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COMPOSITIONS AND METHODS FOR LIPID
PRODUCTION

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 61/819,476, filed May 3, 2013,
which is incorporated herein by reference in its entirety and
for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

This invention was made with government support under
N000141110669 awarded by Office of Naval Research. The
government has certain rights in the invention.

REFERENCE TO A “SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED ON A COMPACT
DISK

The Sequence Listing written in file 93331-003510US-
907029_ST25.TXT, created on Apr. 29, 2014, 210,560
bytes, machine format IBM-PC, MS-Windows operating
system, is hereby incorporated herein by reference in its
entirety and for all purposes.

BACKGROUND

Increasing oil consumption makes continued dependence
on petroleum reserves untenable. Microbial production of
renewable alternatives can reduce petroleum footprints
through the in vivo synthesis of ethanol, biodiesel, and
industrial precursors (Curran et al. 2013; Elshahed 2010; Li
et al. 2008; Xu et al. 2013; Yim et al. 2011). Economic
viability is highly dependent upon microbial choice, and an
ideal host efficiently generates high titers independent of
fermentation condition, through native or imported biosyn-
thetic metabolism (Alper and Stephanopoulos 2009). In this
regard, Yarrowia lipolytica’s genetic tractability, efficient
utilization of many energy sources, and native capacity to
accumulate lipids make it an ideal platform for oleo-chemi-
cal synthesis (Barth and Gaillardin 1996; Beopoulos et al.
2009a; Papanikolaou and Aggelis 2002).

Here we have employed a large-scale combinatorial
approach to maximize lipid production in Y. lipolytica
through both genomic engineering and combinatorial and
inverse metabolic engineering multiplexed with phenotypic
induction.

Y. lipolytica has a fully defined metabolic engineering
toolbox that enables intracellular flux control through
genomic manipulation (Blazeck et al. 2013b; Dujon et al.
2004; Fickers et al. 2003; Juretzek et al. 2001; Matsuoka et
al. 1993). Y. lipolytica is commonly utilized for heterologous
protein excretion and to examine and manipulate lipid and
fatty acid metabolism (Beopoulos et al. 2009b; Beopoulos et
al. 2008; Dulermo and Nicaud 2011; Madzak et al. 2004,
Thevenieau et al. 2009), and has proven amenable to down-
stream manipulation of its fatty acid content to alter desatu-
ration levels (Chuang et al. 2010) or to synthesize novel
oleo-chemicals (Blazeck et al. 2013a). Thus, Y. lipolytica
lipid reserves are ideal for in vivo catalysis to alkanes
(Schirmer et al. 2010), fatty acid esters (Shi et al. 2012) or
for standard transesterification-based conversion and use as
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biodiesel. In particular, biodiesel production grants a high
net energy gain compared to other alternative fuels with
minimal environmental impact, and harvesting lipid reserves
from a microbial source such as Y. /ipolytica enables easily
scaled-up production without compromising food supply
(Christophe et al. 2012; Hill et al. 2006; Kirstine and
Galbally 2012; Subramaniam et al. 2010). Y. lipolytica’s
natural lipid content consists of predominantly C16:0, C16:
1, C18:0, C18:1, and C18:2 fatty acids (Beopoulos et al.
2008; Blazeck et al. 2013a; Tai and Stephanopoulos 2013),
very similar to the fatty acid content of biodiesel derived
from soybeans and rapeseed (Gruzdiene and Anelauskaite
2011; Hammond et al. 2005). Economic viability can be
greatly improved by fully utilizing all sugars from lignocel-
Iulosic biomass or by using carbon from industrial waste
streams. In this regard, Y. lipolytica can efficient utilize
hydrophobic and waste carbon sources, such as crude glyc-
erol (Andre et al. 2009; Fickers et al. 2005; Makri et al.
2010; Rywinska et al. 2013), and has shown excellent
heterologous gene expression when utilizing glucose,
sucrose, glycerol, or oleic acid as a carbon source (Blazeck
et al. 2013b). Finally, Y. lipolytica is regarded as a “safe-
to-use” organism (Groenewald et al. 2013).

Lipid accumulation in Y. lipolytica can be induced by
nitrogen starvation and has been associated with the activity
of four enzymes: AMP Deaminase (AMPDp), ATP-Citrate
Lyase (ACLp), Malic Enzyme (MAEp) and Acetyl-CoA
Carboxylase (ACCp) (Beopoulos et al. 2009a; Dulermo and
Nicaud 2011). AMPDp cleaves AMP into NH,* and inosine
5'-monophosphate to replenish intracellular nitrogen levels;
AMP deficiency inhibits the citric acid cycle resulting in
citric acid accumulation. ACLp cleaves citric acid into
oxaloacetate and acetyl-CoA, and ACCp carboxylates
acetyl-CoA into malonyl-CoA fatty acid building blocks.
Fatty acid synthesis is further encouraged by a MEAp-
mediated increase in NADPH levels (Beopoulos et al.
2009a). Fatty acids can be directly stored in intracellular
lipid bodies or further incorporated in triacylglycerides
before storage (Beopoulos et al. 2008). Triacylglyceride
synthesis follows the Kennedy Pathway to fuse three fatty
acids to a glycerol-3-phosphate (G3P) backbone (Kennedy
1961). The ultimate step is catalyzed by the DGA1 or DGA2
acyl-CoA:diacylglycerol acyltransferases (Beopoulos et al.
2009a; Beopoulos et al. 2012). G3P backbone is synthesized
from dihydroxyacetone phosphate (DHAP) by the cytosolic,
NAD*-dependent  glycerol-3-phosphate  dehydrogenase
(GPD1) and recycled into glycolysis by the mitochondrial,
FAD*-dependent glycerol-3-phosphate dehydrogenase iso-
form (GUT2) (Dulermo and Nicaud 2011). TAG hydrolysis
mobilizes free fatty acids for peroxisomal degradation
through the four step p-oxidation cycle (Beopoulos et al.
2011)—oxidation by one of six acyl-CoA oxidases (POX1-
6), hydration and dehydrogenation by the multifunctional
enzyme (MFE1), and thiolysis by a 3-ketoacyl-CoA-thiolase
(POT1 or PAT1) (Beopoulos et al. 2009a). The PEX10p
transcription factor has been implicated in peroxisomal
biogenesis and Apex10 mutants display increased triacyl-
glyceride content (Blazeck et al. 2013a; Hong et al. 2012;
Zhu et al. 2012).

Genomic modifications to Y. lipolytica s fatty acid, lipid,
and central carbon metabolism have shown promise towards
increasing lipid accumulation capacity. Deletion of the six
POX genes increased ex novo incorporation of oleic acid in
Y. lipolytica, while deletion of the single MFE1 gene had a
similar effect (Beopoulos et al. 2008; Dulermo and Nicaud
2011). Increasing G3P backbone levels by combining
GUT2p deletion and GPD1p overexpression in these [3-oxi-
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dation deficient backgrounds further increased ex novo lipid
accumulation to 65-75% triacylglyceride content (Dulermo
and Nicaud 2011). Overexpression of DGAlp increased de
novo triacylglyceride accumulation fourfold over control
levels to 33.8% triacylglyceride content, and co-overexpres-
sion of ACClp further increased triacylglyceride accumu-
lation to a final yield of 41% triacylglyceride content (Tai
and Stephanopoulos 2013). To date, no study has attempted
to combine the beneficial effects of engineering Y. lipolyti-
ca’s fatty acid, lipid and central metabolism in a single
strain. Additionally, Y. lipolytica’s dependence on media
formulation for lipid accumulation has not been adequately
explored, nor has its ability to randomly accumulate muta-
tions that enhance lipid accumulation. Furthermore, no
attempt has been made to utilize mutation-based evolution-
ary selection to identify novel lipogenic genotypes. Thus,
the ultimate capacity of Y. lipolytica to accumulate lipids and
other oleochemicals has not been unlocked. To this end, we
have employed a large scale combinatorial approach to
maximize lipid production while accounting for unexpected
interactions between genotype and environmentally-induced
phenotype. The present invention provides solutions to these
and other problems in the art.

BRIEF SUMMARY

In a first aspect is provided a genetically modified ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) wherein the dry
weight of said yeast cell includes greater than 60% wt/wt
lipids, lipid precursors, and/or oleochemicals.

In a second aspect is provided a method of producing a
lipid, lipid precursor, or oleochemical (e.g., lipid, lipid
precursor, oleochemical) including: 1) culturing a yeast cell
as described herein (including embodiments or as described
in the examples, tables, figures, and/or claims) in a growth
medium; and 2) isolating the lipid, lipid precursor, or
oleochemical (e.g., lipid, lipid precursor, oleochemical) (e.g.
from the medium or yeast cell).

In a third aspect is provided a method of isolating a
genetically modified yeast cell from a plurality of yeast cells,
including greater than 60% wt/wt lipids, lipid precursors,
and/or oleochemicals in dry weight, including allowing a
genetically modified yeast cell to separate from a population
of yeast cells within the plurality of yeast cells by floating
above the population of yeast cells within an aqueous
medium thereby isolating the genetically modified yeast
cell, wherein the population of yeast cells includes a lower
percentage wt/wt of lipids, lipid precursors, and/or oleo-
chemicals than said genetically modified yeast cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Nile Red assay quantifying lipid content of PO1{
WT strain in C160N0.2 media supplemented with individual
micronutrients after 2, 4, and 8 days of cultivation.

FIG. 2. Nile Red assay quantifying lipid content of PO1{
WT strain in C160N0.2 media supplemented with multiple
micronutrients after 2, 4, and 8 days of cultivation.

FIG. 3. Nile Red assay quantify lipid content of 46
rationally constructed genetically modified PO1f deriva-
tives.

FIG. 4. Fold improvement of lipid accumulation (from
Nile Red assay signal (RFU)) by enabling the capacity to
synthesis leucine through incorporation of the LEU2 marker
to different genotypic background. LEU2 expression can be
from an episomal or an integrated sequence.
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FIG. 5. Heat map of lipid content based on Nile Red
signal of PO1f WT cultured in media formulations with
different carbon to nitrogen ratios after 4 days.

FIG. 6. Heat map of lipid content based on Nile Red
signal of PO1{-S81-S2-¢ cultured in media formulations with
different carbon to nitrogen ratios after 4 days.

FIG. 7. Heat map of lipid content based on Nile Red
signal of APEX10AMFE]1 cultured in media formulations
with different carbon to nitrogen ratios after 4 days.

FIG. 8. Heat map of lipid content based on Nile Red
signal of APEX10AMFE1-pMCS-DGAL cultured in media
formulations with different carbon to nitrogen ratios after 4
days.

FIG. 9. Nile Red assay quantify lipid content on Day 4
with different strains growing on different saccharides as
carbon sources. Saccharide initial concentration was set at
80 g/l with 5 g/l. ammonium sulfate.

FIG. 10. Nile Red assay quantify lipid content of isolated
136 strain cultured in C160N0.2 media supplemented with
multiple micronutrients after 2, 4, and 8 days of cultivation.

FIG. 11. Nile Red assay quantify lipid content with EMS
mutagenesis in evolved .36 strains and [.36.

FIG. 12. Fluorescence light microscopy pictures of lipid
accumulation in selected strains. Lipids were stained with
Nile Red as usual. Strain APEX10AMFE1-pMCS-DGA1
shows almost total lipid content while PO1f WT has very
little.

FIG. 13. General lipid metabolism in yeast and a portion
of selected targets to engineering lipid metabolism.

FIG. 14. The isolation and characterization of superior
lipid production strain 1.36.

FIG. 15. Fatty acid profiles for different strains.

FIG. 16. Lipid accumulation in strain POIf and
PO1fAacol DGAI leu+ ura+ characterized with flow cytom-
etry using cells stained with Nile Red on 48 hour and 96 hour
time point. The starting OD of the culture is 2.5 and the cells
were cultivated in yeast synthetic medium with 80 g/L
glucose.

FIG. 17. Lipid accumulation characterized with flow
cytometry using cells stained with Nile Red on 192 h time
point. The starting OD of the culture is 5 and the cells were
cultivated in yeast synthetic medium with 160 g/LL glucose
and 0.2 g/l ammonium sulfate. [llustrated in the bar graph,
L36Amga2 presented a significantly reduced lipid level
comparing to [.36 and [.36Amga2 MGA2-36 presented an
elevated level of lipid accumulation comparing to
L36Amga2, indicating that mga2-36 is the reason of the high
lipid accumulation phenotype in [.36 strain. Combining the
data with Amga2 and Amga2 MGA2-36 in PO1f; this set of
data proves that Amga?2 can lead to improved lipid accumu-
lation and further introduce the mutant transcriptional factor
MGAZ2-36 can further elevate the level of lipid accumula-
tion. (All strains in the set contain an episomal plasmid with
LEU2). Lipid accumulation characterized with flow cytom-
etry using cells stained with Nile Red on 192 h time point
with yeast synthetic medium containing 160 g/L. glucose and
0.2 g/l ammonium sulfate and 96 h time point with yeast
synthetic medium containing 80 g/I. glucose and 5 g/l
ammonium sulfate. Introducing MGA2-36 to the engineered
strain leads to elevated level of lipid accumulation, suggest-
ing MGA2-36 can be used a lipid enhancer in the rationally
engineered lipid production strain. Lipid accumulation char-
acterized with flow cytometry using cells stained with Nile
Red on 192 h time point with yeast synthetic medium
containing 160 g/L. glucose and 0.2 g/, ammonium sulfate.
PO1fAmga2 leu+ showed improved level of lipid accumu-
lation comparing to PO1f leu+ indicating mga2 knockout
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could improve lipid accumulation. Introducing a transmem-
brane domain truncated MGA2-36 in PO1{ could elevate the
lipid level inside the cell.

FIG. 18. Gas chromatography characterization of major
fatty acid species profile in PO1f, Engineered strain and
L36. L36 overproduced C16:1n9 fatty acid which could be
linked with the mutant of MGA2 gene, which plays an
important function on activating/regulating delta9 desatu-
rase expression.

FIG. 19. Lipid accumulation characterized with flow
cytometry using cells stained with Nile Red on 96 h time
point with yeast synthetic medium containing 80 g/L. glucose
and 5 g/l ammonium sulfate. 1% round EMS mutagenesis
and floating cell transfer method selected strain E26 and E13
using final engineered strain PO1f Apex10,mfe DGA1 leu+
ura+ presented a higher lipid accumulation level comparing
to the engineered strain.

FIG. 20. Lipid production (g/L) in bioreaction with 160
g/l glucose and 13.4 g/. YNB with ammonium sulfate
without amino acid (set control DO at 50% and pH=3.5)
with engineered strain and evolved strain E26.

FIG. 21. List of consensus mutations in strain E26 and
E13 identified in open reading frame through next genera-
tion sequencing analysis. Among them, YLOSHG6;
YLIRC20; YLRME1; YLYOX1; YLUGA2 contains mis-
sense mutations in annotated protein.

FIG. 22. Summary illustration of 1% and 2"“ round of
EMS mutagenesis and floating cells transfer selection with
final engineered strain PO1f Apex10,mfe DGA1 leu+ ura+
as starting strain for evolving and selecting high lipid
production strain. Green indicating the final engineering
strain, blue indicating the non-EMS treated control stains
and red indicating the selected high lipid production strains.
Strains were rank ordered based on the value cultured
OD600*Nile Red mean fluorescence intensity*10-4.

FIG. 23. Fermentation profiles of pex10 mfel leucine*
uracil® DGA1 and POI1f leucine™ uracil®. Time courses of
the 1.5 L scale batch fermentation of the pex10 mfel
leucine® uracil* DGAL1 (a,b) and PO1f leucine™ uracil* (c,d)
strains in 80 g/I. glucose, 6.7 g/l. YNB (no amino acids,
1.365 g/l ammonium) are shown, including production of
biomass, lipids, and citric acid (left axis a,c), consumption of
glucose (right axis a,c), and ammonium level (b,d). (a)
During the pex10 mfel leucine* uracil* DGA1 fermentation,
negligible citric acid was produced, and lipid product accu-
mulated during and after biomass production phases. This
fermentation was run three times in identical conditions,
reaching final yields of 15.25 g/L lipids and 20.3 g/LL
biomass (75% lipid content), 14.96 g/L. lipids and 20.6 g/LL
biomass (73% lipid content), and 16.9 g/L. lipids and 19.21
g/l biomass (88% lipid content). Most time points show
average values from the former two fermentations (75% and
73% final lipid content), while endpoints represent averages
from all three final values. Glucose and ammonium substrate
were fully consumed after 72 hours, but surprisingly, (b)
ammonium level was replenished to a steady state level of
~0.5 g/L, almost 40% of the original starting level. (c)
During the POI1f leucine* uracil® fermentation, citric acid
accumulated to more than 14 g/I. after 72 hours before
quickly reducing to 4 g/L.. Lipid production did not trend
with biomass production, reaching a final yield of only 3 g/LL
lipids, compared to 30 g/L. biomass, and glucose was again
consumed within 72 hours. (d) Ammonium was fully con-
sumed after 72 hours with no replenishment as observed in
the mutant strain.

DETAILED DESCRIPTION

Our work described herein represents the largest scale
engineering effort in an oleaginous organism to date. We
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analyzed the effect of nitrogen starvation and carbon level on
a wildtype Y. lipolytica strain and a strain with two genomic
modifications to increase lipid (e.g. triacylglyceride) accu-
mulation. By testing twenty media formulations containing
between 10 g/ and 320 g/IL glucose and 0.04 g/I. and 10 g/LL
ammonium sulfate, we demonstrated that increasing carbon
to nitrogen ratio (C:N ratio) generally induces lipid (e.g.
triacylglyceride) accumulation, that carbon level is more
important than nitrogen level towards this induction, and
that this optimum carbon level is dependent upon genomic
background. We further determined that lipid (e.g. triacyl-
glyceride) accumulation could be increased through the
addition of certain metallic cofactors in the wildtype back-
ground as well as for some Y lipolytica strains already
engineered for increased lipid (e.g. triacylglyceride) content.
In an effort to rationally engineer Y. lipolytica for increased
lipid (e.g. triacylglyceride) accumulation while accounting
for unpredictable cumulative effects arising from simulta-
neously altering fatty acid, lipid, and central carbon metabo-
lism, we overexpressed multiple (e.g. five) enzymes impli-
cated in lipid (e.g. triacylglyceride) accumulation in multiple
(e.g. four) background strains differentially deficient in fatty
acid degradation. These native enzymatic overexpressions
were driven by high-strength constitutive promoters,
occurred singly or in tandem with a second enzyme over-
expression, and alleviated one of two auxotrophies (leucine
and uracil). This combinatorial approach generated over 50
distinct genotypes that produced a large range in lipid (e.g.
triacylglyceride) accumulation ability, culminating in
upwards of 40-fold above control when using Nile-red based
fluorescence and nearly 5-fold when using concentration
(g/L) or percent lipid by cell mass (% dcw). In the process,
we discovered a correlation between the auxotrophic marker
used to select for protein overexpression and a strain’s
capacity to accumulate oleo-content. Specifically, the ability
to endogenously produce the amino acid leucine, conferred
by a selectable leucine auxotrophic marker, is beneficial
(e.g. essential) to enable high lipid titer. We further exam-
ined a few (e.g. thirteen) of these strains to determine how
C:N ratio and genotype interacted towards producing lipid
(e.g. triacylglyceride) content on a larger scale. We observed
a strong tendency towards high lipid (e.g. triacylglyceride)
levels in most high producers at a single media formula-
tion—cultivated in 80 g/I. glucose and 5 g/[. ammonium
sulfate. We selected a MFE1, PEX10 double knockout strain
with no auxotrophies overexpressing the DGAlp lipid syn-
thesis as our final rationally engineered strain, and demon-
strated its triacylglyceride accumulation ability on a variety
of carbon sources, demonstrating its robust capacity to
accumulate triacylglycerides regardless of media composi-
tion.

Through our time working with Y. lipolytica, we became
aware of its surprising capacity to randomly (or forcibly
through the use of an exogenous mutagen such as EMS)
generate isolatable sub-strains that reproducibly displayed
higher than wildtype triacylglyceride levels. In fact, one
such strain, dubbed 136, displayed remarkable accumula-
tion ability. Whole-genome sequencing of this strain pin-
pointed a mutation in the MGA2 transcriptional regulator as
the most likely genomic explanation. Complementation
assays of an MGA2p truncation mutant into wildtype back-
ground reached 50% of L36 lipid levels. We sought to
harness this general capacity for beneficial mutation by
subjecting wildtype, .36, and two of our highest producing
rationally engineered strains to ethylmethanesulfonate
(EMS) mutagenesis and positive selection. By combining
large-scale investigations of phenotypic induction, genomic
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engineering, and positive random mutations, this work
establishes a framework for engineering oleaginous organ-
isms for increased lipid production. In this regard, we have
pinpointed specific media formulations, genomic modifica-
tions, and genomic mutations that positively effect lipid (e.g.
triacylglyceride) biosynthesis. The resultant strains are ideal
for direct biodiesel precursor synthesis, lipid synthesis,
oleochemical synthesis, lipid precursor synthesis, or for in
vivo catalysis of fatty acid reserves to value added chemi-
cals. Lipid accumulation characterized with flow cytometry
using cells stained with Nile Red on 192 h time point with
yeast synthetic medium containing 160 g/IL glucose and 0.2
g/l ammonium sulfate and 96 h time point with yeast
synthetic medium containing 80 g/I. glucose and 5 g/l
ammonium sulfate. Introducing MGA2-36 to the engineered
strain leads to elevated level of lipid accumulation, suggest-
ing MGA2-36 can be used a lipid enhancer in the rationally
engineered lipid production strain. Lipid accumulation char-
acterized with flow cytometry using cells stained with Nile
Red on 192 h time point with yeast synthetic medium
containing 160 g/L. glucose and 0.2 g/, ammonium sulfate.
PO1fAmga2 leu+ showed improved level of lipid accumu-
lation comparing to PO1f leu+ indicating mga2 knockout
could improve lipid accumulation. Introducing a transmem-
brane domain truncated MGA2-36 in PO1{ could elevate the
lipid level inside the cell.

