]*/[AB]* ratios and mixtures of AAB and ABA pure regioisomers with
known compositions can be constructed. The method used is described in, e.g., Byrdwell
(Byrdwell WC., “The updated bottom-up solution applied to mass spectrometry of soybean oil
in a dietary supplement gelcap,” Anal. Bioanal. Chem. 407(17): 5143-60, 2015); using this
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method, the precise composition of each regioisomer can be calculated based on this linear
relationship and simplified by means of a two-point calibration curve using only the endpoints

of the calibration curve. This can be expressed by the following equation:

(MA1Y 115 (441 5,

[AB] + [AB] +
%ABA =
[AA] + [AA] +
( 1B +)AAB - (AB +)ABA
[0157] Mass spectra and DAG ion ratios for the higher palmitate-producing microalgal

strains obtained using the procedure depicted in FIG. 3, along with the CHK100 control and
palm oil, are shown in FIGs. 5-8. FIGs. 9-12 depict the mass spectra and DAG ion ratios of
native palm oil, and 1,3-palmitin-2-olein and 1,2-palmitin-3-olein, respectively, purchased
from Larodan Research Chemicals. In Table 5, the [OP]* and [PP]* DAG ion abundance and
calculated the %POP in the TAG component of the unpurified oil for each sample are shown
(including their biological replicates designated rep A and rep B, and instrument injection
replicates designated r001 and r002). In FIG. 9, the red palm oil analyzed was Nutiva® Nurture
Vitality purchased from Berkeley Bowl, Berkeley, California. In FIGs. 10 and 11, the 1,3-
palmitin-2-olein and 1,2-palmitin-3-olein analytical standards were both purchased from
Larodan Research Chemicals.

Table 5: Calculated [OP]*/[PP]* DAG ion abundance and calculated %POP based on their
ratio compared to pure POP and PPO regioisomer standards from palm oil versus triglycerides
extracted from various classically improved P. moriformis isolates using the screening method

depicted in FIG. 2A and 2B.

Abundance Abundance m/z %POP of TIC % POP in
Sample [OP]*:[PP]* m/z 551 [PP]* 577 [OP]* [PP] *:[OP]* POP/PPO POP/PPO triglyceride
peak in TIC Area % oil

CHK100 mutant 3.98 130173.26 517672.62 0.25 97.77 19.45 18.82
isolate 1

Rep A (1)

CHK100 mutant 4.13 121581.72 50244475 0.24 98.62 19.11 18.85
isolate 1

Rep A (2)

CHK100 mutant 3.90 124613.99 486305.69 0.26 95.83 19.37 18.56
isolate 1

Rep B (1)

CHK100 mutant 4.30 116280.24 500479.19 0.23 100.50 19.45 1945
isolate 1

Rep B (2)

CHK100 mutant 4.07 198769.05 809166.75 0.25 97.90 2543 24.90
isolate 2

Rep A (1)

CHK100 mutant 3.89 194987.83 759016.38 0.26 95.71 24.92 23.85
isolate 2
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Abundance Abundance m/z %POP of TIC % POP in
Sample [OPT*:[PP]* m/z 551 [PP]* 577 [OP]* [PP]*:[OP]* POP/PPO POP/PPO triglyceride
peak in TIC Area % oil

Rep A (2)
CHK100 mutant 4.11 1920223.77 782385.88 0.24 98.39 24.79 24.39
isolate 2
Rep B (1)
CHK100 mutant 4.19 195791.72 820783.44 0.24 99.29 25.39 2521
isolate 2
Rep B (2)
CHK100 mutant 3.95 157399.91 621418.69 0.25 96.41 23.41 22.57
isolate 3
Rep A (1)
CHK100 mutant 4.02 154569.34 622093.69 0.25 97.35 23.58 2296
isolate 3
Rep A (2)
CHK100 mutant 3.96 218106.58 864771.00 0.25 96.62 23.19 2241
isolate 3
Rep B (1)
CHK100 mutant 3.90 226937.56 884796.38 0.26 95.79 23.54 22.55
isolate 3
Rep B (2)
CHK100 Rep A 4.06 145233.64 589042.88 0.25 97.73 19.03 18.60
1
CHK100 Rep A 391 148040.62 579523.50 0.26 95.99 18.79 18.04
@
CHKI100 Rep B 4.13 139082.73 574351.00 0.24 98.58 19.26 18.99
O]
CHK100 Rep B 3.99 140938.38 562031.62 0.25 96.90 19.21 18.62
@
Palm oil (1) 3.53 128347.91 453653.34 0.28 90.63 25.70 23.29
Palm oil (2) 3.42 139511.14 477637.72 0.29 88.64 25.64 2278
1,3- palmitin-2- 4.26 303582.72 1292106.50 0.23 99.99 100.00 99.99
olein analytical std
(63}
1,3-palmitin-2- 4.26 324865.12 1383256.50 023 100.01 100.00 100.01
olein analytical std
@
1,2-palmitin-3- 1.35 793718.38 1073788.75 0.74 1.57 100.00 1.57
olein analytical std
(63}
1,2-palmitin-3- 132 850459.00 1126033.50 0.76 -1.57 100.00 -1.57
olein analytical std
@

[0158] The complete triglyceride profile (area %) of each classically improved

derivative of CHK100, the parental CHK100 control, and red palm oil are shown in Table 6.
Further, as illustrated in Table 6, Sample CHK100 mutant isolate 2 (RepA), has higher POP

and lower PPO compared to Red Palm Oil. Tripalmitin levels are also higher in red palm oil.
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Triglyceride designations for all other TAGs are non-regiospecific.

Table 6 and elsewhere are as follows:

LLL
LLP
LOL
MLP
MOL
MOP
OO0A
OOB
OOL
OOLn
OOM
000
OOoP
00S
PCP
PLP
PLS
PMP
POA
POB
POL
POP
POLn
POS
PPA
PPO
PPP
PPS
PSS
SOL
SOS
SSG

linoleic-linoleic-linoleic
linoleic-linoleic-palmitic
linoleic-oleic-linoleic
myristic-linoleic-palmitic
myristic-oleic-linoleic
myristic-oleic-palmitic
oleic-oleic-arachidic
oleic-oleic-behenic
oleic-oleic-linoleic
oleic-oleic-linolenic
oleic-oleic-myristic
oleic-oleic-oleic
oleic-oleic-palmitic
oleic-oleic-stearate
palmitic-capric-palmitic
palmitic-linoleic-palmitic
palmitic-linoleic-stearic
palmitic-myristic-palmitic
palmitic-oleic-arachidic
palmitic-oleic-behenic
palmitic-oleic-linoleic
palmitic-oleic-palmitic
palmitic-oleic-linolenic
palmitic-oleic-stearic
palmitic-palmitic-arachidic
palmitic-palmitic-oleic
palmitic-palmitic-palmitic
palmitic-palmitic-stearic
palmitic-stearic-stearic
palmitic-oleic-linoleic
stearic-oleic-stearic
stearic-stearic-gondolic (C18:1n-11)
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SSID  Strain/Sample Identifier

TAG triacylglycerols or triglyceride and are non-regiospecific unless indicated
Table 6: Triglyceride profiles of the higher palmitate strains compared to Nutiva® Nurture
Vitality Red Palm Oil.

TAG (non- Sample
regiospecific CHK 100 CHK100 CHK100 CHK100 Palm Oil
unless mutant isolate | mutant isolate | mutantisolate | parental strain
indicated) 1 (Rep A) 2 (Rep A) 3 (Rep A) / control (Rep
ECN Area Sum % Area Sum % Area Sum % Area 21).111‘1 % Area Sum %
LLL 42 - - - - 0.19
LOL 44 0.48 0.32 0.33 0.51 0.92
OOLn 44 0.27 0.15 0.24 0.30 -
LLP 44 0.71 0.71 0.66 0.80 2.92
MOL (+POLn) 44 0.35 0.95 0.45 0.96 -
POLn 44 0.54 - - - _
MLP 44 0.19 0.28 0.33 0.24
OOL 46 2.95 2.10 2.27 3.12 2.58
POPo + PoLS 46 0.93 1.03 1.09 1.28 -
POL 46 5.61 6.26 6.09 6.68 11.12
OOM 46 2.86 3.33 3.26 3.07 -
PLP 46 1.75 2.88 2.74 2.16 7.43
MOP 46 1.91 2.09 1.93 1.49 0.89
PMP - - - - - -
000 48 14.71 10.26 11.37 14.70 5.70
SOL 48 0.40 0.23 0.24 1.32
OOP 48 36.53 35.51 36.96 37.62 21.76
PLS 438 0.31 0.30 0.34 0.20 1.41
POP 48 18.82 24.90 22.57 18.60 23.29
regioisomer
PPO 48 0.63 0.53 0.84 0.43 241
regioisomer
PPP 43 0.49 0.81 0.64 0.41 4.08
00S 50 3.64 2.31 2.35 2.62 3.66
POS 50 3.36 2.57 2.38 2.24 5.59
PPS 50 - - - - 0.91
00A 52 0.21 0.16 0.14 0.12 0.24
SOS + POA 52 0.30 0.21 0.18 0.20 0.60
PSS + PPA 52 - - - - -
OOB 54 - - - - -
POB 54 - - - - -
SSG 54 - - - - -
POLg 56 - - - - -

36




WO 2025/170996 PCT/US2025/014579
TAG (non- Sample
regiospecific CHK 100 CHK100 CHK100 CHK 100 Palm Oil
. “}11355 mutant isolate | mutant isolate | mutant isolate | parental strain
indicated) 1 (Rep A) 2 (Rep A) 3 (Rep A) / control (Rep
A)
ECN Area Sum % Area Sum % Area Sum % Area Sum % Area Sum %
AAS 58 - - - -
SUM 97.95 97.89 97.53 97.84 97.26
577/551 3.98 4.07 3.95 4.06 3.53
[OP]*:[PP]*
Calculated 18.82 24.90 22.57 18.60 23.29
%POP in oil
[0159] TAG designations are non-regiospecific, unless indicated, as is the case with

POP and PPO. FIGs. 12 and 13 are graphical representations of the same data shown in Table
6. “ECN” in Table 6 denotes the equivalent carbon number. Sample CHK100 mutant isolate 2
Rep A specifically shows a higher POP content compared to palm oil. The red palm oil used
as the analytical standard in FIGs. 12 and 13 was Nutiva® Nurture Vitality Red Palm Oil. Palm
oil has a higher occurrence of PPO compared to the CHK100 control and CHK100 mutant
isolates as well as higher tripalmitin.

[0160] Further, FAME analysis was performed on sample CHK100 mutant isolate 2
Rep A (see Table 4) as well as the analytical standard red palm oil (Nutiva® Nurture Vitality
Red Palm Oil) and show the palmitate levels of the oil derived from CHK100 mutant isolate

2 of the present disclosure.

Table 7: FAME Analysis of Red Palm Oil.
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Sample Name
Fatty Acids Red Palm Oil Red Palm Oil
Nutiva® Nurture Nutiva® Nurture
Vitality (1) Vitality (2)
C8:0 0.03 0.03
C10:0 0.03 0.03
C12:0 0.40 0.40
C14:0 1.00 1.00
C15:0 0.00 0.00
C16:0 42.87 42.79
C18:0 4.84 4.85
C18:1 n-9 39.03 39.11
C18:2 n-6 10.39 10.38
C18:3 alpha 0.28 0.28
C20:0 0.36 0.36

Example 2. Fatty acid profile.

[0161] As shown in FIG. 14, the fatty acid profile of the CHK100 mutant isolate 2, a
high-palmitic acid strain obtained through classical strain optimization of CHK100 using the
methods described herein, was analyzed using GC-FID (gas chromatography flame ionization
detection). The results reveal levels of both palmitic and unsaturated fatty acids, calculated by
adding the concentrations of oleic acid and linoleic acids (abbreviated as 18:1 and 18:2,
respectively in FIG. 14) found in the samples. These levels of palmitic acid and unsaturated
fatty acids of the microalgal oils described herein were found to be equivalent to those reported
in the literature for palm olein (Sampaio et al., (2011) Steam deacidification of palm oil. Food

and Bioproducts Processing. 89, 383-90).

Example 3. Triacylglycerol profile.

[0162] FIG. 15 illustrates the triacylglycerol (TAG) profile of an exemplary high-
palmitic acid strain of the present disclosure, obtained through classical strain optimization of
CHK100, has been analyzed using LC-MS (liquid chromatography — gas spectrometry). FIG.

18 compares the levels of PPP, PPO regioisomer and POP regioisomer of the various strains
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depicted in FIG. 2A and 2B, or which the strain depicted in FIG. 15 provides the results for a
different strain.

[0163] FIG. 15 shows the levels of 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) in the
classically improved algae strain, CHK100 mutant isolate 2, is equivalent to the level of POP
level found in palm olein reported in the literature (Sampaio et al., 2011). The analysis also

showed that the algae strain contains less than 1% tripalmitin (referred to as PPP in FIG. 15).

Example 4. Diacylglycerol and Monoacylglycerol profiles.

[0164] Both palm oil and palm fractions contain significant levels of partial glycerides
(Sampaio et al., 2011 & Sasue et al., (2015) “Synthesis of palm oil high in diacylglycerol
through direct esterification.” The Malaysian J. of Amalytical Sciences. 19(1): 222-29),
particularly diacylglycerols (DAG) and monoacylglycerols (MAG). According to the literature,
palm oil and its fractions typically have about 2-6% diacylglycerols and 2-5%
monoacylglycerols (Sasue et al., 2015). The algae oil described herein, with a fatty acid and
triacylglycerol (TAG) profile similar to palm olein, contains only trace amounts (e.g., <2%) of
the total MAG and DAG combined.

[0165] As documented in existing literature, the presence of partial glycerides such as
DAG and MAG can adversely affect the shelf-life stability of products, given their heightened
susceptibility to oxidative degradation compared to triacylglycerols (TAG). The high-palmitic
oil resulting from the classical strain optimization of CHK100 also contains less than 6% of
linoleic acid (expressed as % of total TAG), while palm oil and palm olein contain typically
levels of linoleic acid ranging from 9-12%, which also makes palm oil and palm olein more
sensitive to oxidative degradation.

[0166] Additionally, the occurrence of DAG in oil has been identified as a precursor
for the formation of process contaminants, including glycidyl esters, that generated when one
takes a microalgal oil through a deodorization process (Destaillats et al. (2012) Glycidyl esters
in refined palm (Elaeis guineensis) oil and related fractions. Part I: Formation mechanism.
Food Chemistry, 131: 1391-98).

[0167] Consequently, owing to the reduced MAG and DAG levels, the high-palmitic
oil resulting from the classical strain optimization of CHK100 increases the oxidative stability
of the oil and is seen to decrease the residual levels of glycidyl esters, making the resulting
crude oil from the strain significantly more useful than what can be obtained from existing
strains. A more oxidatively stable oil increases to the number of applications for use of the oil

in comestibles for human and animal health and nutrition.
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Example 5. Characterization of High Palmitic Acid Triacylglycerol Oils Produced by
Classically Improved Microalgal Strains.

[0168] The sterol compositions of high palmitic refined, bleached, and deodorized
(RBD) triacylglycerol oils of the present disclosure were determined using gas chromatography
combined with mass spectrometry and flame ionization detection. Samples were prepared
using the technique described in the German standardized method F-1III for sterols in fats and
oils from Aitzetmiiller, et al. (1998) (“Analysis of sterol content and composition in fats and
oils by capillary-gas liquid chromatography using an internal standard. Comments on the
German sterol method,” Fett/Lipid 100: 429-435), which is incorporated herein by reference
in its entirety. After addition of an internal standard, the oils were saponified. The
unsaponifiable fractions were isolated using solid-phase extraction. Trimethylsilyl (TMS)
derivatives of the unsaponifiable fraction were injected on an Agilent 8890 gas chromatograph
equipped with a 5977B single quadrupole EI-MS and FID (flame ionization detection) detector.
A capillary flow technology (CFT) splitter was used to split the sample between the MS and
FID detectors following separation using a DB-5MS Ultra Inert column (60 m lengthx0.25 mm
inner diameter X 0.25 pum film thickness). Mass spectra data, in conjunction with retention time
comparison with analytical standards, if available, were used to identify each of the sterol
species. Quantification was based on the GC-FID detected response of the sterol TMS ethers
compared to that of the internal standard.

[0169] The resulting sterol profiles are shown in Table 8. Amounts are shown as
mg/100 g of the oil and as approximate percentages of total detected sterols. Minor unidentified
peaks were not accounted for. Not all sterols were identifiable and are listed as unknown.
Ergosterol was the main sterol present in both oils. Various other sterols were present in the
RBD oils in significant amounts, including 35.xi.-ergost-7-en-3(3-o0l, (3f) and 9,19-
cyclolanostan-3-ol, 24-methylene-(3B)-,0-TMS.

Table 8: Sterol Profile of RBD Oil Strains - CHK22 and CHK100

Sample
RBD0061 CHK22 RBD0062 CHK100
(mg/100g) (mg/100g)
Unknownl 4.78 21.36
Ergosterol, TMS derivative 80.02 35.12
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Sample
RBD0061 CHK22 RBD0062 CHK100
(mg/100g) (mg/100g)
Ergost-8(14)-en-3-ol, (3f)-, 10.87 5.14
TMS derivative
Ergosta-5,8-dien-3-ol, (3[3)- - -
5.Xi.-Ergost-7-en-3B-ol, TMS 46.21 28.73
derivative
9,19-cyclolanost-24-en-3-ol, 14.10 18.60
(3B)-, TMS derivative
9,19-cyclolanostan-3-ol, 24- 17.71 29.52
methylene-(3B)-,0-TMS
Unknown2 5.14 8.47
TOTAL 178.83 146.93

Example 6: Fatty acid and TAG profile of clone “Blk08,F04”.

[0170] As shown in FIG. 16 and Table 9, the fatty acid profile of the “Blk08,F04” high-
palmitic acid strain, obtained through classical strain optimization of CHK 268u (FIG. 2B),
resulted in a strain producing almost 50% palmitate when grown at 32 °C and 47% when grown
at 28 °C for the same length of time.

[0171] Table 9 shows the results of two biological replicates of clone “Blk08,F04”
when run in a 5-day tube assay at either 32 or 28 °C. As can be seen, the lipid titer, DCW, and
palmitate levels in the obtained oil are higher when grown at 32 °C, but the lipid % and per cell
production (PCP;[Lipid g/L)/[DCW-lipid g/L]) are lower.

[0172] FIG. 17 shows the TAG profiles of the lipids isolated from the same samples of
clone “BLKOS,F04” grown at 32 or 28 °C in which the isolate makes 45 or 40% POP,
respectively.

Table 9: Clone “BIk08,FO4” run at 32 or 28 °C.

Sample
“Blk08,F04” | “Blk08,F04”
28°C 32°C
Lipid as % DCW 80.1 77.7
DCW g/L 11.5 12.2
PCP 4.02 3.51
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Sample
“Blk08,F04” | “Blk08,F04”
28°C 32°C
Lipid g/L 9.2 9.5
C14:0 1.72 2.26
C16:0 46.90 49.87
Cl6:1 1.47 1.04
C18:0 2.03 3.04
C18:1 40.30 35.81
C18:2 6.13 6.29
C18:3 0.43 0.37
C20:0 0.19 0.28
[0173] Table 10 and FIG. 18 show levels of POP and PPO regioisomers and PPP levels

in classically improved strains, which are the subject of this disclosure, as shown in FIG.2, as
well as commercially available oils, including palm mid fraction (PMF) and red palm oil. The
PMF is valued for its high POP content and is a key component in structuring fats generated
through multiple stages of fractionation of palm oil fractions. POP, stearate-oleate-stearate
(SOS), and palmitic-oleic-stearic (POS) are the principal structuring fats in cocoa butter. PMF
and algal fats described herein can be use d as blend stocks along with cocoa butters from
different geographies, whose content of the three principle structuring fats can differ, or with
other cocoa butter extenders or equivalents used to affect the physical properties of these
important structuring fats. As can be seen, clone “BLKO8;F04” shows POP levels significantly
higher than commercially available palm oil and approximately 70% of what is seen in
commercially available palm mid fraction (PMF). Importantly, the levels of PPO, and PPP,
which can adversely affect the melt profile and mouthfeel of confections, is markedly reduced
in microalgal-derived oils described herein.

[0174] Close inspection of Table 10 and FIG. 18 demonstrate the utility of the
microalgal cells of the genus Prototheca for generating fats of superior composition relative to
traditional incumbent oils, such as red palm oil. Note that the levels of PPP and PPO, two TAG
species which can disrupt and interfere with the melt profile and mouthfeel of important
structuring fats, such as cocoa butter, are elevated in palm oil and in the palm mid fraction

(PMF, designated as “AAK PMF” in FIG. 18 and below in Table 10) compared to the crude
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microalgal oils of the enhanced strains described herein. Note the inherently elevated levels of
both PPO and PPP in red palm oil and PPO in particular in PMF.

[0175] All microalgal oils of the present disclosure show PPP and PPO levels well
below those for palm oil (e.g., clone BLK0OS8;FO4 shows PPP levels only 65% that seen in red
palm oil and PPO levels at just 16% of what is seen in red palm oil, while at the same time
possessing POP levels over 1.9 times higher) and PPO levels between 4.7- and 12.3-fold lower
than what is seen in AAK PMF.

Table 10. Levels of POP and PPO regioisomers and PPP levels in classically improved strains,

which are the subject of this disclosure, and commercially available oils, also shown in FIG.18.

Strain/sample .PQP .PPO PPP
regioisomer regioisomer
AAK PMF 59.77 4.68 2.10
o

SSIDI731-13 32 °C 45.15 0.38 2.68

BLKO08;F04
SSIDI731-13 28 'C 40.02 0.46 1.55

BLKO08;F04

CHK268u
o 35.89 0.89 1.46
32°C

CHK268u 28 °C 32.51 0.58 0.92
CHK263 28.48 0.89 0.90
CHK256u 26.69 1.00 1.19
CHK224 23.20 0.39 0.52
CHK100 17.79 0.56 0.28
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Strain/sample .P.OP .P!)O PPP
regioisomer regioisomer
Red Palm Oil 23.29 241 4.08

The sequences of Table 11 represent exemplary insertion loci in Prototheca that can be used

to assess the absence of recombinantly engineered introductions of heterologous genes into the

parent strain. Given that certain governments regulate the use of products and labeling of

products produced by or from genetically manufactured organisms (GMOs), the developed

Prototheca strains obtained in this application can use these exemplary loci to demonstrate that

they were not engineered. However, the strains can be recombinantly engineered if so desired.

Table 11: shows SEQ ID NOS: 1-26, 30-31 as referenced herein.

SEQ
ID
NO.

Source features

Sequence

1

Moltype = DNA
length = 4218
Location/Qualifiers
1.4218

moltype = other
DNA

organism =
synthetic construct

cggegegetg cttegegtge cgggtgeage aatcagatee aagtctgacg acttgegege acgegeegga tee
ttcaatt ccaaagtgtc gtccgegtge gettettege cttegtecte ttgaacatee agegacgeaa gegeaggge
g ctgggeggcet ggegteecga accggecteg gegeacgegg ctgaaattge cgatgtegge aatgtagtge ¢
geteegecc acctetcaat taagtttttc agegegtggt tgggaatgat ctgegetcat ggggegaaag aagggg
ttca gaggtgcttt attgttactc gactgggegt accagcattc gtgeatgact gattatacat acaaaagtac agc
tegette aatgecctge gattectact ccegagegag cactectete acegtegggt tgettceeac gaccacgee
g gtaagagget ctgtggecte gegeceetcg cgagegeate tttccageca cgtetgtatg attttgeget cata
cgtetg gecegtegac cccaaaatga cgggatcetg cataatatcg cccgaaatgg gatccaggea ttegteag
ga ggegtcagece cegegggaga tgeeggteee gecgeattgg aaaggtgtag agggggtgaa teceecattt
catgaaatgc ttggtcaacg atggtgcgea ttcgtgecaaa gtgaatatgg ggtcacgegg tggacgaacg cgg
agggggc atgaccgaat ctaggetege attcctcaga tcacttcatg ccggeggtee ggggtttgeg cgtegeg
caa ggctacgtet cectagecge tgegeaccac gegtgegacg cggaggecat cttccggage aacgaccat
g gattgtcttagcgatcgeac gaatgagtgce tagtgagtcg tacgetcgac cecagtegete gecaggagaag geg
geagetg ccgagcttcg gettaccagt cgtgactcgt atgtgatcag gaatcattgg cattggtage attataattc
gegctteegeg ctgegtatgg geatggeaat gtetcatgea gtegatetta gtcaaccaat tttgggtgec caggte
cggg cgaccgggct cegtgtegee gggeaccace tectgecagg agtageaggg ccgeectete gteceega
cgt tggeecactg aataccgtgg cttcgagecce tacatgatgg getgectagt cgggegggac gegeaactge
cecgegegate tgggegctgg tetgaatect tcaggegggt gttacccgag aaagaaaggg tgccgatttc aaa
geagacc catgtgeegg geeetgtgge ctgtgttgge gectatgtag tcaccccecce tcacceaatt gtcgecag

tt tgcgeactee ataaactcaa aacageagct tetgagetge getgttcaag aacacctetg gggtttgete acee
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SEQ
ID
NO.