1. DEFINITIONS

The term “oleaginous organism” means an organism (e.g.
a cell such as a yeast cell) that is capable of producing a
lipid, lipid precursor, oleochemical, or o0il (or combinations
thereof) at a level exceeding the amount required for normal
cellular survival and propagation of the organism (e.g. cell,
yeast cell), such as for example necessary for structural
integrity (e.g. membrane formation and maintenance) and
cellular maintenance. Examples of amounts exceeding the
amount required for normal cellular survival and propaga-
tion include an amount of lipids, oils, lipid precursors, and
oleochemicals greater than 20% wt/wt total dry weight (e.g.
greater than 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, or 99%). In embodiments, the oleaginous organism
is an oleaginous yeast. In some embodiments, the oleaginous
yeast is from a genus selected from the group consisting of
Apiotrichum, Candida, Cryptococcus, Debaromyces,
Endomycopsis, Geotrichum, Hyphopichia, Lipomyces,
Lypomyces, Pichia, Rodosporidium, Rhodotorula, Sporobo-
lomyces, Starmerella, Torulaspora, Trichosporon, Wicker-
hamomyces, Yarrowia, and Zygoascus. In embodiments, the
oleaginous yeast is selected from the group consisting of
Apiotrichum curvatum, Candida apicola, Candida curvata,
Candida revkaufi, Candida pulcherrima, Candida tropica-
lis, Candida utilis, Cryptococcus curvatus, Cryptococcus
terricolus, Debaromyces hansenii, Endomycopsis vernalis,
Geotrichum  carabidarum, Geotrichum cucujoidarum,
Geotrichum histeridarum, Geotrichum silvicola, Geotri-
chum vulgare, Hyphopichia burtonii, Lipomyces lipoferus,
Lipomyces lipofer, Lypomyces orentalis, Lipomyces starkeyi,
Lipomyces tetrasporous, Pichia mexicana, Rodosporidium
sphaerocarpum, Rhodosporidium toruloides, Rhodotorula
aurantiaca, Rhodotorula dairenensis, Rhodotorula diffluens,
Rhodotorula glutinus, Rhodotorula glutinis var. glutinis,
Rhodotorula gracilis, Rhodotorula graminis, Rhodotorula
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minuta, Rhodotorula mucilaginosa, Rhodotorula mucilagi-
nosa Rhodotorula mucilaginosa, Rhodotorula terpenoidalis,
Rhodotorula toruloides, Sporobolomyces alborubescens,
Starmerella  bombicola, Torulaspora delbruekii, Toru-
laspora pretoriensis, Trichosporon behrend, Trichosporon
brassicae, Trichosporon cutaneum, Trichosporon domesti-
cum, Trichosporon fermentans, Trichosporon laibachii,
Trichosporon loubieri, Trichosporon loubieri var. loubieri,
Trichosporon montevideense, Trichosporon pullulans, Wick-
erhamomyces canadensis, Yarrowia lipolytica, and Zygoas-
cus meyerae.

The term “buoyancy” is used according to its plain
ordinary meaning and refers to the upward force exerted by
a fluid, which opposes the weight of an immersed object
(e.g. oleaginous organism or oleaginous yeast cell). Pressure
increases with depth, resulting in a net force tending to
accelerate object upward, wherein the magnitude of the
force is proportional to the difference between the top and
bottom of the fluid and is equivalent to the weight of the fluid
that would otherwise occupy the space occupied by the
object (i.e. the displace fluid). In embodiments, an oleagi-
nous organism or yeast cell is considered “buoyant” when it
does not settle (e.g. due to gravitation force alone, due to
centrifugal force, due to an applied force, or due to a
combination of forces such as centrifugation) to the bottom
of a vessel holding a liquid (e.g. media) in which the
oleaginous organism or yeast cell resides. For example, a
cell may be buoyant if it floats above the bottom of the
vessel, at an intermediate position between the bottom level
and top level of the liquid, or on top of the upper surface of
the liquid. An example of a measurement of the buoyancy of
an object (e.g. cell) is the weight of the fluid the object would
displace if the object were placed in the fluid. Another
example of a measurement of the buoyancy of an object (e.g.
cell) is a comparison of the average density of the object and
the average density of the liquid to be displaced, taking into
account the depth of the liquid in a column of the liquid. The
term “buoyant density” is used according to its plain ordi-
nary meaning and refers to a measure of the tendency of a
substance to float in some other substance.

The term “carbon substrate” means a carbon source that
a microorganism (e.g. oleaginous organism or oleaginous
yeast) will metabolize to derive energy (e.g. monosaccha-
rides, oligosaccharides, polysaccharides, alkanes, fatty
acids, esters of fatty acids, monoglycerides, carbon dioxide,
methanol, formaldehyde, formate or carbon-containing
amines). The term “carbon source” refers to a carbon
containing composition (e.g. compound, mixture of com-
pounds) that an organism (e.g. oleaginous organism, yeast
cell) may metabolize for use by the organism or that may be
used for organism viability. A “majority carbon source”
refers to a carbon containing composition that accounts for
greater than 50% of the available carbon sources for an
organism (e.g. in a media, in a growth media, in a defined
media for growing yeast cells, or in a defined media for
producing lipids by yeast cells) at a specified time (e.g.
media when starting a yeast culture, media in a bioreactor
when growing yeast, or media when producing lipids from
yeast). In embodiments, an oleaginous yeast may be cultured
using a medium comprising one or more carbon sources
selected from the group consisting of glucose, fructose,
sucrose, lactose, galactose, xylose, mannose, rhamnose,
arabinose, glycerol, acetate, depolymerized sugar beet pulp,
black liquor, corn starch, depolymerized cellulosic material,
corn stover, sugar beet pulp, switchgrass, milk whey, molas-
ses, potato, rice, sorghum, sugar cane, wheat, and mixtures
thereof (e.g. mixtures of glycerol and glucose, mixtures of
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glucose and xylose, mixtures of fructose and glucose, mix-
tures of sucrose and depolymerized sugar beet pulp, black
liquor, corn starch, depolymerized cellulosic material, corn
stover, sugar beet pulp, switchgrass, milk whey, molasses,
potato, rice, sorghum, sugar cane, and/or wheat). In embodi-
ments, an oleaginous yeast is cultured using a medium
comprising one or more carbon sources selected from the
group consisting of depolymerized sugar beet pulp, black
liquor, corn starch, depolymerized cellulosic material, corn
stover, sugar beet pulp, switchgrass, milk whey, molasses,
potato, rice, sorghum, sugar cane, thick cane juice, sugar
beet juice, and wheat. In embodiments, an oleaginous yeast
is cultured using a medium comprising lignocellulosic bio-
mass. In embodiments carbon sources may be monosaccha-
rides (e.g., glucose, fructose), disaccharides (e.g., lactose,
sucrose), oligosaccharides, polysaccharides (e.g., starch,
cellulose or mixtures thereof), sugar alcohols (e.g., glycerol)
or mixtures from renewable feedstocks (e.g., cheese whey
permeate, cornsteep liquor, sugar beet molasses, or barley
malt). Additionally, carbon sources may include alkanes,
fatty acids, esters of fatty acids, monoglycerides, diglycer-
ides, triglycerides, phospholipids, various commercial
sources of fatty acids including vegetable oils (e.g., soybean
oil) or animal fats.

Nitrogen may be supplied from an inorganic (e.g., (NH,),
SO,) or organic source (e.g., urea, glutamate). The term
“nitrogen source” refers to a nitrogen containing composi-
tion (e.g. compound, mixture of compounds, salt) that an
organism (e.g. oleaginous organism, yeast cell) may metabo-
lize for use by the organism or that may be used for organism
viability. A “majority nitrogen source” refers to a nitrogen
containing composition that accounts for greater than 50%
of the available nitrogen sources for an organism (e.g. in a
media, in a growth media, in a defined media for growing
yeast cells, or in a defined media for producing lipids by
yeast cells) at a specified time (e.g. media when starting a
yeast culture, media in a bioreactor when growing yeast, or
media when producing lipids from yeast).

The term “Biomass” refers to material produced by
growth and/or propagation of cells. “Lignocellulosic bio-
mass” is used according to it plain ordinary meaning and
refers to plant dry matter comprising carbohydrate (e.g.
cellulose or hemicellulose) and polymer (e.g. lignin). Ligno-
cellulosic biomass may include agricultural residues (e.g.
corn stover or sugarcane bagasse), energy crops (e.g. poplar
trees, willow, Miscanthus purpureum, Pennisetum pur-
pureum, elephant grass, maize, Sudan grass, millet, white
sweet clover, rapeseed, giant miscanthus, switchgrass, jatro-
pha, Miscanthus giganteus, or sugarcane), wood residues
(e.g. sawmill or papermill discard), or municipal paper
waste.

The term “Culture”, “cultivate”, and “ferment” are used
interchangeably and refer to the intentional growth, propa-
gation, proliferation, and/or enablement of metabolism,
catabolism, and/or anabolism of one or more cells (e.g.
oleaginous organism or oleaginous yeast). The combination
of'both growth and propagation may be termed proliferation.
Examples include production by an organism of lipids, lipid
precursors, and/or oleochemicals or production of a lipid,
lipid precursor, and/or oleochemical of interest. Culture does
not refer to the growth or propagation of microorganisms in
nature or otherwise without human intervention.

The terms “dry weight” and “dry cell weight” are used
interchangeably and refer to a weight determined in the
relative absence of water. In embodiments, oleaginous yeast
biomass comprising a fraction or percentage of a particular
component by dry weight means that the fraction or per-
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centage is calculated based on the weight of the biomass
after substantially all water has been removed.

The term “growth” means an increase in cell size, total
cellular contents, and/or cell mass or weight of a cell (e.g.
oleaginous organism or oleaginous yeast).

The term “lipid” refers to a class of molecules that are
soluble in nonpolar solvents (e.g. ether or chloroform), are
relatively or completely insoluble in water, and include one
or more hydrocarbon chains which are hydrophobic. In
embodiments, a lipid may be a triacylglyeride (i.e. fat), fatty
acid (e.g. saturated or unsaturated); glyceride or glycerolipid
(e.g. monoglyceride, diglyceride, triglyceride, neutral fat,
phosphoglyceride, or glycerophospholipid); sphingolipid;
sterol lipid (e.g. cholesterol or a steroid hormone); prenol
lipid (e.g. terpenoid); fatty alcohol; wax; polyketide; sugar-
linked lipid, glycolipid, or protein-linked lipid.

The term “oil” means a triacylglyceride (or triglyceride
oil), produced by an organism (e.g. oleaginous organism,
oleaginous yeast, plant, and/or animal). An oil is generally
liquid at normal ambient temperatures and pressures. In
embodiments, oil may be vegetable or seed oils derived from
plants (e.g. soy, rapeseed, canola, palm, palm kernel, coco-
nut, corn, olive, sunflower, cotton seed, cuphea, peanut,
camelina sativa, mustard seed, cashew nut, oats, lupine,
kenaf, calendula, hemp, coftee, linseed, hazelnut, euphor-
bia, pumpkin seed, coriander, camellia, sesame, safflower,
rice, tung oil tree, cocoa, copra, pium poppy, castor beans,
pecan, jojoba, jatropha, macadamia, Brazil nuts, avocado, or
combinations thereof). An oil may include a plurality of
different triacylglycerides. For example, a vegetable or seed
oil may include more than one triacylglyceride and use of
the name of that vegetable or seed oil (e.g. soy, rapeseed,
canola, palm, etc.) when referring to an oil generated by an
oleaginous organism will be understood to mean an oil
including most (e.g. all) of the triacylglycerides normally in
the vegetable or seed oil (e.g. at different ratios relative to
each other or the same or similar ratios relative to each
other). In other embodiments, an oil may be a plurality of
triacylglyceride and other lipid molecules produced by an
oleaginous organism.

The term “propagation” refers to an increase in cell
number via cell division.

The terms “V/V”, “vol/vol”, or “v/v”, referring to pro-
portions by volume, means the ratio of the volume of one
substance in a composition to the volume of the total
composition including the substance.

The term “W/W”, “wt/wt”, or “w/w”, referring to pro-
portions by weight, means the ratio of the weight of one
substance in a composition to the weight of the total com-
position including the substance. For example, 5% w/w
substance X means that 5% of the composition’s weight is
composed of substance X and the remainder of the weight of
the composition (i.e. 95%) is composed of other substances.

The term “promoter” or “regulatory element” refers to a
region or sequence determinants located upstream or down-
stream from the start of transcription and which are involved
in recognition and binding of RNA polymerase and other
proteins to initiate transcription. Promoters need not be of
yeast origin, for example, promoters derived from viruses or
from other organisms can be used in the compositions or
methods described herein.

A polynucleotide sequence is “heterologous to” a second
polynucleotide sequence if it originates from a foreign
species, or, if from the same species, is modified by human
action from its original form. For example, a promoter
operably linked to a heterologous coding sequence refers to
a coding sequence from a species different from that from
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which the promoter was derived, or, if from the same
species, a coding sequence which is different from naturally
occurring allelic variants.

The term “recombinant” refers to a human manipulated
nucleic acid (e.g. polynucleotide) or a copy or complement
of' a human manipulated nucleic acid (e.g. polynucleotide),
or if in reference to a protein (i.e, a “recombinant protein”),
a protein encoded by a recombinant nucleic acid (e.g.
polynucleotide). In embodiments, a recombinant expression
cassette comprising a promoter operably linked to a second
nucleic acid (e.g. polynucleotide) may include a promoter
that is heterologous to the second nucleic acid (e.g. poly-
nucleotide) as the result of human manipulation (e.g., by
methods described in Sambrook et al., Molecular Clon-
ing—A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y., (1989) or Current Protocols in
Molecular Biology Volumes 1-3, John Wiley & Sons, Inc.
(1994-1998)). In another example, a recombinant expression
cassette may comprise nucleic acids (e.g. polynucleotides)
combined in such a way that the nucleic acids (e.g. poly-
nucleotides) are extremely unlikely to be found in nature.
For instance, human manipulated restriction sites or plasmid
vector sequences may flank or separate the promoter from
the second nucleic acid (e.g. polynucleotide). In embodi-
ments, a recombinant nucleic acid is a nucleic acid in an
oleaginous organism (e.g. oleaginous yeast) that has been
manipulated by a human, for example a recombinant nucleic
acid comprising a coding region for a protein that is over-
expressed in an oleaginous organism relative to the absence
of the recombinant nucleic acid or a recombinant nucleic
acid that results in disruption of a coding region or promoter
region of an oleaginous organism and reduces or eliminates
expression of a protein relative the absence of the recom-
binant nucleic acid. One of skill will recognize that nucleic
acids (e.g. polynucleotides) can be manipulated in many
ways and are not limited to the examples above.

“Nucleic acid” or “oligonucleotide” or “polynucleotide”
or grammatical equivalents used herein means at least two
nucleotides covalently linked together. The term “nucleic
acid” includes single-, double-, or multiple-stranded DNA,
RNA and analogs (derivatives) thereof. Oligonucleotides are
typically from about 5, 6, 7, 8, 9, 10, 12, 15, 25, 30, 40, 50
or more nucleotides in length, up to about 100 nucleotides
in length. Nucleic acids and polynucleotides are a polymers
of any length, including longer lengths, e.g., 200, 300, 500,
1000, 2000, 3000, 5000, 7000, 10,000, etc. In certain
embodiments, the nucleic acids herein contain phosphodi-
ester bonds. In other embodiments, nucleic acid analogs are
included that may have alternate backbones. The term
encompasses nucleic acids containing known analogues of
natural nucleotides which have similar or improved binding
properties, for the purposes desired, as the reference nucleic
acid. A particular nucleic acid sequence also encompasses
“splice variants.” Similarly, a particular protein encoded by
a nucleic acid encompasses any protein encoded by a splice
variant of that nucleic acid. “Splice variants,” as the name
suggests, are products of alternative splicing of a gene. After
transcription, an initial nucleic acid transcript may be
spliced such that different (alternate) nucleic acid splice
products encode different polypeptides. Mechanisms for the
production of splice variants vary, but include alternate
splicing of exons. Alternate polypeptides derived from the
same nucleic acid by read-through transcription are also
encompassed by this definition. Any products of a splicing
reaction, including recombinant forms of the splice prod-
ucts, are included in this definition. An example of potas-
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sium channel splice variants is discussed in Leicher, et al.,
J. Biol. Chem. 273(52):35095-35101 (1998).

The term “expression cassette” refers to a nucleic acid
construct, which when introduced into a host cell, results in
transcription and/or translation of a RNA or polypeptide,
respectively.

The terms “identical” or percent “identity,” in the context
of two or more nucleic acids or polypeptide sequences, refer
to two or more sequences or subsequences that are the same
or have a specified percentage of amino acid residues or
nucleotides that are the same (i.e., about 60% identity,
preferably 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or higher identity over a specified region when com-
pared and aligned for maximum correspondence over a
comparison window or designated region) as measured
using a BLAST or BLAST 2.0 sequence comparison algo-
rithms with default parameters described below, or by
manual alignment and visual inspection (see, e.g., NCBI
web site or the like). Such sequences are then said to be
“substantially identical.” This definition also refers to, or
may be applied to, the compliment of a test sequence. The
definition also includes sequences that have deletions and/or
additions, as well as those that have substitutions. As
described below, the preferred algorithms can account for
gaps and the like. Preferably, identity exists over a region
that is at least about 10 amino acids or 20 nucleotides in
length, or more preferably over a region that is 10-50 amino
acids or 20-50 nucleotides in length. As used herein, percent
(%) amino acid sequence identity is defined as the percent-
age of amino acids in a candidate sequence that are identical
to the amino acids in a reference sequence, after aligning the
sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity. Alignment for pur-
poses of determining percent sequence identity can be
achieved in various ways that are within the skill in the art,
for instance, using publicly available computer software
such as BLAST, BLAST-2, ALIGN, ALIGN-2 or Megalign
(DNASTAR) software. Appropriate parameters for measur-
ing alignment, including any algorithms needed to achieve
maximal alignment over the full-length of the sequences
being compared can be determined by known methods.

For sequence comparisons, typically one sequence acts as
a reference sequence, to which test sequences are compared.
When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subse-
quence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated.
Preferably, default program parameters can be used, or
alternative parameters can be designated. The sequence
comparison algorithm then calculates the percent sequence
identities for the test sequences relative to the reference
sequence, based on the program parameters.

A “comparison window”, as used herein, includes refer-
ence to a segment of any one of the number of contiguous
positions selected from the group consisting of from 10 to
600, usually about 50 to about 200, more usually about 100
to about 150 in which a sequence may be compared to a
reference sequence of the same number of contiguous posi-
tions after the two sequences are optimally aligned. Methods
of alignment of sequences for comparison are well-known in
the art. Optimal alignment of sequences for comparison can
be conducted, e.g., by the local homology algorithm of
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J.
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Mol. Biol. 48:443 (1970), by the search for similarity
method of Pearson & Lipman, Proc. Nat’l. Acad. Sci. USA
85:2444 (1988), by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by manual
alignment and visual inspection (see, e.g., Current Protocols
in Molecular Biology (Ausubel et al., eds. 1995 supple-
ment)).

One example of algorithm that is suitable for determining
percent sequence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al. (1977) Nuc. Acids Res. 25:3389-3402, and
Altschul et al. (1990) J. Mol. Biol. 215:403-410, respec-
tively. Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/). This algorithm
involves first identifying high scoring sequence pairs (HSPs)
by identifying short words of length W in the query
sequence, which either match or satisfy some positive-
valued threshold score T when aligned with a word of the
same length in a database sequence. T is referred to as the
neighborhood word score threshold (Altschul et al., supra).
These initial neighborhood word hits act as seeds for initi-
ating searches to find longer HSPs containing them. The
word hits are extended in both directions along each
sequence for as far as the cumulative alignment score can be
increased. Cumulative scores are calculated using, for
nucleotide sequences, the parameters M (reward score for a
pair of matching residues; always >0) and N (penalty score
for mismatching residues; always <0). For amino acid
sequences, a scoring matrix is used to calculate the cumu-
lative score. Extension of the word hits in each direction are
halted when: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumula-
tive score goes to zero or below, due to the accumulation of
one or more negative-scoring residue alignments; or the end
of either sequence is reached. The BLAST algorithm param-
eters W, T, and X determine the sensitivity and speed of the
alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) or 10, M=5, N=—4 and a comparison of both
strands. For amino acid sequences, the BLASTP program
uses as defaults a wordlength of 3, and expectation (E) of 10,
and the BLOSUMG62 scoring matrix (see Henikoff and
Henikoff' (1989) Proc. Natl. Acad. Sci. USA 89:10915)
alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and
a comparison of both strands.

The BLAST algorithm also performs a statistical analysis
of the similarity between two sequences (see, e.g., Karlin
and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-
5787). One measure of similarity provided by the BLAST
algorithm is the smallest sum probability (P(N)), which
provides an indication of the probability by which a match
between two nucleotide or amino acid sequences would
occur by chance. For example, a nucleic acid is considered
similar to a reference sequence if the smallest sum prob-
ability in a comparison of the test nucleic acid to the
reference nucleic acid is less than about 0.2, more preferably
less than about 0.01.

The phrase “selectively (or specifically) hybridizes to”
refers to the binding, duplexing, or hybridizing of a mol-
ecule only to a particular nucleotide sequence with a higher
affinity, e.g., under more stringent conditions, than to other
nucleotide sequences (e.g., total cellular or library DNA or
RNA).
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The phrase “stringent hybridization conditions” refers to
conditions under which a probe will hybridize to its target
subsequence, typically in a complex mixture of nucleic
acids, but to no other sequences. Stringent conditions are
sequence-dependent and will be different in different cir-
cumstances. Longer sequences hybridize specifically at
higher temperatures. An extensive guide to the hybridization
of nucleic acids is found in Tijssen, Techniques in Biochem-
istry and Molecular Biology—Hybridization with Nucleic
Probes, “Overview of principles of hybridization and the
strategy of nucleic acid assays” (1993). Generally, stringent
conditions are selected to be about 5-10° C. lower than the
thermal melting point (T,,) for the specific sequence at a
defined ionic strength pH. The T,, is the temperature (under
defined ionic strength, pH, and nucleic concentration) at
which 50% of the probes complementary to the target
hybridize to the target sequence at equilibrium (as the target
sequences are present in excess, at T,,, 50% of the probes are
occupied at equilibrium). Stringent conditions may also be
achieved with the addition of destabilizing agents such as
formamide. For selective or specific hybridization, a positive
signal is at least two times background, preferably 10 times
background hybridization. Exemplary stringent hybridiza-
tion conditions can be as following: 50% formamide,
5xSSC, and 1% SDS, incubating at 42° C., or, 5xSSC, 1%
SDS, incubating at 65° C., with wash in 0.2xSSC, and 0.1%
SDS at 65° C.