Source features

Sequence

gegagg tcgacgeeca geatggetat caagacgaac aggeagectg tggagaagec tecgttcacg atcggg
acgc tgecgeaagge catcccegeg cactgtttcg agegetcgge gettcgtage ageatgtace tggectttga

catcgeggtce atgtceetge tetacgtege gtegacgtac atcgaccetg caccggtgece tacgtggete aagta
cggca tcatgtggece getctactgg ttettccagg tgtgtttgag gattttggtt gecegtattg aggtectggt gg
cgegeatg gaggagaagg cgeetgteee getgaceece ccgecgacee teeceeeace ttecagggeg cett
cggeac gggtgtetgg gtgtgcgege acgagtgegg tcaccaggec ttttecteca gecaggeeat caacgac
gge gtgggeetgg tgttccacag cetgetgetg gtgecctact actectggaa geactecgeac cgecgecace

actccaacac ggggtgectg gacaaggacg aggtgtttgt gecgeegeac cgtgeggtgg cgeacgaggg ¢

ctggagtgg gaggagtgec tgecccatceg catgggeaag gtgetggtea cettgacect gggetggecg ctgt
acctca tgttcaacgt cgeetecege cettacecege gettcgecaa ceactttgac cegtggtege ccatcttcag
caagcgegag cgeatcgagg tggteatcte cgacctegeg ttggtggegg tectcagegg getcagegtg ctg
ggeegea ccatgggetg ggectggetg gtcaagacct acgtggtgee ctacatgate gtgaacatgt ggetggt
get catcacgetg ctccageaca cgeacecgge cetgeegeac tacttcgaga aggactggga ctggetacge
ggegecatgg ccaccgtega cegetecatg ggeeccgecct tcatggacag catectgeac cacatctceg aca
cccacgt getgeaceac ctettcagea ccatcecgea ctaccacgee gaggaggect ccgeegeeat ceggee
catc ctgggcaagt actaccaatc cgacagecge tgggtcggec gegeeetgtg ggaggactgg cgegactg
cc getacgtegt cececgacgeg cccgaggacg actccgeget ctggttccac aagtgagege gectgegega
ggacgcagaa caacgetgee geegtgtcett ttgecacgege gactceggeg cttegetggt ggecaccecca taa

agaaacc ctcaattctg tttgtggaag acacggtgta cccecacecea cecaccetgea cetetattat tggtattatt

gacgeggeag tgggcgttgt accctacaac gtagettete tagttttcag ctggetceca ceattgtaaa ttcatge
tag aatagtgcgt ggttatgtga gaggtatagt gtgtctgage agacggggeg ggatgeatgt cgtggtggtg a
tetttgget caaggegteg tcgacgtgac gtgeeegate atgagageaa taccgegcete aaageegacg catag
ccttt actccgeaat ccaaacgact gtecgetegta ttttttggat atctatttta aagagegage acagegeegg ge
atgggect gaaaggecte geggeegtgce tegtggtgge ggecgegage gegtggggea tcgeggeagt gea
ccaggeg cagacggagg aacgeatggt gegtgegeaa tataagatac atgtattgtt gtetgtacta taatgeta

ga gcatcaccag gggcttagtc atcgeacctg ctttggteat tacagaaatt gcacaaggge gtecteeggg at

gaggagat gtaccagctc aagetggage ggettcgage caagcaggag cgeggegeat gacgacctat cca

catgtga caaaggggtc tgggtcgtac gaatcgacaa accagtcagg agacageggg gtccatgagt tggee

cgcete geagettcag cgctttgage atcgeggeat tgtecacgat ccaaggetcee cgeagegect cettgggac

¢ cetgtgegga gaagegtgtg ccgagaggece tgtgaggecg gaggetggag gagaggctge gaatcattge
getgectagg cgtetgeega gtagtageac accacgegee ggtgetttea tttcattgtg teegttgetg taatgea
tge gagcaatect gcactaaaag ctgegatcac caccteggeg ttgttggtet ctagtacege tcacctgace ac
gegeacgg aagtatggeg gtcggegacg geetgetgea cgtggeagtg cagatceacg tggeccagga gea
ggteteg cagetgeaac accgegecct cgtgetegee ggggtecate cagtccatac cccgegecgg geeete
gage cggacggeea geageecaggg ccgggggtce gegeecgacge ccggeggece cgeegegeag ctgg
ggtcgg ccaggaagag ceactggacg gecggeecgg gegageeecg cgeeggegtg ggaceeacee gea
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NO.
geaccac cgecetgetee aggtecacgt cgetcggegg caggeeegeg tgeggegect gegecagegt ccag
geeagg cggggecggg cgtgeatg
2 Moltype = DNA cggegegetg cttegegtge cgggtgeage aatcagatee aagtctgacg acttgegege acgegeegga tee
length = 4217
Location/Qualifiers ttcaatt ccaaagtgtc gtccgegtge gettettege cttegtecte ttgaacatee agegacgeaa gegeaggge
1..4217 g ctgggegect ggegteccga accggecteg gegeacgegg ctgaaattge cgatgtegge aatgtagtge ¢
moltype =

unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

geteegeee acctetcaat taagtttttc agegegtggt tgggaatgat ctgegetcat ggggegaaag aagggg
ttca gaggtgcettt attgttactc gactgggcgt accageatte gtgcatgact gattatacat acaaaagtac age
tcgette aatgeectge gattcetact ccegagegag cactectete accgtegggt tgettcecac gaccacgee
g gtaagagggt ctgtggecte gegeeeeteg cgagegeate tttecageca cgtetgtatg attttgeget cata
cgtetg geeegtegac cccaaaatga cgggatectg cataatatcg cccgaaatgg gatccaggea ttegtcag
ga ggegtecagee ccgegggaga tgeeggteee geegeattgg aaaggtgtag agggggtgaa teceecattt

catgaaatge ttggtcaacg atggtgegea ttegtgeaaa gtgaatatgg ggtcacgegg tggacgaacg cgg
agggggec atgaccgaat ctaggetcge attcetcaga teacttcatg ceggeggtee gggetttgeg cgtegeg

caa ggctacgtet cectageege tgegeaccac gegtgegacg cggaggeeat cttecggage aacgaceat
g gattgtctta gegatcgeac gaatgagtge tagtgagtcg tacgetcgac ccagtegete gcaggagaag ge
ggcagetg ccgagcettcg gettaccagt cgtgactegt atgtgatcag gaatcattgg cattggtage attataatt
¢ ggcettecegeg ctgegtatgg geatggeaat gtetcatgea gtegatctta gtcaaccaat tttgggtgge caggt
ccggg cgacegggct cegtgtegee gggeaccace tectgecagg agtagecaggg ccgeectete gteecg
acgt tggcccactg aataccgtgg cttcgagecc tacatgatgg getgectagt cgggegggac gegeaactg
¢ cegegegate tgggggetgg tetgaatect tcaggegggt gttacccgag aaagaaaggg tgecgattte aa
agcagacc catgtgeegg geeetgtgge ctgtgttgge gectatgtag tcacccecee tecacccaatt gtegeca
gtt tgcgeactce ataaactcaa aacageagct tetgagetge getgttcaag aacacctetg gggtttgete ace
cgegagg tegacgecca geatggetat caagacgaac aggeagectg tggagaagee tecgttcacg atcgg
gacge tgegeaagge catceccgeg cactgtttcg agegetegge gettecgtage ageatgtace tggectttg
a catcgeggte atgtcectge tetacgtege gtegacgtac atcgaccctg caccggtgee tacgtgggte aag
tacggca tcatgtggee getctactgg ttcttccagg tgtgtttgag ggttttggtt geeegtattg aggtectggt g
gegegeatg gaggagaagg cgectgtece getgacceee cegeegaccec teccecacct tccagggege ctt
cggeacg ggtgtetggg tgtgcgegea cgagtgeggt caccaggect tttcctecag ccaggecate aacgac
ggeg tgggectggt gttccacage ctgetgetgg tgecctacta ctectggaag cactcgeace gecgecacca
ctccaacacg gggtgectgg acaaggacga ggtgtttgte ccgeecgeace gtgeggtgge geacgaggge ¢
tggagtggg aggagtggct geccatcege atgggeaagg tgetggteac cttgaceetg ggetggeege tgta
ccteat gttcaacgte geetceegec cttaccegeg cttegecaac cactttgace cgtggtegec catettcage
aagcgcgagce geatcgaggt ggteatctee gacctegegt tggtggeggt getcageggg ctcagegtge tgg
gecgeac catgggetgg gectggetgg tcaagaccta cgtggtgece tacatgateg tgaacatgtg getggtg
ctc atcacgetge tccageacac geacceggee ctgeegeact acttcgagaa ggactgggac tggetacgeg
gegeeatgge cacegtegac cgetceatgg geeegeectt catggacage atcetgeace acatctccga cac

ccacgtg ctgecaccacce tettcageac catccegeac taccacgecg aggaggecte cgeegecate cggeee
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SEQ
ID
NO.

Source features

Sequence

atcc tgggcaagta ctaccaatce gacagecget gggtcggeceg cgeectgtgg gaggactgge gegactge
cg ctacgtegte ccegacgege ccgaggacga cteegegete tggttecaca agtgagegeg cetgegegag
gacgcagaac aacgcetgecg cegtgtettt tgcacgegeg acteeggege ttegetggtg geacecccat aaa
gaaaccc tcaattctgt ttgtggaaga cacggtgtac ccccacccac ccacctgeac ctetattatt ggtattattg
acgcgggagt gggegttgta ccctacaacg tagettetet agttttcage tggeteccac

cattgtaaat tcatgctaga atagtgcgtg gttatgtgag aggtatagtg tgtctgagea gacggggcegg gatgea
tgte gtggtggtga tetttggcte aaggegtegt cgacgtgacg tgeccgatea tgagageaat accgegetca
aagccgacge atagecttta ctccgeaate caaacgactg tcgetegtat tttttggata tctattttaa agagegag
ca cagegecgge catgggectg aaaggecteg cggeegtgct cgtggtggge eccgegageg cgtggggec
at cgeggeagtg caccaggege agacggagga acgeatggtg cgtgegeaat ataagataca tgtattgttg t
ctgtactat aatgctagag catcaccagg ggcttagtca tcgeacetge tttggtcatt acagaaattg cacaagg
geg tecteeggga tgaggagatg taccagetea agetggageg gettcgagee aageaggage geggegea
tg acgacctatc cacatgtgac aaaggggtct gggtcgtacg aatcgacaaa ccagtcagga gacagegggg
tccatgagtt ggeccgeteg cagettcage getttgagea tcgeggeatt gtccacgate caaggetece geage
gecte cttgggaccee ctgtgeggag aagegtgtee cgagagggct gtgagggegg aggetggagg agagge
tgeg aatcattgeg ctgectagge gtetgecgag tagtageaca ccacgegeeg gtgcttteat ttcattgtgt co
gttgetgt aatgeatgeg ageaatcectg cactaaaage tgegatcace accteggegt tgttggtete tagtaceg
ct cacctgacca cgegeacgga agtatggegg tcggegacgg cetgetgeac gtggeagtge agatccacgt
ggeecaggag caggtetcge agetgeaaca cegegeecte gtgetcgeeg gggtecatee agtecatace cc
gegeeggg cectegagee ggacggecag cagecaggge cggggetecg cgeegacgee cggeggeeee
geegegeage tggggtegge caggaagage cactggacgg cCcggeceggg cgageecege gecggegte
g gacceacceg cageaceace geetgeteea ggtecacgte geteggegge aggeeegegt geggegectg

cgecagegte cagggeagge ggggecgggc gtgeatg

Moltype = DNA
length = 4227
Location/Qualifiers
1..4227

moltype = other
DNA

organism =
synthetic construct

cggctegetg ctttgegtge cgggtgeage gatcagatee aagtetgacg acttgtgetg atgtactgtg tectttg
agt ccagagcgee ggeegeacge gettettece cttettette ctetcgaaca tccagegatg caagtgeagg g
cgetgggeg getggegtee cgaaccggee teggegeacg cggetgaaat tgecaatgte ggeaatgtag tge
cgetcgg cccatcecte gatcaagttt ttcagegegt ggttggggat gatctgeget catgggaaga taaaaggg
gt tctgaggtgg ttgattggta ctttaccgga agtactcata ttcatacatg actgatccca cacaaaaaca aaget
cactt caaagaaccg cgeatgtcta ctccecagea atcacttcge tcacegtegg gttgettcee acgacaacge
cggtgagagg gteggtggee tcgegacctt cgegggeaca tetttccage catgtetgta taatctcacg ctcata
cgte tggeeegteg accccaaaat gacgggatee tgeatgatat cgeeccgagat ggggtecagg cattectetg
gaggcegtcag ccctgeggga gatgeeggte ccaccgeatt ggaaaggeac aaagggggte aatcecccat tt
catgaaat tgttggtcag cgatggtgcg cactcgtgcg caatgaatat ggggtcacge ggtggacgaa cgegg
agggg geetggeega atctaggett geattectea gatcacttte tgeeggeggt ceggggtttg cgegtegege
aacgctecgt cteectagee getgegeace gegegtgega cgegaaggte attttccaga acaacgaccea tgg
cttgtct tagegatege tcgaatgact getagtgagt cgtacgeteg acccagtege tcgecaggaga acgegge
aac tgeegagcett cggettgeca gtegtgacte gtatgtgate aggaatcatt ggeattggta geattataat tcgg
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Sequence

cttccg cgetgtttat gggeatggea atgtctcatg cagtegacct tagtcaacca attctgggtg gecagetecg
ggegaceggg cteegtgteg cegggeacca cetectgeca tgagtaacag ggeegececte tecteecgac gtt
ggeccac tgaatacegt gtettggggce cctacatgat gggetgecta gtegggeggg acgegeaact geeege
gcaa tetgggacgt ggtetgaate ctccaggegg gtttcceccga gaaagaaagg gtgecgattt caaageaga
g ccatgtgeeg ggeectgtgg cctgtgttgg cgectatgta gtcacceeec ctcacccaat tgtegecagt ttge
gcaatc cataaactca aaactgcagc ttetgagetg cgetgttcaa gaacacctet ggggtttget caccegega
g gtcgacgece ageatggeta tcaagacgaa caggeagect gtggagaagce ctecgttcac gatcgggacg
ctgegeaagg ccatecccege geactgttte gagegetegg cgettcgtag cageatgtac ctggectttg acate
geggt catgteectg ctetacgteg cgtegacgta catcgaccect gegeeggtge ctacgtgggt caagtatgge
gtcatgtgge cgetetactg gttcttccag gtgtgtetga gggttgtggt tgcccgtate gaggteetgg tggege
geat gggggagaag gegeetgtee cgetgacece cceggetace cteeeggeac ctteccaggge geettegg
ca cgggtetetg getgtgcgeg cacgagtgeg gecaccagge cttttectce agecaggeca tcaacgacgg
cgtgggectg gtgttccaca geetgetget ggtgeectac tactcetgga ageactcgea ccgecgeeac cact
ccaaca cggggtgect ggacaaggac gaggtgtttg tgececgecgea cecgegeagtg gegeacgagg gectg
gagtg ggaggagtgg ctgcccatece geatgggeaa ggtgetggte accetgacee tgggetggee getgtac
ctc atgttcaacg tcgectcgeg geegtaceeg cgettcgeca aceactttga ceegtggteg cecatcttea ge
aagcgega gegeatcgag gtggteatct ccgacctgge getggtggeg gtgctcageg ggetcagegt getg
ggeege accatggget gggeetgget ggtcaagacce tacgtggtge cctacctgat cgtgaacatg tggetegt
ge tcatcacgct getccageac acgeacecegg cgetgeegea ctacttcgag aaggactggg actggetgeg
cggegecatg gecaccgtgg accgetecat gggeccgecc ttcatggaca acatectgea ccacatcetee gac
acccacg tgetgeacca cctettcage accatccege actaccacge cgaggaggec tecgeegeca tcagge
ccat cctgggeaag tactaccagt ccgacageeg ctgggtegge cgegeectgt gggaggactg gegegact
gc cgetacgteg tceceggacge geecgaggac gactecgege tetggtteca caagtgagtg agtgagtege
tcactcageg cgeetgegeg gggatgegga acgeecgeege cgecttgtet tttgecacgeg cgacteegte gett
cgeggg tggeaceecc attgaaaaaa acctcaatte tgtttgtgga agacacggtg tacccecaac cacecace
tg cacctctatt attggtatta ttgacgeggg agegggcegtt gtactctaca acgtagegte tetggttttc agetgg
ctce caccattgta aattcttget aaaatagtge gtggttatgt gagaggtatg gtgtaacagg gegtcagtea tgt
tggtttt cgtgctgate tcgggcacaa ggegtegteg acgtgacgtg cecgtgatga gageaatace gegetea
aag ccgacgceatg gectttacte cgeactccaa acgactgteg ctcgtatttt tcggatatct attttttaag agega
geaca gegeegggea tgggectgaa aggectegeg geegtgeteg tggtggggec cgegagegeg tgggg
catcg cggeagtgea ccaggegeag acggaggaac geatggtgag tgcgeatcac aagatgeatg tettgttg
tc tgtactataa tgctagagea tcaccagggg cttagtcatc geacctgctt tggtcattac agaaattgea caag
ggegte ctccgggatg aggagatgta ccagetcaag ctggagegge ttcgagecaa geaggagege ggcge
atgac gacctaccca catgegacaa aggggtctgg gtegtacgac aaaccagtca ggaggeggeg gggtee
atga getggeeege tegeagcette agegettega geatcgegge gttgtcegeg atccaagect cecgeageg
C ctecttgggg cocctgtgeg gagagegegeg tgecgagagg getgtgaggg cggaggetgg aggacagge
t gcgaategte gegetgecta ggegtetgee gaggagaage acaccacgeg cegecegettt catttcattg tge

48




WO 2025/170996

PCT/US2025/014579

SEQ
ID
NO.

Source features

Sequence

ccgttge tgtaatgeat gegagegate ctgeactaaa getgegatcg ccacctcage gttgttegte tetageace
g ctcacctgac cacgegeacg gaagagtgge ggteggegac ggectgetge acgtggeagt geaggtecac
gtggeecgagg ageaggtete geagetgeag caccgegecce tegtgetege cggggtecat ccagtceatg cc
ccgegeeg ggeectegag ceggacggee ageagecagg gecgggegtc cgegecgacg ceeggegece
ccgeegegea getggggteg gecaggaaga gecactggge ggecggeceg gegegageece gegecgeeg
¢ gggacceace cgeageacca cegeetggte caggtegacg tegeteggeg gecaggecege gtgeggege
¢ tgegecageg tecagggeag gegggggege gegtgea

Moltype = DNA
length = 4227
Location/Qualifiers
1..4227

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

cggetegetg ctttgegtge cgggtgcage gatcagatee aagtetgacg acttgtgetg atgtactgtg tectttg
agt ccagagegee ggeegeacge gettettece cttettette ctetcgaaca tccagegatg caagtgeagg g
cgetggegeg getggegtee cgaaccggec teggegeacg cggetgaaat tgecaatgte ggeaatgtag tge
cgetcgg cccatcecte gatcaagttt ttcagegegt ggttggggat gatetgeget catgggaaga taaaaggg
gt tctgaggtgg ttgattggta ctttaccgga agtactcata ttcatacatg actgatccca cacaaaaaca aaget
cactt caaagaaccg cgeatgtcta ctceccagea atcacttcge tcaccgtegg gttgettece acgacaacge
cggtgagagg gteggtggee tcgegacctt cgegggeaca tetttccage catgtetgta taatctcacg ctcata
cgtc tggeecgteg accccaaaat gacgggatee tgeatgatat cgeccgagat ggggtecagg cattectetg
gaggcegtcag ccctgeggga gatgeeggte ccacegeatt ggaaaggeac aaagggggtg aatcccceat tt
catgaaat tgttggtcag cgatggtgcg cactcgtgeg caatgaatat ggggtcacge ggtggacgaa cgegg
aggee gectggecga atctaggett geatteetca gatcacttte tgeeggeggt ceggggtttg cgegtegege
aacgcteegt cteectagee getgegeace gegegtgega cgegaaggte attttccaga acaacgacca tgg
cttgtct tagegatege tcgaatgact getagtgagt cgtacgeteg acceagtege tcgecaggaga acgegge
aac tgeegagctt cggettgeca gtegtgacte gtatgtgate aggaatcatt ggeattggta geattataat tcgg
cttceg cgetgtttat gggeatggcea atgtetcatg cagtcgacct tagtcaacca attctgggtg gecagetecg
ggegaceggg cteegtgteg cegggeacea cetectgeea tgagtaacag ggecgececte tecteccgac gtt
ggcccac tgaataccegt gtettgggec ccetacatgat gggetgecta gtegggeggg acgegeaact geeecge
gcaa tetgggacgt ggtetgaate ctccaggegg gtttcceccga gaaagaaagg gtgecgattt caaageaga
g ccatgtgecg ggeectgtgg cetgtgttgg cgectatgta gtcaceecce ctcacccaat tgtegecagt ttge
gcaatc cataaactca aaactgcagc ttctgagetg cgetgttcaa gaacacctct ggggtttget caccecgega
g gtcgacgeee ageatggeta tcaagacgaa caggeagect gtggagaagce cteegttcac gatcgggacg
ctgegeaagg ccatcececge geactgttte gagegetegg cgettcgtag cageatgtac ctggectttg acate
geggt catgtecctg ctetacgteg cgtegacgta catcgacect gegeeggtge ctacgtgggt caagtatgge
gtecatgtgge cgetetactg gttcttcecag gtgtgtgtga gggttgtggt tgccegtate gaggteetgg tggege
geat gggggagaag gegectgtee cgetgacece cecggetace cteceggeac cttccaggge geettegg
ca cgggtgtetg ggtgtgcgeg cacgagtgeg geecaccagge cttttectee agecaggeea tcaacgacgg
cgtgggectg gtgttccaca geetgetget ggtgeeetac tactcetgga ageactegea ccgeegeeac cact
ccaaca cggggtgect ggacaaggac gaggtgtttg tgccgecgea ccgegeagtg gegeacgagg gectg
gagtg ggaggagtgg ctgcccatee geatgggeaa ggtgetggte accetgacee tgggetggee getgtac
ctc atgttcaacg tcgectegeg geegtaceeg cgettcgecea accactttga ceegtggteg cecatettea ge
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aagcgcga gegeatcgag gtggteatet cecgacctgge getggtggeg gtgetcageg ggetcagegt getg
ggeege accatgggcet gggeetggct ggtcaagacce tacgtggtge cctacctgat cgtgaacatg tggetegt
gc tcatcacgcet getccageac acgeacccgg cgetgecgea ctacttcgag aaggactggg actggetgeg
cggegecatg gecacegtgg accgeteeat gggeecgecec ttcatggaca acatectgea ceacatctee gac
acccacg tgetgeacca cetcttcage accatccege actaccacge cgaggaggec tecgeegecea tcagge
ccat cctgggcaag tactaccagt ccgacagecg ctgggtecgge cgegeectgt gggaggactg gegegact
gc cgetacgteg teccggacge geeegaggac gactecgege tetggtteca caagtgagtg agtgagtege
tcactcageg cgeetgegeg gggatgegga acgeecgeege cgecttgtet tttgecacgeg cgacteegte gett
cgegge tggecaccecc attgaaaaaa acctcaatte tgtttgtgga agacacggtg tacccccaac cacccace
tg cacctctatt attggtatta ttgacgcggg agegggegtt gtactctaca acgtagegtce tetggttttc agetgg
ctce caccattgta aattcttget aaaatagtge gtggttatgt gagaggtatg gtgtaacagg gegtcagtea tgt
tggtttt cgtgctgate tcgggcacaa ggegtegteg acgtgacgtg cecgtgatga gageaatace gegetea
aag ccgacgceatg gectttacte cgeactccaa acgactgteg ctegtatttt tecggatatcet attttttaag agega
geaca gegecgggea tgggectgaa aggectcgeg geegtgcteg tggtggegec cgegagegeg tggeg
catcg cggcagtgea ccaggegeag acggaggaac geatggtgag tgegeatcac aagatgeatg tettgttg
tc tgtactataa tgctagagea tcaccagggg cttagtcate geacctgctt tggtcattac agaaattgea caag
gegegte ctecgggatg aggagatgta ccagetcaag ctggageggc ttcgagecaa gecaggagege ggege
atgac gacctaccca catgcgacaa aggggtctgg gtegtacgac aaaccagtca ggaggeggeg gggtee
atga getggeeege tegeagcette agegettega geatcgegge gttgtcegeg atccaagect cecgeageg
C ctecttgggg cocctgtgeg gagaggeggg tgecgagagg getgtgaggg cggaggetgg aggacagge
t gcgaategte gegetgeeta ggegtetgee gaggagaage acaccacgeg cegeegettt cattteattg tge
ccgttge tgtaatgeat gegagegate ctgeactaaa getgegateg ccaccteage gttgttegte tetageace
g ctcacctgac cacgegeacg gaagagtgge ggteggegac ggectgetge acgtggeagt geaggtecac
gtggeegagg ageaggtete geagetgeag caccgegecc tegtgetege cggggtecat ccagtceatg cc
ccgegeeg ggeectegag ccggacggee ageagecagg gecgggggte cgegeegacg ceeggeggee
ccgeegegea getggggteg gecaggaaga gecactggge ggecggeceg gegegagecce gegeegecg
¢ gggacccace cgeageacca ccgectggte caggtcgacg tegeteggeg gecaggeecge gtgeggege
¢ tgegeeageg tecagggeag gegggggcege gegtgea

Moltype = DNA
length = 4067
Location/Qualifiers
1..4067

moltype = other
DNA

organism =
synthetic construct

geaatggegce tcggtacagg gtetgegtee gtgetggect cectetecta cgatgeacaa gggagegece ¢gg
ccagete agegegteca caacctceee tegtcacaca cacacctgeg gaaccaggee geceatttge tgettga
gea tgeettgeat catgteeggg ttteecatea tatcgttgag gttettggge tecagettet getccageac acea
teetgt cgatcgaaga gaaggagaca tgtgtacatt attggtgtga gggegetgaa teggecattt tttaaatgat

cacgcteatg ccaatagacg cggeacataa cgacgttcaa acccecgeca aagecgegga caacceeate ce
tccacace ccecacacaa agaaccegee acegettace ttgeccacga ggtaggectt tegttgegea aaaceg
geet cggtgatgaa tgeatgeccg tteetgacga gegetgeecg ggecaacacg ctettttget gegtetecte a
ggettgggg geeteettgg gettgggtge cgecatgate tgegegeate agagaaacgt tgetggtaaa aggag

cgeee ggetgegeaa tatatatata ggeatgecaa cacageccaa cetcactcgg gageecgtee caccaccee
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cc aagtcgegtg ccttgacgge atactgetge agaagcttca tgagaatgat gecgaacaag aggggeacga
ggacccaatc ccggacatec ttgtcgataa tgatctegtg agtceecate gtecgeecga cgeteegggg agee
cgecga tgetcaagac gagagggcece tcgaccagga gggectggee cgggegggea ctggegtega aggt
gegecee gtegttegee tgeagtecta tgecacaaaa caagtettet gacggggtec gtttgetece gtgegggea
g gcaacagagg tattcaccct ggtcatgggg agatcggega tcgagetggg ataagagata cggteecgeg ¢
aaggatcge tcatcctggt ctgagecgga cagtcattet ggcaagceaat gacaacttgt caggaccgga cegtg
ccata tatttctcac ctagcgecge aaaacctaac aatttgggag tcactgtgee actgagttcg actggtaget g
aatggagtc gctgetceac taaacgaatt gtcageaceg ccagecggec gaggaccega gtcatagega ggg
tagtagc gegecatgge accgaccage ctgettgeca gtactggegt ctetteeget tetetgtggt cetetgege
g ctccagegeg tgegettttc cggtggatca tgeggtcegt ggegeaccge ageggeeget geecatgeag ¢
geegetget tcegaacagt ggeggtcagg geegeacecg cggtageegt cegteeggaa cccgeccaag ag
ttttggga geagettgag ctetgecaaga tggeggagga caagegeate ttecctggagg ageaccggtg cgtgg
aggtc cggggctgac cggeegtege attcaacgta atcaatcgea tgatgatcag aggacacgaa gtettggtg
g cggtggecag aaacactgte cattgcaagg geatagggat gegttectte acctcteatt tetcatttet gaatce
ctee ctgeteacte tttetectee tectteecgt tcacgeagea ttcggggeaa cgaggtggee cectcgeage g
getgacgat cacggeggtg gecaacatee tgecaggagge ggegggeaac cacgeggtgg ceatgtgggg ¢
cggageteg gagggtttcg cgacggacce ggagetgeag gaggegggte teatetttgt gatgacgege atge
agatcc agatgtaccg ctacccgege tggggegacc tgatgecaggt ggagacctgg ttccagacgg cgggea
agct gggegegeag cgegagtggg tgetgegega caagetgace ggegaggege tgggegeggce cacete
gagce tgggtcatga tcaacatccg cacgegecgg cegtgecgea tgecggaget cgtecgegte aagtecgge
ct tettegegeg cgagecgeeg cgeetggege tgecgeeege ggtcacgegt gecaagetge ccaacatege
gacgeeggeg ccgetgegeg ggeaccgeea ggtegegege cgeacegaca tggacatgaa cgggeacgtg
aacaacgtgg cctacctgge ctggtgectg gaggecgtge ccgageacgt cttcagegac taccacctet acca
gatgga gatcgacttc aaggcegagt geccacgeggg cgacgteate teetcccagg cegageagat ccegee
ccag gaggegetca cgeacaacgg cgeeggeege aacecctect gettcgteea tageattetg cgegeega
ga ccgagctegt ccgegegega accacatggt cggeecceat cgacgegeee gecgecaage cgeeccaag
gc gagecactga ggacagggtg gttggetgga tggggaaacg ctggtegegg gattegatee tgetgettat a
teeteectg gaageacace cacgactetg aagaagaaaa cgtgeacaca cacaacccaa ccggecgaat
atttgcttee ttatcccggg tccaagagag actgegatge cccectcaat cageatecte ctecetgeeg cttcaat
ctt cectgettge ctgegeeege ggtgegeegt ctgeeegeee agtcagteac tectgeacag geeecttgtg ¢
geagtgcte ctgtacccett taccgcetect tecattetge gaggeccect attgaatgta ttegttgect gtgtggeca
a gegggcetget gggegegeeg cegtegggea gtgcteggeg actttggegg aagecegattg ttettetgta ag
ccacgege ttgetgettt gggaagagaa ggggggeggta ctgaatggat gaggaggaga aggaggggta ttgg
tattat ctgagttggg gaggcaggga gagttggaaa atgtaagtgg cacgacggge aaggagaatg gtgagea
tgt gecatggtgat gtegttggtc gaggacgate ctgecacgegt gtatctgatg tagaatacgg caatcacect agt
ctacatc tataccttet ccgtataacg cectttccaa atgeectece gtttetetee tattcttgat ccacatgatg ace

ctggeac tatttcaagg getggacatt tcaagaaggt ttgegtatct gaagaaggat tggtttgeag aggtggecg
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a tgaaagtgge gtcaagetge gtggagecct ctgeacggat ttctatggta atctgegtee acgteatcag tage
cgtacg cctetgegge gtegeegtge tectcageeg cegettcace accagecagg agececatac geacge
gete ccagacggeg cgegegacgg ggacgatcat gageagegeg atctggggeg tgtegtgega getgage
cgc acaaccacgt tgceetggee gegegtggtg tactggeagt tggtcgagac catggtgteg gacttgaagt
aggagecgte aaagegeggg aggegegtet cggeegagac gttgecgeeg atgaccagge tetggegett ct
ggegegge tegeggeeet gecactgege ggageegeee aggageagge gegactegte acggeegege a
gettgacgt cggeegecag cgeegtgece ggetegtagg cegaccecat cttgacgaag aggeggecga teg
ctgegeg gaccttgace gegteggaca ggegeaggeg ctegteeage ttgacceega gegeegegtt geegg
gettg aacggeageg agaactcecte geecagettg gagecgagea ggeccagege cagettetge cgettge
cgc gegegegeag gegegagteg acgegeageg tgtagag

Moltype = DNA
length = 4069
Location/Qualifiers
1..4069

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

geaatggege tcggtacagg gtetgegtee gtgetggget cectetecta cgatgeacaa gggagegecee cgg
ccagete agegegteca caacctceee tegtcacaca cacacctgeg gaaccaggee geecatttge tgettga
gea tgecttgeat catgtceggg tttcecatea tatcgttgag gttettggge tccagettet getccageac acca
tectgt cgatcgaaga gaaggagaca tgtgtacatt attggtgtga gggegetgaa teggecattt tttaaaatga

tcacgctcat gecaatagac geggeacata acgacgttca aacccccgec aaagecgegg acaaccecat cc

ctcecacac cccecacaca aagaaccege caccgettac cttgeccacg aggtaggect ttegttgege aaaacc
ggee teggtgatga atgeatgecce gttcetgacg agegetgeee gggecaacac getcttttge tgegtetect ¢
aggcttgge gecctecttg ggettggetg cecgecatgat ctgegegeat cagagaaacg ttgetggtaa aaagg
agcge ccggetgege aatatatata taggeatgece aacacagece aacctcacte gggageecgt cccaccac
cc ccaagtcgeg tgeettgacg geatactget gecagaagett catgagaatg atgecgaaca agaggggeac

gaggacccaa tcceggacat cettgtegat aatgatcteg tgagteececa tegteegeee gacgetecgg ggag
ccegee gatgetcaag acgagaggge cetcgaccag gaggggctgg cccgggeggg cactggegte gaag
gtgege cegtegtteg cetgeagtee tatgecacaa aacaagtett ctgacggggt gegtttgete cegtgeggg
C aggcaacaga ggtattcacc ctggtcatgg ggagatcgge gatcgagetg ggataagaga tacggteecg ¢
gcaaggatc getcatectg gtctgageeg gacagtcatt ctggeaagea atgacaactt gtcaggacceg gaccg
tgeea tatatttete acctagegee gecaaaaccta acaatttggg agtcactgtg ccactgagtt cgactggtag ¢
tgaatggag tcgetgetee actaaacgaa ttgtcageac cgecageegg ccgaggaccee gagtcatage gag

ggtagta gegegeeatg geaccgacea geetgettge cagtactgge gtetctteeg cttetetgtg gtectetge
g cgetecageg cgtgegcettt tecggtggat catgeggtee gtggegeace geageggeceg ctgeecatge a
gegeegcetg cttcegaaca gtggeggtea gggecgeace cgeggtagee gtecgtecgg aacccgeecea ag
agttttgg gagcagettg agecctgeaa gatggeggag gacaagegea tetteetgga ggageacegg tgegt
ggagg tccgggectg accggecegte geattcaacg taatcaatcg catgatgate agaggacacg aagtcttg

gt ggeggteggee agaaacactg tccattgeaa gggeataggg atgegttect tcacctetca tttctcattt ctga
atcect cectgeteac tetttetect cetectteee gttcacgeag cattcgggge aacgaggtgg geeectegea
geggcetgacg atcacggegg tggccaacat cctgeaggag geggegggcea accacgeggt ggecatgtgg

ggeeggaget cggagggttt cgegacggac ccggagetge aggaggeggg teteatcttt gtgatgacge ge
atgcagat ccagatgtac cgctaccege getgggecga cetgatgeag gtggagacct ggttccagac ggeg
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ggcaag ctgggegege agegegagtg ggtgctgege gacaagetga ccggegagge getgggegeg gee
acctcga getgggtcat gatcaacatc cgeacgegec ggeegtgeeg catgeeggag ctegteegeg tcaagt
cgge cttettecgeg cgegagecge cgegectgge getgeegeee geggtecacge gtgecaaget geccaaca
tc gcgacgeegg cgeegetgeg cgggeaccge caggtegege geecgeaccga catggacatg aacgggea
cg tgaacaacgt ggectacetg geetggtgee tggaggeegt geecgageac giettcageg actaccacct ¢
taccagatg gagatcgact tcaaggecega gtgecacgeg ggegacgtea tetectecca ggecgageag atce
cgeeee aggaggeget cacgeacaac ggegeeggee geaaccecte ctgettegte catageatte tgegeg
ccga gaccgagete gtccgegege gaaccacatg gteggeceee atcgacgege ccgeegeeaa geegee
caag gcgagecact gaggacaggg tggttggctg gatggegaaa cgetggtecge gggattcgat cetgetget
t atatcctcee tggaageaca cccacgactc tgaagaagaa aacgtgeaca cacacaacce aaccggeega a
tatttgctt ccttatcceg ggtccaagag agactgegat geeeccetea atcageatee tectecctge cgettcaa
tc ttceetgett gectgegece geggtgegee gtetgeecge ceagteagte actectgeac aggeeecttg tge
geagtgc tcetgtacec tttaccgcete cttecattet gegaggeeec ctattgaatg tattcgttge ctgtgtggee a
agegggcetg ctggegegege cgeegteggge cagtgetegg cgactttgge ggaagecgat tgttettetg taag
ccacge gettgetget ttgggaagag aaggggggege tactgaatgg atgaggagga gaaggaggeg tattgg
tatt atctgagttg gggaggcagg gagagttgga aaatgtaagt ggcacgacgg gecaaggagaa tggtgagea
t gtgcatggtg atgtegttge tcgaggacga tectgeacge gtgtatctga tgtagaatac ggeaatcace ctagt
ctaca tctatacctt ctcegtataa cgeectttce aaatgececte cegtttetet cctattcttg atccacatga tgace
ctgge actatttcaa gggetggaca tttcaagaag gtttgcgtat ctgaagaagg attggtttgg agaggtggee
gatgaaagtg gggtcaagcet gegtggagece ctetgeacgg atttctatgg taatctgegt ccacgtcate agtag
ccgta cgecetetgeg gegtegeegt getectcage cgecgettea ccaccageca ggageececat acgeacge
ge tcccagacgg cgegegegace ggggacgate atgageageg cgatctgggg cgtgtegtge gagetgage
C gcacaaccac gttgeeetgg ccgegegtgg tgtactggea gttggtegag accatggtgt cggacttgaa gt
aggagecg tcaaagegeg ggaggegegt cteggeegag acgttgecge cgatgaccag getetggege ttet
ggegeg ggtegeggee ctgecactge geggageege ccaggageag gegegacteg tcacggeege gea
gettgac gteggeegee agegeegtge ceggetegta ggeecgaccee atettgacga agaggeggee gateg
ctgeg cggaccttga cegegtegga caggegeagg cgetegteea gettgaccee gagegecgeg ttgeegg
get tgaacggeag cgagaactee tcgeecaget tggagecgag caggeccage gecagcttet geegettge

c gegegegege aggegegagt cgacgegeag cgtgtagag

Moltype = DNA
length = 4083
Location/Qualifiers
1..4083

moltype = other
DNA

organism =
synthetic construct

geaatggege tetgtgcagg gtetgtgtee ggtcteecte tectacgatg cacaaggeaa cgectttget gactea
gege gtecacaace teceetegte acacacacet geggaaceag geegeccatt tgetgettga geatgecttg
catcatgtcc gggttgccca tcatatcgtt gaggttcttg ggctccagtt tetgetccag cacgecatee tgteggte
ga agaggaggag acatgtaage gttgttggga tgagggttec taaattggee attattttta atgatcacge tegt
gecaat agacgeggea cattgegatg ttcaaactee cgtcaaagee geggacaacce acateectee acacece
aca cacaaagaac ccgecaccge tcaccttgee cacgaggtag gectttegtt gegecaaacce ggeceteggtg

atgaatgegt geeegtteet gacgageget gecegggeca acacgetett ttgetgegte tectcagget tggeg
gecete cttggecettg ggggecgeca tgatctgege geaccagaga gaagteattg gtgaaaagga gegeeeg
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get gegetatata tatatatata tgetcaggee aataaagtce aacctcactg gggagececg teccaccace e
caagtcgc gtaccttgac ggeatactge tgcagaagct tcatgaggat gatgcegaac aagaggggcea caagg
accca atcccggaca tecttgtega taatgatete gtgagtcecece atcgtecgee cgacgetgeg gggageeeg
¢ cgatgctcaa gacgagaggg ccctcgacca ggagggectg gecegggegg geactggegt cgaaggtge
g ccegtegtte geetgeagte cgatgacaca aaacaagtct tetgacgggg tgegtttget ceegtgeggg cag
gcaacag aggtattcaa cctggtcatg gegagatcgg cgatcgaget gggataagag atacggteee gegeg

aggat cgctcatcct ggtctgagee ggacagtcat tctggeaage aatgacaact tgecaggace ggacegtge
¢ atatatttct cacctagcge ggeaaaacct aacaatttgg aagtcactgt gecactgage tcgactggta getga
atgga gtcgetgete cactaatcga attgtcagea ccgecagecg geegaggace cgagteatag cgagggta
gt agcgegecat ggeaccgace ageetgettg cccgtactgg cgtetettee gettetetgt getectetac geg

ctcegge gegtgegett ttceggtgga teatgeggte cgtggegeac cgeageggee getgeeeatg cagege
cgcet gettecegaac agtggetgte agggecgeac cegeagtage cgtecgtecg gaacccgecce aagagtttt

g ggagceagctt gageectgea agatggegga ggacaagegce atcttectgt aggageaceg gtgegeggag

gteegggect gaccggeegt cgeattcaac gtaatcaate geatgatgat cacaggacge gacgtettgg tgee
ggtgge cagggacact geecattgea caggeatagg aatgegttec ttetcattte tcagttttct gageecctee

ctetteacte ttteteetee teetececte tcacgeagea ttegtggeaa cgaggtggece cectegeage ggetga
cgat cacggcggtg gecaacatee tgecaggagge ggegggcaac cacgeggtgg ceatgtggee teggag

ctcg gagggtttcg cgacggacee ggagetgeag gaggegggcce teatcetttgt gatgacgege atgeagate
¢ aaatgtaccg ctaccegege tggggegace tgatgecaggt ggagacetgg ttccagacgg cgggeaaget a
ggegegeag cgegagtggg tgctgegega caagetgace ggegaggege tgggegeggce cacctecage t
gggtcatga tcaacatccg cacgegeegg cegtgeegea tgecegaget cgtecgegte aagteggect tette
gegeg cgageegeeg cgectggege tgecgeeeac ggteacgege gecaagetge ccaacatege gacge
cggeg cegetgegeg ggeaccgeca ggtegegege cgeaccgaca tggacatgaa cggecacgtg aacaa
cgttg cctacctgge ctggtgeetg gaggecgtge ccgageacgt cttcagegac taccacctet accagatgg
a gatcgacttc aaggccgagt geccacgeggg cgacgteate tectcccagg ccgageagat cecgeeceag

gaggcegctca cgeacaacgg cgeeggecge aaccectect gettegteca cageattetg cgegecgaga cc
gagetegt ccgegegege accacetggt cggeceecgt cgacgegece gecgecaage cgeccaagge ga
gecactga gecagaggaga gggtgectgg tagttgeggg atggctggte geeegtegat cetgetgetg ctattg
tcte ctectgeaca ageccaceca cgactccgaa gaagaagaag aaaacgcgea cacacacaac ccaaceg

gee gaatatttge tteettatce cgggtecaag agagacggeg atgeeccect caatcagect ccteeteect ge
cgetecaa tetteectge ttgeatgege cecgegagagg ctgtetgege geeceegteag tcactceecg tgeaga

cgcec tegtgetegg tgeteetgta tectttaccg ctecttteat tetgegagge cecctgttga atgtattegt tgect
gtgtg gecaagegeg ctgetgggeg cgeegeegte gggeggtgct cggegactet ggeggaagee ggttgtt
ctt ctgtaageca cgegettget gettttggaa aagagggggg tttactgaat ggaggaggag caggataatt g

gtagtatct gagttgttgg ggaggcagga agagttggga aatggaagtg gecacgatggg caaggagaat ggtg
agcatg cgeagggtga tgtegttgge cgagaacgat cetgeactce cgtaagtaga atacggeaat cacgttga

tc tacatcteta acttcteeat ttaaagecct ttccacatge cetegegttt geatcetaca cectttgate cacatgat
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tg atgaccctgg cactatetta agggetggac atttcaagaa ggtttgcgta tctgaagaag ggetggtttg aag
gggtcge cgatgagagt gggaacaage tgegaggatg cctetgegeg aattectaaa ggagtaatet gegtec
acgt catcagtagce cgtaggecte tgegacgteg cegtgetect cggeecgeege ttegeegeeg cccageage
¢ ccagacgceac gegetccecag acggegegeg cgacggggac gatcatgage agegegatet ggggegtgt
¢ gtgegagetg agecggacga ceacgttgee ctggecgege gtggtgtact ggeagtttge cgagaccatg g
tgtetgact tgaagtagga gecgtcaaag cgegggagge gegtetcgge cgagacgttg ccgecgacga cca
ggetetg gegettetga cgegggtege ggeectgeea ctgegeggag cetcccagga geaggegege ctegt
cgegg ctgegeaget tgaggtegge cgeecagegee gtgeccgget cgtaggeega ceecatettg acgaaga
gge ggeegacege cgegeggage ttgaccgegt cggacaggeg caggegeteg tecagettga ceccegag
cge cgegttgeeg ggettgaacg geagegagaa ctectcgece agettggage cgageaggee cagegeea
ge ttetgeeget tgeegegege gegeaggege gagtcgacge geagegtgta gag

8 Moltype = DNA geaatggegce tetgtgeagg gtetgtgtee ggteteecte tectacgatg cacaaggeaa cgectttget gactea
length = 4083
Location/Qualifiers
1..4083 catcatgtcc gggttgecea tcatatcgtt gaggttettg ggctceagtt tetgetceag cacgecatec tgteggte
moltype =
unassigned DNA
note = Prototheca | gccaat agacgcggcea cattgegatg ttcaaactce cgtcaaagee geggacaacce acatcectce acacece

gege gtecacaace tecectegte acacacacet geggaaccag geegeecatt tgetgettga geatgecttg

ga agaggaggag acatgtaage gttgttggea tgagggttge taaattggec attattttta atgatcacge tegt

wickerhamii
organism = aca cacaaagaac ccgecaccge tecaccttgee cacgaggtag gectttegtt gegeaaacee ggeetcggtg
unidentified atgaatgcgt gcecgttect gacgageget gecegggeca acacgetcett ttgetgegte tectcagget tggge

geete cttgggettg ggggeegeea tgatetgege geaccagaga gaagteattg gtgaaaagga gegeceg

get gegetatata tatatatata tgetcaggee aataaagtce aacctcactg gggageeecg tcceaceacce cc
caagtcge gtaccttgac ggeatactge tgecagaagct tcatgaggat gatgecgaac aagaggggea caagg
accca atcceggaca tecttgtcga taatgatcte gtgagtceee atcgtecgee cgacgetgeg gggageeeg
¢ cgatgctcaa gacgagaggg ccctegacca ggagggectg gecegggegg geactggegt cgaaggtge
g ceegtegtte gectgeagte cgatgacaca aaacaagtct tetgacggeg tgegtttgct cecgtgeggg cag
gcaacag aggtattcaa cctggtcatg gegagatcgg cgatcgaget gggataagag atacggtcee gegeg

aggat cgctcatect ggtetgagee ggacagtcat tctggcaage aatgacaact tgecaggace ggacegtge
¢ atatatttct cacctagcge ggcaaaacct aacaatttgg aagtcactgt gecactgage tcgactggta getga
atgga gtcgetgete cactaatcga attgtcagea ccgecagecg geegaggace cgagtcatag cgagggta
gt agcgegecat ggecaccgacce agectgettg ceegtactgg cgtetettee gettetetgt getectetac geg

ctcegge gegtgegett ttceggtgga tcatgeggte cgtggegeac cgeageggee getgeceatg cagege
cgct gettcegaac agtggetgte agggeegeac cegeagtage cgteegteeg gaacccgecce aagagtttt

g ggagcagctt gageectgea agatggegga ggacaagege atettectgg aggageacceg gtgegeggag
gtecggggcet gaccggeegt cgeattcaac gtaatcaate geatgatgat cacaggacge gacgtettgg tgg

cggtgge cagggacact geccattgea caggeatagg aatgegttee ttcteattte tcagttttet gageecctee
ctetteacte tttetectee tectecccte tcacgeagea ttegtggeaa cgaggtggge ceetegeage ggetga
cgat cacggeggtg gecaacatce tgeaggagge ggegggeaac cacgeggteg ceatgtgggg teggag

ctcg gaggetticg cgacggaccee ggagetgeag gaggegggec teatctttgt gatgacgege atgecagate
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Sequence

¢ aaatgtaccg ctacccgege tggggegace tgatgecaggt ggagacctgg ttccagacgg cgggeaaget a
ggegegeag cgegagtggg tgctgecgega caagetgace ggegaggege tgggegegge cacctecage t
gggteatga tcaacatccg cacgegeegg cegtgeegea tgeccgaget cgtecgegte aagteggect tette
gegeg cgageegeeg cgectggege tgecgeccac ggteacgege gecaagetge ccaacatege gacge
cggeg ccgetgegeg ggeaccgeca ggtegegege cgeacegaca tggacatgaa cggecacgtg aacaa
cgttg cctacctgge ctggtgectg gaggecgtge cegageacgt cttcagegac taccacctet accagatgg
a gatcgacttc aaggccgagt gccacgeggg cgacgteate tectcccagg ccgageagat ceecgeeceag
gaggcegcetea cgeacaacgg cgecggeege aacceetect gettegteea cageattetg cgegecgaga ce
gagctegt ccgegegege accacetggt cggeceecgt cgacgegece gecgecaage cgeccaagge ga
gecactga geagaggaga gggtggctgg tagttgecggg atggetggte geeegtegat cctgetgetg ctattg
tete ctectgeaca ageecaceea cgactccgaa gaagaagaag aaaacgegea cacacacaac ccaaceg
gee gaatatttge ttecttatee cgggtecaag agagacggeg atgeccccct caatcagect ccteeteect ge
cgcetccaa tettecetge ttgeatgege ccgegagagg ctgtetgege geeecgteag teactceeeg tgeaga
cgee tegtgetegg tgetectgta tectttaceg ctecttteat tetgegagge ceectgttga atgtattegt tgect
gtgtg gecaagegeg ctgetgggeg cgeegeegte gggeggtgct cggegactet ggeggaagee ggttgtt
ctt ctgtaageca cgegettget gettttggaa aagagggggg tttactgaat ggaggaggag caggataatt g
gtagtatct gagttgttgg ggaggcagga agagttggea aatggaagte gecacgatggg caaggagaat ggtg
agcatg cgcagggtga tgtcgttgge cgagaacgat cetgeactce cgtaagtaga atacggceaat cacgttga
tc tacatcteta acttctceat ttaaagecct ttccacatge cctegegttt geatectaca cectttgate cacatgat
tg atgaccctgg cactatctta agggetggac atttcaagaa ggtttgegta tctgaagaag ggctggtttg aag
gggtcge cgatgagagt gggaacaage tgegaggatg cctetgegeg aattectaaa ggagtaatet gegtec
acgt catcagtagc cgtaggccte tgegacgteg cegtgeteet cggeegecge ttegeegeeg ceccageage
C ccagacgeac gegeteeccag acggegegeg cgacgggeac gatcatgage agegegatcet gggecgtgt
¢ gtgcgagetg agecggacga cecacgttgee ctggecgege gtggtgtact ggeagtttge cgagaccatg g
tgtctgact tgaagtagga geegtcaaag cgegggagge gegtetcgge cgagacgttg ccgeegacga cca
gectetg gegettetga cgegggtege ggeectgeea ctgegeggag ceteccagga geaggegege ctegt
cgegg ctgegeaget tgaggtegge cgecagegee gtgeccgget cgtaggeega ceecatettg acgaaga
gge ggeegacege cgegeggage ttgaccgegt cggacaggeg caggegeteg tecagettga ccecgag
cge cgegttgeeg ggettgaacg geagegagaa ctectcgecc agettggage cgageaggee cagegeea
ge ttctgeeget tgeegegege gegeaggege gagtcgacge geagegtgta gag

Moltype = DNA
length = 4768
Location/Qualifiers
1..4768

moltype = other
DNA

organism =
synthetic construct

gectgecteg ccaactgega gttetgegeg cgeggeggge gegagggeeg cgacggegeg ceggggttea

ccgeeteggt cgaggagete tgggagegge ggegaacaga gtttgtgeac cteccggage aggagtttge cg
geatcatg ctcgteatea tgecetgeeg ctetgacaag tegaaaaaag gegtegeeaa gtacgeaage gggeg
tggge tggettgege gtggtggcga tgcgatgaaa atggtggtat tggtggttee gattggegtg teggaatttt
gtgaactgag cggceactctg cggetetgee ggegeatgec tagtccagtt ttcgatgtge getatcatgt accac
gecge atgegaatet caccctttet tetecegeeee aggtatggte acctgagega cggectgttg cacetggtge

tcatcaggeg gtgcagecge cteccagtacce tcaagtttct getcaggatg tcgeacateg gecttgagge ggge
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gggceag cacgggtect acatccaggt cttgeetgee cacgeggtge acatcgaage ggtacgageg tggatc

ggga ggeacttgac agtcgegteg ccgaacaagg gacgggtace ctgaggaget tgttggaccg ctgattcac
t ccetgaccte cettttetet ttccaaaaca ggttggecag gagagecact ggaacgtega tggggagete atte

aaagcc geacgataaa cgegeagete caccgeggag tgatcgatgt gtttgeeega ggegtggagg getgac
gtge gegaaactag ctgggggecc ceatteecge cctttaaacg cetgeetect ggteceegac cggtgetgge
ggecctgate aattcgtcca tteegtttta ttctttgaca atgagegect catcccagtg ccaccgecca tecccaa
att gttectctea aacctctcag atacctecct tcaaactget cccaagagtg cacgagtact tgtaatgtta tgega
ccget gttcacaatg tagtcggeat gettgtgtga gegegttega aactcgetca geeegtegge ctgeeeatgg
acgtceectg atcgetttat gecccaccgea tggaccgega cacgecagtt ttcggattca atagcaacga atacg
catcg ataattctgt gacattgcat gectcacege gtgaattget gtcccaaacg taagcattat catggetegg tc
acgcgatc ctggatccgg ggatcetgga cegetggtgg agagegetge cgteggattg gtggeaagea agatt
gegea ggttggegaa gggagagace aaaaccggag getggaageg ggeacaacat cgtattattg cgtatag
tag agcagtggea gtcgeatttc gaggtcegea acggatctcg caagetcget acgetcacag taggagatag

gggaccactg ccectgecag aatggtcgeg accetgteec tegecggeece cgeetgeaac acgeagtgeg tat

ccagcaa gegggttgte gecttcaace geececatgt tggegtcegg getcgatcag gtgegetgag gggegt
ttgg tgggeecgeg cetetgggece cgtgteggee gtgeggacgt ggggecegge gtagtggate ageaggg
gtt gcatgcaaat gectataccg gegattgaat agegatgaac gggatacggt tgegetcact ccatgeecat g
cgaccecgt ttetgtcege cagecgtggt cgeccgaget gegaageggg accccaccea gegeattgtg atca
ccggaa tgggegtgge cteegtgttt ggecaacgatg tegagacctt ttacgacaag cttctggaag gaacgage
gg cgtggacctg atttccaggt gegtaggtee ttggatgaat gegtetaggt tgcgaggtga ctggecagga ag
cagcaggc ttggggttte gtgttctgat ttctggtaat ttgaggtttc attataagat tctgtacggt cttgtttcga aa
acatgcaa caactccaca cacacacact cctctcaact gagtctgeag gtttgacate tccgagttce cgaccaa
gtt tgcggegeag atcaccgget tetcegtgga ggactgegtg gacaagaaga acgegeggceg gtacgacga
¢ gegetgtegt acgegatggt ggectccaag aaggeectge gecaggeagg cctggagaag gacaagtgec
ccgagggcta cggggegetg gacaagacge geacgggegt getggtegge tegggeatgg gegggetgac
ggtettccag gacggegtea aggegetggt ggagaaggge tacaagaaga tgageecctt cttecatceee tac
gecatca ccaacatggg ctcegegetg gtgggeateg accagggctt catgggeeee aactactecg tetcecac
agc ctgegegacg tccaactacg catttgtgaa cgeggecaac cacatccgea agggegacge ggacgteat
g gtegteggeg geaccgaggc ctecategtg ceegtgggee tgggeggctt tgtggectge cgegegetgt ¢
cacgcgeaa cgacgagece aagegegega geeggecgte ggacgaggge cgegacggct ttgtgatgge ¢
gagggegeg geegtgetgg tcatggagte getggageac gegeagaage gtggegegac catcetggge ga
gtacctgg geggegecat gacctgegac gegeaccaca tgacggacce geacceegag ggeetgggeg tga
geacctg catcegeetg gegetcgagg acgeeggegt ctecgeecegac gaggtcaact acgtcaacge geacg
ccacc tecaceetgg tgggegacaa ggeegaggte cgegeggtea agteggtctt tggegacatg aagggtat
ca agatgaacgc caccaagagt atgatcgggc actgectggg cgeecgeegge ggeatggagg cegtegega
¢ geteatggee atcegeaccg getgggtgea cecccaccate aaccacgaca aceecatege cgaggtegat g

geetggacg tegtegecaa cgecaaggee cageacgaca tcaacgtege catctecaac tecttegget ttgge
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gggca caactecgte gtegectttg cgececttecg cgagtaggte aagegagegt getttgetga ggagggag

gc ggggtgegag cgetetggee gtgegegega tactetceee geatgageag actectegtg ccacgecega

atctacttgt caacgagcaa ctgtgtgttt tgtccgtgge caatcttatt atttctcega ctgtggeegt actetgtttg

getgtgcaag caccecagga actettttgt tgageggggg gttatcgtag agagggtttg cgaaatggge accg
atcgga aggccttgea aacgtggegg tecattggeeg acatgatttc cgtggattca ctgatgegge attgettace
attcatattg aaaagacagc cttgcaacct acaatttgat ggagcaaata catatatata cggggecgac gtgtca
gatg geegttgege tettgagete cacggeecga cacagetget cgatagctte ctccagegge aggeageeg

¢ getggeegte agegtacgtg cgeacegeca gggtegaget ceceggectet teecgggeega tgaccgeeat g
acggggact ttggeectct cggegttgeg aacgagettg cccatggagg cgeegeeggg cgegagetee acg
cgecaggce cgegegegeg catggeggcet gecaccgtct ceatgtacgg cegeaccgeg teegtegtgg geag

cagtcg cacctgetee ggggecagee agagegggaa ggegeecgeg tagtgetega tcaggatgee gaaga
agcge tccagegage cgageaggge geggtgeace atgatgggee getggegegcet geegteggee geege

gtact cgagcecgaa cegetcggge aggttgaagt ccagetgeac cgtggageac tgecacttge geeegag

cge gtectggate ttgacgtega tettcgggee gtaaaaggeg ccgeegeega cgtecacegt gaaggeecag
ccctgtcgat gaatgattgt tgggaggege gatttcgagg ttggatgaca ccacaataat atagtcageg acac

gegtge tgeacgataa ttaccagtac agactcggeg atgataacac cacccttttc atcaaccgaa atgageegtt
ccetgttgac aaacacacac geacacacac cttgtegttg agegettcag cgagegecge cteggeectg gee
cagtcct cgtcggacce gaccgactcg tccggeegeg tggagaggtt gacctcgaac cggeacgegt cgaag
ccaaa ggegeggaag acgegetecg tgaggtecag cacggeeegg atcteggeceg cgatctgete cggeag
geag aagatgtgge cgtegtectg cgtgaagecg cgeacgegga agaggecgtg catggtgecg gageget
cgt agcggtagac agtgeccage tccgeeceage gecageggeag gtegeggtag ctgacgggee tggeegeg
ta gacgctga