Nucleic acids that do not hybridize to each other under
stringent conditions are still substantially identical if the
polypeptides which they encode are substantially identical.
This occurs, for example, when a copy of a nucleic acid is
created using the maximum codon degeneracy permitted by
the genetic code. In such cases, the nucleic acids typically
hybridize under moderately stringent hybridization condi-
tions. Exemplary “moderately stringent hybridization con-
ditions” include a hybridization in a buffer of 40% forma-
mide, 1 M NaCl, 1% SDS at 37° C., and a wash in 1xSSC
at 45° C. A positive hybridization is at least twice back-
ground. Those of ordinary skill will readily recognize that
alternative hybridization and wash conditions can be utilized
to provide conditions of similar stringency. Additional
guidelines for determining hybridization parameters are
provided in numerous reference, e.g., and Current Protocols
in Molecular Biology, ed. Ausubel, et al. One of skill will
recognize that these values can be appropriately adjusted to
determine corresponding identity of proteins encoded by
two nucleotide sequences by taking into account codon
degeneracy, amino acid similarity, reading frame positioning
and the like. Polypeptides which are “substantially similar”
share sequences as noted above except that residue positions
which are not identical may differ by conservative amino
acid changes. Conservative amino acid substitutions refer to
the interchangeability of residues having similar side chains.
For example, a group of amino acids having aliphatic side
chains is glycine, alanine, valine, leucine, and isoleucine; a
group of amino acids having aliphatic-hydroxyl side chains
is serine and threonine; a group of amino acids having
amide-containing side chains is asparagine and glutamine; a
group of amino acids having aromatic side chains is phe-
nylalanine, tyrosine, and tryptophan; a group of amino acids
having basic side chains is lysine, arginine, and histidine;
and a group of amino acids having sulfur-containing side
chains is cysteine and methionine. Exemplary conservative
amino acids substitution groups are: valine-leucine-isoleu-
cine, phenylalanine-tyrosine, lysine-arginine, alanine-va-
line, aspartic acid-glutamic acid, and asparagine-glutamine.



US 9,896,691 B2

15

The term “modulator” refers to a composition that
increases or decreases the level of a target molecule or the
level of activity or function of a target molecule or the
physical state of the target of the molecule. In embodiments
a modulator is a recombinant nucleic acid that is capable of
increasing or decreasing the amount of a protein in a cell or
the level of activity of a protein in a cell or transcription of
a second nucleic acid in a cell. In embodiments, a modulator
increases or decreases the level of activity of a protein or the
amount of the protein in a cell. The term “modulate” is used
in accordance with its plain ordinary meaning and refers to
the act of changing or varying one or more properties.
“Modulation” refers to the process of changing or varying
one or more properties. For example, as applied to the effects
of a modulator on a target protein, to modulate means to
change by increasing or decreasing a property or function of
the target molecule or the amount of the target molecule. In
embodiments, a recombinant nucleic acid that modulates the
level of activity of a protein may increase the activity or
amount of the protein relative the absence of the recombi-
nant nucleic acid. In embodiments, an increase in the
activity or amount of a protein may include overexpression
of the protein. “Overexpression” is used in accordance with
its plain meaning and refers to an increased level of expres-
sion of a protein relative to a control (e.g. cell or expression
system not including a recombinant nucleic acid that con-
tributes to the overexpression of a protein). In embodiments,
a decrease in the activity or amount of a protein may include
a mutation (e.g. point mutant, loss of function mutation,
missense mutation, deletion, or insertion of heterologous
nucleic acid; all/any of which may be in the coding region
for a protein or in an operably linked region (e.g. promoter))
of the protein. The term “increased” refers to a detectable
increase compared to a control. In some embodiments, the
increase is by about 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140, 150, 160,
170, 180, 190, 200, 250, 300, 350, 400, 500, 550, 600, 650,
700, 750, 800, 850, 900, 950, 1000, 2000, 3000, 4000, 5000,
6000, 7000, 8000, 9000, 10000, 20000, 30000, 40000,
50000, 60000, 70000, 80000, 90000, 100000%, or more
compared to the control. In embodiments, the increase is by
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71,72, 73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 250,
300, 350, 400, 500, 550, 600, 650, 700, 750, 800, 850, 900,
950, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000,
10000, 20000, 30000, 40000, 50000, 60000, 70000, 80000,
90000, 100000%, or more compared to the control. In
embodiments, the increase is by at least 1, 2,3, 4,5, 6,7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72,
73,74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400, 500,
550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, 20000,
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30000, 40000, 50000, 60000, 70000, 80000, 90000,
100000%, compared to the control. Similarly, the term
“decreased” refers to a measurable decrease compared to a
control. In some embodiments, the decrease is by about 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22,23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70,71, 72,73, 74,75,76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100%, or more compared to the control. In embodiments, the
decrease is by 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75,76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, 100%, or more compared to the control. In
embodiments, the decrease is by at least 1, 2,3, 4, 5,6, 7,
8,9,10,11, 12,13, 14, 15,16, 17,18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100%, compared
to the control. One of ordinary skill will be able to identify
a relevant control.

Nucleic acid is “operably linked” when it is placed into a
functional relationship with another nucleic acid sequence.
For example, DNA for a presequence or secretory leader is
operably linked to DNA for a polypeptide if it is expressed
as a preprotein that participates in the secretion of the
polypeptide; a promoter or enhancer is operably linked to a
coding sequence if it affects the transcription of the
sequence; or a ribosome binding site is operably linked to a
coding sequence if it is positioned so as to facilitate trans-
lation. Generally, “operably linked” means that the DNA
sequences being linked are near each other, and, in the case
of a secretory leader, contiguous and in reading phase.
However, operably linked nucleic acids (e.g. enhancers and
coding sequences) do not have to be contiguous. Linking is
accomplished by ligation at convenient restriction sites. If
such sites do not exist, the synthetic oligonucleotide adap-
tors or linkers are used in accordance with conventional
practice. In embodiments, a promoter is operably linked
with a coding sequence when it is capable of affecting (e.g.
modulating relative to the absence of the promoter) the
expression of a protein from that coding sequence (i.e., the
coding sequence is under the transcriptional control of the
promoter).

“Transformation” refers to the transfer of a nucleic acid
molecule into a host organism (e.g. oleaginous organism or
oleaginous yeast). In embodiments, the nucleic acid mol-
ecule may be a plasmid that replicates autonomously or it
may integrate into the genome of the host organism (e.g.
oleaginous organism or oleaginous yeast). Host organisms
containing the transformed nucleic acid molecule may be
referred to as “transgenic” or “recombinant” or “trans-
formed” organisms (e.g. oleaginous organism or oleaginous
yeast). A “genetically modified” organism (e.g. genetically
modified yeast cell) is an organism (e.g. yeast cell) that
includes a nucleic acid that has been modified by human
intervention. Examples of a nucleic acid that has been
modified by human intervention include, but are not limited
to, insertions, deletions, mutations, expression nucleic acid
constructs (e.g. over-expression or expression from a non-
natural promoter or control sequence or an operably linked
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promoter and gene nucleic acid distinct from a naturally
occurring promoter and gene nucleic acid in an organism),
extra-chromosomal nucleic acids, and genomically con-
tained modified nucleic acids. Genetically modified organ-
isms may be made by rational modification of a nucleic acid
or may be made by use of a mutagen or mutagenesis
protocol that results in a mutation that was not identified
(e.g. intended or targeted) prior to the use of the mutagen or
mutagenesis protocol (e.g. UV exposure, EMS exposure,
mutagen exposure, random genomic mutagenesis, transfor-
mation of a library of different nucleic acid constructs).
Genetically modified organisms that include a modification
(e.g. modification, insertion, deletion, mutation) not previ-
ously known or intended prior to making of the genetically
modified organism may be identified through screening a
plurality of organism including one or more genetically
modified organisms by using a selection criteria that iden-
tifies the genetically modified organism of interest (e.g. an
increased level of lipids, lipid precursors, and/or oleochemi-
cals; floats above an organism not including the same
genetic modification). In embodiments, a genetically modi-
fied organism includes a recombinant nucleic acid.

Methods for synthesizing sequences and bringing
sequences together are well established and known to those
of skill in the art. For example, in vitro mutagenesis and
selection, site-directed mutagenesis, error prone PCR (Mel-
nikov et al., Nucleic Acids Research, 27(4):1056-1062 (Feb.
15, 1999)), “gene shuffling” or other means can be employed
to obtain mutations of naturally occurring genes.

Mutagenesis (e.g. chemical mutagenesis or site directed
mutagenesis) may be used to modulate lipid production or
storage in an oleaginous organism (e.g. oleaginous yeast).
For example, a mutant construct or mutagen is transformed
into an oleaginous yeast cell and the ability of the resulting
transformed oleaginous yeast cell to produce or store one or
more lipids is assayed and compared to the control cell. In
some embodiments, it may be useful to disrupt or inactivate
a host organism’s native gene to modulate lipid production
or storage. For example, a recombinant DNA fragment (e.g.
a selectable marker gene) may be inserted into the gene to
be disrupted in order to interrupt its coding sequence and the
resulting recombinant nucleic acid then transformed into a
host cell. Another example of a method of gene disruption
is the use of transposable elements or transposons, which is
well known to those of skill in the art.

In general, means for the purification of lipids, may
include extraction with organic solvents, sonication, super-
critical fluid extraction, saponification physical means such
as presses, extraction, treatment with urea, fractional crys-
tallization, HPL.C, fractional distillation, silica gel chroma-
tography, high-speed centrifugation or distillation, or com-
binations of these techniques.

In embodiments, the protein AMP Deaminase (AMPD) is
a protein able to be translated from the nucleic acid corre-
sponding to YALIOE11495 of the Genolevures database (i.e.
found at http:/www.genolevures.org/), wherein YALIO
stands for Yarrowia lipolytica and AB,C.D,E,F specifies
chromosome. In embodiments, the nucleic acid or gene
AMP Deaminase (AMPD) is the nucleic acid or gene
corresponding to YALIOE11495 of the Genolevures data-
base (i.e. found at http://www.genolevures.org/). In embodi-
ments, AMP Deaminase (AMPD) is a protein or nucleic
acid/gene of a yeast strain corresponding to YALIOE11495
of Yarrowia lipolytica as described above. In embodiments,
AMP Deaminase (AMPD) is a protein or nucleic acid/gene
of an oleaginous organism corresponding to YALIOE11495
of Yarrowia lipolytica as described above. In embodiments,
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the protein and/or nucleic acid is a wildtype version of the
protein or nucleic acid. In embodiments, the protein and/or
nucleic acid is a mutant form of the protein and/or nucleic
acid (e.g. point mutant, loss of function mutation, missense
mutation, deletion, or insertion of heterologous nucleic
acid).

In embodiments, the protein Leucine Biosynthesis Gene
(LEU2), also known as 3-isopropylmalate dehydrogenase, is
a protein able to be translated from the nucleic acid corre-
sponding to GenBank AF260230 or YALIOC00407 g of the
Genolevures database (i.e. found at http://www.genolevure-
s.org/), wherein YALIO stands for Yarrowia lipolytica and
AB,C,D,EF specifies chromosome. In embodiments, the
nucleic acid or gene Leucine Biosynthesis Gene (LEU2) is
the nucleic acid or gene corresponding to GenBank
AF260230 or YALIOC00407 g of the Genolevures database
(i.e. found at http:/www.genolevures.org/). In embodi-
ments, Leucine Biosynthesis Gene (LEU2) is a protein or
nucleic acid/gene of a yeast strain corresponding to
AF260230 of Yarrowia lipolytica as described above. In
embodiments, Leucine Biosynthesis Gene (LEU2) is a pro-
tein or nucleic acid/gene of an oleaginous organism corre-
sponding to AF260230 of Yarrowia lipolytica as described
above. In embodiments, the protein and/or nucleic acid is a
wildtype version of the protein or nucleic acid. In embodi-
ments, the protein and/or nucleic acid is a mutant form of the
protein and/or nucleic acid (e.g. point mutant, loss of func-
tion mutation, missense mutation, deletion, or insertion of
heterologous nucleic acid).

In embodiments, the protein Uracil Biosynthesis gene
(URA3), also known as Orotidine 5'-phosphate decarboxy-
lase, is a protein able to be translated from the nucleic acid
corresponding to GenBank YL.U40564 or YALIOE26741 g
of the Genolevures database (i.e. found at http://www.ge-
nolevures.org/), wherein YALIO stands for Yarrowia
lipolytica and A,B,C,D,E,F specifies chromosome. In
embodiments, the nucleic acid or gene Uracil Biosynthesis
gene (URA3) is the nucleic acid or gene corresponding to
GenBank YLLU40564 or YALIOE26741 g of the Genolevures
database (i.e. found at http://www.genolevures.org/). In
embodiments, Uracil Biosynthesis gene (URA3) is a protein
or nucleic acid/gene of a yeast strain corresponding to
YLU40564 of Yarrowia lipolytica as described above. In
embodiments, Uracil Biosynthesis gene (URA3) is a protein
or nucleic acid/gene of an oleaginous organism correspond-
ing to YLU40564 of Yarrowia lipolytica as described above.
In embodiments, the protein and/or nucleic acid is a wild-
type version of the protein or nucleic acid. In embodiments,
the protein and/or nucleic acid is a mutant form of the
protein and/or nucleic acid (e.g. point mutant, loss of func-
tion mutation, missense mutation, deletion, or insertion of
heterologous nucleic acid).

In embodiments, the protein ATP-Citrate Lyase (ACL) is
a protein including the protein ACL1, also called ATP-
Citrate Lyase 1, able to be translated from the nucleic acid
corresponding to YALIOE34793 of the Genolevures data-
base (i.e. found at http://www.genolevures.org/), wherein
YALIO stands for Yarrowia lipolytica and AB,C,D,EF
specifies chromosome. In embodiments, the nucleic acid or
gene ATP-Citrate Lyase (ACL) includes the nucleic acid or
gene ACL1 corresponding to YALIOE34793 of the Genole-
vures database (i.e. found at http://www.genolevures.org/).
In embodiments, the protein ATP-Citrate Lyase (ACL) is a
protein including the protein ACL2, also called ATP-Citrate
Lyase 2, able to be translated from the nucleic acid corre-
sponding to YALI0D24431 of the Genolevures database (i.e.
found at http://www.genolevures.org/). In embodiments, the
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nucleic acid or gene ATP-Citrate Lyase (ACL) includes the
nucleic acid or gene ACL2 corresponding to YALIOD24431
of the Genolevures database (i.e. found at http://www.ge-
nolevures.org/). In embodiments, ATP-Citrate Lyase (ACL)
includes a protein or nucleic acid/gene of a yeast strain
corresponding to YALIOD24431 of Yarrowia lipolytica as
described above. In embodiments, ATP-Citrate Lyase (ACL)
includes a protein or nucleic acid/gene of an oleaginous
organism corresponding to YALIOD24431 of Yarrowia
lipolytica as described above. In embodiments, the protein
ATP-Citrate Lyase (ACL) is a protein including the protein
ACL1 able to be translated from the nucleic acid corre-
sponding to YALIOE34793 of the Genolevures database and
the protein ACL2 able to be translated from the nucleic acid
corresponding to YALIOD24431 of the Genolevures data-
base (i.e. found at http://www.genolevures.org/). In embodi-
ments, the nucleic acid or gene ATP-Citrate Lyase (ACL)
includes the nucleic acid or gene ACL1 corresponding to
YALIOE34793 and the nucleic acid or gene ACL2 corre-
sponding to YALI0D24431 of the Genolevures database (i.e.
found at http://www.genolevures.org/). In embodiments,
ATP-Citrate Lyase (ACL) includes proteins or nucleic acids/
genes of a yeast strain corresponding to YALIOE34793 and
YALIOD24431 of Yarrowia lipolytica as described above. In
embodiments, ATP-Citrate Lyase (ACL) includes proteins or
nucleic acids/genes of an oleaginous organism correspond-
ing to YALIOE34793 and YALIOD24431 of Yarrowia
lipolytica as described above. In embodiments, the protein
and/or nucleic acid is a wildtype version of the protein or
nucleic acid. In embodiments, the protein and/or nucleic
acid is a mutant form of the protein and/or nucleic acid (e.g.
point mutant, loss of function mutation, missense mutation,
deletion, or insertion of heterologous nucleic acid).

In embodiments, the protein Malic Enzyme (MAE, MEA,
MEAL) is a protein able to be translated from the nucleic
acid corresponding to YALIOE18634 of the Genolevures
database (i.e. found at http://www.genolevures.org/),
wherein YALIO stands for Yarrowia lipolytica and A,B,C,
D,E,F specifies chromosome. In embodiments, the nucleic
acid or gene Malic Enzyme (MAE, MEA, MEA1) is the
nucleic acid or gene corresponding to YALIOE18634 of the
Genolevures database (i.e. found at http://www.genolevure-
s.org/). In embodiments, Malic Enzyme (MAE, MEA,
MEAL) is a protein or nucleic acid/gene of a yeast strain
corresponding to YALIOE18634 of Yarrowia lipolytica as
described above. In embodiments, Malic Enzyme (MAE,
MEA, MEA1) is a protein or nucleic acid/gene of an
oleaginous organism corresponding to YALIOE18634 of
Yarrowia lipolytica as described above. In embodiments, the
protein and/or nucleic acid is a wildtype version of the
protein or nucleic acid. In embodiments, the protein and/or
nucleic acid is a mutant form of the protein and/or nucleic
acid (e.g. point mutant, loss of function mutation, missense
mutation, deletion, or insertion of heterologous nucleic
acid).

In embodiments, the protein acyl-CoA: diacylglycerol
acyltransferase (DGA1), also called acyl-CoA:diacylglyc-
erol acyltransfer 1 is a protein able to be translated from the
nucleic acid corresponding to YALIOE32769 of the Genole-
vures database (i.e. found at http://www.genolevures.org/),
wherein YALIO stands for Yarrowia lipolytica and A,B,C,
D,E,F specifies chromosome. In embodiments, the nucleic
acid or gene acyl-CoA:diacylglycerol acyltransferase
(DGA1) is the nucleic acid or gene corresponding to
YALIOE32769 of the Genolevures database (i.e. found at
http://www.genolevures.org/). In embodiments, acyl-CoA:
diacylglycerol acyltransferase (DGA1) is a protein or
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nucleic acid/gene of a yeast strain corresponding to
YALIOE32769 of Yarrowia lipolytica as described above. In
embodiments, acyl-CoA:diacylglycerol acyltransferase
(DGA1) is a protein or nucleic acid/gene of an oleaginous
organism corresponding to YALIOE32769 of Yarrowia
lipolytica as described above. In embodiments, the protein
and/or nucleic acid is a wildtype version of the protein or
nucleic acid. In embodiments, the protein and/or nucleic
acid is a mutant form of the protein and/or nucleic acid (e.g.
point mutant, loss of function mutation, missense mutation,
deletion, or insertion of heterologous nucleic acid).

In embodiments, the protein acyl-CoA: diacylglycerol
acyltransferase (DGA2), also called acyl-CoA:diacylglyc-
erol acyltransfer 2, is a protein able to be translated from the
nucleic acid corresponding to YALIOD07986 of the Genole-
vures database (i.e. found at http://www.genolevures.org/),
wherein YALIO stands for Yarrowia lipolytica and A,B,C,
D,E,F specifies chromosome. In embodiments, the nucleic
acid or gene acyl-CoA:diacylglycerol acyltransferases
(DGA2) is the nucleic acid or gene corresponding to
YALIOD07986 of the Genolevures database (i.e. found at
http://www.genolevures.org/). In embodiments, acyl-CoA:
diacylglycerol acyltransferases (DGA2) is a protein or
nucleic acid/gene of a yeast strain corresponding to
YALIOD07986 of Yarrowia lipolytica as described above. In
embodiments, acyl-CoA:diacylglycerol acyltransferases
(DGAZ2) is a protein or nucleic acid/gene of an oleaginous
organism corresponding to YALIOD07986 of Yarrowia
lipolytica as described above. In embodiments, the protein
and/or nucleic acid is a wildtype version of the protein or
nucleic acid. In embodiments, the protein and/or nucleic
acid is a mutant form of the protein and/or nucleic acid (e.g.
point mutant, loss of function mutation, missense mutation,
deletion, or insertion of heterologous nucleic acid).

In embodiments, the protein Lipid synthesis regulator
(MGAZ2) is a protein able to be translated from the nucleic
acid corresponding to YALIOB12342 of the Genolevures
database (i.e. found at http://www.genolevures.org/),
wherein YALIO stands for Yarrowia lipolytica and A,B,C,
D,E,F specifies chromosome. In embodiments, the nucleic
acid or gene Lipid synthesis regulator (MGAZ2) is the nucleic
acid or gene corresponding to YALIOB12342 of the Genole-
vures database (i.e. found at http://www.genolevures.org/).
In embodiments, Lipid synthesis regulator (MGA2) is a
protein or nucleic acid/gene of a yeast strain corresponding
to YALIOB12342 of Yarrowia lipolytica as described above.
In embodiments, Lipid synthesis regulator (MGA2) is a
protein or nucleic acid/gene of an oleaginous organism
corresponding to YALIOB12342 of Yarrowia lipolytica as
described above. In embodiments, the protein and/or nucleic
acid is a wildtype version of the protein or nucleic acid. In
embodiments, the protein and/or nucleic acid is a mutant
form of the protein and/or nucleic acid (e.g. point mutant,
loss of function mutation, missense mutation, deletion, or
insertion of heterologous nucleic acid).