10

Moltype = DNA
length = 4768
Location/Qualifiers
1..4768

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

geetgeeteg cecaactgega gttetgegeg cgeggeggge gegagggecg cgacggegeg ceggggttea
ccgeeteggt cgaggagete tgggagegee ggegaacaga gtttgtgcac ctececeggage aggagtttge cg
geatcatg ctegtcatca tgeeetgeeg ctetgacaag tcgaaaaaag gegtcgecaa gtacgeaage ggggg
tgggg tggattgegee gtegtgecga tgcgatgaaa atggtggtet tggtgettce gattggegtg teggaatttt
gtgaactgag cggeactctg cggetctgee ggegeatgee tagtccagtt ttcgatgtge getatcatgt accac
geege atgegaatet cacectttet tetccgecee aggtatggte acctgagega cggeetgttg cacctggtge
tcatcaggeg gtgcagecge cteccagtacce tcaagtttct getcaggatg tcgeacateg gecttgagge ggge
gggeag cacgggtcct acatccaggt cttgeetgee cacgeggtge acatcgaage ggtacgageg tggate
ggga ggeacttgac agtcgegteg ccgaacaagg gacgggtace ctgaggaget tgttggaceg ctgattecac
t ccetgaccte cettttetet ttccaaaaca ggttggecag gagagecact ggaacgtega tggggagete atte
aaagcc gcacgataaa cgegeagete caccgeggag tgatcgatgt gtttgccega ggegtggagg getgac
gtge gegaaactag ctgggggcecec ceatteccege cetttaaacg cetgeeteet ggteceegac cggtgetgge
ggecctgate aattcgtcca ttecgtttta ttctttgaca atgagegect catcccagtg ccaccgecca tecccaa
att gttcctctca aacctctcag atacctcect tcaaactget cccaagagtg cacgagtact tgtaatgtta tgega

ccget gttcacaatg tagtcggeat gettgtgtga gegegttcga aactegetea geeegtegge ctgeecatgg
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acgtceectg atcgetttat gecccaccgea tggaccgega cacgecagtt ttcggattca atagcaacga atacg
catcg ataattctgt gacattgcat gcctcaccge gtgaattget gtcccaaacg taagcattat catggetegg tc
acgegatc ctggatccgg ggatectgga cegetggtgg agagegetge cgteggattg gtggcaagea agatt
gegea ggttggegaa gggagagace aaaaccggag getggaageg ggeacaacat cgtattattg cgtatag
tag agcagtggea gtcgeatttc gaggtcegea acggatctcg caageteget acgetcacag taggagatag

gggaccactg ccectgecag aatggtcgeg acectgteec tegecggeec cgecetgeaac acgeagtgeg tat

ccagcaa gegggttgte gecttcaace geececatgt tggegtcegg getcgatcag gtgegetgag gggegt
ttgg tgggeecgeg cetetgggece cgtgteggee gtgeggacgt ggggeeccggg gtagtggate ageaggg
gtt gcatgcaaat gectataccg gegattgaat agegatgaac gggatacggt tgegetcact ccatgeecat g
cgacceegt ttetgtcege cagecgtggt cgeccgaget gegaageggg aceccaccea gegeattgtg atca
ccggaa tgggegtgge cteegtgttt ggecaacgatg tegagacctt ttacgacaag cttctggaag gaacgage
gg cgtggacctg atttccaggt gegtaggtee ttggatgaat gegtetaggt tgcgaggtga ctggecagga ag
cagcaggc ttggggttte gtgttctgat ttctggtaat ttgaggtttc attataagat tctgtacggt cttgtttcga aa
acatgcaa caactccaca cacacacact cctctcaact gagtctgeag gtttgacate tccgagttce cgaccaa
gtt tgcggegeag atcaccggct teteegtgga ggactgegtg gacaagaaga acgegeggeg gtacgacga
¢ gegetgtegt acgegatggt ggectccaag aaggeectge gecaggeagg cctggagaag gacaagtgec
ccgagggcta cggggecgctg gacaagacge geacggecgt getggtegee tegggeatgg gegggcetgac
ggtcttccag gacggegtca aggegetggt ggagaagggce tacaagaaga tgageecctt cttcatcecc tac
gecatca ccaacatggg ctecegegetg gtgggeateg accagggctt catgggeece aactacteeg tetcecac
agce ctgegegacg tccaactacg catttgtgaa cgeggecaac cacatccgea agggegacge ggacgteat
g gtegteggeg geaccgaggc ctecategtg ceegtgggee tgggeggctt tgtggectge cgegegetgt ¢
cacgegeaa cgacgagece aagegegega geeggeegtg ggacgaggge cgegacgget ttgtgatggg ©
gagggegeg geegtgetgg tcatggagte getggageac gegeagaage gtggegegac catcetggge ga
gtacctgg geggegecat gacctgegac gegeaccaca tgacggacce geacceegag ggeetgggeg tga
geacctg catcegeetg gegetcgagg acgeeggegt ctecgeeegac gaggtcaact acgtcaacge geacg
ccacc tecacectgg tgggegacaa ggeegaggtg cgegeggtea agteggtett tggegacatg aagggtat
ca agatgaacgc caccaagagt atgatcgggc actgectggg cgeecgeegge ggeatggagg cegtegega
C gcteatggece atcegeacceg getgggtgea ceccaccate aaccacgaca accecatcge cgaggtegat g
geetggacg tegtegecaa cgecaaggece cageacgaca tcaacgtege catctceaac tecttcgget ttgge
gggca caacteegte gtegectttg cgeeettecg cgagtaggtg aagegagegt getttgetga ggagggag
gc gggetgegag cgetetggee gtgegegega tacteteeee geatgageag actectegtg ccacgeccga
atctacttgt caacgagcaa ctgtgtgttt tgtccgtggc caatcttatt atttctcega ctgtggeegt actetgtttg
getgtgeaag caccecagga actettttgt tgageggggg gttatcgtag agagggtttg cgaaatggge accg
atcgga aggcecttgea aacgtggegg teattggecg acatgattte cgtggattca ctgatgegge attgettace
attcatattg aaaagacagc cttgcaacct acaatttgat ggagcaaata catatatata cggggecgac gtgtca
gatg geegttgege tettgagete cacggeecga cacagetget cgatagette ctccagegge aggeageeg
C getggeegte agegtacgtg cgeaccgeca gggtegaget cecggectet teegggeega tgacegeeat g
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acggggact ttggeectet cggegttgeg aacgagettg cccatggagg cgecgecggg cgegagetee acg
cgecagge cgegegegeg catggeggcet geeaccgtct ccatgtacgg cegeaccgeg teegtegtgg geag

cagtcg cacctgetee ggggecagee agagegggaa gecgeccgcg tagtgetega tcaggatgee gaaga
agcge tccagegage cgageaggge geggtgcace atgatgggece getggegget gecgteggee geege
gtact cgagceegaa cegetcggge aggttgaagt ccagetgeac cgtggageac tgecacttge geeegag

cge gtectggate ttgacgtega tettcgggee gtaaaaggeg ccgeegeega cgtecacegt gaaggeecag
ccctgtcgat gaatgattgt tgggagggge gatttcgagg ttggatgaca ccacaataat atagtcageg acac

gegtge tgeacgataa ttaccagtac agactcggeg atgataacac cacecttttc atcaaccgaa atgageegtt
ccetgttgac aaacacacac geacacacac cttgtegttg agegettcag cgagegecge cteggecectg gee
cagtcct cgtcggacce gaccgactcg tccggeegeg tggagaggtt gacctcgaac cggeacgegt cgaag
ccaaa ggegeggaag acgegetecg tgaggtecag cacggeeegg atcteggeeg cgatctgete cggeag
geag aagatgtgge cgtegtectg cgtgaagecg cgeacgegga agaggecgtg catggtgecg gageget
cgt agcggtagac agtgeccage tccgeeceage geageggeag gtegeggtag ctgacgggee tggeegeg
ta gacgctga

11

Moltype = DNA
length = 4792
Location/Qualifiers
1..4782

moltype = other
DNA

organism =
synthetic construct

geetgeeteg ccaactgega gttetgegeg cgeggegeee gegagggecg cgacggegeg gegggettca
ccgeetegge cgaggagcete tgggagegge ggegageaga gtttgtgcac ctcecggage aggagtttge ag
geatcatg ctcgteatca tgeectgeeg ctetgacaag tcgaaaaagg gegtegecaa gtacgeaage acagg
geetg ggeteggete gggeategteg cgglgegatg aaaatggtgyg tetitggtgg ticacattgg cgtgtegga
g ttttgtgaag tgagcttcac tetgeggcete teceggegea tgectagtee agttttcgat gtgegetate gtgtac
cacg ccgegtgega atcceaccct ttettetecg ccecaggtat ggteacetga gegacggect getgeacctg
gtectcatca ggeggtgeag ccgectecag tacctcaagt ttetgetcag gatgtegeac atcggectcg agge
gggcgg geageacggg tectacatee aggtectgee cgeccacgeg gtgeacatcg aageggtacg agegt
ggatc gggaggeact tgacagtege gtegeccgac aaggeacggg cgeectgagg agettgttgg geegetg
att cacttecctg gectcecctt tetettteca aaccaggttg gecaggagag ccactggaac gtegatgggg ag
ctcattca aagecgeacg atcaacgege agetccaccg cggagtgate gacgtgtttg ccagaggegt ggagg
getga cgagegegaa actagetggg ggeccecatte cegeccttga aacgeetgece tectgggecee tggeeggt
ge tggeggeect gaccgattcg tecatteegt tttattettt gacaatgage gectcatece agtgectcat cecag
tgeca cegeccatee ccaaattgtt cctctcaaac ctetcagata ceeccttcaa actgetceca agagtgeacg
agtatttgta atgttatacg accgctgttc acaatgtagt cggeatgett gtatgagect gttcgaaact cgetcage
cc gteggectge ccatggacct cccctgateg cttcacgeee accgeatgga ctgegacacg ccagttttgg g
attcaatat caaaaaatac gcttcggtaa ttctgtaacg ttgeatgect caccgegtga attgetgtce caaacgtaa
g catcatcgtg getcggteac gegateetgg atccggggat cctagaccge tggtggagag cgetgeegte g
gattggtgg caagtaagat tgcgcaggtt ggcgaaggga gagaccaaaa ccggaggcetg gaagegggea ca
acatcgta ttattgegta tagtagagea gtggcagtcg catttcgagg tccgcaacgg atctcgeaag ctegetac
gc tcacagtagg agaaagggga ccactgeeec tgecagaatg gtcgegaccee teteeetege cggeeecgee

tgcaacacge agtgegtate cggeaagegg getgtegect tcaaccgecee ceatgttgge gtecgggete gat
caggtge getgagggee gtitggtote ccecgegecte tgggeeegtg teggeegtge ggacgtggee cectg
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ggcag tggatcagea gggtttgcgt gcaaatgect ataccggega ttgaatageg atgaacggga tacggttge
g cteactccat geccatgega ceeegtttet gtecgeeage cgtggtegee cgggetgega agegggacec ¢

acccagege attgtgatca ccggaatggg cgtggectee gtgtttggea acgatgtcga gaccttttac aacaag
cttc tggaaggaac gageggegtg gacctgattt ccaggtgegt aggtecttgg atgeatgegt ctaggttggg
aggcggctgg cgaggaagea geaggcettgg gotttgetot teegatttct ggeaatttga ggttteattg tgagat

tcta tgeggtettg tttcgaaaac atgcaacaac tccacacaca cacactecte tccaccaact ctgeaggttt ga

catctecg agttccegac caagtttgeg gegeagatea ceggcttete cgtggaggac tgegtggaca agaaga
acgc geggeggtac gacgacgege tgtegtacge gatggtggee tccaagaagg ceetgegeea ggeggga
ctg gagaaggaca agtgceecga gggctacgga gegetggata agacgegege gggegtgetg gteggete
gg geatgggegg getgacggte ttccaggacg gegtcaagge getggtggag aagggctaca agaagatga
g ccecttette atccectacg ccatcaccaa catgggetee gegetggtgg geatcgacea gggcetteatg ggg
cccaact acteegtete cacggectge gegaccteea actacgectt tgtgaacgeg gecaaccaca tccgeaa
ggg cgacgeggac gtcatggteg tgggeggeac cgaggectee ategtgeeeg tgggectggg cggetttgt
g gectgeegeg cgetgtecac gegeaacgac gageccaage gegegageeg geegtgggac gagggeeg
cg acggcttcgt gatgggegag ggegeggeceg tgetggteat ggagtegetg gageacgege agaagegeg
g cgegaccate ctgggegagt acctggggge cgeeatgace tgegacgege accacatgac ggaceegeac
ccegagggcece tgggegtgag cacctgeate cgeetggege tegaggacge cggegteteg ceccgacgagg t
caactacgt caacgcgeac gecaccteca cectggtggg cgacaaggee gaggtgegeg cggtcaagte ggt
ctttgge gacatgaagg geatcaagat gaacgceacce aagtccatga tegggeactg cetgggegee geegg

cggea tggaggecegt cgecacgete atggecatee geaccggetg ggtgcaccec accatcaace acgacaa
ccc catcgeegag gtcgacggec tggacgtegt cgecaacgee aaggeccage acaaaatcaa cgtcgeceat
¢ tccaactect teggettcgg cgggeacaac teegtegteg cetttgegee cttcegegag taggeggage ga

gegegcett ggetgaggag ggaggegggg tgcgagecct ttggetgege gegatactet ccecgeacga gea

gactcca cgegectgaa tetacttgtc aacgagcaac cgtgtgtttt gtcegtggec attettatta tttctcegac t

gtggeegta ctetgtttgg ctgtgecaage acccecaggaa ctettttgte gageggggeg tetegtagag agggte
cgcg aaacaggeac cgatcgegag cetegtggte gteattgttc gacatgatte ccggagatte actgatgegg

cattgcttac cattcatttg aaaagacagc ttgcaaccta caattcgaag gagcgaatac atatatatac ggggee

ggeg tgtcagatcg cegttteget cttgagetee acggeecgac acagetgete gatgacttee tccageggea

ggcageegeg ctggeegteg gegtacgtge geaccgecag ggtegagete ceggectett cecgggeegat g

accgecatg acggggacct tggeectete ggegttgegg atgagettge ccatggagge ceegeegggc geg
agctcea cgegeaggece gegegegege atggegtetg ccaccgtete catgtaggge cgeaccgegt cegte
gtgge cagcaggege acctgetecg gggecageea gagegggaag gegeeegegt agtgetegat cagga
tgecg aagaageget ccagegagee gageagggeg cggtgaatea tgatgggeeg ctggeggetg cegteg
gegg cegegtacte gageccaaac cgetegggea aattgaagte cagetgeace gtggageact geecacttge
g ccegagegeg teetggatct tgacgtegat cttcgggeceg taaaaggege cgecgeegge gtecacegtg a
aggcccage cctgtcgatg aatgattegt ggttgagagg geggattttt cgaggtetgg atgatgatac ggtatge

gcce acaataatac tacactcgeg ccagtcageg acacgegtgce tgecacaatge ctactactat agactcggtg a
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NO.
tgatgatac cacccttttc atcgaacgag atgggecatt cectactgac aaacacacac geaccttgte gttcage
get teggegageg cegeetegge cetggeeeag tectegtegg accegaccga ctegtecgge cgegtggag
a ggttgaccte gaaccggege gegtecgaage caaaggegeg gaagacgege teegtgaggt ccageacgg
¢ ccggatetcg geegegatet getceggeag geagaagacg tgggegtegt cetgegtgaa geegegeacg
cggaagaggc cgtgeatggt geeggagege tegtageggt agaccgtgee cagetecgee cagegeageg g
caggtcgeg gtagetgacg ggecgggecg cgtagacget ga

12 Moltype = DNA geetgecteg ccaactgega gttetgegeg cgeggeggge gegagggeeg cgacggegeg geggggttea

length = 4793
Location/Qualifiers
1..4793

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

ccgeetegge cgaggagcete tgggagegge ggegageaga gtttgtgeac ctceeggage aggagtttge ag
geatcatg ctcgteatea tgeectgeeg ctetgacaag tcgaaaaagg gegtegecaa gtacgeaage acagg
geete geetegegty geeetgeteg cgatgcgatg aaaatggtgg tatttgatgg ticacattgg cgtgtegga
g ttttgtgaag tgagcttcac tetgeggcete teccggegea tgectagtee agttttcgat gtgegetate gtgtac
cacg ccgegtgega atcceaccct ttettetecg ccecaggtat ggteacetga gegacggect getgeacctg
gtgctcatca ggeggtgeag ccgecteeag tacctcaagt ttetgetcag gatgtegeac atcggecteg agge
gggegg geageacggg tectacatee aggteetgee cgeccacgeg gtgeacatcg aageggtacg agegt
ggatc gggaggcact tgacagtcge gtegeeccgac aaggeacggg cgeectgagg agettgttgg gecgetg
att cacttccctg gecteecctt tetctttcea aaccaggttg geccaggagag ccactggaac gtegatgggg ag
ctcattca aagecgeacg atcaacgege agetccaccg cggagtgate gacgtgtitg ccagaggegt ggagg
getga cgagegegaa actagetggg ggeccecatte cegeccttga aacgeetgece tectgggecee tggeeggt
ge tggeggeect gaccgattcg tecatteegt tttattettt gacaatgage gectcatece agtgectcat ceccag
tgeca cegeccatee ccaaattgtt cctctcaaac ctetcagata ceecccttea aactgetcee aagagtgeac
gagtatttgt aatgttatac gaccgcetgtt cacaatgtag tcggeatget tgtatgagece tgttcgaaac tcgetcag
cc cgteggeetg cecatggace teceetgate gettcacgee caccgeatgg actgegacac gecagttttg g

gattcaata tcaaaaaata cgcttcggta attctgtaac gttgeatgee tcaccegegtg aattgetgte ccaaacgta

a gcatcatcgt ggetcggtea cgegatectg gatccgggea tectagaceg ctggtggaga gegetgeegt cg
gattggte gcaagtaaga ttgegeaggt tggcgaaggg agagaccaaa accggaggct ggaageggge aca
acatcgt attattgegt atagtagage agtggcagtc geatttcgag gtccgeaacg gatctcgeaa getegetac
g ctcacagtag gagaaagggg accactgecc ctgecagaat ggtegegacce cteteecteg ceggeeccge

ctgcaacacg cagtgegtat ccggeaageg ggetgtcgec ttcaaccgee cecatgttgg cgteegggcet cgat
caggtg cgetgagggg gotttggtat gcccgegect ctgggeeegt gteggeegtg cggacgtgge gecctg
ggcea gtggatcage agggtttecg tgcaaatgee tataccggeg attgaatage gatgaacggg atacggttge
geteacteca tgeecatgeg acecegttte tgtcegeeag cegtggtege cecgggetgeg aagegggace cc

acccagceg cattgtgatc accggaatgg gegtggecte cgtgtttgge aacgatgtcg agacctttta caacaag
ctt ctggaaggaa cgageggegt ggacctgatt tccaggtgeg taggtecttg gatgeatgeg tctaggtteg g
aggeggctg gecgaggaage ageaggcettg ggetttggte ttccgattte tggeaatttg aggtttcatt gtgagat

tct atgeggtett gtttcgaaaa catgcaacaa ctccacacac acacactect ctccaccaac tetgeaggtt tga

catctee gagttceega ccaagtttge ggegeagate accggettet cegtggagga ctgegtggac aagaaga
acg cgeggegeta cgacgacgeg ctgtegtacg cgatggtggce ctccaagaag geectgegee aggeggga
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ct ggagaaggac aagtgccecg agggetacgg agegetggat aagacgegeg cgggegtgct ggteggete
g ggeatgggeg ggctgacggt cttccaggac ggegtcaagg cgetggtega gaagggctac aagaagatga
geeecttett catceectac gecatcacca acatgggete cgegetggtg gecatcgace agggctteat gggg
cccaac tactcegtet ccacggeetg cgegacctee aactacgect ttgtgaacge ggecaaccac atccgeaa
gg gegacgegga cgteatggte gtgggeggea cegaggecte categtgeee gtgggectgg geggetttgt
ggeetgeege gegetgteea cgegeaacga cgageecaag cgegegagee ggeegtggea cgagggeege
gacggctteg tgatgggega gggegeggee gtgetggtea tggagtcget ggageacgeg cagaagegeg
gegegaccat cctgggegag tacetggggg gegeeatgac ctgegacgeg caccacatga cggaceegea ¢
ccegaggee ctgggegtga geaccetgeat cecgeetggeg ctecgaggacg ceggegtete geecgacgag gt
caactacg tcaacgcgcea cgecacctee accctggtgg gegacaagge cgaggtgege geggtcaagt cggt
ctttgg cgacatgaag ggcatcaaga tgaacgeeac caagtccatg atcgggeact geetgggege cgeegg
cgge atggaggecg tegecacgcet catggecate cgeaccgget gggtgcacce caccatcaac cacgacaa
cc ccatcgeega ggtegacgge ctggacgteg tecgecaacge caaggeccag cacaaaatca acgtcgeceat
ctccaactee tteggetteg gegggcacaa cteegtegte gecetttgege cettccgega gtaggeggag cga
gegeget tggetgagga gggaggeggg gtgegageec tttggetgeg cgegatacte teccegeacg agea
gactcc acgecgectga atctacttgt caacgagcaa ccgtgtgttt tgtcegtgge cattettatt atttctcega ct
gtggeegt actetgtttg getgtgcaag caccecagga actettttgt cgagegggee gtgtegtaga gagggte
cgc gaaacaggea ccgatcgega geetegtggt ggteattgtt cgacatgatt cccggagatt cactgatgeg g
cattgctta ccattcattt gaaaagacag cttgcaacct acaattcgaa ggagcgaata catatatata cggggee
gge gtgtcagate geegtttege tettgagete cacggeecga cacagetget cgatgactte ctccagegge a
ggeageege getggeegte ggegtacgtg cgeaccgeca gggtegaget cceggectet teegggeega tg
accgecat gacggggacc ttggeectet cggegttgeg gatgagettg cccatggagg cceegeeggg cgeg
agctce acgegeagge cgegegegeg catggegtet gecaccgtet ccatgtaggg cegeaccgeg teegte
gtgg gcagcaggeg cacctgetee ggggeeagee agagegggaa ggegeeegeg tagtgetega tcagga
tgee gaagaagege tccagegage cgageaggge geggtgaate atgatgggee getggegget geegteg
geg gecgegtact cgageccaaa cegeteggge aaattgaagt ccagetgeac cgtggageac tgeeacttge
geecgagege gtectggate ttgacgtega tettcgggee gtaaaaggeg cegeegeegg cgteecacegt ga
aggcccag ccctgtegat gaatgattcg tggttgagag gecggatttt tcgaggtcetg gatgatgata cggtatge
gc cacaataata ctacactcge gecagtcage gacacgegtg ctgeacaatg cctactacta tagactcggt ga
tgatgata ccaccctttt catcgaacga gatgggccat tcectactga caaacacaca cgeaccttgt cgttcage
ge tteggegage geegeetegg cectggececa gtectegteg gaccegaceg actegtecgg cegegtggag
aggttgacct cgaaccggeg cgegtegaag ccaaaggege ggaagacgeg ctecgtgagg tccageacgg
cceggatcte ggeegegate tgetccggea ggeagaagac gtgggegteg teetgegtga ageegegeac ge
ggaagage ccgtgeatgg tgccggageg ctegtagegg tagacegtge ccagetecge ccagegeage ggce
aggtcge ggtagetgac gggeegggece gegtagacge tga

13

Moltype = DNA
length = 4205
Location/Qualifiers
1..4205

aaacccgatg atgeccageg cggagetcag catgtegecg ageategetg gataggacga attggeaggg ta
ccacctga agaatgggag geaggtgctg ctgattacga gtgtggaaaa gaaagggggec agagagecgt cete
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moltype = other
DNA

organism =
symthetic construct

agatcc gaccactatg caggtageeg ctegeeegtg ccegectgge tgaatattga cacatgeeca tcaaggea
gg caggcatttc tgtgcatgea ccaaacccat aatcttcgaa aacacacage atgtaccaac gecacgegtaa aa
gttggget getgecagtg cgtecatgeca ggeatgatgt getectgeac atcggecatg atctecteea tegteteg
gg cgtetecgge geetggteeg ggagecegtte cgecagatac ccagacgeca ceteccgacct cacggggtac
ttttcgageg actgtcggta gtcgacgate gegtcecacea tggagtagee gaggegeegg aactggegtg acg
gagggag aacagggggg gttgatgatc acacgecagt ctcacaacge atgtaagacce cgttggatta tgagtat
aat catgcattac tagttgggtg agcgecaggce ataaggeaca ccgacgtcga tggeacgagce aactcecgea
tcatatttce tattgtecta acgecaagee ggteaccace cgeatgeteg tactacageg cacgeaccge ttegtg
atcc accgggtgaa cgtagtecte gacggaaaca tetggttcgg geeteetget tgeacteeeg cecatgecga

caacctttct getgttacca cgacccacaa tgeaacgega cacgacegtg tgggactgat cggttcactg cacct
geatg caattgtcac aagegettac tccaattgta ttegtttgtt ttctgggage agttgetcga ccgeeegegt cc

cgecaggcea gegatgacgt gtgcgtggece tgggtgtttc gtcgaaagge cagcaaccct aaatcgeagg cgatc
cggag attgggatct gatccgagtt tggaccagat ccgeeccgat gecggeacggg aactgeateg actcggeg
cg gaacccagct ttegtaaatg ccagattggt gtccgatace tggatttgee atcagegaaa caagacttca gea
gegageg tatttggegg gegtgetace agggttgeat acattgecca tttetgtetg gaccgettta ctggegeag
a gggtgagttg atggggtteg caggeatcga aacgegegtg catggtgtee gtgtetgttt teggetgeac gaa
ttcaata gtcggatgge cgacggtaga attgggtgtg gegetegegt geatgecteg cecegteggg tgteatg

acc gggactggaa tcceeccteg cgaccatctt getaacgete cegactetee cgaccgegeg caggatagac
tettgttcaa ccaatcgaca atggegtetg cegteacctt tgegtgegee ceteceeegeg gegeggtege cgege
cgggt cgeegegetg cetegegtee cetggtggtg cgegeggteg ccagegagge ceegetggee gtteege
cct cggtgeageg ceecteecee gtggtetact ccaagetgga caageageac cgectgacge ccgagegee
t ggagetggte cagageatgg ggeagtttge ggaggagagg gtgetgeeeg tgetgeacee cgtggacaag

ctgtggcage cgeaggactt tttgececgac cecgagtege ccgacttcga ggatcaggtg geggagetge geg
cgegege caaggacctg ccegacgagt actttgtggt getggtggge gacatgatca cggaggagge getge
cgacc tacatggeca tgetcaacac getggacgge gtgegegacg acacgggege ggeegaccac cegtgg
gege getggacgeg geagtgggte gecgaggaga accggeacgg cgaccetgetg aacaagtact getgget
gac ggggcgegte aacatgeggg cegtggaggt gaccatcaac aacctgatca agageggeat gaaceege
ag acggacaaca acccttattt ggggttcgte tacacctect tccaggageg cgecaccaag tacagecacg g

caacaccgc gegeettgeg geegageacg gegacaagaa cctgageaag atctgegggc tgatcgeeag cg
acgagggc cggeacgaga tcgectacac gegeatcgtg gacgagttet tccgectega cceegaggge gec

gtcgeeg cctacgecaa catgatgege aageagatca ccatgecege geaccteatg gacgacatgg geeac

ggega ggecaacceg ggeecgeaacc tettcgeega cttetecgeg gtegecgaga agatcgacgt ctacgac

gee gaggactact gecgeateet ggageaccte aacgegeget ggaaggtgga cgagegeeag gtcagegg
CC aggeegecge ggaccaggag tacgtectgg gectgeecca gegetteegg aaactcgecg agaagaceg
¢ cgecaagege aagegegteg cgegeaggec cgtegectte tectggatet cecgggegega gatcatggte t
agggagcga cgagtgtgeg tgeggggetg gegggagtgg gacgeectee tegeteetet ctgttetgaa cgga