In embodiments, the protein Chromatin assembly gene
(RLF2 subunit p90) is a protein able to be translated from
the nucleic acid corresponding to YALIOF21637 g of the
Genolevures database (i.e. found at http://www.genolevure-
s.org/), wherein YALIO stands for Yarrowia lipolytica and
AB,C,D,EF specifies chromosome. In embodiments, the
nucleic acid or gene Chromatin assembly gene (RLF2
subunit p90) is the nucleic acid or gene corresponding to
YALIOF21637 g of the Genolevures database (i.e. found at
http://www.genolevures.org/). In embodiments, Chromatin
assembly gene (RLF2 subunit p90) is a protein or nucleic
acid/gene of a yeast strain corresponding to YALIOF21637
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g of Yarrowia lipolytica as described above. In embodi-
ments, Chromatin assembly gene (RLF2 subunit p90) is a
protein or nucleic acid/gene of an oleaginous organism
corresponding to YALIOF21637 g of Yarrowia lipolytica as
described above. In embodiments, the protein and/or nucleic
acid is a wildtype version of the protein or nucleic acid. In
embodiments, the protein and/or nucleic acid is a mutant
form of the protein and/or nucleic acid (e.g. point mutant,
loss of function mutation, missense mutation, deletion, or
insertion of heterologous nucleic acid).

In embodiments, the protein Mitochondrial 2' O-ribose
methyltransferase (MRM?2) is a protein able to be translated
from the nucleic acid corresponding to YALIOE31933 of the
Genolevures database (i.e. found at http://www.genolevure-
s.org/), wherein YALIO stands for Yarrowia lipolytica and
AB,C,D,EF specifies chromosome. In embodiments, the
nucleic acid or gene Mitochondrial 2' O-ribose methyltrans-
ferase (MRM2) is the nucleic acid or gene corresponding to
YALIOE31933 of the Genolevures database (i.e. found at
http://www.genolevures.org/). In embodiments, Mitochon-
drial 2' O-ribose methyltransferase (MRM2) is a protein or
nucleic acid/gene of a yeast strain corresponding to
YALIOE31933 of Yarrowia lipolytica as described above. In
embodiments, Mitochondrial 2' O-ribose methyltransferase
(MRM2) is a protein or nucleic acid/gene of an oleaginous
organism corresponding to YALIOE31933 of Yarrowia
lipolytica as described above. In embodiments, the protein
and/or nucleic acid is a wildtype version of the protein or
nucleic acid. In embodiments, the protein and/or nucleic
acid is a mutant form of the protein and/or nucleic acid (e.g.
point mutant, loss of function mutation, missense mutation,
deletion, or insertion of heterologous nucleic acid).

In embodiments, the protein Transcription Factor
(PEX10) is a protein able to be translated from the nucleic
acid corresponding to YALIOCO01023 g of the Genolevures
database (i.e. found at http://www.genolevures.org/),
wherein YALIO stands for Yarrowia lipolytica and A,B,C,
D,E,F specifies chromosome. In embodiments, the nucleic
acid or gene Transcription Factor (PEX10) is the nucleic
acid or gene corresponding to YALIOC01023 g of the
Genolevures database (i.e. found at http://www.genolevure-
s.org/). In embodiments, Transcription Factor (PEX10) is a
protein or nucleic acid/gene of a yeast strain corresponding
to YALIOC01023 g of Yarrowia lipolytica as described
above. In embodiments, Transcription Factor (PEX10) is a
protein or nucleic acid/gene of an oleaginous organism
corresponding to YALIOC01023 g of Yarrowia lipolytica as
described above. In embodiments, the protein and/or nucleic
acid is a wildtype version of the protein or nucleic acid. In
embodiments, the protein and/or nucleic acid is a mutant
form of the protein and/or nucleic acid (e.g. point mutant,
loss of function mutation, missense mutation, deletion, or
insertion of heterologous nucleic acid).

In embodiments, the protein multifunctional enzyme
(MFE1) is a protein able to be translated from the nucleic
acid corresponding to YALIOE15378 of the Genolevures
database (i.e. found at http://www.genolevures.org/),
wherein YALIO stands for Yarrowia lipolytica and A,B,C,
D,E,F specifies chromosome. In embodiments, the nucleic
acid or gene multifunctional enzyme (MFE1) is the nucleic
acid or gene corresponding to YALIOE15378 of the Genole-
vures database (i.e. found at http://www.genolevures.org/).
In embodiments, multifunctional enzyme (MFE1) is a pro-
tein or nucleic acid/gene of a yeast strain corresponding to
YALIOE15378 of Yarrowia lipolytica as described above. In
embodiments, multifunctional enzyme (MFE1) is a protein
or nucleic acid/gene of an oleaginous organism correspond-

10

15

20

25

30

35

40

45

50

55

60

22

ing to YALIOE15378 of Yarrowia lipolytica as described
above. In embodiments, the protein and/or nucleic acid is a
wildtype version of the protein or nucleic acid. In embodi-
ments, the protein and/or nucleic acid is a mutant form of the
protein and/or nucleic acid (e.g. point mutant, loss of func-
tion mutation, missense mutation, deletion, or insertion of
heterologous nucleic acid).

In embodiments, the protein O-6-methylguanine-DNA
methyltransferase (MGMT, O6M) is a protein able to be
translated from the nucleic acid corresponding to
YALIOC10010p of the Genolevures database (i.e. found at
http://www.genolevures.org/), wherein YALIO stands for
Yarrowia lipolytica and A,B,C,D,E,F specifies chromosome.
In embodiments, the nucleic acid or gene O-6-methylgua-
nine-DNA methyltransferase (MGMT, O6M) is the nucleic
acid or gene corresponding to YALIOC10010p of the
Genolevures database (i.e. found at http://www.genolevure-
s.org/). In embodiments, O-6-methylguanine-DNA methyl-
transferase (MGMT, O6M) is a protein or nucleic acid/gene
of a yeast strain corresponding to YALIOC10010p of Yar-
rowia lipolytica as described above. In embodiments, O-6-
methylguanine-DNA methyltransferase (MGMT, O6M) is a
protein or nucleic acid/gene of an oleaginous organism
corresponding to YALIOC10010p of Yarrowia lipolytica as
described above. In embodiments, the protein and/or nucleic
acid is a wildtype version of the protein or nucleic acid. In
embodiments, the protein and/or nucleic acid is a mutant
form of the protein and/or nucleic acid (e.g. point mutant,
loss of function mutation, missense mutation, deletion, or
insertion of heterologous nucleic acid).

In embodiments, the protein Aconitase (ACO1) is a
protein able to be translated from the nucleic acid corre-
sponding to YALIOD09361 of the Genolevures database (i.e.
found at http:/www.genolevures.org/), wherein YALIO
stands for Yarrowia lipolytica and AB,C.D,EF specifies
chromosome. In embodiments, the nucleic acid or gene
Aconitase (ACO1) is the nucleic acid or gene corresponding
to YALIODO09361 of the Genolevures database (i.e. found at
http://www.genolevures.org/). In embodiments, Aconitase
(ACO1) is a protein or nucleic acid/gene of a yeast strain
corresponding to YALIOD09361 of Yarrowia lipolytica as
described above. In embodiments, O Aconitase (ACO1) is a
protein or nucleic acid/gene of an oleaginous organism
corresponding to YALIOD09361 of Yarrowia lipolytica as
described above. In embodiments, the protein and/or nucleic
acid is a wildtype version of the protein or nucleic acid. In
embodiments, the protein and/or nucleic acid is a mutant
form of the protein and/or nucleic acid (e.g. point mutant,
loss of function mutation, missense mutation, deletion, or
insertion of heterologous nucleic acid).

In embodiments, the protein Citrate Synthase (CIT1) is a
protein able to be translated from the nucleic acid corre-
sponding to YALIOE02684 of the Genolevures database (i.e.
found at http:/www.genolevures.org/), wherein YALIO
stands for Yarrowia lipolytica and AB,C.D,EF specifies
chromosome. In embodiments, the nucleic acid or gene
Citrate Synthase (CIT1) is the nucleic acid or gene corre-
sponding to YALIOE02684 of the Genolevures database (i.e.
found at http://www.genolevures.org/). In embodiments,
Citrate Synthase (CIT1) is a protein or nucleic acid/gene of
a yeast strain corresponding to YALIOE02684 of Yarrowia
lipolytica as described above. In embodiments, Citrate Syn-
thase (CIT1) is a protein or nucleic acid/gene of an oleagi-
nous organism corresponding to YALIOE02684 of Yarrowia
lipolytica as described above. In embodiments, the protein
and/or nucleic acid is a wildtype version of the protein or
nucleic acid. In embodiments, the protein and/or nucleic
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acid is a mutant form of the protein and/or nucleic acid (e.g.
point mutant, loss of function mutation, missense mutation,
deletion, or insertion of heterologous nucleic acid).

In embodiments, the protein Acetyl-CoA Carboxylase
(ACC) is a protein able to be translated from the nucleic acid
corresponding to YALIOC11407 of the Genolevures data-
base (i.e. found at http://www.genolevures.org/), wherein
YALIO stands for Yarrowia lipolytica and A,B,C,D,EF
specifies chromosome. In embodiments, the nucleic acid or
gene Acetyl-CoA Carboxylase (ACC) is the nucleic acid or
gene corresponding to YALIOC11407 of the Genolevures
database (i.e. found at http://www.genolevures.org/). In
embodiments, Acetyl-CoA Carboxylase (ACC) is a protein
or nucleic acid/gene of a yeast strain corresponding to
YALIOC11407 of Yarrowia lipolytica as described above. In
embodiments, Acetyl-CoA Carboxylase (ACC) is a protein
or nucleic acid/gene of an oleaginous organism correspond-
ing to YALIOC11407 of Yarrowia lipolytica as described
above. In embodiments, the protein and/or nucleic acid is a
wildtype version of the protein or nucleic acid. In embodi-
ments, the protein and/or nucleic acid is a mutant form of the
protein and/or nucleic acid (e.g. point mutant, loss of func-
tion mutation, missense mutation, deletion, or insertion of
heterologous nucleic acid).

In embodiments, the protein RME1 zinc-finger transcrip-
tion factor (RME1) is a protein able to be translated from the
nucleic acid corresponding to YALIOE17215 of the Genole-
vures database (i.e. found at http://www.genolevures.org/),
wherein YALIO stands for Yarrowia lipolytica and A,B,C,
D,E,F specifies chromosome. In embodiments, the nucleic
acid or gene RME1 zinc-finger transcription factor (RME1)
is the nucleic acid or gene corresponding to YALIOE17215
of the Genolevures database (i.e. found at http://www.ge-
nolevures.org/). In embodiments, RME1 zinc-finger tran-
scription factor (RME1) is a protein or nucleic acid/gene of
a yeast strain corresponding to YALIOE17215 of Yarrowia
lipolytica as described above. In embodiments, RME1 zinc-
finger transcription factor (RME1) is a protein or nucleic
acid/gene of an oleaginous organism corresponding to
YALIOE17215 of Yarrowia lipolytica as described above. In
embodiments, the protein and/or nucleic acid is a wildtype
version of the protein or nucleic acid. In embodiments, the
protein and/or nucleic acid is a mutant form of the protein
and/or nucleic acid (e.g. point mutant, loss of function
mutation, missense mutation, deletion, or insertion of het-
erologous nucleic acid).

In embodiments, the protein YOX1 homeodomain protein
(YOX]1) is a protein able to be translated from the nucleic
acid corresponding to YALIOE20449 of the Genolevures
database (i.e. found at http://www.genolevures.org/),
wherein YALIO stands for Yarrowia lipolytica and A,B,C,
D,E,F specifies chromosome. In embodiments, the nucleic
acid or gene YOX1 homeodomain protein (YOX1) is the
nucleic acid or gene corresponding to YALIOE20449 of the
Genolevures database (i.e. found at http://www.genolevure-
s.org/). In embodiments, YOX1 homeodomain protein
(YOX]1) is a protein or nucleic acid/gene of a yeast strain
corresponding to YALIOE20449 of Yarrowia lipolytica as
described above. In embodiments, YOX1 homeodomain
protein (YOXI1) is a protein or nucleic acid/gene of an
oleaginous organism corresponding to YALIOE20449 of
Yarrowia lipolytica as described above. In embodiments, the
protein and/or nucleic acid is a wildtype version of the
protein or nucleic acid. In embodiments, the protein and/or
nucleic acid is a mutant form of the protein and/or nucleic
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acid (e.g. point mutant, loss of function mutation, missense
mutation, deletion, or insertion of heterologous nucleic
acid).

In embodiments, the protein UGA2 succinate semialde-
hyde dehydrogenase (UGA2) is a protein able to be trans-
lated from the nucleic acid corresponding to YALIOF26191
of the Genolevures database (i.e. found at http://www.ge-
nolevures.org/), wherein YALIO stands for Yarrowia
lipolytica and A,B,C,D,E,F specifies chromosome. In
embodiments, the nucleic acid or gene UGA2 succinate
semialdehyde dehydrogenase (UGAZ2) is the nucleic acid or
gene corresponding to YALIOF26191 of the Genolevures
database (i.e. found at http://www.genolevures.org/). In
embodiments, UGA2 succinate semialdehyde dehydroge-
nase (UGA2) is a protein or nucleic acid/gene of a yeast
strain corresponding to YALIOF26191 of Yarrowia lipolytica
as described above. In embodiments, UGA2 succinate semi-
aldehyde dehydrogenase (UGAZ2) is a protein or nucleic
acid/gene of an oleaginous organism corresponding to
YALIOF26191 of Yarrowia lipolytica as described above. In
embodiments, the protein and/or nucleic acid is a wildtype
version of the protein or nucleic acid. In embodiments, the
protein and/or nucleic acid is a mutant form of the protein
and/or nucleic acid (e.g. point mutant, loss of function
mutation, missense mutation, deletion, or insertion of het-
erologous nucleic acid).

In embodiments, the protein OSH6 oxysterol-binding
protein homolog 6 (OSH6) is a protein able to be translated
from the nucleic acid corresponding to YALIOA02354 of the
Genolevures database (i.e. found at http://www.genolevure-
s.org/), wherein YALIO stands for Yarrowia lipolytica and
AB,C,D,EF specifies chromosome. In embodiments, the
nucleic acid or gene OSH6 oxysterol-binding protein
homolog 6 (OSH6) is the nucleic acid or gene corresponding
to YALIOA02354 of the Genolevures database (i.e. found at
http://www.genolevures.org/). In embodiments, OSH6 oxys-
terol-binding protein homolog 6 (OSH6) is a protein or
nucleic acid/gene of a yeast strain corresponding to
YALIOA02354 of Yarrowia lipolytica as described above. In
embodiments, OSH6 oxysterol-binding protein homolog 6
(OSH6) is a protein or nucleic acid/gene of an oleaginous
organism corresponding to YALIOA02354 of Yarrowia
lipolytica as described above. In embodiments, the protein
and/or nucleic acid is a wildtype version of the protein or
nucleic acid. In embodiments, the protein and/or nucleic
acid is a mutant form of the protein and/or nucleic acid (e.g.
point mutant, loss of function mutation, missense mutation,
deletion, or insertion of heterologous nucleic acid).

In embodiments, the protein IRC20 E3 ubiquitin-protein
ligase and helicase (IRC20) is a protein able to be translated
from the nucleic acid corresponding to YALIOCO07150 of the
Genolevures database (i.e. found at http://www.genolevure-
s.org/), wherein YALIO stands for Yarrowia lipolytica and
AB,C,D,EF specifies chromosome. In embodiments, the
nucleic acid or gene IRC20 E3 ubiquitin-protein ligase and
helicase (IRC20) is the nucleic acid or gene corresponding
to YALIOCO07150 of the Genolevures database (i.e. found at
http://www.genolevures.org/). In embodiments, IRC20 E3
ubiquitin-protein ligase and helicase (IRC20) is a protein or
nucleic acid/gene of a yeast strain corresponding to
YALIOCO07150 of Yarrowia lipolytica as described above. In
embodiments, IRC20 E3 ubiquitin-protein ligase and heli-
case (IRC20) is a protein or nucleic acid/gene of an oleagi-
nous organism corresponding to YALIOC07150 of Yarrowia
lipolytica as described above. In embodiments, the protein
and/or nucleic acid is a wildtype version of the protein or
nucleic acid. In embodiments, the protein and/or nucleic
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acid is a mutant form of the protein and/or nucleic acid (e.g.
point mutant, loss of function mutation, missense mutation,
deletion, or insertion of heterologous nucleic acid).

As used to describe a protein or nucleic/acid of another
organism in comparison to a protein or nucleic/acid of
Yarrowia lipolytica, the term “corresponds” or “correspond-
ing” is used according to its ordinary meaning and refers to
a protein or nucleic acid/gene that includes similar or
identical sequence of amino acid or nucleotides respectively
and/or performs a similar or identical function and/or has a
similar of identical activity as the protein or nucleic acid/
gene in Yarrowia lipolytica as described above. In some
embodiments, a protein or nucleic acid corresponding to a
protein or nucleic acid from Yarrowia lipolytica is a
homolog. In embodiments, the protein and/or nucleic acid of
Leucine Biosynthesis Gene (LEU2), Uracil Biosynthesis
gene (URA3), multifunctional enzyme (MFE1), Transcrip-
tion Factor (PEX10), AMP Deaminase (AMPD), ATP-Cit-
rate Lyase (ACL) (e.g. ACL subunit 1, ACL subunit 2, or
subunit 1 and 2), Malic Enzyme (MAE), Acetyl-CoA Car-
boxylase (ACC), acyl-CoA: diacylglycerol acyltransferase
(DGA1), acyl-CoA: diacylglycerol acyltransferases
(DGA2), Mitochondrial 2' O-ribose methyltransferase
(MRM2), Lipid synthesis regulator (MGAZ2), Chromatin
assembly gene (RLF2 subunit p90), O-6-methylguanine-
DNA methyltransferase (MGMT), Aconitase (ACO1), Cit-
rate Synthase (CIT1), RME1 zinc-finger transcription factor
(RME1), YOX1 homeodomain protein (YOX1), UGA2
succinate semialdehyde dehydrogenase (UGA2), OSH6
oxysterol-binding protein homolog 6 (OSH6), or IRC20 E3
ubiquitin-protein ligase and helicase (IRC20) includes an
amino acid and/or nucleotide sequence included in the
protein and/or nucleic acid sequence for Leucine Biosyn-
thesis Gene (LEU2), Uracil Biosynthesis gene (URA3),
multifunctional enzyme (MFE1), Transcription Factor
(PEX10), AMP Deaminase (AMPD), ATP-Citrate Lyase
(ACL) (e.g. ACL subunit 1, ACL subunit 2, or subunit 1 and
2), Malic Enzyme (MAE), Acetyl-CoA Carboxylase (ACC),
acyl-CoA:diacylglycerol acyltransferase (DGAL), acyl-
CoA: diacylglycerol acyltransferases (DGA2), Mitochon-
drial 2' O-ribose methyltransferase (MRM?2), Lipid synthe-
sis regulator (MGA2), Chromatin assembly gene (RLF2
subunit p90), O-6-methylguanine-DNA methyltransferase
(MGMT), Aconitase (ACO1), Citrate Synthase (CIT1),
RME1 zinc-finger transcription factor (RME1), YOX1
homeodomain protein (YOX1), UGA2 succinate semialde-
hyde dehydrogenase (UGA2), OSH6 oxysterol-binding pro-
tein homolog 6 (OSHG6), or IRC20 E3 ubiquitin-protein
ligase and helicase (IRC20) respectively, described herein
(e.g. Examples section and/or sequence listing). In embodi-
ments, the protein and/or nucleic acid of Leucine Biosyn-
thesis Gene (LEU2), Uracil Biosynthesis gene (URA3),
multifunctional enzyme (MFE1), Transcription Factor
(PEX10), AMP Deaminase (AMPD), ATP-Citrate Lyase
(ACL) (e.g. ACL subunit 1, ACL subunit 2, or subunit 1 and
2), Malic Enzyme (MAE), Acetyl-CoA Carboxylase (ACC),
acyl-CoA:diacylglycerol acyltransferase (DGAL), acyl-
CoA: diacylglycerol acyltransferases (DGA2), Mitochon-
drial 2' O-ribose methyltransferase (MRM?2), Lipid synthe-
sis regulator (MGA2), Chromatin assembly gene (RLF2
subunit p90), O-6-methylguanine-DNA methyltransferase
(MGMT), Aconitase (ACO1), Citrate Synthase (CIT1),
RME1 zinc-finger transcription factor (RME1), YOX1
homeodomain protein (YOX1), UGA2 succinate semialde-
hyde dehydrogenase (UGA2), OSH6 oxysterol-binding pro-
tein homolog 6 (OSHG6), or IRC20 E3 ubiquitin-protein
ligase and helicase (IRC20) is the amino acid and/or nucleo-
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tide sequence of the protein and/or nucleic acid sequence for
Leucine Biosynthesis Gene (LEU2), Uracil Biosynthesis
gene (URA3), multifunctional enzyme (MFE1), Transcrip-
tion Factor (PEX10), AMP Deaminase (AMPD), ATP-Cit-
rate Lyase (ACL) (e.g. ACL subunit 1, ACL subunit 2, or
subunit 1 and 2), Malic Enzyme (MAE), Acetyl-CoA Car-
boxylase (ACC), acyl-CoA: diacylglycerol acyltransferase
(DGA1), acyl-CoA: diacylglycerol acyltransferases
(DGA2), Mitochondrial 2' O-ribose methyltransferase
(MRM2), Lipid synthesis regulator (MGA2), Chromatin
assembly gene (RLF2 subunit p90), O-6-methylguanine-
DNA methyltransferase (MGMT), Aconitase (ACO1), Cit-
rate Synthase (CIT1), RMFE1 zinc-finger transcription factor
(RME1), YOX1 homeodomain protein (YOX1), UGA2
succinate semialdehyde dehydrogenase (UGA2), OSH6
oxysterol-binding protein homolog 6 (OSH6), or IRC20 E3
ubiquitin-protein ligase and helicase (IRC20) respectively,
described herein (e.g. Examples section and/or sequence
listing).