acaatc ggccaccecg cgetacgege cacgeatcga geaacgaaga aaaccccecg atgataggtt geggtg
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getg ccgggatata gatceggecg cacatcaaag ggeccctecg ccagagaaga agetccttte ccageaga
ct cettetgetg ccaaaacact tetetgteca cagcaacace aaaggatgaa cagatcaact tgegtcteeg cgt
agcttee teggetageg tgettgecaac aggteectge actattatet teetgcttte ctetgaatta tgeggeagge
gagegctege tetggegage getecttege gecgeecteg ctgatcgagt gtacagtcaa tgaatggtee tggg
cgaaga acgagggaat ttgtgggtaa aacaageate gtetctcagg ccceggegea gtggecegtta aagteca
aga ccgtgaccag geagegeage gegteegtgt gegggecectg cetggeggcet cggegtgeca ggetegag
ag cagctcecte aggtegecett ggacggecte tgecgaggecg gtgagggect geaggagege ctecgagegtg
geagtggegg tegtatcegg gtegeeggte acegeetgeg actcgecate cgaagageea tegtegtegt cte
ccagact ggacgegcete gecatcggece cegecgatge agaacacgec tetgegeteg cegtgegeag cgeg
gegege agegetgege gegecaggge cgegtecage aggeccateg ccageteeeg geegegaggg ceg
gecageg cetcaaagee gecggegegg gegecegeca ccaccgaggee cagegeggeg cgegegeect cc
agggtcgg cgeeegggte acggegtege gegeeecagge ggecagegee geeeceegta gaacgeagtg ¢
geetceate gaccgeacaa agtgggagac ceggtggete gtggggtegt agggecgeac geggeggege g
cgggecteg tggttgegeg cgtgetgete cgeageeceg caategtecac geteecttge cgatccacge tegeg
gegge cagectggee caggecaget ggaggeccag gegeatgetg gegeggacct getccagaaa gggge
cgteg cccageatge acageggeea ggggagegte aggtegaace geaggegcete cagegtggeg acgeg
cggag getcgeeegg gageggeeag ggacgagege gegattgggt ggeeggeggee gaataaceag ggtg
cactee gtcageagece teetecgace tcacacceee ctgeetettg agetggegge accgggeege gatggee

gea ceggegetgt ccageacgee cgettecaca geeacgtgea getegatgee ggegacgtee gtete

14

Moltype = DNA
length = 4205
Location/Qualifiers
1..4205

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

aaacccgatg atgcccageg cggageteag catgtcgeeg ageatcgetg gataggacga attggeaggg ta
ccacctga agaatgggag geaggtgetg ctgattacga gtgtggaaaa gaaaggggec agagagecgt cete
agatcc gaccactatg caggtagceg ctegeecgtg cccgeetgge tgaatattga cacatgecca tcaaggea
gg caggceatttc tgtgecatgea ccaaaccceat aatcttcgaa aacacacage atgtaccaac gecacgegtaa aa
gttggest getgecagtg cgtecatgeca ggeatgatgt getectgeac atcggecatg atctecteca tegtetcg
gg cgtetecgge geetggteeg ggagecegtte cgecagatac ccagacgeca cetecgacct cacggggtac
ttttcgageg actgtcggta gtegacgate gegteccacea tggagtagee gaggegeegg aactggegtg acg
gagggag aacaggggege gttgatgatc acacgecagt ctcacaacge atgtaagace cgttggatta tgagtat
aat catgcattac tagttgggtg agcgecaggce ataaggeaca ccgacgtcga tggeacgage aactcecgea
tcatatttce tattgtccta acgecaagece ggtcaccacce cgeatgeteg tactacageg cacgeacege ttegtg
atcc accgggtgaa cgtagtcete gacggaaaca tetggttcgg gectectget tgeacteceg cecatgeega
caacctttct getgttacca cgacccacaa tgeaacgega cacgacegtg tgggactgat cggttcactg cacct
geatg caattgtcac aagcgcettac tccaattgta ttegtttgtt ttctgggage agttgetega ccgeeecgegt cc
cgcaggea gegatgacgt gtgegtggece tgggtgtttc gtcgaaagge cageaaccct aaatcgeagg cgate
cggag attgggatct gatccgagtt tggaccagat cegeeccgat geggeacggg aactgeateg actcggeg
cg gaacccagct ttcgtaaatg ccagattggt gtccgatace tggatttgee atcagegaaa caagacttca gea
gegageg tatttggegg gegtgetace agggttgeat acattgecca tttetgtetg gaccgettta ctggegeag
a ggetgagtte atgggottge caggeatcga aacgegegte catggtgtge gtgtetgttt tcggetgeac gaa
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ttcaata gtcggatgge cgacggtaga attgggtgtg gegetegegt geatgecteg cecegteggg tgteatg
acc gggactggaa tcceeecteg cgaccatctt getaacgete ccgactetee cgaccgegeg caggatagac
tettgttcaa ccaatcgaca atggegtetg cegteacctt tgegtgegee cetececgeg gegeggtege cgege
cgggt cgeegegetg cetegegtee cetggtggte cgegeggteg ccagegagge coecgetggge gtteege
cct cggtgeageg ceecteeeee gtggtetact ccaagetgga caageageac cgectgacge cegagegee
t ggagctggteg cagageatgg ggcagtttge ggaggagagg gtectgeccg tgetgeacee cgtggacaag
ctgtggeage cgeaggactt tttgeccegac ccegagtege ccgacttcga ggatcaggtg geggagetge geg
cgegege caaggacetg cccgacgagt actttgtggt getggtggge gacatgatca cggaggaggce getge
cgacc tacatggeca tgetcaacac getggacgge gtgegegacg acacgggege ggecgaccac cegtgg
gege getggacgeg geagtgggte gecgaggaga accggeacgg cgacetgetg aacaagtact getgget
gac ggggcgegte aacatgeggg cegtggaggt gaccatcaac aacctgatca agageggeat gaaceege
ag acggacaaca acccttattt ggggttcgte tacacctect tccaggageg cgecaccaag tacagecacg g
caacaccge gegeettgeg geegageacg gegacaagaa cctgageaag atctgegggc tgatcgeeag cg
acgagggc cggeacgaga tcgectacac gegeategtg gacgagttet teccgeetega ceccegaggge gee
gtegeeg cctacgecaa catgatgege aageagatca ccatgecege geacctcatg gacgacatgg gecac
ggega ggecaacceg ggeegeaacc tettegeega cttetecgeg gtegecgaga agatcgacgt ctacgac
gee gaggactact gecgeatect ggageaccte aacgegeget ggaaggtgga cgagegecag gtcagegg
cc aggeegeege ggaccaggag tacgtectgg gectgeecea gegettcegg aaactcgecg agaagaccg
¢ cgecaagege aagegegteg cgegeaggece cgtegectte tectggatet ccgggegega gatcatggte t
agggagega cgagtgtgcg tecgggectg gegggagtge gacgecctee tegetectet ctgttctgaa cgga
acaatc ggccacceeg cgetacgege cacgeatcga gecaacgaaga aaaccccccg atgataggtt geggtg
getg ccgggatata gatceggeeg cacatcaaag ggecccteeg ccagagaaga ageteettte ccageaga
ct cettetgetg ccaaaacact tetetgtcca cagecaacace aaaggatgaa cagatcaact tgegtetecg cgt
agcttce tcggetageg tgettgeaac aggtecctge actattatet teetgettte ctetgaatta tgeggeagge
gagegetege tetggegage getecttege geegeecteg ctgatcgagt gtacagtcaa tgaatggtee tggg
cgaaga acgagggaat ttgtggetaa aacaageate gtetctcagg cceeggegea gtggecgtta aagteca
aga ccgtgaccag gcagegeage gegteegtgt gegggecctg cctggeggcet cggegtgeca ggetcgag
ag cagctcecte aggtegectt ggacggectce tgegaggecg gtgagggect gcaggagege ctegagegtg
geagtggegg tegtatcegg gtegeeggte accgeetgeg actcgecate cgaagageca tegtegtegt cte
ccagact ggacgegete geecatcggee ccgeegatge agaacacgec tetgegeteg cegtgegeag cgeg
gegege agegetgege gegeeaggge cgegteecage aggeccateg ccageteccg geegegaggg ceg
gecageg cetcaaagee gecggegegg gegeccgeca ccaccgagee cagegegecg cgegegecct e
agggtegg cgeeegggte acggegtege gegeeecagge ggecagegee geeeeceegta gaacgeagtg ©
geetecate gaccgeacaa agtgggagac ccggtggete gtggggtegt agggecgeac geggeggcec g
cgggeeteg tggttgcgeg cgtgetgete cgeageceeg caatcgteac geteecttge cgatecacge tegeg
gegge cagectggee caggeeaget ggaggeccag gegeatgetg gegeggacct getccagaaa gggge
cgtcg cccageatge acageggeca ggggagegte aggtegaace geaggegete cagegtggeg acgeg
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cggag getcgeeegg gageggecag ggacgagegg gegattgggat ggecggeggce gaataaccag ggtg
cactce gtcageagece teetecgacce tcacaceece ctgectettg agetggegge accgggecge gatggee
gea ceggegetgt ccageacgece cgettecaca gecacgtgea getegatgee ggegacgtee gtete

15 Moltype = DNA ggagctcage atgtcgecag catcgetgga taagacgaat tggecagggta ccacctgaag aatgggagge ag

length = 4184
Location/Qualifiers
1.4184

moltype = other
DNA

organism =
synthetic construct

gtgttgct gattacgagt gtgtaaaaga aaggggtaga gagecgtect cagatccgac cactatgeag gtagee
gete geecatgece geetggetga atattgacac atgeccatca aggeaggeag geatttetgt geatgeacea
agcccacaat cttccacaac acacageatg taccaacgea cgegtaaaag ttgggstect gecagtgegt catg
ccaggc atgatgtgct cctgeacate ggecatgatce tectceatcg tetegggtgt ctecggegee tggtecggg
a geegttecge cagataccea gacgecacct cegaccteac ggggtacttt tegagegact gtcggtagte ga
cgatcgeg tccaccatgg agtagecgag gegecggaac tggegtgacg gagggaggag agggaggaga g
agggggegee ggatgatcac acgecagtet cacaacgeat gtaagaceeg tttgattatg agtacaatca tgeac
tacta gttggatgag cgccaggceat aaggeacace gacgtcgatg geacgageaa ctcecgeate atattteet
a ttgtcctcac gecaageegg tcaccateeg catgetegta ttacagegea cgeaccegcett cgtgatecac cgg
gtgaacg tagtcctcga cggaaacate tggttcggge ctegtgetgg cactecctee catgeegaca acctttct
gc tgtcaccacg acccacgatg caacgegaca cgaccggtgg gactgategg ttcactgeac ctgeatgeaa t
tgtcacaag cgeatactcc aatcgtatce gtttgattte tgtgaaaact cgetcgaceg cecegegtece geaggea
geg atgacgtgtg cgtggectgg gtgtttegte gaaaggecag caaccccaaa tcgeaggega tecggagatt
gggatctgat ccgagttgga ccagatcece cecgatgegge acgggaactg catcgactcg gegeggaace ca
getttcgt aaatgecaga ttggtgtceg ataccttgat ttgecatcag cgaaacaaga cttcagecage gagegtatt
t ggcgggegtg ctaccagggt tgcatacatt geccatttet gtctggaceg ctttactgge geagagggtg agtt
gatgge gttggcagge atcgaaacge gegtgeatgg tgtgtgtgte tgttttcgge tgcacaattc aatagtegga
tgggcgacgg tagaattggg tgttgcgete gegtgeatge ctegeeeegt cgggtgtcat gaccgggact gga
atcecce ctegegacec tettgetaac geteecgact ctecegeecg cgegeaggat agactetagt tcaaccaa
tc gacaatggeg tetgecgtea cetttgegtg cgeeccteee cgeggegegg tegeegegee gggtegeege
getgeetege gteeectggt ggtgegegee gtegecageg aggecceget gggegtgeeg cecteggtge ag
cgeeccte ceeegtggte tactccaage tggacaagea acaccgectg acgeecgage gectggaget ggtg
cagagc atgggtcagt ttgcggagga gagggtgctc cccgtgetge aceecgtgga caagetgtgg cageeg
cagg actttttgce cgaccecgag tcgeccgact tcgaggacea ggtggeggag ctgegegege gegecaag
ga cctgeecgac gagtactttg tggtgctggt gggegacatg atcacggagg aggegetgee gacctacatg
gecatgetea acaccttgga cggtgtgege gacgacacgg gegeggetga cecaccegtgg gegegetgga ¢
geggeagtg ggtggccgag gagaaccgge acggegacct getgaacaag tactgttgge tgacggggeg cg
tcaacatg cgggecegtgg aggtgaccat caacaacctg atcaagageg geatgaacce gecagacggac aaca
accctt acttgggctt cgtctacacc tecttccagg agegegegac caagtacage cacggeaaca ccgegeg
cct ggeggecgag cacggegaca agggectgag caagatctge gggetgateg ccagegacga gggeegg
cac gagatcgect acacgegeat cgtggacgag ttettccgee tcgacceega gggegeegte gecgectacg
ccaacatgat gcgcaageag atcaccatge ccgegeacct catggacgac atgggecacg gecgaggecaa ¢

ccgggecge aacetetteg cegacttete cgeegtegee gagaagatcg acgtctacga cgecgaggac tact
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geegea teetggagea cctcaacgeg cgetggaagg tggacgageg ccaggtcage ggecaggeeg cege
ggacca ggagtacgtt ctgggectge cccagegett ccggaaactc gcecgagaaga ccgeecgecaa gegea
agege gtegegegea ggeeegtege ctteteetgg atctceggac gegagattat ggtctaggga ggtacgag
cg cgegegaggg attggtgega gtgggacgeg ctegtegete ctttctatte tgaagggaag attggecace ¢
cgetecacg cgeeacgeat cgageaacga agaaaaccce ccgatgatag gttgeagtgg ctgeegagat ata
gatccgg ctgeacgtca aagggeccct cggecagaga agaagcetctt ttccagegac cgeagactee ttetgee
aaa aacactcttc tctgtccaca geaacaccaa tggatggaca gatcaacttg tgtettcgeg tagettecte gge
tagegtg cttgcaacag gtceetgeac tattateete ctgetttect ctgaattatg cggeaggega gegetegete
ttgcgagegce tecttegege cgeecteget gatcgagtgt acagtcaatg aatggtectg ggegaagaac gagg
gaattt gtgggegaga gageategte tctcaggeee cagegeagtg gecgttaaag tccaagaceg tgaccag
gca gegeatcgeg tecgtgtgeg ggeeetgecet ggeggetegg cgegeecagge tcgagageag cteectea
gg tegecettgga cagectetge gaggecggtg agggtetgea ggagegecte gagegtggea gtggeggttg
tatccgggte geeggteate gactgegact cgecatcega agagecateg tegtegtete ccagactgga age
getegee atcggececceg ccgatacaga aaacgectet gegetcgeeg tgegeagege ggegegeace aggg
ccgegt ccageagace catcgecage tcecggeege gagggecgge cagegectca aagecgeegg ¢geg
ggegge cgeegeegee gaggecageg cggegegege geeetecagg gteggegeee gggteacgge gte
gegegee caggeggeea gegecgecee cegeaggacg cagtgegect ccatcgaceg cacaaagtgg gag
acceggt ggetcgtgeg gtegtaggge cgeacgegge ggegegeggg cetegtgaac gtgegtttge catte
cgeag cectgeggte gtcacactee cttgeegate cacgetcgeg geggeeagec tggeecagge cagetgg
agg cccaggagcea tgeecggegeg gacctgetee agaaagggge cgttgcccag catgeacagt ggecagg
gga gegtcaggtg gaaccgeagg cgetccageg tggegacgeg cggaggeteg cececgggageg gecagg
gacg cgtggacgat tgggtggcge catcgaagtg ctggagegea ctecgteage ggeetecgee gacgeeg
cac ccceetgect cttgagetgg cggeaceggg cegegatgge cgeaccggeg ctgteccagea cgeecgett

¢ cacagecacg tgeagetega tgecggegac gtetgtetee atca

16

Moltype = DNA
length = 4202
Location/Qualifiers
1..4202

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

ggagctcage atgtcgecca geatcgeegg ataagacgaa ttggeagggt accacctgaa gaatgggagg ca
getgttgt tgattatgag tgtgtaaaag aaaggggtag agagecgtee tcagatccga ctactatgea ggtagee
gct cgeecatgee cgeetggetg aatattgatg catgeccate aaggeaggea ggcatttetg tgeacgeace a
agcccacaa tettccacaa cacacageat gtaccaacge acgegtaaaa gttggggtec tgccagtgeg teatg
ccagg catgatgtge tectgeacat ccgecatgat ctectecate gtetcgggtg tttecggege ctggteeggg
agccgttceg ccagatacee agacgecacce tccgacctca cggggtactt ttcgagegte tgeeggtagt cgac
gatcge gtccaccatg gagtagecga ggegecggaa ctggegtgac ggagggagega gagggaggag aga
gagggee geoooooooe gogoatgatt acacgecagt ctcacaacge atgcaagace cgtttgatta tgagt
acaat catgcactac tagatggatg agcgccagge ataaggeaca ccgacgttga tggeatgage aactcceg
ca tcatatttce tattgtcete acgecaagee ggtcaccate cgeatgetea tattacageg cacgeacege ttegt
gatce accgggtgaa cgtagtccte gacggaaaca tetggetegg gectegtget ggcacteect ceccatgecg
a caacctttct getgtcacca cgacccacga tgecaacgega cacgacccgg tgggactgat cggttcactg ca

cctgeatg caattgtcac aagegeatac tccaategta tecgtttgat ttctgtgaaa actegetcga cecgeecgeg

68




WO 2025/170996

PCT/US2025/014579

SEQ
ID
NO.

Source features

Sequence

tceegeaggea gegatgacgt gtgegtgace tgggtgttte gtcgaaagge cageaaccee aaatcgeagg ¢
gatccggag attgggatct gatccgaget tggaccagat ccceccacgat geggeacggg aactgeateg actc
ggegeg gaacccaget ttegtaaatg ccagattggt gtecgatace ttgatttgee atcagegaaa caagacttca
geagegageg tatttggege gegtgctace agggttgcat acattgecca tttetgtetg gaccgettta cegge
geaga gggtgagttg atggggttgg caggeatcga aacgegegtg catggtgtgt gtgtetgttt teggetgeac
aatttcaata gtcggatggg cgacggtaga attgggtgtt gegetegegt geatgecteg ceecgteggg tgte
atgacc gggactggaa tcceeecteg cgacectect getaacgete cegactetee cgeecgegeg caggata
gac tctagttcaa ccaatcgaca atggegtctg ccgteacctt tgegtgegee ceteceegeg gegeggtege ¢
gegeegget cgeegegetg cetegegtee cetggtggte cacgecgteg ccagegagge cecgetggee gt
geegeect cggtgeageg ceectceeee gtggtetact ccaagetgga caageaacac cgeetgacge ccga
gegeet ggagetggte cagageatgg gteagtttge ggaggagagg gtgcteceeg tgetgeacee cgtgga
caag ctgtggcage cgeaggactt cctgeecgac cccgagtege cegacttcga ggaccaggtg geggaget
gc gegegegege caaggacctg cecgacgagt actttgtggt getggtggec gacatgatca cggaggagge
getgeegace tacatggeca tgetcaacac cttggacggt gtgegegacg acacgggege ggetgaccac cc
gtgggege getggacgeg geagtgggtg gccgaggaga accggeacgg cgacctgetg aacaagtact gtt
ggetgac ggggegegte aacatgeggg cegtggaggt gaccatcaac aacctgatca agageggceat gaac
ccgeag acggacaaca accettactt gggcttegte tacacctect tccaggageg cgegaccaag tacageca
cg gcaacaccgce gegeetggeg gecgageacg gegacaaggg cctgageaag atctgeggge tgategee
ag cgacgagggc cggeacgaga tegectacac gegeatcgtg gacgagttct tcegeetega ceeccgaggg
C geegtegecg cctacgecaa catgatgege aageagatca ccatgeccge geaccteatg gacgacatgg g
ccacggega ggecaacceg ggecgeaace tettegeega cttetecgee gtegeegaga agatcgacgt cta
cgacgee gaggactact gecegeatect ggageaccte aacgegeget ggaaggtgga cgagegeeag gtea
geggee aggeegecge ggaccaggag tacgttetgg gectgeecca gegettcegg aaactcgecg agaag
accge cgecaagege aagegegteg cgegeaggec cgtegectte teetggatet ccggacgega gattatg
gte tagggaggta cgagegegeg cgagggattg gtgggagtgg gacgegeteg tegetecttt ctattctgaa
gggaagattg geccaceecge tccacgegee acgeatcgag caacgaagaa aacceccega tgataggttg ca
gtggetge cgagatatag atccggetge acgtcaaagg geccetegge cagagaagaa getcttttee cageg
accge agactcctte tgecaaaaac actettetet gtccacagea acaccaatgg atggacagat caacatgtgt
cttcgegtag cttcctcgge tagegtgett geaacaggte cctgeactat tatcctectg ctttectetg aattatgeg
g caggegageg ctegetettg cgagegetee ttcgegecge cetegetgat cgagtgtaca gtcaatgaat ggt
cctggee gaagaacgag ggaatttgtg gecgagagag catcgtetct caggeeccag cgeagtggee gttaa
agtcc aagaccgtga ccaggeageg catcgegtee gtgtgegggce cetgectgge ggeteggege gecagg
ctcg agagcagete ccteaggteg ccttggacag cetetgegag geeggtgagg gtetgeagga gegeeteg
ag cgtggcagtg geggttgtat ccgggtegee ggteatcgac tgegactcge catccgaaga geecategteg t
cgtctceca gactggaage getcgeeate ggeceegeeg atacagaaaa cgectctgeg ctegeegtge gea
gegegge gegeaceagg gecgegteca geagacecat cgecagetee cggeegegag ggeeggeeag cg
cctcaaag ccgeeggege ggecgeccge cgecgecgag gecagegegg cgegegegee ctecagggte g
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gegeeeggg teacggegte gegegeeeag geggeeageg cegeeeeceg caggacgeag tgegeceteea t
cgaccgeac aaagtgggag acceggtgge tegtggggte gtagggecge acgeggegge gegegggect ¢
gtgaacgtg cgtttgecat tcegeageec tgeggtegte acacteectt geegatecac getcgeggeg geecag
cctgg ceccaggecag ctggaggece aggageatge cggegeggac ctgetecaga aaggggecgt tgeee
agcat gcacagtgge caggggageg tcaggtggaa ccgeaggege tecagegtgg cgacgegegg agget
cgeee gggageggee agggacgegt ggacgattgg gtggegggcea tecgaagtget ggagegeact cegtea
gegg cetecgeega cgeecgeaccee cectgectet tgagetggeg gecaccgggee gegatggeeg caccgge
get gtecageacg cecgetteca cagecacgtg cagetcgatg ccggegacgt ctgtetecat ca
17 Moltype = DNA acgaattgtt getttgaagg gtgctgaatg gecaccagata ctgggteggt gecatttget caggegteat ttgtag
length = 4348 ttc tgccaataat aattccatga ggacagcaag ccattgacaa geccactgac tcgaatttta gagcaaccta ¢
Location/Qualifiers giete £a ggacagraag g g £ g gag
1..4448 gagaccaca ccateegtge acgeaccteg aggetgtttt tggatacgtg cagecgageg catggeecgt cgee
moltype =

unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

gtecte ggtagaggea gggeageaca gggeectete tttetttttg actggecaag ctggeacget tteggetge
¢ gggatcaggt gagetttcgt cggeggggec gagcagggece accaggtcga ggacctecct ctccaggeag

ccaatggtgt ggagecaggcec tctatgetgg tgatgageeg cttgetgete ctggetgteg geaceggtee tectg
gatgg cggaggtggc gecaagaacac cegtgtgtcg cacgttcate aacacgtett gegeagtgte geacaccg
ca aggacgcagg tactttaaaa agacacaagc gtgacatgtg cgtgatcatt gcaacggcetg ccgeagagga

cttaccccag ctcagcaage agtgttgaga cggeettgge caccecatcg agetcagega geagctttte gtget
ggaag geecaggacct cgttttettg ctgggtetee acggetegee gtegggatte ctggagggag gagggage
cc aggggagagt ggtgettgtga tgacgacgeg tgtgcgeaga ggcagtagga tgctcatgag tgeagectet t
tgcagecag gtttgectgt cgeacagact tgagaggeac cacccaaagt ctactatcea aataatgetc cagage
atca gcaatgttgg ccaccttcag taccaacgct cccacecteg tetgegeace tgegetgeee geeeeegege
ggeeteggea gegacggacg cgeccgecge geeetcggeg geeteegect gegeetcgag cgecteacgt t
cccttteca gegeegeeag cgaggeetgg acgtecacca ggtgettgaa ccgageaaag ttgegetect geag
ccegge caggttggee accagetect ccatgetgga gtagectgte gecgtggaga tettetggaa agegtegg
tg atggeetget cgegetgege gtgegacgea aagtggacgce ctggtgagge cgegeectgg cegtecgagg

g aggacceeee geeeggeeeg geeteggegg cgeeegeege geegeeeage geectegeee cegeegge
gc geegeegtge gegtecagee geacgggege tgggtagtee tgcgagaaga getgggecat cteetgeteg
cgegeggeac getcegegeg gegatcggeg tecegggteg cgegetectg ctggatgage gecgecagee

geegecacte ctgetecgage gegeccgact cgegeteege ctgegeeege gegtgegeeg cecagegectt gg
cctttteg ccgegetegt gegegteget gatgtecate accaggteea tgaggtetge cttgegeegg ctgagee
act gettegteeg ggeggecaag aggageatga gggaggacte ctggtceagg gteetgacgt ggtegegge
tctgggagegg gecageatea tetggetetg ccgeaccgag geegecteca actggtecte cageagecge a
gtegeegee gacectggea gaggaagaca ggtgaggggg gtatgaattg tacagaacaa ccacgagect tgt
ctaggca gaatecctac cagtcatgge tttacctgga tgacggectg cgaacagetg tccagegace ctegetg
ccg cegettetee cgeacgctte ttteccageac cgtgatggeg cgagecageg ccgeacgetg gegetgeget

tcgecgatet gaggacagtc ggggaactct gatcagtcta aacceecttg cgegttagtg ttgecatect ttgeag

accg gtgagagecg acttgttgtg cgecaccece cacaccacct cctcccagac caattctgte accetttttgg ¢
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gaaggcatc ggectcggec tgecagagagg acageagtge ccagecgetg gggettggeg gatgeacget ca
gettgttt tccagaagga gttgeteett gagectttca ttctcagect cgataacctc caaagecgcet ctaattgtgg
agggegttcg aatttaaaag cttggaatgt tggttcgtge gtctggaaca ageccagact tgttgetcac tgggaa
aagg accatcagct ccaaaaaact tgeegetcaa accgegtace tetgetttcg cgeaatetge cetgttgaaa t
cgecaccac attcatattg tgacgettga geagtctgta attgectcag aatgtggaat catctgecee ctgtgega
gc ccatgecagg catgtegegg gegaggacac cegecacteg tacageagac cattatgeta cctcacaata
gttcataaca gtgaccatat ttctcgaage tccccaacga geacctecat getetgagtg gecacceeee ggeee
tggtg cttgeggagg geaggtcaac cggeatggge ctaccgaaat ceccgacegg atccecaccac ceceegeg
atg ggaagaatct ctccecggga tgtgggeeca ccaccageac aacctgetgg cccaggegag cgtcaaace
a taccacacaa atatccttgg catcggecct gaattcette tgecgetetg ctacceggtg cttetgtceg aagea
ggggt tgctagggat cgetecgagt cecgeaaacce ttgtegegtg geggggcttg ttcgageteg cageatege
ttgcacggggg ctatcttcaa gtagtcggga ageatgggtc gegacgtcga gacgggegag cgggectatg g
gtgagtcgg ccgtgeatgg ggagggctag cgecagggct cgggtegece cgatggeegg ggtetttget cgg
gegtgeac geggeegtgg gtgcgagaca ggttgegtga cgaatttett ggcaccecee cacggatgec tcacge
gggce geeeecctee ctegeaggta cgtecgeaag gtgtecggee cggtggtggt ggeccageage atgageg
ggt ctgecatgta cgagetggte cgegtgggeg cggacaaget gattggegag atcattcgee tecgagggaga
cacggecgacc atccaggtga ggtggegegge gaggctgctt gagtggaagt ggggcgeaca accctecatt g
gttggegge caaggatgea gggaagegaa tgtcgageat tgegegettt tgettgetga catategttg cttgea
ccce atgtattete caggtgtacg aggataccte gggeetgacg gtgggegaca cggtegteeg cteceggeaa
g gtgtggagee tgtgagagtt gatgtatatg ctttggtcge ceccttgete tggeacgtea gaggegeacc tteca
gtegctc acaagtggtg ccgttagtga aactgaacaa gtgcettgact gtgtaggatt tcegetegec cetttettac ¢
cteteeect ttetetettt ctccaccect caaaatetee ageecctgte tgtggagetg ggeeceggea teatggge
ac catctttgac ggcatccage geecgetcaa gtegatcgeg gtggacageg attegtgett catcecegege gg
cgtggacg tgceggeect ggaccgeaag gectegtggg agtttgacee ggtgtcaage ttcaaggtgg gega
ccgeat cacgggeggce gacatctacg gegtggtgea cgagaacacg ctgatggage acaaggtget gettee
geeg ggegegegeg geaccatcte ctacatcgeg ccggegggga getacageat cacggacaag atcatcg
agg tcgagtttgg cggegegege aaggagtact ccatgetgea getetggeee gtgegegege cgegeeceg
t ggcgeagaag ctgetggeca acacgecget getgacgggg cagegegtge tggacgeget ctteeecgge
gtgctgggeg ggacgtgege catcccggge gegtttgget geggeaagac ggteatcteg caggegetgt ca
aagtacag taactcggag ggcatcatct acgtcggetg cggegagege ggeaacgaga tggecgaggt gete
atggac ttcccegege tgaccatgac catgeeggac gggegegagg agageatcat gecagegeace acgete

gtgg ccaacacctc caacatgece gtegeegege gegaggecag catctaca

18

Moltype = DNA
length = 4448
Location/Qualifiers
1..4448

moltype = other
DNA

organism =
synthetic construct

acgaattgtt getttgaagg gtgctgaatg gecaccagata ctgggteggt ggeatttget caggegtcat ttgtag
gtte tgccaataat aattccatga ggacageaag ccattgacaa geccactgac tegaatttta gageaaceta ¢
gagaccaca ccatccgtge acgeaccteg aggetgtttt tggatacgtg cagecgageg catggeeegt cgee
gtecte ggtagaggga gggeageaca gggecctetce tttetttttg actggecaag ctggeacget tteggetge

C gggatcaggt gagetticgt cggegegggec gagecagggce accaggtega ggaceteect cteccaggeag
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ccaatggtgt ggagcaggcec tetatgetgg tgatgagecg cttgetgete ctggetgteg geaccggtece teetg
gatgg cggaggtggc gcaagaacac ccgtgtgteg cacgttcate aacacgtett gecgeagtgte gecacaceg
ca aggacgcagg tactttaaaa agacacaagc gtgacatgtg cgtgatcatt gcaacggetg ccgeagagga
cttaccccag ctcagcaage agtgttgaga cggecttgge caccecatcg agetcagega geagctttte gtget
ggaag geccaggacct cgttttcttg ctgggtetee acggetegee gtegggatte ctggagggag gagggage
cc aggggagagt ggtgttgtea tgacgacgeg tgtgegeaga ggecagtagga tgetcatgag tgecagectet t
tgcagecag gtttgectgt cgeacagact tgagaggeac cacccaaagt ctactatcca aataatgctc cagage
atca gcaatgttgg ccaccttcag taccaacget cccaceeteg tetgegeace tgegetgeee geeeeegege
ggecteggea gegacggacg cgeecgeege geeeteggeg gecteegect gegectegag cgectcacgt t
cccttteca gegeegecag cgaggectgg acgtecacca ggtgettgaa ccgageaaag ttgegetect geag
ccegge caggttggee accagcetect cecatgetgga gtageetgtg geegtggaga tettctggaa agegtegg
tg atggeetget cgegetgege gtgcgacgea aagtggacge ctggtgagge cgegeectgg cegtegagg
g aggaccceee geeeggeeeg geeteggegg cgeeegeege geegeeeage geectegeee cegeegge
ge geegeegtge gegtecagee geacgggege tgggtagtee tgegagaaga getgggecat ctectgeteg
cgegeggeac getcegegeg gegatcggeg tecegggteg cgegetectg ctggatgage gecgecagee
geegecacte ctgetcgage gegeeegact cgegeteege ctgegeccge gegtgegeeg ccagegectt gg
ccttttcg cegegetegt gegegteget gatgtecate accaggteca tgaggtetge cttgegeegg ctgagee
act gettcgteeg ggeggecaag aggageatga gggaggacte ctggtccagg gteetgacgt ggtegegge
t ctgggagegg gecageatea tetggetetg cegeacegag geecgecteca actggtecte cageagecge a
gtcgeegee gacectggea gaggaagaca ggtgagggge gtatgaattg tacagaacaa ccacgagect tgt
ctaggca gaatccctac cagtcatgge tttacctgga tgacggectg cgaacagetg tccagegace ctegetg
ccg cegettetee cgeacgctte tttccageac cgtgatggeg cgagecageg ccgeacgetg gegetgeget
tcgecgatct gaggacagte ggggaactct gatcagtcta aacccecttg cgegttagtg ttgccatect ttgeag
accg gtgagagccg acttgttgtg cgecacceee cacaccacct cetcecagac caattetgte acetttttgg ¢
gaaggeatc ggectcggece tgecagagagg acageagtge ccageegetg gggettggeg gatgeacget ca
gettgttt tccagaagga gttgetectt gagectttea ttetcagect cgataaccte caaagecget ctaattgtgg
agggggttcg aatttaaaag cttggaatgt tggttcgtge gtetggaaca ageccagact tgttgetcac tgggaa
aagg accatcagct ccaaaaaact tgecgetcaa accgegtace tetgettteg cgeaatetge cetgttgaaa t
cgccaccac attcatattg tgacgettga geagtctgta attgectcag aatgtggaat catctgecce ctgtgega
gc cecatgecagg catgtcgegg gegaggacac ccgeeactcg tacageagac cattatgeta cctcacaata
gttcataaca gtgaccatat ttctcgaage tccccaacga geacctceeat getetgagtg gecacceece ggeee
tggtg cttgecggagg geaggtcaac cggeatggge ctaccgaaat ccccgaccgg atcccaccac cceecgeg
atg ggaagaatct ctccecggga tgtgggeeca ccaccageac aacctgetgg cccaggegag cgtcaaace
a taccacacaa atatccttgg catcggecct gaattectte tgeegetetg ctacceggtg cttetgteeg aagea
ggggt tgctagggat cgetecgagt cecgeaaaccce ttgtegegtg gegggecttg ttcgageteg cageatege
ttgcacggggeg ctatcttcaa gtagtcggga ageatgggte gegacgtega gacgggegag cgggectatg g
gtgagtcgg cegtgeatgg ggaggectag cgecaggect cgggtegeee cgatggecgg ggtetttgct cgg
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gegtgeac geggeegtgg gtgegagaca ggttgegtga cgaatttctt ggcaccccee cacggatgee tcacge
gggce geeeecctee ctegeaggta cgtecgeaag gtgtecggee cggtggtggt ggccageage atgageg
get ctgecatgta cgagetggte cgegtgggeg cggacaaget gattggegag atcattcgee tcgagggaga
cacggegacc atccaggtga ggtggcggee gaggctgctt gagtggaagt ggggcgeaca acectecatt g
gttggegge caaggatgea gggaagegaa tgtcgageat tgegegettt tgettgetga catategttg cttgea
ccee atgtattcte caggtgtacg aggataccte gggecetgacg gtgggegaca cggtegtecg ctecggeaa
g gtgtggaggge tetgagagtt gatgtatatg ctttggtcge ceccttgete tggeacgtca gaggegeacc ttea
gtgcte acaagtggtg ccgttagtga aactgaacaa gtgettgact gtgtaggatt tcegetegec cetttettac ¢
cteteeect ttetetettt ctecacecct caaaatctee agecectgte tgtggagetg ggecceggea teatgggece
ac catctttgac ggcatccage geecgcetcaa gtcgatcgeg gtggacageg attegtgett catecegege gg
cgtggacg tgceggeect ggaccgeaag gectegtggg agtttgacee ggtgtcaage ttcaaggtgg gega
ccgeat cacgggegge gacatctacg gegtggtgea cgagaacacg ctgatggage acaaggtget gettee
geeg ggegegegeg geaccatcte ctacatcgeg ccggegggga getacageat cacggacaag atcateg
agg tcgagtttgg cggegegege aaggagtact ccatgetgea getetggece gtgegegege cgegeeecg
t ggcgeagaag ctgetggeca acacgecget getgacgggg cagegegtge tggacgegct ctteccegge
gtgctgggeg ggacgtgege catcecggge gegtttgget geggeaagac ggteatcteg caggegetgt ca
aagtacag taactcggag ggcatcatct acgtcggetg cggegagege ggcaacgaga tggecgaggt gete
atggac ttcccegege tgaccatgac catgecggac gggegegagg agageatcat gecagegeace acgetc

gtgg ccaacacete caacatgece gtegeegege gegaggeeag catctaca

19

Moltype = DNA
length =4318
Location/Qualifiers
1.4318

moltype = other
DNA

organism =
synthetic construct

gcaatctece geccaacete caccagecgg cgeaggacct ggagegegaa agaggatttc ggggetetge ¢
ggagagtga gegegatgga agacactgat ttgeataaac aacctttgge cgetttcaaa geaccaccte accac
cataa aaccctcect cceatgeata cettgatgee tgecgagatg gectgggcett ggtggaccat ggecatgtag
tccggegteg tcgegatgga cgecgeacgt tgtgegatga gegeettgee cecgtecteg tgecegagee cge
gtceggg cggeteggee ageeccgeca geageeecgg gtecageteg gegttgaggg agegctttge cage
geacgg atggactcgt acggecagegt gatgaggtgg agcaggetgt cgageaggece cggetgegac cagag
catgg tgaggatgcg cgeecgecgeg ggegtgecgg getgeaccge cageageaac geggegacceg teteg
gcege aaacaccgec aggaageage cetcegaggt cgggeegggce tccageaggg gaccgeagge gtge
actatg tccaggeget cegtgatgat gtgcatggee ageggeagea gegagegeag cacgetgetg gecagg
tgeg tgagegtgct cgtgecggec gagtecgagg tetegtecgt ggecaggtee atgggeggea gegtgeget
¢ getegeetgg tgcgeegtee agetgegeeg gtggeacage ageecgeagea ccgegtggaa gageggeag
g cagceegect ccaccgecge ggeggeggee ggggegeege cetectgeag getggegege aggatgge
Cg ccgactgeeg cgecgeegac agetgetgee tgtgtetcaa aagetgegac agegteggag agatgtectg
cggeteegge tecgggatgt getggatgee acgeacaceg gtegeaatea cetgttggat aatgggtgece agg
atggttg gttaggttct gatgecggtcg gggaggegea taaggtcaca geegegtgat cttgetgace aaacact
get ggecacccaa caaaagtcega ttgecaccga tgeacacgge atggegecca gacagaagcet cageatace
¢ tcaggagggce cagggecagg ccaggecaca tgtgecagetg gaageeggge tggectgaag catgggeca
g cacgctcagg geatggtttt gaaaggecagg aacgtggctt gtcacgtcaa caaccaggga agaggectge g
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acatcaagg ggcaaagttg gaatgttcag catcatcage ctgggaccaa tactctgete acggttcagg geaga
aaggt ggcatagtca gggectegtt cagaatttca agtcccagtt taaacttcgt acctecgega ggetgateee

ctcgeectga geggactggg geeggggage cgggetgeea ceggtggtea cetgegeeat ggetageeeg ¢
accetegtt gatctgggag cectgegeag ceccttaaat catctcagte aggtttetgt gttcaactga gectaaag
gg ctttcgteat gegeacgage acacgtatat cggecacgea gtttetcaaa ageggtagaa cagttegega ge
cctegtag gtcgaaaact tgegecagta ctattaaatt aaattaattg atcgaacgag acgcgaaact tttgcagaa
t gccaccgagt ttgeccagag aatgggagtg gegecattca ccatcegect gtgeccgget tgattcgeeg ag

acgatgga cggcgagacc agggagegge ttgegageee cgageeggta gecaggaacaa tgatcgacaa tet
tcetgte caattactgg caaccattag aaagagecgg agegegttga aagtctgeaa tcgagtaatt tttcgatac

g tcgggectge tgaacccetaa ggetecggac tttgtttaag gegatccaag atgeacgegg ceccaggeac gt
atctcaag cacaaaccce agecttagtt tcgagacttt gggagatage gaccgatatce tagtttggea ttttgtatat
taattacctc aagcaatgga gegetctgat geggtgecage gteggetgea geacctggea gtggegetag ggte
geecta tegeteggaa cetggtcage tggeteeege cteetgetea geetettcea geegtagegt ctgegtgttg
ggagetggag tegtgggectt gacgacggeg ctgeagetgt tgcaggatgt gectggegtg cgegttcacg teg
tggctga gaaatatgge gacgaaacgt tgacggetgg ggeeggeggg ctgtggatge catacgceatt gggtac

gegg ccattggatg geattgatag gettatggag ggataataga gtttttgecg gatccaacge atgtggatge g
gtatccegg tgggctgaaa gtgtggaage atagtgeatt ggetattcac atgeactgee cacccctttt ggecagg

aaat gtgccggeat cgttggtgea ccgatgggea aaatcgacgt tcgaccacta catgaagatt tatacgtctg a
agatgcagc gactgegggt gegaaacgga tgacggtttg gtegtgtatg tcacageatg tgetggatet tgegg

gctaa cteeeectge cacggeccat tgeaggtgte atgttgactg gagggtacga cctttegtee gtcaaattee

cagaggagga cccgetetgg gecgacattg tgeecacttt tegeegectg ggcaaggeag ageteetgge cta
cgaccee ageggeaagt cgatcgacgg ctacggette accaccatca tcacgtacga tgetcaatga aagggg
agtt cattgccttc actagagaaa catacatggg tctatgtaaa cttgatcgat ctccgaattt cetettgttg tgtete
tggt tgtgecaggga aggtegecte tacctgeect ggetgatgea geagattcaa ggettggggg ggacetttga

acggcgcecege atctccagee tgtcggaget gaaggagtat gatgecateg tcaattgeac aggtgggtte gagt
tagtcc aggagatgtc gatagaccaa tgcaaatcgt gtgcaacgea ttagacccaa tcactgecte cetegeege
t ctcaggeetg gaggegecaa agetggtgea ggacgagtee atgtaccegg tgegegggea cgttetgege g
tacgggcge cectgggtecg ceactacate aaccgegacg ggggeaccta catcatcecee aacacggaca cgg
tggtgct gggeggceate acgcaaaagg geaactggte cectcgagecg accgaggagg atcggegegg gate
ctggag cgetgetacg agatcetgee cageetgege aaggegecega teetgegega gtgggteggg cteegg
cceg geegeccaga catccgectg gagegegaag atgegeaget cgacggeaag tecgtaceeg tcatccac
aa ctacgggcac ggecgggteeg ggetcacect gggetgggge tgegeegeag acgeegtege getegtgeg

c agggegetgg cectetgacg gtgagagggce ctgttgeagg ctgtgeggte cegeteatet caaaggectt gg
aattggct gggcgaatat tctgatgeat tgatgtgtat ctettcgett ttcttatgat geaccacttt ggagegagta tt

ctggtgec aattgtgcett tgaaatcacg ctgeecacgg tggeaaatge aatgagagee gagtaagtgg actggta
gtt cctaaggega cgggeagete aaggaaagee ageececgat cecagetege cacatecttg ttgeacgeet

gtatctggeg gtttgaatga gactcgegte cacccaggee ggeectegeg ctgeggcetee geccacaact cga
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NO.
geagctt gteetttgee cctggeaaca tggtetegat ggtgtegtac acgggggcag gaaccaggtg caggect
gga gaagagggat ggaagtgege acagattcga gaaggtgatg geectettge cgaaatgeac accctcttte
ccecagectet geectecacce accgtetget cgggaaggea tgeggeagte caggacaacg teegggttge get
getgtcg gagetccata tegeggececec gttctgaatg gatggggteg gacagtiggt gtgacegg

20 Moltype = DNA geaatctece geecaaccte caccageegg cgeaggacct ggagegegaa agaggattte ggggtgtegg g

length = 4317
Location/Qualifiers
1..4317

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

gagagtgag cgcgatggaa gacactgatt tgecataaaca acctttggee getttcaaag caccacctca ccace
ataaa acccteecte ccatgeatac cttgatgect gecgagatgg cetgggettg gtggaccatg gecatgtagt
ccggegtggt cgegatggac geegeacgtt gtgegatgag cgecttgeee cegteetegt gecegagecee ge
gteeggge ggeteggeca geeecgeeag cagecceggg tecagetegg cgttgaggga gegcetttgee age
geacgga tggactcgta cggeagegtg atgaggtgea gecaggetgte gageaggeee ggetgegace agag
catggt gaggatgcge geegeegegg gegtgecggg ctgeaccgee ageageaacg cggegacegt cteg
gecgea aacaccgeca ggaageagec ctecegaggte gggeeggget cecageagggg accgeaggeg tge
actatgt ccaggcgctc cgtgatgatg tgcatggeca geggeageag cgagegeage acgetgetgg ccagg
tgegt gagegtgcte gtgeeggeeg agtcegaggt ctegteegtg gecaggteca tgggeggeag cgtgeget
cg ctegeetggt gegecgteca getgegeegg tggeacagea gecgeageac cgegtggaag ageggeag
gC agceegecte caccgeegeg geggeggecg gggegeegee ctectgeagg ctggegegea ggatgge
cge cgactgeege geegeegaca getgetgeet gtgtetcaaa agetgegaca gegtcggaga gatgtectge
gegctecggcet cegggatgtg ctggatgeca cgeacacegg tcgeaatcac ctgttggata atgggtggca gga
tggttgg ttaggttctg atgeggtcgg ggaggcggat aaggtcacag cegegtgate ttgetgacca aacactg
ctg gecacccaac aaaagtcgat tgecaccgat gecacacggea tggegeecag acagaagete ageatacee
t caggagggcce agggecagge caggecacat gtgeagetgg aageegggct gggetgaage atgggecag
¢ acgctcaggg catggttttg aaaggecagga acgtggcttg tcacgtcaac aaccagggaa gaggecetgeg a
catcaaggg gcaaagttgg aatgttcage atcatcagcce tgggaccaat actetgetea cggttcaggg cagaa
aggtg geatagtcag ggectegtte agaatttcaa gteccagttt aaacttcgta ceteegegag getgateeec t
cgeeetgag cggactgggg ceggggagee ggggtgggac cggtggteac ctgegeeatg getageeege a
ccetegttg atctgggage cetgegeage cccttaaate atctcagtea ggtttetgtg ttcaactgag cctaaagg
ge tttcgtcatg cgeacgagea cacgtatatc ggecacgeag tttctcaaaa geggtagaac agttcgegag cc
ctcgtagg tcgaaaactt gcgecagtac tattaaatta aattaattga tcgaacgaga cgegaaactt ttgeagaat
g ccaccgagtt tgcccagaga atgggagtgg cgecattcac catecgectg tgeeeggcett gattcgecga ga
cgatggac ggcgagacca gggageggct tgcgagecce gageeggtag caggaacaat gatcgacaat ctt
cctgtee aattactgge aaccattaga aagagecgga gegegttgaa agtetgeaat cgagtaattt ttcgatacg
tcgggectget gaaccctaag getceggact ttgtttaagg cgatccaaga tgeacgegge cccaggeacg tat
ctcaage acaaacccca gecttagttt cgagactttg ggagatageg accgatatct agtttggeat tttgtatatt a
attacctca agcaatggag cgcetetgatg cggtgeageg tcggetgeag cacetggeag tggegetagg gteg
cccetat cgeteggaac ctggtcaget ggeteecgece tectgetcag cetettccag cegtagegte tgegtgttgg
gagetggagt cgtgggcttg acgacggege tgeagetgtt gcaggatgtg cetggegtge gegttcacgt cgt
gectgag aaatatggeg acgaaacgtt gacggetggg gecggeggece tgtggatgee atacgeattg ggtac
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gegge cattggatge gattgatagg cttatggagg gataatagag tttttgecgg atccaacgea tgtggatgeg
gtatcceggt gggctgaaag tgtggaagga tagtgeattg getattcaca tgeactgeee accccttttg geagg
aaatg tgceggeatce gttggtgeac cgatggggaa aatcgacgtt cgaccactac atgaagattt atacgtetga
agatgcagcg actgegggte cgaaacggat gacggtttgg tecgtgtatgt cacageatgt getggatett gegg
getaac tceeectgee acggeecatt geaggtgtea tgttgactgg agggtacgac ctttcgteeg tcaaatteee
agaggaggac ccgetetggg ccgacattgt geecactttt cgecgeetgg gecaaggeaga getectggee tac
gacceea geggeaagte gatcgacgge tacggettea ccaccateat cacgtacgat getcaatgaa agggga
gttc attgecttca ctagagaaac atacatgggt ctatgtaaac ttgatcgate tccgaattte ctettgttgt gtetet
gett gtgcagggaa ggtecgectet acctgeectg getgatgeag cagattcaag gettgggege gacctttgaa
cggegeegea tetccagect gtcggagetg aaggagtatg atgecategt caattgeaca ggtgggttgg agtt
agtcca ggagatgtcg atagaccaat geaaatcgtg tgeaacgeat tagacccaat cactgectee ctegeeget
C tcaggectgg aggegecaaa getggtgeag gacgagteea tgtacceggt gegegggcac gttetgegeg t
acgggegcece ctgggteege cactacatca accgegacgg gggeacctac atcatceeca acacggacac ggt
getgetg ggcggcatea cgeaaaaggg caactggtee ctcgageega ccgaggagga teggegeggg atee
tggagc getgetacga gatcetgeee agectgegea aggegecegat cetgegegag tgggtegggc tecgge
ccgg cegeecagac atccgectgg agegegaaga tgegeagete gacggeaagt cegtaceegt catceaca
ac tacgggeacg gegggtecgg getcaceetg ggetgggect gegeegeaga cgeegtegeg ctegtgege
a gggcgetgge cetetgacgg tgagagggcc tgttgecagge tgtgecggtcee cgetcatete aaaggecttg ga
attggctg ggcgaatatt ctgatgeatt gatgtgtate tettcgcttt tettatgatg caccactttg gagegagtat te
tggtgcca attgtgettt gaaatcacge tgeccacggt ggeaaatgea atgagagecg agtaagtgga ctggta
gttc ctaaggecgac gggeagcetca aggaaageca geeccegate ccagetegee acatccttgt tgeacgect
g tatctggegg tttgaatgag actcgegtee acccaggeeg geeetegege tgeggeteeg cccacaacte ga
geagcttg tectttgeee ctggeaacat ggtetcgatg gtgtegtaca cgggggeagg aaccaggtge aggect
ggag aagagggatg gaagtgegcea cagattcgag aaggtgatgg ccctettgee gaaatgeaca cectcttte

¢ cecageetetg cctecaceea cegtetgete gggaagggat geggeagtee aggacaacgt cegggttgeg ¢

tggtgtcgg agetecatat cgeggeeceg ttctgaatgg atggggtgeg acagttggtg tgaccgg

21

Moltype = DNA
length = 4227
Location/Qualifiers
1..4227

moltype = other
DNA

organism =
synthetic construct

cggcetegetg ctttgegtge cgggtgcage gatcagatee aagtctgacg acttgtgetg atgtactgtg tectttg
agt ccagagegee ggeegeacge gettetteee cttettette ctetcgaaca tccagegatg caagtgeagg g
cgetggeeg getggegtee cgaaccggece teggegeacg cggctgaaat tgecaatgte ggeaatgtag tge
cgetegg cecateecte gatcaagttt ttcagegegt ggttgggeat gatetgeget catgggaaga taaaaggg
gt tctgaggtgg ttgattggta ctttaccgga agtactcata ttcatacatg actgatccca cacaaaaaca aagcet
cactt caaagaaccg cgeatgtcta ctccecagea atcacttege tcacegtegg gttgettcee acgacaacge
cggtgagagg gteggtggece tecgegacctt cgegggeaca tetttccage catgtetgta taatctcacg ctcata
cgte tggeeegteg accccaaaat gacgggatee tgeatgatat cgeccgagat ggggtecagg cattectetg
gaggcegtcag ccctgeggga gatgecggte ccaccgeatt ggaaaggeac aaagggggte aatcecccat tt
catgaaat tgttggtcag cgatggtecg cactcgtgeg caatgaatat ggggtcacge ggtggacgaa cgegg
aggge gcctggecga atctaggett geatteetea gatcacttte tgeeggeggt ceggggttteg cgegtegege
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SEQ
ID Source features Sequence
NO.

aacgceteegt cteectagee getgegeace gegegtgega cgegaaggte attttccaga acaacgacca tgg
cttgtct tagegatege tcgaatgact getagtgagt cgtacgeteg acccagtege tcgecaggaga acgegge
aac tgeegagcett cggettgeca gtegtgacte gtatgtgate aggaatcatt ggeattggta geattataat tcgg
cttccg cgetgtttat gggeatggea atgtctcatg cagtcgacct tagtcaacca attctgggtg gecagetecg
ggegaceggg cteegtgteg cegggeacca cetectgeca tgagtaacag ggeegececte tecteecgac gtt
ggeecac tgaataccegt gtettgggge cctacatgat gggetgecta gtegggeggg acgegeaact gecege
gcaa tetgggacgt ggtetgaate ctccaggegg gtttcceccga gaaagaaagg gtgecgattt caaageaga
g ccatgtgeeg ggeectgtgg cctgtgttgg cgectatgta gtcacceeec ctcacccaat tgtegecagt ttge
gcaatc cataaactca aaactgcagc ttetgagetg cgetgttcaa gaacacctet ggggtttget caccegega
g gtcgacgeee ageatggeta tcaagacgaa caggeagect gtggagaagce ctecgttcac gatcgggacg
ctgegeaagg ccatecccege geactgttte gagegetegg cgettegtag cageatgtac ctggectttg acate
geggt catgteectg ctetacgteg cgtegacgta catcgaccect gegeeggtge ctacgtgggt caagtatgge
gtcatgtggce cgetetactg gttcttccag gtgtgtgtga gggttgtggt tgcccgtate gaggtectgg tggege
geat gggggagaag gegectgtee cgetgacece cecggetace cteecggeac ctteccaggge geettegg
ca cgggtgtetg ggtgtgcgeg cacgagtgeg gecaccagge cttttectee agecaggeca tcaacgacgg
cgtgggectg gtgttccaca geetgetget ggtgeeetac tactcetgga ageactcgea ccgecgeeac cact
ccaaca cggggtgect ggacaaggac gaggtgtttg tgececgecgea ccgegeagtg gegeacgagg gectg
gagtg ggaggagtgg ctgcccatee geatgggeaa ggtgetggte accetgacee tgggetggee getgtac
ctc atgttcaacg tcgectegeg geegtaceeg cgettcgeca aceactttga ceegtggteg cecatcttea ge
aagcgcega gegeatcgag gtggteatct ccgacctgge getggtggeg gtgctcageg ggetcagegt getg
ggeege accatgggcet gggeetgget ggtcaagacce tacgtggtge cctacctgat cgtgaacatg tggetegt
ge tcatcacget getccageac acgeacecgg cgetgeegea ctacttcgag aaggactggg actggetgeg
cggegecatg gecaccgtgg accgetecat gggeccgecc ttcatggaca acatcctgea ccacatcetce gac
acccacg tgetgeacca cctcttcage accatccege actaccacge cgaggaggec tecgeegecea tcagge
ccat cctgggeaag tactaccagt ccgacageeg ctgggtegge cgegeectgt gggaggactg gegegact
gce cgetacgteg tecceggacge geecgaggac gactecegege tetggtteca caagtgagtg agtgagtege
tcactcageg cgeetgegeg gggatgegga acgeecgeege cgecttgtet tttgecacgeg cgacteegte gett
cgeggg tggecaccece attgaaaaaa acctcaatte tgtttgtgga agacacggtg tacccccaac cacccace
tg cacctctatt attggtatta ttgacgcggg agegggegtt gtactctaca acgtagegtce tetggttttc agetgg
ctce caccattgta aattcttget aaaatagtge gtggttatgt gagaggtatg gtgtaacagg gegtcagtea tgt
tggtttt cgtgctgate tcgggcacaa ggegtegteg acgtgacgtg cecgtgatga gageaatace gegetea
aag ccgacgceatg gectttacte cgeactccaa acgactgteg ctcgtatttt tecggatatct attttttaag agega
geaca gegeegggea tgggectgaa aggectegeg geegtgeteg tggtggggec cgegagegeg tgggg
catcg cggeagtgea ccaggegeag acggaggaac geatggtgag tgcgeatcac aagatgeatg tettgttg
tc tgtactataa tgctagagea tcaccagggg cttagtcatc geacctgctt tggtcattac agaaattgea caag
ggegte ctcegggatg aggagatgta ccagetcaag ctggagegge ttcgagecaa geaggagege ggege
atgac gacctaccca catgegacaa aggggtetgg gtegtacgac aaaccagtca ggaggeggceg gggtee
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SEQ
ID
NO.