The term “wildtype” as used herein when referring to an
oleaginous organism (e.g. yeast strain or Yarrowia lipolytica
strain) means an organism that has not been genetically
modified to improve production of a lipid (e.g. increase yield
of a lipid, alter the structure of a lipid produced by the
organism, reduce production of one lipid to improve pro-
duction of a second lipid, or modulate the production of a
lipid). In embodiments, a wildtype yeast strain may be
auxotrophic for one or more compounds (e.g. leucine and/or
uracil). In embodiments, a wildtype Yarrowia lipolytica
strain is PO1f (ATCC #MYA-2613), a leucine and uracil
auxotroph devoid of any secreted protease activity (Madzak
et al., 2000).

The term “oleochemical” is used herein in accordance
with its well known meaning and refers to chemicals or
compounds derived from lipids or fats. In embodiments, an
oleochemical is a lipid or fat derived from a different lipid
or fat. In embodiments an oleochemical is a chemical or
compound produced by an oleaginous organism. In embodi-
ments, an oleochemical is a chemical or compound derived
from a lipid or lipid precursor produced by an oleaginous
organism (e.g., fatty acid esters such as methyl esters, ethyl
esters, propyl esters, or butyl esters that are derived from a
fatty acid produced by an oleaginous organism by transes-
terification). In embodiments, an oleochemical may include
further in vivo or in vitro modification of a lipid or lipid
precursor enabled by endogenous or heterologous modify-
ing enzymes or chemical reactions.

The term “lipid precursor” is used in accordance with its
well known meaning and refers to a pathway intermediate
(e.g., acetyl-CoA or malonyl-CoA) in the biosynthesis of a
lipid. In embodiments, a lipid precursor may be any mol-
ecule along the biosynthetic pathway making triglycerides
including free citrate, acetyl-CoA, free fatty acids, pyruvate,
citric acid cycle intermediates, diacylglycerides, and/or tria-
cylglycerides.

The term “micronutrient” is used in accordance with its
well known meaning and refers to nutrients used by an
organism (e.g. oleaginous organisms, yeast, oleaginous
yeast) for growth, proliferation, propagation, survival, one
or more essential biological functions, production of a lipid,
lipid precursor, or oleochemical, which are required for such
functions in small quantities. Examples of micronutrients
include, but are not limited to, minerals, vitamins, and
elements (e.g. cobalt, iron, magnesium, potassium, zinc,
nickel, molybdenum, manganese, copper, and/or boron).

II. OLEAGINOUS ORGANISMS

In a first aspect is provided a genetically modified ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
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Yarrowia lipolytica, algae, or plant cell) wherein the dry
weight of the oleaginous organism includes greater than
20% wt/wt lipids, lipid precursors, and/or oleochemicals
(e.g., lipid, lipids, lipid precursors, lipid precursor, oleo-
chemicals, or oleochemical).

In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes greater than 30% wt/wt lipids, lipid precur-
sors, and/or oleochemicals (e.g., lipid, lipids, lipid precur-
sors, lipid precursor, oleochemicals, or oleochemical) in dry
weight. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) includes greater than 40% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight. In embodiments, the oleaginous organism
(e.g. yeast cell, oleaginous yeast cell, Yarrowia lipolytica,
algae, or plant cell) includes greater than 50% wt/wt lipids,
lipid precursors, and/or oleochemicals (e.g., lipid, lipids,
lipid precursors, lipid precursor, oleochemicals, or oleo-
chemical) in dry weight. In embodiments, the oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) includes greater than 60%
wt/wt lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight. In embodiments, the ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) includes greater
than 70% wt/wt lipids, lipid precursors, and/or oleochemi-
cals (e.g., lipid, lipids, lipid precursors, lipid precursor,
oleochemicals, or oleochemical) in dry weight. In embodi-
ments, the oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) includes
greater than 80% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight. In
embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes greater than 90% wt/wt lipids, lipid precur-
sors, and/or oleochemicals (e.g., lipid, lipids, lipid precur-
sors, lipid precursor, oleochemicals, or oleochemical) in dry
weight. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) includes about 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74,75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, or 99% lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight. In
embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes about an average of 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75,76,717,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91,92, 93, 94, 95, 96, 97, 98, or 99% lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) in dry
weight. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) includes 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31,32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74,75, 76,77, 78,
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79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, or 99% lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight. In
embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes greater than 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93,94, 95, 96, 97, 98, or 99% lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight.

In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) produces about 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94,95, 96,97, 98, 99, or 100 g/L. culture (e.g. in a bioreactor)
of lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical). In embodiments, the oleaginous organism
(e.g. yeast cell, oleaginous yeast cell, Yarrowia lipolytica,
algae, or plant cell) produces at least 1, 2, 3,4, 5, 6,7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 g/L culture (e.g.
in a bioreactor) of lipids, lipid precursors, and/or oleochemi-
cals (e.g., lipid, lipids, lipid precursors, lipid precursor,
oleochemicals, or oleochemical). In embodiments, the ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37,
38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70,71, 72,73, 74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
g/L culture (e.g. in a bioreactor) of lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical).

In embodiments, the oleaginous organism is a yeast cell.
In embodiments, the oleaginous organism is an oleaginous
yeast cell. In embodiments, the yeast cell is selected from the
group consisting of the genera Yarrowia, Candida, Rhodoto-
rula, Rhodosporidium, Cryptococcus, Irichosporon and
Lipomyces. In embodiments, the yeast cell is selected from
the group consisting of Rhodosporidium toruloides, Lipo-
myces starkeyii, Lipomyces lipoferus, Apiotrichum curva-
tum, Candida curvata, Cryptococcus curvatus, Irichos-
poron fermentans, Candida revkaufi, Candida pulcherrima,
Candida tropicalis, Candida utilis, Trichosporon pullans,
Trichosporon cutaneum, Rhodotorula glutinus, Rhodotorula
graminis and Yarrowia lipolytica. In embodiments, the yeast
cell is selected from the group consisting of Lipomyces
starkeyii, Rhodosporidium toruloides, Apiotrichum curva-
tum, Candida curvata, Cryptococcus curvatus, Irichos-
poron fermentans, Rhodotorula glutinis, and Yarrowia
lipolytica. In embodiments, the yeast cell is Yarrowia
lipolytica.
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In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) is buoyant in an aqueous medium. In embodiments, the
yeast cell includes a greater buoyancy (i.e. greater tendency
to float, lower density) than a yeast cell that includes less
than about 99% lipids, lipid precursors, and/or oleochemi-
cals (e.g., lipid, lipids, lipid precursors, lipid precursor,
oleochemicals, or oleochemical) by dry weight (e.g. less
than about 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, or 99% lipids, lipid precursors, and/or oleochemicals
(e.g., lipid, lipids, lipid precursors, lipid precursor, oleo-
chemicals, or oleochemical) in dry weight). In embodi-
ments, the yeast cell includes a greater buoyancy (i.e. greater
tendency to float, lower density) than a yeast cell that
includes less than 99% lipids, lipid precursors, and/or oleo-
chemicals (e.g., lipid, lipids, lipid precursors, lipid precur-
sor, oleochemicals, or oleochemical) by dry weight (e.g. less
than 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70,71, 72, 73, 74,75, 76, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
or 99% lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight). In embodiments, the ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) does not sediment
to the bottom of a column of liquid (e.g. water, buffer,
growth media, minimal media) that is about 0.1, 0.2, 0.3,
04,05,06,0.7,038,09, 1.0,2,3,4,5,6,7,8,9, 10, 11,
12,13, 14,15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99 mm tall due
to gravitation force alone. The term “about” when used in
connection with a defined amount refers to an amount up to
and including greater than and/or less than 10% of the
associated value and includes the associated value. In
embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) does not sediment to the bottom of a column of liquid
(e.g. water, buffer, growth media, minimal media) that is 0.1,
0.2,03,04,0.5,0.6,0.7,08,09,1.0,2,3,4,5,6,7,8,9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99 mm
tall due to gravitation force alone. In embodiments, the yeast
cell includes a greater buoyancy (i.e. greater tendency to
float, lower density) than a yeast cell that does not include
the same recombinant nucleic acid or combination of recom-
binant nucleic acids as the buoyant yeast cell. In embodi-
ments, the yeast cell is buoyant following centrifugation
(e.g. atabout 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180,
190, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700,
750, 800, 850, 900, 950. 1000, 1100, 1200, 1300, 1400,
1500, 1600, 1700, 1800, 1900, 2000, 2500, 3000, 3500,
4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000,
8500, 9000, 9500, or 10000xg).

In embodiments of the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
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plant cell) including more than about 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight (e.g. more than 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75,
76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, or 99% lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) in dry
weight), included are lipids, lipid precursors, and/or oleo-
chemicals (e.g., lipid, lipids, lipid precursors, lipid precur-
sor, oleochemicals, or oleochemical) selected from the
group consisting of a fatty acid, wax, sterol, vitamin, mono-
glyceride, diglyceride, triglyceride, phospholipid, glycero-
lipid, glycerophospholipid, sphingolipid, saccharolipid,
polyketide, sterol lipid, triacylglyceride, wax ester, fatty acid
ethyl ester, fatty acid methyl ester, component of biodiesel,
saturated hydrocarbon, unsaturated hydrocarbon, branched
hydrocarbon, and a prenol lipid. In embodiments, the major-
ity lipid, lipid precursor, or oleochemical in the oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) is a fatty acid. In embodi-
ments, the majority lipid, lipid precursor, or oleochemical in
the oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell) is a wax. In
embodiments, the majority lipid, lipid precursor, or oleo-
chemical in the oleaginous organism (e.g. yeast cell, oleagi-
nous yeast cell, Yarrowia lipolytica, algae, or plant cell) is a
sterol. In embodiments, the majority lipid, lipid precursor, or
oleochemical in the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) is a vitamin. In embodiments, the majority lipid, lipid
precursor, or oleochemical in the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) is a monoglyceride. In embodiments, the
majority lipid, lipid precursor, or oleochemical in the ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) is a diglyceride. In
embodiments, the majority lipid, lipid precursor, or oleo-
chemical in the oleaginous organism (e.g. yeast cell, oleagi-
nous yeast cell, Yarrowia lipolytica, algae, or plant cell) is a
triglyceride. In embodiments, the majority lipid, lipid pre-
cursor, or oleochemical in the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) is a phospholipid. In embodiments, the major-
ity lipid, lipid precursor, or oleochemical in the oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) is a glycerolipid. In embodi-
ments, the majority lipid, lipid precursor, or oleochemical in
the oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell) is a glycero-
phospholipid. In embodiments, the majority lipid, lipid
precursor, or oleochemical in the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) is a sphingolipid. In embodiments, the majority
lipid, lipid precursor, or oleochemical in the oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) is a saccharolipid. In embodi-
ments, the majority lipid, lipid precursor, or oleochemical in
the oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell) is a polyketide.
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In embodiments, the majority lipid, lipid precursor, or
oleochemical in the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) is a sterol lipid. In embodiments, the majority lipid,
lipid precursor, or oleochemical in the oleaginous organism
(e.g. yeast cell, oleaginous yeast cell, Yarrowia lipolytica,
algae, or plant cell) is a triacylglyceride. In embodiments,
the majority lipid, lipid precursor, or oleochemical in the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) is a prenol lipid. In
embodiments, the majority lipid, lipid precursor, or oleo-
chemical in the oleaginous organism (e.g. yeast cell, oleagi-
nous yeast cell, Yarrowia lipolytica, algae, or plant cell) is a
wax ester. In embodiments, the majority lipid, lipid precur-
sor, or oleochemical in the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) is a fatty acid ethyl ester. In embodiments, the
majority lipid, lipid precursor, or oleochemical in the ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) is a fatty acid
methyl ester. In embodiments, the majority lipid, lipid
precursor, or oleochemical in the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) is a component of biodiesel. In embodiments,
the majority lipid, lipid precursor, or oleochemical in the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) is a saturated
hydrocarbon. In embodiments, the majority lipid, lipid pre-
cursor, or oleochemical in the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) is an unsaturated hydrocarbon. In embodi-
ments, the majority lipid, lipid precursor, or oleochemical in
the oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell) is a branched
hydrocarbon. In embodiments, the majority lipid, lipid pre-
cursor, or oleochemical in the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) is a lipid. In embodiments, the majority lipid,
lipid precursor, or oleochemical in the oleaginous organism
(e.g. yeast cell, oleaginous yeast cell, Yarrowia lipolytica,
algae, or plant cell) is a lipid precursor. In embodiments, the
majority lipid, lipid precursor, or oleochemical in the ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) is an oleochemical.

In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) produces C5:0 fatty acid. In embodiments, the oleagi-
nous organism (e.g. yeast cell, oleaginous yeast cell, Yar-
rowia lipolytica, algae, or plant cell) produces C5:1 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces C5:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C5:3 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces C6:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C6:1 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces C6:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C6:3 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
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plant cell) produces C7:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C7:1 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces C7:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C7:3 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces C8:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C8:1 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces C8:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C8:3 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces C9:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C9:1 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces C9:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C9:3 fatty
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces C10:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C10:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C10:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C10:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C11:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C11:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C11:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C11:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C12:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C12:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C12:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C12:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C13:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C13:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C13:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
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Yarrowia lipolytica, algae, or plant cell) produces C13:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C14:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C14:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C14:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C14:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C15:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C15:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C15:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C15:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C16:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C16:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C16:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C16:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C17:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C17:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C17:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C17:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C18:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C18:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C18:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C18:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C19:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C19:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C19:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C19:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C20:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C20:1
fatty acid. In embodiments, the oleaginous organism (e.g.
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yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C20:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C20:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C21:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C21:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C21:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C21:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C22:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C22:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C22:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C22:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C23:0 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C23:1
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces C23:2 fatty acid. In embodiments, the
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces C23:3
fatty acid. In embodiments, the oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) produces a fatty acid described herein above at
a greater level (e.g. 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9,
2,3,4,5,6,7,8,09, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69,70, 71,72, 73,74, 75,76, 77,78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000, 100000,
1000000 fold) compared to the same oleaginous organism
lacking the genetic modification. In embodiments, the ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) produces a lipid
including a fatty acid selected from the group consisting of
Cs:0,C5:1, C5:2, C5:3, C6:0, C6:1, C6:2, C6:3, C7:0,C7:1,
C7:2,C7:3,C8:0, C8:1, C8:2, C8:3, C9:0, C9:1, C9:2, C9:3,
C10:0, C10:1, C10:2, C10:3, C11:0, C11:1, C11:2, C11:3,
C12:0, C12:1, C12:2, C12:3, C13:0, C13:1, C13:2, C13:3,
C14:0, C14:1, Cl4:2, C14:3, C15:0, C15:1, C15:2, C15:3,
C16:0, C16:1, Cl16:2, C16:3, C17:0, C17:1, C17:2, C17:3,
C18:0, C18:1, C18:2, C18:3, C19:0, C19:1, C19:2, C19:3,
C20:0, C20:1, C20:2, C20:3, C21:0, C21:1, C21:2, C21:3,
C22:0, C22:1, C22:2, C22:3, C23:0, C23:1, C23:2, and
C23:3. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces a lipid derived from an endogenously
produced fatty acid selected from the group consisting of
Cs:0,C5:1, C5:2, C5:3, C6:0, C6:1, C6:2, C6:3, C7:0,C7:1,
C7:2,C7:3,C8:0, C8:1, C8:2, C8:3, C9:0, C9:1, C9:2, C9:3,
C10:0, C10:1, C10:2, C10:3, C11:0, C11:1, C11:2, C11:3,
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C12:0, C12:1, C12:2, C12:3, C13:0, C13:1, C13:2, C13:3,
C14:0, C14:1, Cl14:2, C14:3, C15:0, C15:1, C15:2, C15:3,
C16:0, C16:1, Cl16:2, C16:3, C17:0, C17:1, C17:2, C17:3,
C18:0, C18:1, C18:2, C18:3, C19:0, C19:1, C19:2, C19:3,
C20:0, C20:1, C20:2, C20:3, C21:0, C21:1, C21:2, C21:3,
C22:0, C22:1, C22:2, C22:3, C23:0, C23:1, C23:2, and
C23:3. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces a lipid, lipid precursor, or oleochemical
(e.g. fatty acid) described herein at a greater level (e.g. 1.1,
12,13,1.4,1.5,1.6,1.7,1.8,1.9,2,3,4,5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75,76,717,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 200, 300, 400, 500,
600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000,
7000, 8000, 9000, 10000, 100000, 1000000 fold) compared
to the same oleaginous organism lacking the genetic modi-
fication.

In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a recombinant nucleic acid, wherein the
recombinant nucleic acid modulates the level of activity of
a protein in the oleaginous organism (e.g. yeast cell, oleagi-
nous yeast cell, Yarrowia lipolytica, algae, or plant cell)
relative to the absence of the recombinant nucleic acid. In
embodiments, the protein is selected from the group con-
sisting of Leucine Biosynthesis Gene (LEU2), Uracil Bio-
synthesis gene (URA3), multifunctional enzyme (MFE1),
Transcription Factor (PEX10), AMP Deaminase (AMPD),
ATP-Citrate Lyase (ACL) (e.g. ACL subunit 1, ACL subunit
2, or subunit 1 and 2), Malic Enzyme (MAE), Acetyl-CoA
Carboxylase (ACC), acyl-CoA:diacylglycerol acyltrans-
ferase (DGAL1), acyl-CoA:diacylglycerol acyltransferases
(DGA2), Mitochondrial 2' O-ribose methyltransferase
(MRM2), Lipid synthesis regulator (MGAZ2), Chromatin
assembly gene (RLF2 subunit p90), O-6-methylguanine-
DNA methyltransferase (MGMT), Aconitase (ACO1), Cit-
rate Synthase (CIT1), RME1 zinc-finger transcription factor
(RME1), YOX1 homeodomain protein (YOX1), UGA2
succinate semialdehyde dehydrogenase (UGA2), OSH6
oxysterol-binding protein homolog 6 (OSH6), and IRC20
E3 ubiquitin-protein ligase and helicase (IRC20). In
embodiments, the protein is Leucine Biosynthesis Gene
(LEU2). In embodiments, the protein is Uracil Biosynthesis
gene (URA3). In embodiments, the protein is multifunc-
tional enzyme (MFE1). In embodiments, the protein is
Transcription Factor (PEX10). In embodiments, the protein
is AMP Deaminase (AMPD). In embodiments, the protein is
ATP-Citrate Lyase (ACL) (e.g. ACL subunit 1, ACL subunit
2, or subunit 1 and 2). In embodiments, the protein is Malic
Enzyme (MAE). In embodiments, the protein is Acetyl-CoA
Carboxylase (ACC). In embodiments, the protein is acyl-
CoA: diacylglycerol acyltransferase (DGA1). In embodi-
ments, the protein is acyl-CoA:diacylglycerol acyltrans-
ferases (DGA2). In embodiments, the protein is
Mitochondrial 2' O-ribose methyltransferase (MRM2). In
embodiments, the protein is Lipid synthesis regulator
(MGA2). In embodiments, the protein is Chromatin assem-
bly gene (RLF2 subunit p90). In embodiments, the protein
is O-6-methylguanine-DNA methyltransferase (MGMT). In
embodiments, the protein is Aconitase (ACO1). In embodi-
ments, the protein is Citrate Synthase (CIT1). In embodi-
ments, the protein is RME1 zinc-finger transcription factor
(RME1). In embodiments, the protein is YOX1 homeodo-
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main protein (YOX1). In embodiments, the protein is UGA2
succinate semialdehyde dehydrogenase (UGA2). In embodi-
ments, the protein is OSH6 oxysterol-binding protein
homolog 6 (OSH6). In embodiments, the protein is IRC20
E3 ubiquitin-protein ligase and helicase (IRC20). In
embodiments, modulating the level of activity of a protein in
an oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell) is modulating
the function of the protein. In embodiments, modulating the
level of activity of a protein in an oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) is modulating the amount of the protein. In
embodiments, modulating the level of activity of a protein in
an oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell) is modulating
the transcription of the mRNA encoding the protein. In
embodiments, modulating the level of activity of a protein in
an oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell) is modulating
the translation of the protein. In embodiments, modulating
the level of activity of a protein in an oleaginous organism
(e.g. yeast cell, oleaginous yeast cell, Yarrowia lipolytica,
algae, or plant cell) is modulating the coding sequence of the
gene encoding the protein (e.g. mutating (e.g. point mutant
or missense mutant), truncating, inserting into, or deleting).
In embodiments, modulating the level of activity of a protein
in an oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell) is modulating
the regulatory elements (e.g. promoter) of the gene encoding
the protein. In embodiments, modulating the level of activity
of a protein in an oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) is modulating the stability of the protein. In embodi-
ments, modulating the level of activity of a protein in an
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) is modulating the
stability of the transcript encoding the protein. In embodi-
ments, modulating the level of activity of a protein in an
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) is reducing the level
of activity of the protein. In embodiments, modulating the
level of activity of a protein in an oleaginous organism (e.g.
yeast cell, oleaginous yeast cell, Yarrowia lipolytica, algae,
or plant cell) is increasing the level of activity of the protein.

In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a genetic modification (e.g. recombinant
nucleic acid) that modulates (e.g. reduces or increases) the
level of activity of a protein in the citric acid cycle in the
oleaginous organism relative to the absence of the genetic
modification (e.g. recombinant nucleic acid). In embodi-
ments, the oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) includes
a genetic modification (e.g. recombinant nucleic acid) that
modulates (e.g. reduces or increases) the level of activity of
aprotein involved in the Kennedy Pathway in the oleaginous
organism relative to the absence of the genetic modification
(e.g. recombinant nucleic acid). In embodiments, the ole-
aginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) includes a genetic
modification (e.g. recombinant nucleic acid) that modulates
(e.g. reduces or increases) the level of activity of a protein
involved in fatty acid synthesis in the oleaginous organism
relative to the absence of the genetic modification (e.g.
recombinant nucleic acid). In embodiments, the oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) includes a genetic modifica-
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tion (e.g. recombinant nucleic acid) that modulates (e.g.
reduces or increases) the level of activity of a protein
involved in fatty acid storage (e.g. accumulation) in the
oleaginous organism relative to the absence of the genetic
modification (e.g. recombinant nucleic acid). In embodi-
ments, the oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) includes
a genetic modification (e.g. recombinant nucleic acid) that
that modulates (e.g. reduces or increases) the level of
activity of a protein involved in lipid synthesis in the
oleaginous organism relative to the absence of the genetic
modification (e.g. recombinant nucleic acid). In embodi-
ments, the oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) includes
a genetic modification (e.g. recombinant nucleic acid) that
modulates (e.g. reduces or increases) the level of activity of
a protein involved in lipid storage (e.g. accumulation) in the
oleaginous organism relative to the absence of the genetic
modification (e.g. recombinant nucleic acid). In embodi-
ments, the oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) includes
a genetic modification (e.g. recombinant nucleic acid) that
modulates (e.g. reduces or increases) the level of activity of
a protein involved in triacylglyceride storage (e.g. accumu-
lation) in the oleaginous organism relative to the absence of
the genetic modification (e.g. recombinant nucleic acid). In
embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a genetic modification (e.g. recombinant
nucleic acid) that modulates (e.g. reduces or increases) the
level of activity of a protein involved in triacylglyceride
synthesis in the oleaginous organism relative to the absence
of the genetic modification (e.g. recombinant nucleic acid).
In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a genetic modification (e.g. recombinant
nucleic acid) that modulates (e.g. reduces or increases) the
level of activity of a protein involved in peroxisomal bio-
genesis in the oleaginous organism relative to the absence of
the genetic modification (e.g. recombinant nucleic acid). In
embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a genetic modification (e.g. recombinant
nucleic acid) that modulates (e.g. reduces or increases) the
level of activity of a protein involved in the beta-oxidation
cycle in the oleaginous organism relative to the absence of
the genetic modification (e.g. recombinant nucleic acid). In
embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a genetic modification (e.g. recombinant
nucleic acid) that modulates (e.g. reduces or increases) the
level of activity of a protein involved in fatty acid degra-
dation in the oleaginous organism relative to the absence of
the genetic modification (e.g. recombinant nucleic acid). In
embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a genetic modification (e.g. recombinant
nucleic acid) that modulates (e.g. reduces or increases) the
level of activity of a protein involved in lipid degradation in
the oleaginous organism relative to the absence of the
genetic modification (e.g. recombinant nucleic acid). In
embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a genetic modification (e.g. recombinant
nucleic acid) that modulates (e.g. reduces or increases) the
level of activity of a protein involved in triacylglyceride
degradation in the oleaginous organism relative to the

30

35

40

45

50

38

absence of the genetic modification (e.g. recombinant
nucleic acid). In embodiments, the oleaginous organism
(e.g. yeast cell, oleaginous yeast cell, Yarrowia lipolytica,
algae, or plant cell) includes a genetic modification (e.g.
recombinant nucleic acid) that modulates (e.g. reduces or
increases) the level of activity of a protein involved in
central carbon metabolism in the oleaginous organism rela-
tive to the absence of the genetic modification (e.g. recom-
binant nucleic acid).

In embodiments, the recombinant nucleic acid increases
the level of activity of a protein in the oleaginous organism
(e.g. yeast cell, oleaginous yeast cell, Yarrowia lipolytica,
algae, or plant cell). In embodiments, the protein is selected
from the group consisting of Leucine Biosynthesis Gene
(LEU2), Uracil Biosynthesis gene (URA3), AMP Deami-
nase (AMPD), ATP-Citrate Lyase (ACL) (e.g. ACL subunit
1, ACL subunit 2, or subunit 1 and 2), Malic Enzyme
(MAE), Acetyl-CoA Carboxylase (ACC), acyl-CoA:diacyl-
glycerol acyltransferase (DGA1), acyl-CoA: diacylglycerol
acyltransferases (DGA2), Mitochondrial 2' O-ribose meth-
yltransterase (MRM2), Lipid synthesis regulator (MGA2),
Chromatin assembly gene (RLF2 subunit p90), O-6-meth-
ylguanine-DNA methyltransferase (MGMT), Citrate Syn-
thase (CIT1), RME1 zinc-finger transcription factor
(RME1), YOX1 homeodomain protein (YOX1), UGA2
succinate semialdehyde dehydrogenase (UGA2), OSH6
oxysterol-binding protein homolog 6 (OSH6), and IRC20
E3 ubiquitin-protein ligase and helicase (IRC20). In
embodiments, the protein is selected from the group con-
sisting of Leucine Biosynthesis Gene (LEU2), Uracil Bio-
synthesis gene (URA3), AMP Deaminase (AMPD), ATP-
Citrate Lyase (ACL) (e.g. ACL subunit 1, ACL subunit 2, or
subunit 1 and 2), Malic Enzyme (MAE), Acetyl-CoA Car-
boxylase (ACC), acyl-CoA:diacylglycerol acyltransferase
(DGA1), acyl-CoA: diacylglycerol acyltransferases
(DGA2), Mitochondrial 2' O-ribose methyltransferase
(MRM2), Lipid synthesis regulator (MGA2), Chromatin
assembly gene (RLF2 subunit p90), 0-6-methylguanine-
DNA methyltransferase (MGMT), and Citrate Synthase
(CIT1). In embodiments, the protein is Leucine Biosynthesis
Gene (LEU2). In embodiments, the protein is Uracil Bio-
synthesis gene (URA3). In embodiments, the protein is AMP
Deaminase (AMPD). In embodiments, the protein is ATP-
Citrate Lyase (ACL) (e.g. ACL subunit 1, ACL subunit 2, or
subunit 1 and 2). In embodiments, the protein is Malic
Enzyme (MAE). In embodiments, the protein is Acetyl-CoA
Carboxylase (ACC). In embodiments, the protein is acyl-
CoA:diacylglycerol acyltransferase (DGA1). In embodi-
ments, the protein is acyl-CoA:diacylglycerol acyltrans-
ferases (DGA2). In embodiments, the protein is
Mitochondrial 2' O-ribose methyltransferase (MRM2). In
embodiments, the protein is Lipid synthesis regulator
(MGA2). In embodiments, the protein is Chromatin assem-
bly gene (RLF2 subunit p90). In embodiments, the protein
is O-6-methylguanine-DNA methyltransferase (MGMT). In
embodiments, the protein is Citrate Synthase (CIT1). In
embodiments, the protein is RME1 zinc-finger transcription
factor (RME1). In embodiments, the protein is YOX1 home-
odomain protein (YOX1). In embodiments, the protein is
UGA2 succinate semialdehyde dehydrogenase (UGA2). In
embodiments, the protein is OSH6 oxysterol-binding protein
homolog 6 (OSH6). In embodiments, the protein is IRC20
E3 ubiquitin-protein ligase and helicase (IRC20). In
embodiments, the protein is selected from the group con-
sisting of Leucine Biosynthesis Gene (LEU2), Uracil Bio-
synthesis gene (URA3), Malic Enzyme (MAE), Mitochon-
drial 2' O-ribose methyltransferase (MRM2), Lipid
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synthesis regulator (MGA2), and O-6-methylguanine-DNA
methyltransferase (MGMT) or said nucleic acid decreases
the level of activity of Lipid synthesis regulator (MGA2).

In embodiments, the genetic modification (e.g. recombi-
nant nucleic acid) decreases the level of activity of a protein
in the oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell). In embodi-
ments, the protein is selected from the group consisting of
multifunctional enzyme (MFE1), Lipid synthesis regulator
(MGA2), Chromatin assembly gene (RLF2 subunit p90),
Transcription Factor (PEX10), and Aconitase (ACO1). In
embodiments, the protein is multifunctional enzyme
(MFE1). In embodiments, the protein is Lipid synthesis
regulator (MGA2). In embodiments, the protein is Chroma-
tin assembly gene (RLF2 subunit p90). In embodiments, the
protein is Transcription Factor (PEX10). In embodiments,
the protein is Aconitase (ACO1). In embodiments, the
protein is RME1 zinc-finger transcription factor (RME1). In
embodiments, the protein is YOX1 homeodomain protein
(YOX1). In embodiments, the protein is UGA2 succinate
semialdehyde dehydrogenase (UGA2). In embodiments, the
protein is OSH6 oxysterol-binding protein homolog 6
(OSH6). In embodiments, the protein is IRC20 E3 ubiquitin-
protein ligase and helicase (IRC20).

In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a plurality of genetic modifications (e.g.
recombinant nucleic acids) that collectively modulate one,
two, three, four, five, six, seven, eight, nine, ten, or more of
the group of proteins consisting of Leucine Biosynthesis
Gene (LEU2), Uracil Biosynthesis gene (URA3), multifunc-
tional enzyme (MFE1), Transcription Factor (PEX10), AMP
Deaminase (AMPD), ATP-Citrate Lyase (ACL) (e.g. ACL
subunit 1, ACL subunit 2, or subunit 1 and 2), Malic Enzyme
(MAE), Acetyl-CoA Carboxylase (ACC), acyl-CoA: diacyl-
glycerol acyltransferase (DGA1), acyl-CoA: diacylglycerol
acyltransferases (DGA2), Mitochondrial 2' O-ribose meth-
yltransterase (MRM2), Lipid synthesis regulator (MGA2),
Chromatin assembly gene (RLF2 subunit p90), O-6-meth-
ylguanine-DNA methyltransferase (MGMT), Aconitase
(ACO1), Citrate Synthase (CIT1), RME1 zinc-finger tran-
scription factor (RME1), YOX1 homeodomain protein
(YOX1), UGA2 succinate semialdehyde dehydrogenase
(UGA2), OSH6 oxysterol-binding protein homolog 6
(OSH6), and IRC20 E3 ubiquitin-protein ligase and helicase
(IRC20).

In embodiments, the recombinant nucleic acid encodes a
protein comprising a mutation relative to the wildtype
protein. In embodiments, the mutation is a point mutation. In
embodiments, the mutation is a deletion. In embodiments,
the mutation is an insertion. In embodiments, the mutation
is a fusion with a second protein. In embodiments, the
recombinant nucleic acid encodes a mutant of a protein
selected from the group consisting of Leucine Biosynthesis
Gene (LEU2), Uracil Biosynthesis gene (URA3), multifunc-
tional enzyme (MFE1), Transcription Factor (PEX10), AMP
Deaminase (AMPD), ATP-Citrate Lyase (ACL) (e.g. ACL
subunit 1, ACL subunit 2, or subunit 1 and 2), Malic Enzyme
(MAE), Acetyl-CoA Carboxylase (ACC), acyl-CoA: diacyl-
glycerol acyltransferase (DGA1), acyl-CoA: diacylglycerol
acyltransferases (DGA2), Mitochondrial 2' O-ribose meth-
yltransterase (MRM2), Lipid synthesis regulator (MGA2),
Chromatin assembly gene (RLF2 subunit p90), O-6-meth-
ylguanine-DNA methyltransferase (MGMT), Aconitase
(ACO1), Citrate Synthase (CIT1), RME1 zinc-finger tran-
scription factor (RME1), YOX1 homeodomain protein
(YOX1), UGA2 succinate semialdehyde dehydrogenase
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(UGA2), OSH6 oxysterol-binding protein homolog 6
(OSH6), or IRC20 E3 ubiquitin-protein ligase and helicase
(IRC20).

In embodiments, the recombinant nucleic acid encodes a
mutant of a protein selected from the group consisting of
Leucine Biosynthesis Gene (LEU2), Uracil Biosynthesis
gene (URA3), multifunctional enzyme (MFE1), Transcrip-
tion Factor (PEX10), AMP Deaminase (AMPD), ATP-Cit-
rate Lyase (ACL) (e.g. ACL subunit 1, ACL subunit 2, or
subunit 1 and 2), Malic Enzyme (MAE), Acetyl-CoA Car-
boxylase (ACC), acyl-CoA:diacylglycerol acyltransferase
(DGA1), acyl-CoA: diacylglycerol acyltransferases
(DGA2), Mitochondrial 2' O-ribose methyltransferase
(MRM2), Lipid synthesis regulator (MGA2), Chromatin
assembly gene (RLF2 subunit p90), O-6-methylguanine-
DNA methyltransferase (MGMT), Aconitase (ACO1), Cit-
rate Synthase (CIT1), RMFE1 zinc-finger transcription factor
(RME1), YOX1 homeodomain protein (YOX1), UGA2
succinate semialdehyde dehydrogenase (UGA2), OSH6
oxysterol-binding protein homolog 6 (OSH6), or IRC20 E3
ubiquitin-protein ligase and helicase (IRC20).

In embodiments, the recombinant nucleic acid is an AMP
Deaminase (AMPD) having the nucleotide sequence of SEQ
ID NO.:33. In embodiments, the recombinant nucleic acid is
an AMP Deaminase (AMPD) having at least 60% identity
(e.g. at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%., 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identity) over a region of at least 100 nucleotides (e.g.
at least 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, or
the entire sequence) with SEQ ID NO.:33, (e.g. using the
same length of nucleotides for comparison or the entirety of
both nucleic acids).

In embodiments, the recombinant nucleic acid is a Leu-
cine Biosynthesis Gene (LEU2) having the nucleotide
sequence of SEQ ID NO.:35. In embodiments, the recom-
binant nucleic acid is a Leucine Biosynthesis Gene (LEU2)
having at least 60% identity (e.g. at least 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%,
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity) over a region
of at least 100 nucleotides (e.g. at least 200, 300, 400, 500,
600, 700, 800, 900, 1000, 1100, 1200, or the entire
sequence) with SEQ ID NO.:35, (e.g. using the same length
of' nucleotides for comparison or the entirety of both nucleic
acids).

In embodiments, the recombinant nucleic acid is a Uracil
Biosynthesis gene (URA3) having the nucleotide sequence
of SEQ ID NO.:37. In embodiments, the recombinant
nucleic acid is a Uracil Biosynthesis gene (URA3) having at
least 60% identity (e.g. at least 61%, 62%, 63%, 64%, 65%,
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity) over a region of at least
100 nucleotides (e.g. at least 200, 300, 400, 500, 600, 700,
800, or the entire sequence) with SEQ ID NO.:37, (e.g. using
the same length of nucleotides for comparison or the entirety
of both nucleic acids).

In embodiments, the recombinant nucleic acid is an
ATP-Citrate Lyase (ACL) (subunit 1) having the nucleotide
sequence of SEQ ID NO.:39. In embodiments, the recom-
binant nucleic acid is an ATP-Citrate Lyase (ACL) (subunit
1) having at least 60% identity (e.g. at least 61%, 62%, 63%,
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64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%,
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity) over a region
of at least 100 nucleotides (e.g. at least 200, 300, 400, 500,
600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500,
1600, 1700, 1800, 1900, or the entire sequence) with SEQ
ID NO.:39, (e.g. using the same length of nucleotides for
comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is an
ATP-Citrate Lyase (ACL) (subunit 2) having the nucleotide
sequence of SEQ ID NO.:41. In embodiments, the recom-
binant nucleic acid is an ATP-Citrate Lyase (ACL) (subunit
2) having at least 60% identity (e.g. at least 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%,
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity) over a region
of at least 100 nucleotides (e.g. at least 200, 300, 400, 500,
600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, or the
entire sequence) with SEQ ID NO.:41, (e.g. using the same
length of nucleotides for comparison or the entirety of both
nucleic acids).

In embodiments, the recombinant nucleic acid is a Malic
Enzyme (MEA, MAE, MEA1) having the nucleotide
sequence of SEQ ID NO.:43. In embodiments, the recom-
binant nucleic acid is a Malic Enzyme (MEA, MAE, MEA1)
having at least 60% identity (e.g. at least 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%,
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identity) over a region
of at least 100 nucleotides (e.g. at least 200, 300, 400, 500,
600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500,
1600, 1700, 1800, or the entire sequence) with SEQ ID
NO.:43, (e.g. using the same length of nucleotides for
comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a acyl-
CoA:diacylglycerol acyltransferase (DGA1) having the
nucleotide sequence of SEQ ID NO.:45. In embodiments,
the recombinant nucleic acid is a acyl-CoA: diacylglycerol
acyltransferase (DGA1) having at least 60% identity (e.g. at
least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity) over a region of at least 100 nucleotides (e.g. at
least 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, or the entire sequence) with SEQ
ID NO.:45, (e.g. using the same length of nucleotides for
comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a acyl-
CoA:diacylglycerol acyltransferase (DGA2) having the
nucleotide sequence of SEQ ID NO.:47. In embodiments,
the recombinant nucleic acid is a acyl-CoA:diacylglycerol
acyltransferase (DGA2) having at least 60% identity (e.g. at
least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity) over a region of at least 100 nucleotides (e.g. at
least 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, or the entire sequence) with SEQ
ID NO.:47, (e.g. using the same length of nucleotides for
comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a Lipid
synthesis regulator (MGA2) having the nucleotide sequence
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of SEQ ID NO.:49. In embodiments, the recombinant
nucleic acid is a Lipid synthesis regulator (MGA2) having at
least 60% identity (e.g. at least 61%, 62%, 63%, 64%, 65%,
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity) over a region of at least
100 nucleotides (e.g. at least 200, 300, 400, 500, 600, 700,
800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700,
1800, 1900, 2000, 2100, 2200, 2300, 2400, 2500, 2600,
2700, 2800, 2900, 3000, 3100, 3200, 3300, 3400, 3500,
3600, 3700, 3800, or the entire sequence) with SEQ ID
NO.:49, (e.g. using the same length of nucleotides for
comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a mutant
Lipid synthesis regulator (MGA2-1.36 mutant) having the
nucleotide sequence of SEQ ID NO.:51. In embodiments,
the recombinant nucleic acid is a mutant Lipid synthesis
regulator (MGA2-1.36 mutant) having at least 60% identity
(e.g. at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%., 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identity) over a region of at least 100 nucleotides (e.g.
at least 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000,
2100, 2200, 2300, 2400, 2500, 2600, 2700, 2800, 2900,
3000, 3100, 3200, 3300, 3400, 3500, 3600, 3700, 3800, or
the entire sequence) with SEQ ID NO.:51, (e.g. using the
same length of nucleotides for comparison or the entirety of
both nucleic acids).

In embodiments, the recombinant nucleic acid is a trun-
cated Lipid synthesis regulator (MGA2-truncated) having
the nucleotide sequence of SEQ ID NO.:53. In embodi-
ments, the recombinant nucleic acid is a truncated Lipid
synthesis regulator (MGA2-truncated) having at least 60%
identity (e.g. at least 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%,
78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identity) over a region of at least 100 nucleo-
tides (e.g. at least 200, 300, 400, 500, 600, 700, 800, 900,
1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800,
1900, 2000, 2100, 2200, 2300, 2400, 2500, 2600, 2700,
2800, 2900, 3000, 3100, 3200, 3300, 3400, 3500, 3600,
3700, 3800, or the entire sequence) with SEQ ID NO.:53,
(e.g. using the same length of nucleotides for comparison or
the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a Chro-
matin assembly gene (RLF2 subunit p90) having the nucleo-
tide sequence of SEQ ID NO.:58. In embodiments, the
recombinant nucleic acid is a Chromatin assembly gene
(RLF2 subunit p90) having at least 60% identity (e.g. at least
61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%,
71%, 72%, 73%, 74%, 75%, 76%, T77%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity) over a region of at least 100 nucleotides (e.g. at
least 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, or the entire sequence) with SEQ
ID NO.:58, (e.g. using the same length of nucleotides for
comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a Mito-
chondrial 2' O-ribose methyltransferase (MRM2) having the
nucleotide sequence of SEQ ID NO.:63. In embodiments,
the recombinant nucleic acid is a Mitochondrial 2' O-ribose
methyltransferase (MRM2) having at least 60% identity
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(e.g. at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%., 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identity) over a region of at least 100 nucleotides (e.g.
at least 200, 300, 400, 500, 600, 700, or the entire sequence)
with SEQ ID NO.:63, (e.g. using the same length of nucleo-
tides for comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a Citrate
Synthase (CIT1) having the nucleotide sequence of SEQ ID
NO.:67. In embodiments, the recombinant nucleic acid is a
Citrate Synthase (CIT1) having at least 60% identity (e.g. at
least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity) over a region of at least 100 nucleotides (e.g. at
least 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, 1600, 1700, or the entire sequence)
with SEQ ID NO.:67, (e.g. using the same length of nucleo-
tides for comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a Acetyl-
CoA Carboxylase (ACC) having the nucleotide sequence of
SEQ ID NO.:69. In embodiments, the recombinant nucleic
acid is a Acetyl-CoA Carboxylase (ACC) having at least
60% identity (e.g. at least 61%, 62%, 63%, 64%, 65%, 66%,
67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identity) over a region of at least 100
nucleotides (e.g. at least 200, 300, 400, 500, 600, 700, 800,
900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800,
1900, 2000, 3000, 4000, 5000, 6000, 7000, or the entire
sequence) with SEQ ID NO.:69, (e.g. using the same length
of nucleotides for comparison or the entirety of both nucleic
acids).