Source features

Sequence

atga getggeecge tegeagette agegettega geatcgegge gttgtecgeg atccaagect cccgeageg
¢ ctecttgggg cecetgtgeg gagageeggg tgecgagagg geigtgaggg cggaggetgg aggacagge
t gcgaategte gegetgecta ggegtetgee gaggagaage acaccacgeg cegecgcettt catttcattg tge
ccgttge tgtaatgeat gegagegatce ctgeactaaa getgegateg ccaccteage gttgttegte tetageace
g ctcacctgac cacgegeacg gaagagtgge ggteggegac ggectgetge acgtggeagt geaggtecac
gtggeecgagg ageaggtcete geagetgeag caccgegecce tegtgetege cggggtecat ccagtceatg cc
ccgegeeg ggeectegag ccggacggee ageagecagg gecggggegtc cgegecgacg cecggegece
ccgeegegea getggggteg gecaggaaga gecactggge ggecggeceg gegegageece gegecgeeg
¢ gggacccace cgeageacca ccgectggte caggtegacg tegeteggeg geaggeecge gtgeggege
¢ tgegecageg tecagggeag geggggecge gegtgea

22

Moltype = DNA
length = 4227
Location/Qualifiers
1..4227

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

cggetegetg ctttgegtge cgggtgcage gatcagatee aagtetgacg acttgtgetg atgtactgtg tectttg
agt ccagagcgee ggeegeacge gettettece cttettette ctetcgaaca tccagegatg caagtgeagg g
cgetgggeg getggegtee cgaaccggec tcggegeacg cggetgaaat tgecaatgte ggeaatgtag tge
cgetcgg cccatcecte gatcaagttt ttcagegegt ggttggggat gatetgeget catgggaaga taaaaggg
gt tctgaggtgg ttgattggta ctttaccgga agtactcata ttcatacatg actgatccca cacaaaaaca aaget
cactt caaagaaccg cgeatgtcta ctceccagea atcacttcge tcaccgtegg gttgettece acgacaacge
cggtgagagg gteggtggee tcgegacctt cgegggeaca tetttccage catgtetgta taatctcacg ctcata
cgtc tggeecgteg accccaaaat gacgggatee tgeatgatat cgeccgagat ggggtecagg cattectetg
gaggcegtcag ccctgeggga gatgeeggte ccacegeatt ggaaaggeac aaagggggtg aatcecceat tt
catgaaat tgttggtcag cgatggtgcg cactcgtgeg caatgaatat ggggtcacge ggtggacgaa cgegg
aggge gcctggecga atctaggett geattectea gatcacttte tgecggeggt ceggggttte cgegtegege
aacgcteegt cteectagee getgegeace gegegtgega cgegaaggte attttccaga acaacgacca tgg
cttgtct tagegatege tcgaatgact getagtgagt cgtacgeteg acceagtege tcgecaggaga acgegge
aac tgeegagctt cggettgeca gtegtgacte gtatgtgate aggaatcatt ggeattggta geattataat tcgg
cttceg cgetgtttat gggeatggcea atgtetcatg cagtcgacct tagtcaacca attctgggtg gecagetecg
ggegaccggg cteegtgtcg ccgggeacca cetectgeea tgagtaacag ggecgeccte tectececgac gtt
ggeecac tgaatacegt gtettggggce cctacatgat gggetgecta gtegggeggg acgegeaact geeege
gcaa tetgggacgt ggtetgaate ctccaggegg gtttccecga gaaagaaagg gtgecgattt caaageaga
g ccatgtgecg ggeectgtgg cetgtgttgg cgectatgta gtcaccecce ctcacccaat tgtegecagt ttge
gcaatc cataaactca aaactgcagc ttctgagetg cgetgttcaa gaacacctet ggggtttget caccecgega
g gtcgacgece ageatggeta tcaagacgaa caggeagect gtggagaagce cteegttcac gatcgggacg
ctgcgeaagg ccatcececge geactgttte gagegetegg cgettcgtag cageatgtac ctggectttg acate
geggt catgtecctg ctetacgteg cgtegacgta catcgacect gegeeggtge ctacgtgggt caagtatgge
gteatgtgge cgetetactg gttcttceag gtgtgtgtga gggttgtggt tgccegtate gaggteetgg tggege
geat gggggagaag gegectgtee cgetgacece cecggetace cteccggeac cttccaggge geettegg
ca cgggtgtetg ggtgtgcgeg cacgagtgeg geecaccagge cttttectee agecaggeea tcaacgacgg

cgtgggectg gtgttccaca gectgetget ggtgeectac tactectgga ageactcgea ccgeegecac cact
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SEQ
ID
NO.

Source features

Sequence

ccaaca cggggtgect ggacaaggac gaggtgtttg tgccgecgea ccgegeagtg gegeacgagg geetg
gagtg ggaggagtgg ctgcccatee geatgggeaa ggtgetggte acectgacee tgggetggee getgtac
ctc atgttcaacg tcgeectegeg geegtaceeg cgettcgeea accactttga ceegtggteg cecatettea ge
aagcgcga gegeatcgag gtggteatet cecgacctgge getggtggeg gtgetcageg ggetcagegt getg
ggeege accatgggcet gggeetggcet ggtcaagacce tacgtggtge cctacctgat cgtgaacatg tggetegt
gc tcatcacgcet getccageac acgeacccgg cgetgecgea ctacttcgag aaggactggg actggetgeg
cggegecatg gecacegtgg accgetecat gggeccgecce ttcatggaca acateetgea ccacatetee gac
acccacg tgetgeacca cetcttcage accatccege actaccacge cgaggaggec tecgeegecea tcagge
ccat cctgggcaag tactaccagt ccgacagecg ctgggtecgge cgegeectgt gggaggactg gegegact
gc cgetacgteg teccggacge geeegaggac gactecgege tetggtteca caagtgagtg agtgagtege
tcactcageg cgeetgegeg gggatgegga acgeecgeege cgecttgtet tttgecacgeg cgacteegte gett
cgegge tggecaccecc attgaaaaaa acctcaatte tgtttgtgga agacacggtg tacccccaac cacceace
tg cacctctatt attggtatta ttgacgcggg agegggegtt gtactctaca acgtagegtce tetggttttc agetgg
ctce caccattgta aattcttget aaaatagtge gtggttatgt gagaggtatg gtgtaacagg gegtcagtea tgt
tggtttt cgtgctgate tcgggeacaa ggegtegteg acgtgacgtg cecgtgatga gageaatace gegetca
aag ccgacgceatg gectttacte cgeactccaa acgactgteg ctegtatttt tcggatatct attttttaag agega
geaca gegecgggea tgggectgaa aggectcgeg geegtgcteg tggtggegec cgegagegeg tgggg
catcg cggcagtgea ccaggegeag acggaggaac geatggtgag tgegeatcac aagatgeatg tettgttg
tc tgtactataa tgctagagea tcaccagggg cttagtcate geacctgctt tggtcattac agaaattgea caag
ggegte ctecgggatg aggagatgta ccagetcaag ctggageggc ttcgagecaa gecaggagege ggege
atgac gacctaccca catgcgacaa aggggtctgg gtegtacgac aaaccagtca ggaggeggeg gggtee
atga getggeeege tegeagcette agegettega geatcgegge gttgtecegeg atccaagect cecgeageg
¢ ctecttgggg cocctgtgeg gagaggeggg tgecgagagg getgigaggg cggaggetgg aggacagge
t gcgaategte gegetgeeta ggegtetgee gaggagaage acaccacgeg cegeegettt cattteattg tge
ccgttge tgtaatgeat gegagegate ctgeactaaa getgegatcg ccaccteage gttgttegte tetageace
g ctcacctgac cacgegeacg gaagagtgge ggteggegac ggectgetge acgtggeagt geaggtecac
gtggeegagg ageaggtete geagetgeag caccgegecc tegtgetege cggggtecat ccagtceatg cc
ccgegeeg ggeeetegag ceggacggee ageagecagg gecgggggte cgegeegacg ceeggeggec
ccgeegegea getggggteg gecaggaaga gecactggge ggccggeceg ggegageece gegeegecg
¢ gggacccace cgeageacca ccgeetggte caggtegacg tegeteggeg gecaggeccge gtgeggege
ctgegeeageg tecagggeag geggggecege gegtgea

23

Moltype = DNA
length = 4067
Location/Qualifiers
1..4067

moltype = other
DNA

organism =
synthetic construct

geaatggegce tcggtacagg gtetgegtee gtgetggect cectetecta cgatgeacaa gggagegece ¢gg
ccagete agegegteca caacctceee tegtcacaca cacacctgeg gaaccaggee geceatttge tgettga
gea tgeettgeat catgteeggg ttteecatea tatcgttgag gttettggge tecagettet getccageac acea
tcetgt cgatcgaaga gaaggagaca tgtgtacatt attggtgtga gggegetgaa teggecattt tttaaatgat

cacgeteatg ccaatagacg cggeacataa cgacgttcaa acceecgeca aagecgegga caaccceate ce

tccacace ccecacacaa agaacccgee accgettace ttgeccacga ggtaggectt tegttgegea aaaccg
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SEQ
ID Source features Sequence
NO.

geet cggtgatgaa tgeatgeecg ttectgacga gegetgeeeg ggecaacacg ctettttget gegtetecte a
ggettggeg geeteettgg gettgggtge cgecatgate tgegegeate agagaaacgt tgetggtaaa aggag
cgeee ggetgegeaa tatatatata ggeatgecaa cacageccaa cetcactcgg gageecgtee caccaccee
cc aagtcgegtg ccttgacgge atactgetge agaagcttca tgagaatgat gecgaacaag aggggeacga
ggacccaate ccggacatec ttgtcgataa tgatctegtg agtceecate gtecgeecga cgetccgggg agee
cgeega tgetcaagac gagagggeee tegaccagga ggggetggee cgggegggea ctggegtega aggt
gegecec gtegttcgec tgeagtecta tgecacaaaa caagtettct gacggggtgce gtttgeteee gtgegggea
g gcaacagagg tattcaccct ggtcatgggg agatcggega tcgagetggg ataagagata cggteecgeg ¢
aaggatcge tcatcctggt ctgagecgga cagtcattet ggcaagceaat gacaacttgt caggaccgga cegtg
ccata tatttctcac ctagcgecge aaaacctaac aatttgggag tcactgtgee actgagttcg actggtaget g
aatggagtc getgetceac taaacgaatt gtcageaceg ccagecggec gaggaccega gtcatagega ggg
tagtagc gegecatgge accgaccage ctgettgeca gtactggegt ctetteeget tetetgtggt cetetgege
g ctccagegeg tgegettttc cggtggatca tgeggteegt ggegeaccge ageggeeget geecatgeag ¢
geegetget tecgaacagt ggeggtcagg gecgeacceg cggtageegt cegteceggaa ccegeccaag ag
ttttggga geagettgag ctetgeaaga tggeggagga caagegeate ttcctggagg ageaceggtg cgtgg
aggtc cggggctgac cggeegtege attcaacgta atcaatcgea tgatgatcag aggacacgaa gtettggtg
g cggtggecag aaacactgte cattgcaagg geatagggat gegttectte accteteatt tetcatttet gaatce
ctce ctgeteacte tttetectee tecttcecgt tcacgeagea ttcggggeaa cgaggtggee cectcgeage g
getgacgat cacggeggtg gecaacatee tgecaggagge ggegggeaac cacgeggtgg ceatgtgggg ¢
cggagetcg gagggtttcg cgacggacce ggagetgeag gaggegggte teatcetttgt gatgacgege atge
agatcc agatgtaccg ctacccgege tggggegacc tgatgecaggt ggagacctgg ttccagacgg cgggea
agct gggegegeag cgegagtggg tgetgegega caagetgace ggegaggege tgggegeggce cacete
gagce tgggtcatga tcaacatccg cacgegecgg cegtgecgea tgeecggaget cgtecgegte aagtecgge
ct tettcgegeg cgagecgeeg cgeetggege tgecgecege ggtcacgegt gecaagetge ccaacatege
gacgeeggeg ccgetgegeg ggeaccgeea ggtegegege cgeacegaca tggacatgaa cgggeacgtg
aacaacgtgg cctacctgge ctggtgectg gaggecgtge ccgageacgt cttcagegac taccacctct acca
gatgga gatcgacttc aaggcegagt geccacgeggg cgacgteate teeteccagg cegageagat cecegee
ccag gaggegeteca cgeacaacgg cgecggecege aacecctect gettegteea tageattetg cgegeega
ga ccgagctegt ccgegegega accacatggt cggeecceat cgacgegeee gecgecaage cgeccaag
gc gagecactga ggacagggtg gttggetgga tggggaaacg ctggtegegg gattegatee tgetgettat a
teeteectg gaageacace cacgactctg aagaagaaaa cgtgeacaca cacaacccaa ccggecgaat attt
gettee ttatcceggg tccaagagag actgegatge ceeecteaat cageatccte cteectgecg cttcaatctt
ccetgettge ctgegeeege ggtgegeegt ctgeecgeee agtcagteac teetgeacag geeeettgtg cgea
gtgcte ctgtaccctt taccgetect tecattetge gaggeeccct attgaatgta ttegttgect gtgtggecaa ge
gggcetget gggegegeeg cegtegggea gtgetcggeg actttggegg aagecegattg ttettetgta agecac
gege ttgetgettt gggaagagaa ggggggggta ctgaatggat gaggaggaga aggaggggta ttggtatta
tctgagttgge gaggcaggga gagttgeaaa atgtaagtgg cacgacggge aaggagaatg gtgageatgt
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ID
NO.

Source features

Sequence

geatggtgat gtegttggte gaggacgate ctgecacgegt gtatctgatg tagaatacgg caatcaccct agtcta
catc tataccttct ccgtataacg ccctttccaa atgecctcee gtttetetee tattettgat ccacatgatg acectg
geac tatttcaagg getggacatt tcaagaaggt ttgegtatcet gaagaaggat tggtttggag aggtggecga t

gaaagtgge gtcaagetge gtggagecct ctgeacggat ttctatggta atctgegtee acgteatcag tageeg
tacg cetctgegge gtegeegtge tectcageeg cegettecace accagecagg ageeccatac gecacgeget
C ccagacggeg cgegegacgg ggacgatcat gagecagegeg atetggggcg tgtegtgega getgageeg

¢ acaaccacgt tgceetggee gegegtggtg tactggeagt tggtcgagac catggtgtcg gacttgaagt ag

gagecgtc aaagegeggg aggegegtet cggeegagac gttgeegeeg atgaccagge tetggegett ctgg
cgeggg tegeggeect gecactgege ggagecgeee aggageagge gegactegte acggecgege aget
tgacgt cggecgecag cgeegtgeee ggetegtagg cegaccecat cttgacgaag aggeggecega tegetg
cgeg gaccttgace gegteggaca ggegeaggeg ctegtecage ttgaceeega gegeegegtt geeggget
tg aacggcagceg agaactecte geeccagettg gagecgagea ggeceagege cagettetge cgettgeege
gegegegeag gegegagteg acgegeageg tgtagag

24

Moltype = DNA
length = 4069
Location/Qualifiers
1..4069

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

geaatggege tcggtacagg gtetgegtee gtgetggget cectetecta cgatgeacaa gggagegeee cgg
ccagcete agegegteea caacctecce tegtcacaca cacacctgeg gaaccaggee geecatttge tgettga
gea tgecttgeat catgtceggg tttcccatea tatcgttgag gttettggge tccagettet getccageac acca
teetgt cgatcgaaga gaaggagaca tgtgtacatt attggtgtga gggegetgaa teggecattt tttaaaatga

tcacgctcat gecaatagac geggeacata acgacgttca aacccccgec aaagecgegg acaaccecat cc

ctcecacac cccecacaca aagaaccege caccgettac cttgeccacg aggtaggect ttegttgege aaaacc
ggee teggtgatga atgeatgeee gttcetgacg agegetgeee gggecaacac getcttttge tgegtetect ¢
aggcttgge gecctecttg ggettgggte cegecatgat ctgegegeat cagagaaacg ttgetggtaa aaagg
agcge ccggetgege aatatatata taggeatgece aacacagece aacctcacte gggageecgt cccaccac
cc ccaagtegeg tgeettgacg geatactget gecagaagett catgagaatg atgecgaaca agaggggeac

gaggacccaa tcceggacat cettgtcgat aatgatctcg tgagtcceca tegtcegeee gacgeteegg ggag
ccegee gatgetcaag acgagaggge cetcgaccag gaggggctgg cccgggeggg cactggegte gaag
gtgege cegtegtteg cetgeagtec tatgecacaa aacaagtett ctgacggggt gegtttgcte cegtgeggg
¢ aggcaacaga ggtattcacc ctggtcatgg ggagatcgge gatcgagetg ggataagaga tacggtceeg ¢
gcaaggatc getcatectg gtctgageeg gacagtcatt ctggeaagea atgacaactt gtcaggaceg gaccg
tgeea tatatttete acctagegee gecaaaaccta acaatttggg agtcactgtg ccactgagtt cgactggtag ¢
tgaatggag tcgetgetee actaaacgaa ttgtcageac cgecageegg ccgaggacee gagtcatage gag

ggtagta gegegeeatg geaccgacea geetgettge cagtactgge gtetctteeg cttetetgtg gtectetge
g cgetecageg cgtgegcettt tecggtggat catgeggtee gtggegeace geageggeceg ctgeecatge a
gegeegcetg cttcegaaca gtggeggtea gggecgeace cgeggtagee gtecgtecgg aacccgeecea ag
agttttgg gagcagettg agecctgeaa gatggeggag gacaagegea tetteetgga ggageacegg tgegt
ggagg tccgggectg accggecegte geattcaacg taatcaatcg catgatgate agaggacacg aagtcttg
gt ggeggtggee agaaacactg tccattgeaa gggeataggg atgegttect tcacctetca tttcteattt ctga

atcect cectgeteac tetttetect cetectteee gttcacgeag cattcgggee aacgaggtge geecctegea
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Source features

Sequence

geggetgacg atcacggegg tggecaacat cctgeaggag geggegggcea accacgeggt ggeeatgtgg
ggeeggaget cggagggttt cgegacggac ccggagetge aggaggeggg teteatcttt gtgatgacge ge
atgcagat ccagatgtac cgctaccege getggggega cetgatgeag gtggagacct ggtteccagac ggeg
ggcaag ctgggegege agegegagtg ggtgctgege gacaagetga ccggegagge getgggegeg gee
acctcga getgggtcat gatcaacatc cgeacgegec ggeegtgeeg catgeeggag ctegteegeg tcaagt
cgge cttettegeg cgegagecge cgegectgge getgeegeee geggtecacge gtgecaaget geccaaca
tc gcgacgeegg cgeegetgeg cgggeaccge caggtegege geecgeaccga catggacatg aacgggea
cg tgaacaacgt ggectacetg geetggtgee tggaggeegt geecgageac gtettcageg actaccacct ¢
taccagatg gagatcgact tcaaggecga gtgecacgeg ggegacgtea tetectecca ggecgageag atce
cgeeee aggaggeget cacgeacaac ggegeeggee geaaccecte ctgettegte catageatte tgegeg
ccga gaccgagete gtccgegege gaaccacatg gteggeceee atcgacgege ccgeegeeaa geegee
caag gcgagecact gaggacaggg tggttggctg gatggegaaa cgetggtcge gggattcgat cetgetget
t atatcctcee tggaageaca cccacgactc tgaagaagaa aacgtgeaca cacacaacce aaccggeega a
tatttgett ccttatcceg ggtccaagag agactgegat geececectea atcageatee tecteectge cgettcaa
tc ttecetgett geetgegeee geggtgegee gtetgeecge ceagteagte actectgeac aggeccecttg tge
geagtge tcetgtacec tttaccgcete cttecattet gegaggeeec ctattgaatg tattcgttge ctgtgtggee a
agegggcetg ctggegegegce cgeegteggge cagtgetegg cgactttgge ggaagecgat tgttettetg taag
ccacge gettgetget ttgggaagag aagggggege tactgaatgg atgaggagga gaaggagggeg tattgg
tatt atctgagttg gggaggcagg gagagttgga aaatgtaagt ggcacgacgg gecaaggagaa tggtgagea
t gtgcatggtg atgtcgttgg tcgaggacga tectgeacge gtgtatctga tgtagaatac ggeaatcace ctagt
ctaca tctatacctt ctcegtataa cgeectttee aaatgececte cegtttetet cctattcttg atccacatga tgace
ctgge actatttcaa gggetggaca tttcaagaag gtttgcgtat ctgaagaagg attggtttgg agaggtggee
gatgaaagtg gggtcaaget gegtggagece ctetgeacgg atttctatgg taatctgegt ccacgtcate agtag
ccgta cgecetetgeg gegtegeegt getectcage cgeegettea ccaccageca ggageececat acgeacge
ge tcccagacgg cgegegegace ggggacgate atgageageg cgatctgggg cgtgtegtge gagetgage
C gecacaaccac gttgeectgg cegegegtgg tgtactggea gttggtegag accatggtgt cggacttgaa gt
aggagecg tcaaagegeg ggaggegegt cteggeegag acgttgecge cgatgaceag getetggege ttet
ggegeg ggtegeggee ctgecactge geggageege ccaggageag gegegacteg tcacggeege gea
gettgac gtcggeegee agegeegtge ceggetegta ggeecgacecec atcttgacga agaggeggec gatcg
ctgeg cggaccttga cegegtegga caggegeagg cgetegteea gettgaccee gagegecgeg ttgecgg
get tgaacggeag cgagaactce tcgeecaget tggagecgag caggeccage gecagcttet geegettge

c gegegegege aggegegagt cgacgegeag cgtgtagag

25

Moltype = DNA
length = 4492
Location/Qualifiers
1..4492

moltype = other
DNA

organism =
synthetic construct

ttgcgattce tcttgaccea gecacacgea taaattttaa cgecaagetgg cccaatatgg tatcegetgt getcaga
aca gcaccctegt geaceetetg getetgaate tcaccgteac ggteatecte ctectageet gecagegett gg
gegeagece atcgggectg catagagaaa gggtacaaag caacatatat aaatacacgt ggtattcata atactcg
cge atgtttgtcet tgegeacgea tgeecacgcet cgtegacgeg ctecacctetg gecaggeage ceeettgegg g

gtegeeege agegggeace gegaggectg aggegecace ageageatgt ttgaattatt tatacgeagt tgtttg
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Source features

Sequence

aggt acagagaaac cccttgtcat tetettettg tgtggggotet cgagtgecat tgeagtggte tggccacegg ca
tatcggat aagattgect gecggatgtcg ttcgtgecag cgteatcggg gegagagttt ataacgegtg cccacge
cag aagcccteac getttgeact tggegaggta caaaaaatac caaaccgegt cctgaageat tatggeggeg
aggacgaggc tgttcaaggt gecggatcgeg accttgagtg agagacgete cgatggtege ggeccagaace cc
agcgeeeg tcaaaageeg gtectcacge cccagggcetg agtgegegee cgeaaacecc ttttgecagga acte
aaggag gtggctcgat ccaaggacaa caacggeatc gagetcatte ccaatgacte caacatctte ctetggeg
gg cggtgattga ggcaagggeg tetgcttcat tgggtggage gagatgagtt gtgtgcaggg cgetcaaagg
aggttttggt cgectattge ccaaggteat geateegtgt gtatcecgtg cccecteect tcaacaggge ceegeg
gact cgeectatca gggggegteac tttgaactca geatccaagt geetgageag tacccattgg tcecgeecgea
agtcaagttc aagaccaagc tcttccacec gaacgtgeac ttcaaggtga getgtttgga gacaaaggtg geag
ggagag tgctageaag caggggttga cgggegttge tgttgagttt tgatgtatag actcggeegg gaacttga
gt ggaagcegac agacctttca tetgectete tgeccatgea gacgggagag atctgecteg acattctcaa ga
acgcetgg ageccagctt ggacgetgea ggtacgattg tttggtttag gagaggegge cccttggteg teceetg
gcea ctcacgactce ttgggaaaat atgecgatet cegeattect gtetccagac geetgetetg tgegegetgt cte
gatgaag cattcttttc ctccccaatg ccegeagteg gtgtgccagg ceategtgge getettgaca gattetgeg
¢ cagactceee cetcaactge gacgetggga accttetecg ggeaggegat gtgegtgggt ttgectectt gge
acggcete tacaccgteg agtacgecat gaggeggtea tggetgtgte ggttgecact tegtccagag acggeaa
gte gtccatecte tgegtgtgtg gecgegacget geageagtee ctetgeagea gatgagegtg actttggeea tt
tcacgcac tcgagtgtac acaatccatt tttcttaaag caaatgactg ctgattgacc agatactgta acgetgattt
cgctccagat cgeacagata gegaccatgt tgetgegtet gaaaatctgg attccgaatt cgacectgge getee
atcca tgcaacagat ggegacactt gttacaattce ctgtcaccea tcggeatgga geaggtecac ttagattece
gatcacccac geacateteg ctaatagtea ttegttegtg tettcgatea atctcaagtg agtgtgeatg gatettgg
tt gacgatgcgg tatgggtttg cgecgetgge tgecagggtct geccaaggea agetaaccea geteetetee cc
gacaatac tctcgeagge aaageeggte acttgecttc cagattgeca ataaactcaa ttatggectc tgtcatge
ca tecatgggte tgatgaatgg tcacgetegt gtectgaceg ttcceecagec tetggegtee cetgeceege cca
ccagecece acgecgegeg geagtegetg ccaaggetgt cteggatgece cagegecatg ccacgecectt tgatg
gettc aagtacgatt acggtgttgg attgtgtgtt tgttgegtag tgtgcatggt ttagaataat acacttgatt tcttg
ctcac ggeaatcteg gettgtecege aggttcaace ccatttcgga gtctcaggte agecgegeaa tgaccagece
g ctacttcaag gacttgcacg acaacgccga ggtgagetat gtttaggact tgattggaaa ttgtcgtcga cgea
tattcg cgeteecgega cageacccaa geaaaatgte aagtgegtte cgatttgegt ccgeaggteg atgttgtgat
cgtcggegee ggateegeeg gtetgtectg cgettacgag ctgaccaage accetgacgt cegggtacge ga
getgagat tcgattagac ataaattgaa gattaaacce gtagaaaaat ttgatggtcg cgaaactgtg ctegattge
a agaaattgat cgtectceac tcegeaggtc gecatcatcg ageagggegt tgetceggeg geggegectg ge
tgggggga cagetgtict cggecatgtg tgtacgtaga aggatgaatt tcagetggtt ttegttgcac agetgtttgt
geatgatttg tttcagacta ttgttgaatg tttttagatt tcttaggatg catgatttgt ctgcatgega cttttageta g
cacccttac acaccatcea acatcttget geettgecte cectgegeag atcegeaage cggegeacaa getgat

ggac gagctcaaca teeettacga cgacgaggtg getattggge agetagaacg catgegtect gtgcgactg
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Source features