In embodiments, the recombinant nucleic acid is a Tran-
scription Factor (PEX10) having the nucleotide sequence of
SEQ ID NO.:71. In embodiments, the recombinant nucleic
acid is a Transcription Factor (PEX10) having at least 60%
identity (e.g. at least 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%,
78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identity) over a region of at least 100 nucleo-
tides (e.g. at least 200, 300, 400, 500, 600, 700, 800, 900,
1000, 1100, or the entire sequence) with SEQ ID NO.:71,
(e.g. using the same length of nucleotides for comparison or
the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a mul-
tifunctional enzyme (MFE1) having the nucleotide sequence
of SEQ ID NO.:73. In embodiments, the recombinant
nucleic acid is a multifunctional enzyme (MFE1) having at
least 60% identity (e.g. at least 61%, 62%, 63%, 64%, 65%,
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity) over a region of at least
100 nucleotides (e.g. at least 200, 300, 400, 500, 600, 700,
800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700,
1800, 1900, 2000, 2100, 2200, 2300, or the entire sequence)
with SEQ ID NO.:73, (e.g. using the same length of nucleo-
tides for comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a Aco-
nitase (ACO1) having the nucleotide sequence of SEQ ID
NO.:75. In embodiments, the recombinant nucleic acid is a
Aconitase (ACO1) having at least 60% identity (e.g. at least
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61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%,
71%, 72%, 73%, 74%, 75%, 76%, T77%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity) over a region of at least 100 nucleotides (e.g. at
least 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000,
2100, 2200, 2300, 2400, 2500, 2600, or the entire sequence)
with SEQ ID NO.:75, (e.g. using the same length of nucleo-
tides for comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a YOX1
homeodomain protein (YOX1) having the nucleotide
sequence of SEQ ID NO.:77. In embodiments, the recom-
binant nucleic acid is a YOX1 homeodomain protein
(YOX1) having at least 60% identity (e.g. at least 61%, 62%,
63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identity) over a
region of at least 100 nucleotides (e.g. at least 200, 300, 400,
500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, or
the entire sequence) with SEQ ID NO.:77, (e.g. using the
same length of nucleotides for comparison or the entirety of
both nucleic acids).

In embodiments, the recombinant nucleic acid is a UGA2
succinate semialdehyde dehydrogenase (UGA2) having the
nucleotide sequence of SEQ ID NO.:78. In embodiments,
the recombinant nucleic acid is a UGA2 succinate semial-
dehyde dehydrogenase (UGA2) having at least 60% identity
(e.g. at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%., 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identity) over a region of at least 100 nucleotides (e.g.
at least 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, or the entire sequence) with SEQ ID
NO.:78, (e.g. using the same length of nucleotides for
comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a RME1
zinc-finger transcription factor (RME1) having the nucleo-
tide sequence of SEQ ID NO.:79. In embodiments, the
recombinant nucleic acid is a RME1 zinc-finger transcrip-
tion factor (RME1) having at least 60% identity (e.g. at least
61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%,
71%, 72%, 73%, 74%, 75%, 76%, T77%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity) over a region of at least 100 nucleotides (e.g. at
least 200, 300, 400, 500, 600, or the entire sequence) with
SEQ ID NO.:79, (e.g. using the same length of nucleotides
for comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a OSH6
oxysterol-binding protein homolog 6 (OSH6) having the
nucleotide sequence of SEQ ID NO.:80. In embodiments,
the recombinant nucleic acid is a OSH6 oxysterol-binding
protein homolog 6 (OSH6) having at least 60% identity (e.g.
at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity) over a region of at least 100 nucleotides (e.g. at
least 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1400, 1500, 1600, or the entire sequence) with
SEQ ID NO.:80, (e.g. using the same length of nucleotides
for comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a IRC20
E3 ubiquitin-protein ligase and helicase (IRC20) having the
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nucleotide sequence of SEQ ID NO.:81. In embodiments,
the recombinant nucleic acid is a IRC20 E3 ubiquitin-
protein ligase and helicase (IRC20) having at least 60%
identity (e.g. at least 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%,
78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identity) over a region of at least 100 nucleo-
tides (e.g. at least 200, 300, 400, 500, 600, 700, 800, 900,
1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800,
1900, 2000, 3000, 4000, 5000, or the entire sequence) with
SEQ ID NO.:81, (e.g. using the same length of nucleotides
for comparison or the entirety of both nucleic acids).

In embodiments, the recombinant nucleic acid is a O-6-
methylguanine-DNA methyltransferase (MGMT) having
the nucleotide sequence of SEQ ID NO.:65. In embodi-
ments, the recombinant nucleic acid is a O-6-methylgua-
nine-DNA methyltransferase (MGMT) having at least 60%
identity (e.g. at least 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%,
78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identity) over a region of at least 100 nucleo-
tides (e.g. at least 200, 300, 400, 500, 600, 700, 800, 900,
1000, 1100, 1200, 1300, 1400, 1500, or the entire sequence)
with SEQ ID NO.:65, (e.g. using the same length of nucleo-
tides for comparison or the entirety of both nucleic acids).

In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes a recombinant nucleic acid that decreases the
level of activity of multifunctional enzyme (MFE1) protein
and Transcription Factor (PEX10) protein, increases the
level of activity of acyl-CoA: diacylglycerol acyltransferase
(DGA1) protein, or increases the level of activity of Leucine
Biosynthesis Gene (LEU2) protein relative to a oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) that does not include the
recombinant nucleic acid. In embodiments, the oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) includes recombinant nucleic
acids that decrease the level of activity of multifunctional
enzyme (MFE1) protein and Transcription Factor (PEX10)
protein, increase the level of activity of acyl-CoA:diacyl-
glycerol acyltransferase (DGA1) protein, and increase the
level of activity of Leucine Biosynthesis Gene (LEU2)
protein relative to a oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) that does not include the recombinant nucleic acids. In
embodiments, the level of activity is the level of expression
of the protein.

In embodiments, the oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) includes an extra-chromosomal recombinant nucleic
acid. In embodiments, the oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) includes a recombinant nucleic acid integrated
into the oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) genome.
In embodiments, the extra-chromosomal recombinant
nucleic acid includes a gene that is also included in the
genome of the yeast cell oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) (e.g. Leucine Biosynthesis Gene (LEU2), Uracil
Biosynthesis gene (URA3), multifunctional enzyme
(MFE1), Transcription Factor (PEX10), AMP Deaminase
(AMPD), ATP-Citrate Lyase (ACL) (e.g. ACL subunit 1,
ACL subunit 2, or subunit 1 and 2), Malic Enzyme (MAE),
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Acetyl-CoA Carboxylase (ACC), acyl-CoA:diacylglycerol
acyltransferase (DGAL1), acyl-CoA:diacylglycerol acyltrans-
ferases (DGA2), Mitochondrial 2' O-ribose methyltrans-
ferase (MRM2), Lipid synthesis regulator (MGA2), Chro-
matin assembly gene (RLF2 subunit p90), O-6-
methylguanine-DNA methyltransferase (MGMT),
Aconitase (ACO1), Citrate Synthase (CIT1), RMEI zinc-
finger transcription factor (RME1), YOX1 homeodomain
protein (YOX1), UGA2 succinate semialdehyde dehydro-
genase (UGA2), OSH6 oxysterol-binding protein homolog 6
(OSH6), IRC20 E3 ubiquitin-protein ligase and helicase
(IRC20), a wildtype version thereof, or a mutant version
thereof). In embodiments, the extra-chromosomal recombi-
nant nucleic acid includes a gene that is also included in the
genome of the oleaginous organism (e.g. yeast cell, oleagi-
nous yeast cell, Yarrowia lipolytica, algae, or plant cell) (e.g.
Leucine Biosynthesis Gene (LEU2), Uracil Biosynthesis
gene (URA3), AMP Deaminase (AMPD), ATP-Citrate
Lyase (ACL) (e.g. ACL subunit 1, ACL subunit 2, or subunit
1 and 2), Malic Enzyme (MAE), Acetyl-CoA Carboxylase
(ACC), acyl-CoA: diacylglycerol acyltransferase (DGA1),
acyl-CoA: diacylglycerol acyltransferases (DGA2), Mito-
chondrial 2' O-ribose methyltransferase (MRM2), Lipid
synthesis regulator (MGA2), Chromatin assembly gene
(RLF2 subunit p90), O-6-methylguanine-DNA methyltrans-
ferase (MGMT), Citrate Synthase (CIT1), RME1 zinc-finger
transcription factor (RME1), YOX1 homeodomain protein
(YOX1), UGA2 succinate semialdehyde dehydrogenase
(UGA2), OSH6-oxysterol-binding protein homolog 6
(OSH6), IRC20 E3 ubiquitin-protein ligase and helicase
(IRC20), a wildtype version thereof, or a mutant version
thereof). In embodiments, a recombinant nucleic acid inte-
grated into the oleaginous organism (e.g. yeast cell, oleagi-
nous yeast cell, Yarrowia lipolytica, algae, or plant cell)
genome replaces (e.g. partially or completely) a promoter
included in the oleaginous organism (e.g. yeast cell, oleagi-
nous yeast cell, Yarrowia lipolytica, algae, or plant cell)
genome pror to integration of the recombinant nucleic acid.

In embodiments, the yeast cell is a yeast cell including
one or more genetic modifications (e.g. recombinant nucleic
acids), as described herein (including in the Examples
section below, the tables, the figures, and the claims herein).
In embodiments, the yeast cell is a yeast cell described
herein, including in an example, table, figure, or claim. In
embodiments, the oleaginous yeast cell is .36 as described
herein (e.g. examples, tables, and figures). In embodiments,
the oleaginous yeast cell is derived from [.36 as described
herein (e.g. examples, tables, and figures). In embodiments,
the oleaginous yeast cell is E26 as described herein (e.g.
examples, tables, and figures). In embodiments, the oleagi-
nous yeast cell is E13 as described herein (e.g. examples,
tables, and figures). In embodiments, the oleaginous yeast
cell is derived from E26 or E13.

In embodiments, the dry weight of the genetically modi-
fied yeast cell described herein includes greater than about
20% wt/wt lipids, lipid precursors, and/or oleochemicals
(e.g., greater than about 20, 21, 22, 23, 24,25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69,70, 71,72, 73,74, 75, 76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, or 99%; greater than 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76,717,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
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89,90, 91, 92,93, 94, 95, 96, 97, 98, or 99%; of lipid; lipids;
lipid precursors; lipid precursor, oleochemical, and/or oleo-
chemicals).

In embodiments, the genetically modified yeast cell
described herein includes a recombinant Leucine Biosyn-
thesis Gene (LEU2). In embodiments, the genetic modifi-
cation increases the level of activity of the Leucine Biosyn-
thesis Gene (LEU2) protein relative to an otherwise identical
yeast cell lacking the genetic modification. In embodiments,
the genetically modified yeast cell described herein is
capable of de novo synthesis of leucine (e.g. at sufficient
levels to meet the leucine requirements of the yeast cell). In
embodiments, the genetically modified yeast cell described
herein is capable of de novo synthesis of leucine indepen-
dent of the genetic modification. In embodiments, the
genetically modified yeast cell described herein includes a
recombinant Uracil Biosynthesis gene (URA3). In embodi-
ments, the genetic modification increases the level of activ-
ity of the Uracil Biosynthesis gene (URA3) protein relative
to an otherwise identical yeast cell lacking the genetic
modification. In embodiments, the genetically modified
yeast cell described herein is capable of de novo synthesis of
uracil (e.g. at sufficient levels to meet the uracil requirements
of the yeast cell). In embodiments, the genetically modified
yeast cell described herein is capable of de novo synthesis of
uracil independent of the genetic modification. In embodi-
ments, the genetically modified yeast cell described herein
includes a genetically modified multifunctional enzyme
(MFE1) gene. In embodiments, the genetic modification
decreases the level of activity of the multifunctional enzyme
(MFE1) protein relative to an otherwise identical yeast cell
lacking the genetic modification. In embodiments, the
genetically modified yeast cell described herein includes a
genetically modified PEX10 Transcription Factor (PEX10)
gene. In embodiments, the genetic modification decreases
the level of activity of the PEX10 Transcription Factor
(PEX10) protein relative to an otherwise identical yeast cell
lacking the genetic modification. In embodiments, the
genetically modified yeast cell described herein includes a
recombinant AMP Deaminase (AMPD) protein. In embodi-
ments, the genetic modification increases the level of activ-
ity of the AMP Deaminase (AMPD) protein relative to an
otherwise identical yeast cell lacking the genetic modifica-
tion. In embodiments, the genetically modified yeast cell
described herein includes a recombinant ATP-Citrate Lyase
1 (ACL1) protein. In embodiments, the genetic modification
increases the level of activity of the ATP-Citrate Lyase 1
(ACL1) protein relative to an otherwise identical yeast cell
lacking the genetic modification. In embodiments, the
genetically modified yeast cell described herein includes a
recombinant ATP-Citrate Lyase 2 (ACL2) protein. In
embodiments, the genetic modification increases the level of
activity of the ATP-Citrate Lyase 2 (ACL2) protein relative
to an otherwise identical yeast cell lacking the genetic
modification. In embodiments, the genetically modified
yeast cell described herein includes a recombinant ATP-
Citrate Lyase 1 (ACL1) protein and ATP-Citrate Lyase 2
(ACL2) protein. In embodiments, the genetic modification
increases the level of activity of the ATP-Citrate Lyase 1
(ACL1) protein and ATP-Citrate Lyase 2 (ACL2) protein
relative to an otherwise identical yeast cell lacking the
genetic modification. In embodiments, the genetically modi-
fied yeast cell described herein includes a recombinant
Malic Enzyme (MAE) protein. In embodiments, the genetic
modification increases the level of activity of the Malic
Enzyme (MAE) protein relative to an otherwise identical
yeast cell lacking the genetic modification. In embodiments,
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the genetically modified yeast cell described herein includes
a recombinant Acetyl-CoA Carboxylase (ACC) protein. In
embodiments, the genetic modification increases the level of
activity of the Acetyl-CoA Carboxylase (ACC) protein rela-
tive to an otherwise identical yeast cell lacking the genetic
modification. In embodiments, the genetically modified
yeast cell described herein includes a recombinant acyl-
CoA:diacylglycerol acyltransferase 1 (DGAL) protein. In
embodiments, the genetic modification increases the level of
activity of the acyl-CoA:diacylglycerol acyltransferase 1
(DGAJ1) protein relative to an otherwise identical yeast cell
lacking the genetic modification. In embodiments, the
genetically modified yeast cell described herein includes a
recombinant acyl-CoA:diacylglycerol acyltransferase 2
(DGA2) protein. In embodiments, the genetic modification
increases the level of activity of the acyl-CoA:diacylglycerol
acyltransferase 2 (DGA2) protein relative to an otherwise
identical yeast cell lacking the genetic modification. In
embodiments, the genetically modified yeast cell described
herein includes a recombinant Mitochondrial 2' O-ribose
methyltransferase (MRM2) protein. In embodiments, the
genetic modification increases the level of activity of the
Mitochondrial 2' O-ribose methyltransterase (MRM2) pro-
tein relative to an otherwise identical yeast cell lacking the
genetic modification. In embodiments, the genetically modi-
fied yeast cell described herein includes a recombinant Lipid
synthesis regulator (MGA2) protein. In embodiments, the
genetically modified yeast cell described herein includes a
genetically modified Lipid synthesis regulator (MGAZ2)
gene. In embodiments, the genetically modified yeast cell
described herein includes at least one nucleotide deletion in
the genomic Lipid synthesis regulator (MGA2) gene and
expression of a Lipid synthesis regulator (MGA2) protein
including a mutation corresponding to G643R in Yarrowia
lipolytica Lipid synthesis regulator (MGA2) In embodi-
ments, the genetic modification decreases the level of activ-
ity of the Lipid synthesis regulator (MGA?2) protein relative
to an otherwise identical yeast cell lacking the genetic
modification. In embodiments, the genetically modified
yeast cell described herein includes a genetically modified
Chromatin assembly gene (RLF2 subunit p90) gene. In
embodiments, the genetic modification decreases the level
of activity of the Chromatin assembly gene (RLF2 subunit
p90) protein relative to an otherwise identical yeast cell
lacking the genetic modification. In embodiments, the
genetically modified yeast cell described herein includes a
recombinant O-6-methylguanine-DNA methyltransferase
(MGMT) protein. In embodiments, the genetic modification
increases the level of activity of the O-6-methylguanine-
DNA methyltransferase (MGMT) protein relative to an
otherwise identical yeast cell lacking the genetic modifica-
tion. In embodiments, the genetically modified yeast cell
described herein includes a genetically modified Aconitase
(ACO1) gene. In embodiments, the genetic modification
decreases the level of activity of the Aconitase (ACO1)
protein relative to an otherwise identical yeast cell lacking
the genetic modification. In embodiments, the genetically
modified yeast cell described herein includes a recombinant
Citrate Synthase (CIT1) gene. In embodiments, the genetic
modification increases the level of activity of the Citrate
Synthase (CIT1) protein relative to an otherwise identical
yeast cell lacking the genetic modification. In embodiments,
the genetically modified yeast cell described herein includes
a genetically modified RME1 zinc-finger transcription factor
(RME1) gene. In embodiments, the genetic modification
decreases the level of activity of the RME1 zinc-finger
transcription factor (RME1) protein relative to an otherwise
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identical yeast cell lacking the genetic modification. In
embodiments, the genetically modified yeast cell described
herein includes a genetically modified YOX1 homeodomain
protein (YOX1) gene. In embodiments, the genetic modifi-
cation decreases the level of activity of the YOX1 home-
odomain protein (YOX1) protein relative to an otherwise
identical yeast cell lacking the genetic modification. In
embodiments, the genetically modified yeast cell described
herein includes a genetically modified UGA2 succinate
semialdehyde dehydrogenase (UGA2) gene. In embodi-
ments, the genetic modification decreases the level of activ-
ity of the UGA2 succinate semialdehyde dehydrogenase
(UGA2) protein relative to an otherwise identical yeast cell
lacking the genetic modification. In embodiments, the
genetically modified yeast cell described herein includes a
genetically modified OSH6 oxysterol-binding protein
homolog 6 (OSH6) gene. In embodiments, the genetic
modification decreases the level of activity of the OSH6
oxysterol-binding protein homolog 6 (OSH6) protein rela-
tive to an otherwise identical yeast cell lacking the genetic
modification. In embodiments, the genetically modified
yeast cell described herein includes a genetically modified
IRC20 E3 ubiquitin-protein ligase and helicase (IRC20)
gene. In embodiments, the genetic modification decreases
the level of activity of the IRC20 E3 ubiquitin-protein ligase
and helicase (IRC20) protein relative to an otherwise iden-
tical yeast cell lacking the genetic modification. In embodi-
ments, the gene or protein described herein is a Yarrowia
lipolytica gene or protein. In embodiments, the gene or
protein is a yeast gene or protein corresponding to the
Yarrowia lipolytica gene or protein. In embodiments, the
gene or protein is a gene or protein from an oleaginous
organism corresponding to the Yarrowia lipolytica gene or
protein. In embodiments, the gene or protein is the Yarrowia
lipolytica gene or protein identified by sequence herein. In
embodiments, the gene or protein is a mutant gene or protein
of'a wildtype gene or protein corresponding to the Yarrowia
lipolytica gene or protein. In embodiments, the gene or
protein is a mutant gene or protein of a wildtype yeast gene
or protein corresponding to the Yarrowia lipolytica gene or
protein. In embodiments, the gene or protein is a homolog of
the Yarrowia lipolytica gene or protein. In embodiments, the
gene or protein is a homolog of the Yarrowia lipolytica gene
or protein identified by sequence herein. In embodiments,
the gene or protein is a mutant of the Yarrowia lipolytica
gene or protein. In embodiments, the gene or protein
described in this paragraph is LEU2, URA3, MFE1, PEX10,
AMPD, ACL, ACLI1, ACL2, MAE, ACC, DGA, DGALI,
DGA2, MRM2, MGA2, RLF2 subunit p90, MGMT, ACO1,
CIT1, RMEL, YOX1, UGA2, OSH6, or IRC20). In embodi-
ments, the gene or protein described in this paragraph is
LEU2, URA3, MFEI, PEX10, AMPD, ACL, ACL1, ACL2,
MAE, ACC, DGA, DGA1, DGA2, MRM2, MGA2, RLF2
subunit p90, MGMT, ACO1, CIT1, RME], YOX1, UGA2,
OSH6, or IRC20), having the sequence identified herein.
In embodiments, the genetic modification modulates the
level of activity of a component of a lipid biosynthetic
pathway. In embodiments, the genetic modification modu-
lates the level of activity of a component of a lipid precursor
biosynthetic pathway. In embodiments, the genetic modifi-
cation modulates the level of activity of a component of an
oleochemical biosynthetic pathway. In embodiments, the
genetic modification modulates the level of activity of a
component of a pathway incorporating Acetyl-CoA into a
lipid, lipid precursor, or oleochemical. In embodiments, the
genetic modification modulates the level of activity of a
component of a pathway incorporating malonyl-CoA into a
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lipid, lipid precursor, or oleochemical. In embodiments, the
genetic modification increases the level of activity of a
component of a lipid biosynthetic pathway. In embodiments,
the genetic modification increases the level of activity of a
component of a lipid precursor biosynthetic pathway. In
embodiments, the genetic modification increases the level of
activity of a component of an oleochemical biosynthetic
pathway. In embodiments, the genetic modification
increases the level of activity of a component of a pathway
incorporating acetyl-CoA into a lipid, lipid precursor, or
oleochemical. In embodiments, the genetic modification
increases the level of activity of a component of a pathway
incorporating malonyl-CoA into a lipid, lipid precursor, or
oleochemical. In embodiments, the genetic modification
modulates the level of activity of a component of a lipid, or
lipid precursor, metabolic pathway. In embodiments, the
genetic modification decreases the level of activity of a
component of a lipid, or lipid precursor, metabolic pathway.
In embodiments, the genetic modification decreases the
level of activity of a component of a lipid, or lipid precursor,
metabolic pathway. In embodiments, the genetic modifica-
tion increases the level of acetyl-CoA in the genetically
modified oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) relative
to a genetically unmodified oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) that is otherwise identical (e.g. genetically) to the
genetically modified oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell). In embodiments, the genetic modification increases the
level of malonyl-CoA in the genetically modified oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) relative to a genetically
unmodified oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) that is
otherwise identical (e.g. genetically) to the genetically modi-
fied oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell). In embodi-
ments, the genetic modification increases the level of tri-
glyceride production in the genetically modified oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) relative to a genetically
unmodified oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) that is
otherwise identical (e.g. genetically) to the genetically modi-
fied oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell). In embodi-
ments, the genetic modification decreases the level of beta-
oxidation activity in the genetically modified oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) relative to a genetically
unmodified oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) that is
otherwise identical (e.g. genetically) to the genetically modi-
fied oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell). In embodi-
ments, the genetic modification decreases the level of fatty
acid catabolism in the genetically modified oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) relative to a genetically
unmodified oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) that is
otherwise identical (e.g. genetically) to the genetically modi-
fied oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell). In embodi-
ments, the genetic modification decreases the level of per-
oxisome biogenesis activity in the genetically modified
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oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) relative to a geneti-
cally unmodified oleaginous organism (e.g. yeast cell, ole-
aginous yeast cell, Yarrowia lipolytica, algae, or plant cell)
that is otherwise identical (e.g. genetically) to the genetically
modified oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell). In
embodiments, the genetic modification produces a lipid,
lipid precursor, or oleochemical at a higher level than by a
genetically unmodified oleaginous organism (e.g. yeast cell,
oleaginous yeast cell, Yarrowia lipolytica, algae, or plant
cell) that is otherwise identical to the genetically modified
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell). In embodiments,
the genetically modified oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) produces a lipid, lipid precursor, or oleochemical
at a higher level than by a genetically unmodified oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell) that is otherwise identical
(e.g. genetically) to the genetically modified oleaginous
organism (e.g. yeast cell, oleaginous yeast cell, Yarrowia
lipolytica, algae, or plant cell). In embodiments, the genetic
modification modulates the level of activity of a component
of the citric acid cycle. In embodiments, the genetic modi-
fication modulates the level of activity of a component of the
TCA cycle. In embodiments, the genetic modification modu-
lates the level of activity of a component of the Kennedy
pathway. In embodiments, the genetic modification reduces
the level of activity of the TCA cycle. In embodiments, the
genetic modification increases the level of activity of the
Kennedy pathway.