Sequence

g gtcgatecat tgtgegaaac gtgtggegga atacgtgege gteceeeggece atgeaccgac ceceecteee ac
caccccac aaatataaca gggtgacatg gtggtggtca agecacgeege cctggtgacg tecacgetge tgtee
aaggt getggeggece cccaacatca agettttcaa cgecaccgeg geggaggace tgatcgtcaa gtccaage
cg geeggegggg cggeegteee geacgtggee ggggecgtga ccaactggac cetggtgtee ctcaaccac
g acacccagat gtgcatggac cccaacacca tcetgageaa ggteatggte tectccaceg gecacgacgg ©
cceatggge geectecggge tcaagegect ggecaagetg ggectgatcg agegegegee gggeatggec g
cgetggaca tgaacagege cgaggacgeg gtggtegace ggacgeggga gategteect ggeatggtea tet
geggeat ggaggtegee gagetggacg ggtgeccgeg catgggeccee acctttggeg ceatgtttgt gteegg
gegte aaggecgege acgtggecct ggectegetg cgecgecage aggaggagea gggectecge geecaag
accg cagacaccct gegeagegeg gegeegteea tggecatgge gtgacctggt gatccccaag agggegg
aca tgegtegegt cteectcegg tgeccagaga tetgttecac ggttgtetge gatgetttca aaactgttat ttca
ctaaaa tgactcgatt ctcctctaaa aaaaacatga tgttgatagt atctccacaa aagceatggeg actcagatge
ctctactgea ctgtactcaa gaatacaact ctggagacce gggtceegtt cccatttgge gecgaatgtt gatgeg
ccac ttttgetgge catgectgag gtattetgta caaaagaagg ageggecaat gegggttttc aagecagacgg
cgegetggge cctggaaatc aaaaggeggt agtacacggg agagagtcgg attgatgatg agggatttaa aaa

aggccag geagtgaggt gagagttgta cgattgttge cccaggattg cctttttagg gggggacgge cagggg
cgca gttattggge caccgeacat atagatccge gecaageaaat ggeetcgaga geaggegega tggttaaga

a aggaaggacg agtagcggat gacgtgatac tgeatacgaa gaacgtacta gtgaggagag tgettgaaac a

acatatgat getgcecece ctetetgeea ac

26

Moltype = DNA
length = 4494
Location/Qualifiers
1..4494

moltype =
unassigned DNA
note = Prototheca
wickerhamii
organism =
unidentified

ttgegattec tettgaccea gecacacgea taaattttaa cgcaagetgg cccaatatgg tatcegetgt getcaga
aca geaccctegt geaceetetg getctgaate tcaccgtecac ggteatecte ctectagect gecagegett gg
gegeagece atcgggectg catagagaaa gggtacaaag caacatatat aaatacacgt ggtattcata atactcg
cgc atgtttgtct tgegeacgea tgeeeacgcet cgtegacgeg cteaccetetg gecaggeage ceecttgegg g
gtegeeege agegggeace gegaggectg aggegecace ageageatgt ttgaattatt tatacgeagt tgtttg
aggt acagagaaac cccttgtcat tetcttcttg tgtggggtet cgagtgecat tgecagtggte tggecacegg ca
tatcggat aagattgect geggatgteg ttegtgecag cgtecatcggg gegagagttt ataacgegtg ccecacge
cag aagccctcac getttgeact tggegaggta caaaaaatac caaaccgegt cctgaageat tatggeggeg
aggacgaggc tgttcaaggt geggatcgeg accttgagtg agagacgete cgatggtege ggecagaace cc
agcgececg tcaaaageeg gtectcacge cccagggcetg agtgegegee cgeaaaccec ttttgeagga acte
aaggag gtggctcgat ccaaggacaa caacggeatc gagctcatte ccaatgacte caacatctte ctetggeg
gg cggtgattga ggcaagggeg tetgcttcat tgggtggage gagatgagtt gtgtgcaggg cgetcaaagg
aggttttget cgectattge ccaaggtcat geatcegtgt gtatccegtg cceecteect tcaacaggge cecgeg
gact cgcectatca ggggggteac tttgaactca geatccaagt gectgageag tacccattgg tccegeegea
agtcaagttc aagaccaagc tettccacee gaacgtgeac ttcaaggtga getgtttgga gacaaaggtg geag
ggagag tgctagcaag caggggttga cgggegttge tgttgagttt tgatgtatag actcggecgg gaacttga
gt ggaagcegac agacctttca tetgeetete tgeccatgea gacgggagag atctgeeteg acattctcaa ga

acgectgg ageccagett ggacgetgea ggtacgattg tttggtttag gagaggeggce ceccttggte gteceet
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ggc actcacgact cttgggaaaa tatgecgate tecgeattee tgtetccaga cgeetgetet gtgegegetg tet
cgatgaa gcattctttt cctccccaat geeegeagte ggtgtgecag gecategtgg cgetettgac agattetge
g ccagactcee cectcaactg cgacgetggg aaccttctee gggeaggega tgtgegtggg tttgectect tgg
cacggct ctacaccgtc gagtacgeca tgaggeggtg atggetgtgt cggttgecac ttegtccaga gacggea
agt cgtccatect ctgegtgtgt ggegegacge tgeageagte cctetgecage agatgagegt gactttggee a
tttcacgcea ctcgagtgta cacaatccat ttttcttaaa gecaaatgact getgattgac cagatactgt aacgetgatt
tcgetccaga tcgeacagat agegaccatg ttgetgegte tgaaaatetg gattccgaat tcgaccetgg cgete
catce atgcaacaga tggegacact tgttacaatt cctgtcacce atcggeatgg agecaggteea cttagattee

cgatcaccca cgeacatctce getaatagte attcgttegt gtcttcgate aatctcaagt gagtgtgeat ggatettg
gt tgacgatgeg gtatgggttt gegecgetgg ctgecagggte tgecccaagge aagetaacce agetectete cc
cgacaata ctctcgecagg caaagecggt cacttgectt ccagattgee aataaactca attatggect ctgtcatg

cc atccatgggt ctgatgaatg gtcacgeteg tgtectgace gttceccage ctetggegte cectgeeeeg cce
accagcc cacgeegege ggeagtcget geccaaggetg teteggatge ccagegecat gecacgecct ttgatg
gett caagtacgat tacggtgttg gattgtgtgt ttgttgegta gtgtgeatgg tttagaataa tacacttgat ttcttg
ctca cggeaatcte ggettgtceg caggttcaac cccatttcgg agtctcaggt cagecgegea atgaccagee

getacttcaa ggacttgecac gacaacgeeg aggtgagceta tgtttaggac ttgattggaa attgtegteg acgeat
attc gegeteegeg acageaccca agceaaaatgt caagtgegtt cecgatttgeg tcegeaggte gatgttgtga t
cgteggege cggatecgee ggtetgtect gegettacga getgaccaag caccctgacg tecgggtacg cgag
ctgaga ttcgattaga cataaattga agattaaacc cgtagaaaaa tttgatggtc gcgaaactgt getcgattge

aagaaattga tcgtceeteea ctecgeaggt cgecatcate gagecagggeg ttgetceegg cggeggegece tgg
ctggggg gacagetgtt ctcggecatg tgtgtacgta gaaggatgaa tttcagetgg ttttegttge acagetgttt

gtgcatgatt tgtttcagac tattgttgaa tgtttttaga tttcttagga tgeatgattt gtetgeatge gacttttage ta
geaccctt acacaccatc caacatcttg ctgecttgee teeectgege agatccgeaa gecggegeac aagetg
atgg acgagctcaa catcccttac gacgacgagg tgggtattgg gcagetagaa cgeatgegtg ctgtgegact
gggtcgatee attgtgegaa acgtgtggeg gaatacgtge gegtceecgg ccatgeaccg accceeccte e

accaccce acaaatataa cagggtgaca tggtggtest caagcacgece geectggtga cgtecacget getgt

ccaag gtgetggegg cccccaacat caagetttte aacgecaceg cggeggagga cetgatcgte aagtecaa
ge cggeeggegg geeggeegte cegeacgtgg ceggggeegt gaccaactgg acectggtgt cectcaace
a cgacacccag atgtgcatgg accccaacac catcctgage aaggtcatgg tetectceac cggecacgac g

geeeeatgg gegeeteegg ggtcaagege ctggecaage tgggectgat cgagegegeg cegggeatgg g

cgegetgga catgaacage gecgaggacg cggtgetega ccggacgegg gagategtee ctggeatggt ca
tctgegge atggaggtcg cegagetgga cgggtgeeeg cgeatgggece ccacctttgg cgecatgttt gtgtee
gggg tcaaggeege geacgtggec ctggeetege tgegeegeca geaggaggag gaggggctee gegeea
agac cgcagacacc ctgegeageg cggegecgte catggecatg gegtgacctg gtgatceeca agaggge
gga catgegtege gtetcectee ggtgeecaga gatetgttee acggttgtet gecgatgettt caaaactgtt attt
cactaa aatgactcga ttctcctcta aaaaaaacat gatgttgata gtatctccac aaaageatgg cgactcagat

gecetetactg cactgtactc aagaatacaa ctetggagac ccgggteecg ttceeatttg gegecgaatg ttgatg
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cgec acttttgetg gecatgectg aggtattetg tacaaaagaa ggageggeca atgegggttt tcaagecagac
ggegegetgg ggectggaaa tcaaaaggeg gtagtacacg ggagagagtc ggattgatga tgagggattt aa
aaaaggcc aggeagtgag gtgagagttg tacgattgtt gccccaggat tgecttttta gggeggegacg geecag
gggcg cagttattgg ggcaccgeac atatagatcee gegeaageaa atggectcga gageaggege gatggtt
aag aaaggaagga cgagtagcgg atgacgtgat actgeatacg aagaacgtac tagtgaggag agtgcettga

a acaacatatg atgctgcccc ccctetetge caac

30

Moltype = DNA
length = 573
Location/Qualifiers
1..573

moltype =
unassigned DNA
note = Prototheca

tgttgaagaa tgagecggeg acttaaaata aatggecaggc taagagaatt aataactcga aacctaageg aaag
caagtc ttaatagggc getaatttaa caaaacatta aataaaatct aaagtcattt attttagacc cgaacctgag tg
atctaacc atggtcagga tgaaacttgg gtgacaccaa gtggaagtce gaaccgaceg atgttgaaaa atcgge
ggat gaactgtget tagtggtgaa ataccagtcg aactcagage tagetggtte tccccgaaat gegttgagece

gcagcaatat atctcgtcta tctaggggta aageactgtt tcggtgeggg ctatgaaaat ggtaccaaat cgtgge

xgﬁf:ﬁni” aaac tctgaatact agaaatgacg atatattagt gagactatgg gggataaget ccatagtcga gagggaaaca

unidentified geecagacca cecagttaagg ceccaaaatg ataatgaagt ggtaaaggag gtgaaaatge aaatacaacc agg
aggttgg cttagaagca gecatccttt aaagagtgeg taatagetca ctg

31 Moltype = DNA ttaaaataaa tggcaggcta agagaattaa taactcgaaa cctaagcgaa agcaagtcett aatagggege taattt

length = 531

Location/Qualifiers aaca aaacattaaa taaaatctaa agtcatttat tttagacccg aacctgagtg atctaaccat ggtcaggatg aaa

1..531 cttgget gacaccaagt ggaagtcega accgaccegat gttgaaaaat cggeggatga actgtggtta gtggtga

moltype =

unassigned DNA aat accagtcgaa ctcagagcta getggttete ccegaaatge gttgaggege ageaatatat ctegtctate tag

note = Prototheca gggtaaa geactgtttc ggtgcggect atgaaaatgg taccaaatcg tggeaaactce tgaatactag aaatgacg

Zoggf;srr’zls _ | at atattagtga gactatgggg gataagctce atagtcgaga gggaaacage ccagaccace agttaaggec ¢

unidentified caaaatgat aatgaagtgg taaaggaggt gaaaatgcaa atacaaccag gaggttggct tagaagecage catc
ctttaa a

[0176] The various embodiments disclosed herein have been described and illustrated

with reference to a variety of examples, but it should be understood that the features of the

embodiments are susceptible to modification, alteration, changes or substitution without

departing significantly from the spirit of the invention. One skilled in the art will recognize that

numerous variations and modifications may be made to the examples described above without

departing from the scope of the present disclosure.

[0177]

EMBODIMENTS

The following provides various embodiments exemplifying the compositions,

methods of making, and uses of the methods and compositions described herein:

[0178]

Embodiment [1]. An oil derived from a microalgal cell comprising a

triacylglyceride (TAG) component, wherein the TAG component has a fatty acid content of

at least 30% C16:0 fatty acids and at least 40% C18:1 fatty acids, and wherein the oil is

produced through classical strain improvement of the microalgal cell.
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[0179] Embodiment [2]. The oil of Embodiment [1], wherein the fatty acid content of
the TAG component comprises at least 35% C16:0 fatty acids.

[0180] Embodiment [3]. The oil of Embodiment [1], wherein the fatty acid content of
the TAG component comprises at least 40% C16:0 fatty acids.

[0181] Embodiment [4]. The oil of any one of Embodiments [1] to [3], wherein the
fatty acid content of the TAG component further comprises less than 8% C18:2 fatty acids.
[0182] Embodiment [5]. The oil of any one of Embodiments [1] to [4], wherein the
microalgal cell is of the genus Prototheca.

[0183] Embodiment [6]. The oil of any one of Embodiments [1] to [5], wherein the
fatty acid content of the TAG component comprises at least 45% C18:1 fatty acids.

[0184] Embodiment [7]. The oil of any one of Embodiments [1] to [6], further
comprising less than 1% monoacylglycerols (MAG).

[0185] Embodiment [8]. The oil of any one of Embodiments [1] to [7], further
comprising less than 1% of diacylglycerols (DAG).

[0186] Embodiment [9]. The oil of any one of Embodiments [1] to [8], further
comprising less than 1% tripalmitin.

[0187] Embodiment [10]. The oil of any one of Embodiments [1] to [9], wherein the
oil comprises ergosterol.

[0188] Embodiment [11]. An unpurified oil derived from a Prototheca microalgal
cell strain obtained by classical strain improvement, wherein the unpurified oil comprises a
triacylglyceride (TAG) component, wherein the TAG component has a fatty acid content

comprising 30% or more C16:0 fatty acid and less than 1% tripalmitin.

[0189] Embodiment [12]. The oil of Embodiment [11], wherein the oil is produced
from classical strain improvement of the microalgal cell.

[0190] Embodiment [13]. The oil of any one of Embodiments [10] to [12], wherein
the fatty acid content of the TAG component further comprises at least 40% C18:1 fatty
acids.

[0191] Embodiment [14]. The oil of any one of Embodiments [10] to [13], wherein

the oil further comprises ergosterol.

[0192] Embodiment [15]. The oil of any one of Embodiments [10] to [14], wherein
the microalgal cell does not comprise an exogenous gene.

[0193] Embodiment [16]. The oil of any one of Embodiments [10] to [15], further
comprising less than 1% of monoacylglycerols (MAG).
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[0194] Embodiment [17]. The oil of any one of Embodiments [10] to [16], further
comprising less than 1% of diacylglycerols (DAG).

[0195] Embodiment [18]. The oil of any one of Embodiments [10] to [14], wherein
the fatty acid content of the TAG component further comprises less than 8% C18:2 fatty
acids.

[0196] Embodiment [19]. An unpurified microalgal oil comprising:

a triacylglyceride (TAG) component having a fatty acid content comprising at least 30%
C16:0 fatty acids, less than about 1% diacylglycerols, and less than about 1%
monoacylglycerols.

[0197] Embodiment [20]. The oil of any one of Embodiment [19], wherein the oil is
derived from a Prototheca microalgal cell.

[0198] Embodiment [21]. The oil of any one of Embodiments [19] or [20], wherein
the oil is derived from an oleaginous microorganism.

[0199] Embodiment [22]. The oil of any one of Embodiments [19] or [21], wherein
the microalgal cell does not comprise an exogenous gene.

[0200] Embodiment [1A]. An isolated microalgal cell, wherein the microalgal cell is
a Prototheca sp. cell obtained through classical microalgal cell improvement, wherein the
microalgal cell produces an oil characterized as comprising:

(a) a1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 17% of a
triacylglyceride (TAG component), or of at least 23%, or of at least 29%, or of at
least 32%, or of at least 35%, or at least 45%, and

(b) a tripalmitin (PPP) content less than 0.3% of the TAG component, or less than
about 0.6%, or less than about 1.0%, or less than at least 1.2%, or less than about
1.5%, or less than about 2.7% of the TAG component.

[0201] Embodiment [2A]. The isolated microalgal cell of Embodiment [1A],
wherein the POP content is at least 45% and the PPP content is less than about 2.7% of the
TAG component.
[0202] Embodiment [3A]. The isolated microalgal cell of Embodiment [1A] or
Embodiment [2A], wherein the microalgal cell oil comprises:
(a) the 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least about 50%, and
(b) the tripalmitin (PPP) content of less than about 2.7% of the TAG component.
[0203] Embodiment [4A]. A microalgal oil comprising a triacylglyceride (TAG)
component, wherein the TAG component comprises: (a) a 1, 3-dipalmitoyl-2-oleoyl-glycerol
(POP) content of at least 17% of the TAG component, or at least 23%, or at least 29%, or at
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least 32%, or at least 35%, or at least 45% of the TAG component, (b) a tripalmitin (PPP)
content less than 0.3% of the TAG component, or less than about 0.6%, or less than about
1.0%, or less than at least 1.2%, or less than about 1.5%, or less than about 2.7% of the TAG
component, and wherein the microalgal oil is produced by a microalgal Prototheca cell
obtained through classical strain improvement.

[0204] Embodiment [SA].  The microalgal oil of any one of Embodiments [4A] to
[SA] or the microalgal oil produced by the isolated microalgal cell of any one of
Embodiments [1A] to [3A], wherein the Prototheca sp. cell has an exogenous nucleic acid
introduced recombinantly.

[0205] Embodiment [6A].  The microalgal oil of any one of Embodiments [4A] and
[SA], wherein the TAG component comprises: (a) the 1, 3-dipalmitoyl-2-oleoyl-glycerol
(POP) content of at least 45%, or at least 50% or at least 55%, or at least 60%, and (b) the
tripalmitin (PPP) content of less than about 2.7% of the TAG.

[0206] Embodiment [7A].  The microalgal oil of Embodiment [SA], wherein the
microalgal oil has (a) the POP content of at least 35% and the PPP content of less than about
1.5%, or (b) the POP content of at least 45% and the PPP content of less than about 2.7%.
[0207] Embodiment [8A].  The microalgal oil of any one Embodiments [4A] to
[7A], wherein the oil further comprises at least about 30% C16:0 fatty acids, or at least about
35% C16:0 fatty acids, or at least about 40% C16:0 fatty acids, or at least about 45% C16:0
fatty acids, or at least about 50% C16:0 fatty acids.

[0208] Embodiment [9A]. A method of obtaining a microalgal cell that produces
the oil of any of Embodiments [4A] to [8A], the method comprising the steps of:

(a) mutagenizing microalgal cells with at least one or more agents, which promote
errors in DNA excision repair known (e.g., ultraviolet light (e.g., 254 nm), 4-
nitroquinoline 1-oxide (4-NQO), methyl methanesulfonate (MMS), Ni, Ar, or
polyaromatic hydrocarbons while culturing the microalgal cells at about 28 °C to
about 38 °C in a vegetative or a lipid production media;

(b) enriching the mutagenized microalgal cells by exposing the mutagenized cells to
physical conditions (e.g., an elevated temperature of about 50 to about 68°C or by
using density fractionation on sucrose or percoll gradients to isolate specific
subpopulations based on density) or exposure to a chemical compound (e.g.,
herbicides, fungicides, or inhibitors of lipid biosynthesis, such as tebutam or

cofenstrole);
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(c) growing the mutagenized, enriched microalgal cells in a lipid production medium;
(d) harvesting the microalgal oil from the microalgal cells and interrogating the
microalgal oil using a FAME analysis and a triacylglyceride (TAG) analysis to
determine the component of the screened microalgal cells; and
wherein the TAG component of the screened microalgal cells comprises:

@) a 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 17% of the TAG
component, or of at least 23%, or of at least 29%, or of at least 32%, or of at
least 35%, or at least 45%, and

(ii) a tripalmitin (PPP) content less than 0.3%, or less than about 0.6%, or less
than about 1.0%, or less than at least 1.2%, or less than about 1.5%, or less

than about 2.7% of the TAG component.

[0209] Embodiment [10A]. The method of Embodiment [9A], wherein the
microalgal cell is a Prototheca moriformis.

[0210] Embodiment [11A]. An isolated microalgal cell obtained by the method of
Embodiments [9A] to [10A].

[0211] Embodiment [12A]. The microalgal cell of Embodiments [10A] to [11A],

wherein the oil of the microalgal cell further comprises at least about 30% C16:0 fatty acids,
or at least about 35% C16:0 fatty acids, or at least about 40% C16:0 fatty acids, or at least
about 45% C16:0 fatty acids, or at least about 50% C16:0 fatty acids.

[0212] Embodiment [13A]. A method of obtaining a microalgal oil of any of
Embodiments [1A] to [3A] comprising the steps of:

(a) mutagenizing cells with agents that introduce mutations through promoting errors
in DNA excision repair known to include, but not limited to exposure to UV light
(254 nm), 4-nitroquinoline 1-oxide (4-NQO), methyl methanesulfonate (MMS),
Ni, Ar, or polyaromatic hydrocarbons, culturing the exposed microalgal cells at
about 28 °C to about 38 °C in vegetative or lipid production media for a sufficient
time;

(b) enriching said cell populations using physical conditions (e.g., elevated
temperatures of about 50, about 60, or up to about 68 °C, or fractionation on
sucrose or percoll gradients to isolate specific subpopulations based on density) or
chemical compound exposure (e.g., herbicides, fungicides or inhibitors of lipid

biosynthesis, such as tebutam or cofenstrole);
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(c) plating the mutagenized and enriched cell populations on a solid vegetative
medium;
(d) selecting and growing selected cells in a lipid production medium;
(e) harvesting the microalgal cells from said lipid production medium; and
(f) obtaining and interrogating a microalgal oil from the selected microalgal cells
using FAME analysis and and determining if the selected cells have a 1, 3-
dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 17% of the TAG component,
or of at least 23%, or of at least 29%, or of at least 32%, or of at least 35%, or at least
45%; and a tripalmitin (PPP) content less than 0.3%, or less than about 0.6%, or less
than about 1.0%, or less than at least 1.2%, or less than about 1.5%, or less than about
2.7% of the TAG component.
[0213] Embodiment [14A]. An isolated microalgal cell, wherein the microalgal cell
is a Prototheca sp. that produces a microalgal oil, said oil is characterized as comprising:
(a) a1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 60%, and
(b) a tripalmitin (PPP) content of less than about 2% of the triacylglyceride
(TAG) component, and the Prototheca sp. producing said microalgal oil was obtained
through classical microalgal cell improvement of an isolated Prototheca sp.
[0214] Embodiment [15A]. A microalgal oil comprising a triacylglyceride (TAG)
component, wherein the TAG component comprises:
(a) a 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 60% of the TAG
component, and
(b) a tripalmitin (PPP) content of less than about 2% of the TAG component, and
wherein the microalgal oil is produced by a microalgal Prototheca sp. cell obtained through a

classical microalgal strain improvement method of the isolated Prototheca sp.
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CLAIMS
WHAT IS CLAIMED 1S:

1. An isolated microalgal cell, wherein the microalgal cell is a Prototheca sp. cell
obtained through classical microalgal cell improvement, wherein the microalgal cell produces
an oil characterized as comprising:
(a) a 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 17% of a TAG
(triacylglyceride) component, or of at least 23%, or of at least 29%, or of at least
32%, or of at least 35%, or at least 45% of the TAG component, and
(b) a tripalmitin (PPP) content less than 0.3%, or less than about 0.6%, or less than
about 1.0%, or less than at least 1.2%, or less than about 1.5%, or less than about

2.7% of the TAG component.

2. The isolated microalgal cell of claim 1, wherein the POP content is at least 45% and

the PPP content is less than about 2.7% of the TAG component.

3. The isolated microalgal cell of claim 1 or claim 2, wherein the microalgal cell oil
comprises:

(a) a1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 50%, and

(b) a tripalmitin (PPP) content of less than about 2.7% of the TAG component.

4. A microalgal oil comprising a triacylglyceride (TAG) component, wherein the
triacylglyceride (TAG) component comprises:

(a) al, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 17% of the TAG
component, or at least 23%, or at least 29%, or at least 32%, or at least 35%, or at
least 45% of the TAG component,

(b) a tripalmitin (PPP) content of less than 0.3% , or less than about 0.6%, or less than
about 1.0%, or less than at least 1.2%, or less than about 1.5%, or less than about
2.7% of the TAG component, and

wherein the microalgal oil is produced by a microalgal Prototheca sp. cell obtained through

classical strain improvement.
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5. The microalgal oil of claim 4 or produced by the isolated microalgal cell of any one of
claims 1 to 3, wherein the Prototheca cell has an exogenous nucleic acid introduced

recombinantly.

6. The microalgal oil of claim 4 or claim 5 or of the isolated microalgal cell of any of
claims 1 to 3, wherein the TAG component comprises:
(a) the 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 45% of the TAG
component, and

(b) the tripalmitin (PPP) content of less than about 2.7% of the TAG component.

7. The microalgal oil of claim 5, wherein the microalgal oil has (a) the POP content of at
least 35% and the PPP content of less than about 1.5%, or (b) the POP content of at least 45%
and the PPP content of less than about 2.7%.

8. The microalgal oil of any one of claims 4 to 7, wherein the oil comprises at least
about 30% C16:0 fatty acids, or at least about 35% C16:0 fatty acids, or at least about 40%
C16:0 fatty acids, or at least about 45% C16:0 fatty acids, or at least about 50% C16:0 fatty

acids.

9. A method of obtaining a microalgal cell that produces a microalgal oil as defined by
any of claims 4 to 8 comprising the steps of:

(a) mutagenizing microalgal cells with at least one or more agents, which promote
errors in DNA excision repair known (e.g., ultraviolet light (e.g., 254 nm), 4-
nitroquinoline 1-oxide (4-NQO), methyl methanesulfonate (MMS), Ni, Ar, or
polyaromatic hydrocarbons while culturing the microalgal cells at about 28 °C to
about 38 °C in a vegetative or a lipid production media;

(b) enriching the mutagenized microalgal cells by exposing the mutagenized cells to
physical conditions (e.g., an elevated temperature of about 50 to about 68°C, or by
using density fractionation on sucrose or percoll gradients to isolate specific
subpopulations based on density) or a chemical compound exposure (e.g.,
herbicides, fungicides, or inhibitors of lipid biosynthesis, such as tebutam or
cofenstrole);

(c) growing the mutagenized, enriched microalgal cells in a lipid production medium;
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(c) harvesting the microalgal oil from the microalgal cells and interrogating the
microalgal oil using a FAME analysis and a triacylglyceride (TAG) analysis to
determine the component of the screened microalgal cells;

wherein the TAG component of the screened microalgal cells comprises:

@) a 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 17% of the TAG
component, or of at least 23%, or of at least 29%, or of at least 32%, or of at
least 35%, or at least 45%, and

(ii) a tripalmitin (PPP) content less than 0.3%, or less than about 0.6%, or less
than about 1.0%, or less than at least 1.2%, or less than about 1.5%, or less

than about 2.7% of the TAG component.

10. The method of claim 9, wherein the microalgal cell is a Prototheca sp.

11. An isolated microalgal cell obtained by the method of claim 9 or 10.

12. A microalgal oil obtained from the microalgal cell of any of claims 1 to 3 and 10,
wherein the oil of the microalgal cell further comprises at least about 30% C16:0 fatty acids,
or at least about 35% C16:0 fatty acids, or at least about 40% C16:0 fatty acids, or at least
about 45% C16:0 fatty acids, or at least about 50% C16:0 fatty acids.

13. A method of obtaining a microalgal cell that produces a microalgal oil of any of
claims 1 to 3 comprising the steps of:
(a) mutagenizing cells with agents that introduce mutations through promoting errors
in DNA excision repair known to include, but not limited to, UV light (254nm), 4-
nitroquinoline 1-oxide (4-NQO), methyl methanesulfonate (MMS), Ni, Ar, or
polyaromatic hydrocarbons culturing the microalgal cells at about 28 °C to about
38 °C in vegetative or lipid production media and
(b) Enriching said cell populations using a physical change (e.g., elevated
temperatures of about 50, about 60, or up to about 68 °C, or fractionation on
sucrose or percoll gradients to isolate specific subpopulations based on density) or
chemical compound (e.g., herbicides, fungicides, or inhibitors of lipid

biosynthesis such as tebutam or cofenstrole),
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(c) plating the mutagenized and enriched cell populations to a solid vegetative
medium,

(d) growing selected clones from the plated cells in a lipid production medium,

(e) harvesting the selected clones from said lipid production medium, and

(f) obtaining and characterizing a microalgal oil from the selected cells using FAME

analysis and TAG analysis and determining if the selected cells have a 1, 3-

dipalmitoyl-2-oleoyl-glycerol (POP) content of at least 17% of the TAG component,

or of at least 23%, or of at least 29%, or of at least 32%, or of at least 35%, or at least

45%; and a tripalmitin (PPP) content less than 0.3%, or less than about 0.6%, or less

than about 1.0%, or less than at least 1.2%, or less than about 1.5%, or less than about

2.7% of the TAG component.
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