In embodiments, the lipid, lipid precursor, or oleochemi-
cal produced at a higher level by the genetically modified
oleaginous organism (e.g. yeast cell, oleaginous yeast cell,
Yarrowia lipolytica, algae, or plant cell) is a fatty acid, wax,
sterol, vitamin, monoglyceride, diglyceride, triglyceride,
phospholipid, glycerolipid, glycerophospholipid, sphingo-
lipid, saccharolipid, polyketide, sterol lipid, triacylglyceride,
prenol lipid, fatty acid ester, fatty acid methyl ester, fatty
acid ethyl ester, fatty acid propyl ester, fatty acid butyl ester,
fatty alcohol, fatty amine, glycerol, alcohol ethoxylate,
alcohol sulfate, or alcohol ether sulfate. In embodiments, the
genetic modification includes a mutation relative to the wild
type gene. In embodiments, the genetic modification
includes a deletion of a portion of a gene. In embodiments,
the genetically modified oleaginous organism (e.g. yeast
cell, oleaginous yeast cell, Yarrowia lipolytica, algae, or
plant cell) includes an increased level of a fatty acid selected
from the group consisting of C5:0, C5:1, C5:2, C5:3, C6:0,
Cé6:1, C6:2,C6:3, C7:0,C7:1,C7:2,C7:3, C8:0, C8:1, C8:2,
C8:3, C9:0, C9:1, C9:2, C9:3, C10:0, C10:1, C10:2, C10:3,
C11:0, C11:1, C11:2, C11:3, C12:0, C12:1, C12:2, C12:3,
C13:0, C13:1, C13:2, C13:3, C14:0, C14:1, C14:2, C14:3,
C15:0, C15:1, C15:2, C15:3, C16:0, C16:1, C16:2, C16:3,
C17:0, C17:1, C17:2, C17:3, C18:0, C18:1, C18:2, C18:3,
C19:0, C19:1, C19:2, C19:3, C20:0, C20:1, C20:2, C20:3,
C21:0, C21:1, C21:2, C21:3, C22:0, C22:1, C22:2, C22:3,
C23:0, C23:1, C23:2, and C23:3, relative to a genetically
unmodified oleaginous organism (e.g. yeast cell, oleaginous
yeast cell, Yarrowia lipolytica, algae, or plant cell) that is
otherwise identical (e.g. genetically) to the genetically modi-
fied oleaginous organism (e.g. yeast cell, oleaginous yeast
cell, Yarrowia lipolytica, algae, or plant cell). In embodi-
ments, the fatty acid is C17:0 C17:1. In embodiments, the
fatty acid is C16:1n9.
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In embodiments, the genetic modification is an engi-
neered genetic modification. In embodiments, the engi-
neered genetic modification includes modulated expression
of a protein. In embodiments, the engineered genetic modi-
fication includes increased expression of a protein. In
embodiments, the engineered genetic modification includes
decreased expression of a protein. In embodiments, the
genetic modification is associated with exposure to a muta-
gen. In embodiments, the genetic modification includes
modulated expression of a protein in a lipid, or lipid pre-
cursor, or oleochemical biosynthetic pathway.

III. METHODS OF MAKING AND PURIFYING
LIPIDS, LIPID PRECURSORS, AND/OR
OLEOCHEMICALS

Lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) produced by cells of the invention can be
harvested, or otherwise collected, by any convenient method
(e.g. centrifugation of extracellular secreted lipids, exposure
to solvent, whole cell extraction (e.g. cell disruption and
collection), hydrophobic solvent extraction (e.g. hexane),
liquefaction, supercritical carbon dioxide extraction, freeze
drying, mechanical pulverization, secretion (e.g. by addition
of effective exporter proteins), or combinations thereof).

In embodiments, reduced nitrogen conditions promote
accumulation of lipids, lipid precursors, and/or oleochemi-
cals (e.g., lipid, lipids, lipid precursors, lipid precursor,
oleochemicals, or oleochemical). In embodiments, cells (e.g.
oleaginous organisms or oleaginous yeast) are first cultured
in standard conditions and then cultured in low nitrogen
conditions where harvesting is desired. In embodiments,
oleaginous yeast species are grown in a medium including a
carbon substrate and/or nitrogen source, optionally in the
absence of light, optionally in an aerobic environment. In
embodiments, media for culturing oleaginous yeast may
include a carbon substrate, a fixed nitrogen source, trace
elements, a buffer for pH maintenance, phosphate, or a
combination thereof.

In embodiments, the carbon substrate may be selected
from the group consisting of monosaccharides, oligosaccha-
rides, polysaccharides, alkanes, fatty acids, esters of fatty
acids, monoglycerides, carbon dioxide, methanol, formal-
dehyde, formate, carbon-containing amines, glucose, fruc-
tose, sucrose, lactose, galactose, xylose, mannose, rham-
nose, arabinose, glycerol, acetate, depolymerized sugar beet
pulp, black liquor, corn starch, depolymerized cellulosic
material, corn stover, sugar beet pulp, switchgrass, milk
whey, molasses, potato, rice, sorghum, sugar cane, wheat,
thick cane juice, sugar beet juice, wheat, lignocellulosic
biomass, and combinations thereof.

Examples of cellulosic material that may be depolymer-
ized and used as a carbon substrate (e.g. fixed carbon source)
include sugarcane bagasse, rice hulls, corn fiber (including
stalks, leaves, husks, and cobs), wheat straw, rice straw,
sugar beet pulp, citrus pulp, citrus peels; hardwood and
softwood thinnings; hardwood and softwood residues; saw
mill wastes (wood chips, sawdust) and pulp mill waste;
paper fractions of municipal solid waste; municipal grass
clippings; wood construction waste; and cellulosic crops
such as switchgrass, hybrid poplar wood, and miscanthus,
fiber cane, and fiber sorghum.

Oleaginous yeast cultures may yield oleaginous yeast
biomass in fermentation media. To extract lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
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from the biomass, the biomass may be harvested, concen-
trated, dewatered (i.e. separation of the biomass from the
liquid medium) (e.g. through centrifugation, filtration, use of
mechanical pressure, simple sedimentation, or sedimenta-
tion), or combinations thereof. Centrifugation does not
always remove significant amounts of intracellular water
from the oleaginous yeast and so is often considered a
dewatering, not a drying, step. The biomass can optionally
be dried (oven dried, lyophilized, and the like) and condi-
tioned prior to cell disruption (lysis).

In a second aspect is provided a method of producing a
lipid, lipid precursor, or oleochemical (e.g., lipid, lipid
precursor, oleochemical) including: 1) culturing a yeast cell
as described herein (including embodiments or as described
in the examples, tables, figures, and/or claims) in a growth
medium; and 2) isolating the lipid, lipid precursor, or
oleochemical (e.g., lipid, lipid precursor, oleochemical) (e.g.
from the medium or yeast cell).

In embodiments, the lipid, lipid precursor, or oleochemi-
cal (e.g., lipid, lipid precursor, oleochemical) is isolated
from the yeast cell. In embodiments, the lipid, lipid precur-
sor, or oleochemical (e.g., lipid, lipid precursor, oleochemi-
cal) is isolated from the medium. In embodiments, the
growth medium includes a majority carbon source selected
from the group consisting of glucose, glycerol, xylose,
fructose, mannose, ribose, sucrose, and lignocellulosic bio-
mass. In embodiments, the majority carbon source is glu-
cose. In embodiments, the majority carbon source is glyc-
erol. In embodiments, the majority carbon source is xylose.
In embodiments, the majority carbon source is fructose. In
embodiments, the majority carbon source is mannose. In
embodiments, the majority carbon source is ribose. In
embodiments, the majority carbon source is sucrose. In
embodiments, the majority carbon source is lignocellulosic
biomass. In embodiments, the carbon source is glucose. In
embodiments, the carbon source is glycerol. In embodi-
ments, the carbon source is xylose. In embodiments, the
carbon source is fructose. In embodiments, the carbon
source is mannose. In embodiments, the carbon source is
ribose. In embodiments, the carbon source is sucrose. In
embodiments, the carbon source is lignocellulosic biomass.
In embodiments, the majority carbon source is not glucose.
In embodiments, the majority nitrogen source is ammonium
sulfate (NH,),SO,).

In embodiments, the growth medium includes a carbon
source and a nitrogen source wherein the carbon source is at
a concentration at least 2-fold greater than the concentration
of the nitrogen source. In embodiments, the carbon source is
at a concentration at least 3-fold greater than the concen-
tration of the nitrogen source. In embodiments, the carbon
source is at a concentration at least 4-fold greater than the
concentration of the nitrogen source. In embodiments, the
carbon source is at a concentration at least 5-fold greater
than the concentration of the nitrogen source. In embodi-
ments, the carbon source is at a concentration at least 6-fold
greater than the concentration of the nitrogen source. In
embodiments, the carbon source is at a concentration at least
7-fold greater than the concentration of the nitrogen source.
In embodiments, the carbon source is at a concentration at
least 8-fold greater than the concentration of the nitrogen
source. In embodiments, the carbon source is at a concen-
tration at least 9-fold greater than the concentration of the
nitrogen source. In embodiments, the carbon source is at a
concentration at least 10-fold greater than the concentration
of the nitrogen source. In embodiments, the carbon source is
at a concentration at least 11-fold greater than the concen-
tration of the nitrogen source. In embodiments, the carbon
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source is at a concentration at least 12-fold greater than the
concentration of the nitrogen source. In embodiments, the
carbon source is at a concentration at least 13-fold greater
than the concentration of the nitrogen source. In embodi-
ments, the carbon source is at a concentration at least 14-fold
greater than the concentration of the nitrogen source. In
embodiments, the carbon source is at a concentration at least
15-fold greater than the concentration of the nitrogen source.
In embodiments, the carbon source is at a concentration at
least 16-fold greater than the concentration of the nitrogen
source. In embodiments, the carbon source is at a concen-
tration at least 17-fold greater than the concentration of the
nitrogen source. In embodiments, the carbon source is at a
concentration at least 18-fold greater than the concentration
of the nitrogen source. In embodiments, the carbon source is
at a concentration at least 19-fold greater than the concen-
tration of the nitrogen source. In embodiments, the carbon
source is at a concentration at least 20-fold greater than the
concentration of the nitrogen source. In embodiments, the
ratio of the carbon source to the nitrogen source (wt/wt) is
about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
or 40. In embodiments, the ratio of the carbon source to the
nitrogen source (wt/wt) is 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, or 40. In embodiments, the ratio of the
carbon source to the nitrogen source (wt/wt) is about
0.03125, 0.0625, 0.125, 0.25, 0.5, 1.0, 2.0, 4.0, 8.0, 16, 32,
64, 128, 256, 512, 1024, 1600, 2048, 4096, 8192, or 16284.
In embodiments, the ratio of the carbon source to the
nitrogen source (wt/wt) is about 0.001, 0.002, 0.003, 0.004,
0.005, 0.006, 0.007, 0.008, 0.009, 0.01, 0.02, 0.03, 0.04,
0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
08,09,1.0,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 250, 300, 350, 400, 500, 550, 600, 650, 700, 750, 800,
850, 900, 950, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, or 10000. In embodiments, the ratio of the
carbon source to the nitrogen source (wt/wt) is 0.001, 0.002,
0.003, 0.004, 0.005, 0.006, 0.007, 0.008, 0.009, 0.01, 0.02,
0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5,
0.6,0.7,08,0.9,1.0,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, 200, 250, 300, 350, 400, 500, 550, 600, 650, 700,
750, 800, 850, 900, 950, 1000, 2000, 3000, 4000, 5000,
6000, 7000, 8000, 9000, or 10000. In embodiments, the ratio
of'the carbon source to the nitrogen source (wt/wt) is at least
0.001, 0.002, 0.003, 0.004, 0.005, 0.006, 0.007, 0.008,
0.009, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,0.08,0.09, 0.1,
0.2,03,04,05,0.6,0.7,08,09,1.0,2,3,4,5,6,7,8,9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 250, 300, 350, 400, 500,
550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000, or 10000. In
embodiments, the carbon source to nitrogen source ratio
corresponds to a ratio calculated from one or more of the
ratios described above when the ratios described above are
for a carbon source of glucose (g/L.) and a nitrogen source
of ammonium sulfate (g/L.) for a carbon source that may not
be glucose and a nitrogen source that may not be ammonium
sulfate. In embodiments, the ratio of the concentration of the
carbon source to the concentration of the nitrogen source is
as described herein, including in embodiments, examples,
tables, figures, and claims. In embodiments, the amount and
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ratio of the carbon source to the nitrogen source (wt/wt) is
equivalent to 160:0.2 glucose:ammonium sulfate. In
embodiments, the amount and ratio of the carbon source to
the nitrogen source (wt/wt) is equivalent to 80:5 glucose:
ammonium sulfate.

In embodiments, the carbon source is at a concentration
(g/L)of about 1, 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180,
190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,
310, 320, 330, 340, 350, 360, 370, 380, 390, 100, 410, 420,
430, 440, 450, 460, 470, 480, 490, or 500. In embodiments,
the carbon source is at a concentration (g/L) of 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72,73,74,75,76,717,78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110,
120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230,
240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350,
360, 370, 380, 390, 100, 410, 420, 430, 440, 450, 460, 470,
480, 490, or 500. In embodiments, the carbon source, which
is optionally not glucose, is at a concentration for the carbon
source that would provide an equal amount of carbon as one
of the amounts described above where the amount described
above is for glucose.

In embodiments, the nitrogen source is at a concentration
(g/L) of about 0.001, 0.002, 0.003, 0.004, 0.005, 0.006,
0.007, 0.008, 0.009, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 2, 3,
4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54,55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70,71, 72,73,74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100. In
embodiments, the nitrogen source is at a concentration (g/L.)
of 0.001, 0.002, 0.003, 0.004, 0.005, 0.006, 0.007, 0.008,
0.009, 0.01,0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1,
02,0.3,04,05,06,0.7,08,09,1,2,3,4,5,6,7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41,
42,43, 44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,717,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100. In embodiments,
the nitrogen source, which is optionally not ammonium
sulfate, is at a concentration for the nitrogen source that
would provide an equal amount of nitrogen as one of the
amounts described above where the amount described above
is for ammonium sulfate.

In embodiments, the growth medium includes a micro-
nutrient. In embodiments, the growth medium includes a
plurality of micronutrients. In embodiments, the growth
medium includes cobalt, iron, magnesium, potassium, zinc,
nickel, molybdenum, manganese, copper, and/or boron. In
embodiments, the growth medium includes iron and copper
or molybdenum. In embodiments, the growth medium
includes copper and nickel. In embodiments, the growth
medium includes copper, iron, and either molybdenum or
nickel. In embodiments, the growth medium includes cop-
per, iron, molybdenum, and nickel. In embodiments, the
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growth medium includes cobalt. In embodiments, the
growth medium includes iron. In embodiments, the growth
medium includes magnesium. In embodiments, the growth
medium includes potassium. In embodiments, the growth
medium includes zinc. In embodiments, the growth medium
includes nickel. In embodiments, the growth medium
includes molybdenum. In embodiments, the growth medium
includes manganese. In embodiments, the growth medium
includes copper. In embodiments, the growth medium
includes boron. In embodiments, the growth medium is
supplemented with cobalt, iron, magnesium, potassium,
zinc, nickel, molybdenum, manganese, copper, and/or
boron. In embodiments, the growth medium is supple-
mented with iron and copper or molybdenum. In embodi-
ments, the growth medium is supplemented with copper and
nickel. In embodiments, the growth medium is supple-
mented with copper, iron, and either molybdenum or nickel.
In embodiments, the growth medium is supplemented with
copper, iron, molybdenum, and nickel. In embodiments, the
growth medium is supplemented with cobalt. In embodi-
ments, the growth medium is supplemented with iron. In
embodiments, the growth medium is supplemented with
magnesium. In embodiments, the growth medium is supple-
mented with potassium. In embodiments, the growth
medium is supplemented with zinc. In embodiments, the
growth medium is supplemented with nickel. In embodi-
ments, the growth medium is supplemented with molybde-
num. In embodiments, the growth medium is supplemented
with manganese. In embodiments, the growth medium is
supplemented with copper. In embodiments, the growth
medium is supplemented with boron. In embodiments, the
growth medium includes CoCl, at a concentration of about
15 mg/L.. In embodiments, the growth medium includes
MgSO, at a concentration of about 250 mg/L.. In embodi-
ments, the growth medium includes KI at a concentration of
about 15 mg/l.. In embodiments, the growth medium
includes ZnSO,.7H,0 at a concentration of about 20 mg/L..
In embodiments, the growth medium includes MnSO,.H,O
at a concentration of about 12.5 mg/L.. In embodiments, the
growth medium includes Boric acid at a concentration of
about 12.5 mg/L. In embodiments, the growth medium
includes (NH,),Mo0.4H,O at a concentration of about 15
mg/l.. In embodiments, the growth medium includes
NiSO,.6H,O at a concentration of about 12.5 mg/L.. In
embodiments, the growth medium includes FeSO,.7H,0 at
a concentration of about 20 mg/L. In embodiments, the
growth medium includes CuSO, at a concentration of about
15 mg/L.. In embodiments, the growth medium includes
CoCl, at a concentration of 15 mg/L.. In embodiments, the
growth medium includes MgSO,, at a concentration of 250
mg/L. In embodiments, the growth medium includes KI at a
concentration of 15 mg/l.. In embodiments, the growth
medium includes ZnSO,.7H,O at a concentration of 20
mg/l.. In embodiments, the growth medium includes
MnSO,.H,O at a concentration of 12.5 mg/L.. In embodi-
ments, the growth medium includes Boric acid at a concen-
tration of 12.5 mg/L.. In embodiments, the growth medium
includes (NH,),Mo.4H,0 at a concentration of 15 mg/L.. In
embodiments, the growth medium includes NiSO,.6H,O at
a concentration of 12.5 mg/L.. In embodiments, the growth
medium includes FeSO,.7H,O at a concentration of 20
mg/L. In embodiments, the growth medium includes CuSO,
at a concentration of 15 mg/L.. In embodiments, the growth
medium is supplemented with CoCl, at a concentration of
about 15 mg/L. In embodiments, the growth medium is
supplemented with MgSO, at a concentration of about 250
mg/L. In embodiments, the growth medium is supplemented



US 9,896,691 B2

57

with KI at a concentration of about 15 mg/L.. In embodi-
ments, the growth medium is supplemented with
ZnS0O,.7H,O at a concentration of about 20 mg/L. In
embodiments, the growth medium is supplemented with
MnSO,.H,O at a concentration of about 12.5 mg/L.. In
embodiments, the growth medium is supplemented with
Boric acid at a concentration of about 12.5 mg/L.. In embodi-
ments, the growth medium is supplemented with (NH,),
Mo.4H,0 at a concentration of about 15 mg/L.. In embodi-
ments, the growth medium is supplemented with
NiSO,.6H,O at a concentration of about 12.5 mg/.. In
embodiments, the growth medium is supplemented with
FeSO,.7H,O at a concentration of about 20 mg/l.. In
embodiments, the growth medium is supplemented with
CuSO, at a concentration of about 15 mg/L.. In embodi-
ments, the growth medium is supplemented with CoCl, at a
concentration of 15 mg/l.. In embodiments, the growth
medium is supplemented with MgSO, at a concentration of
250 mg/L.. In embodiments, the growth medium is supple-
mented with KI at a concentration of 15 mg/I.. In embodi-
ments, the growth medium is supplemented with
ZnS0O,.7H,0 at a concentration of 20 mg/l.. In embodi-
ments, the growth medium is supplemented with
MnSO,.H,O at a concentration of 12.5 mg/L.. In embodi-
ments, the growth medium is supplemented with Boric acid
at a concentration of 12.5 mg/L.. In embodiments, the growth
medium is supplemented with (NH,),Mo.4H,O at a con-
centration of 15 mg/L.. In embodiments, the growth medium
is supplemented with NiSO,.6H,O at a concentration of
12.5 mg/L.. In embodiments, the growth medium is supple-
mented with FeSO,.7H,0 at a concentration of 20 mg/L.. In
embodiments, the growth medium is supplemented with
CuSO, at a concentration of 15 mg/L.. In embodiments, the
growth medium includes CoCl, at a concentration of about
7.5 to 22.5 mg/l.. In embodiments, the growth medium
includes MgSO, at a concentration of about 125 to 375
mg/L. In embodiments, the growth medium includes KI at a
concentration of about 7.5 to 22.5 mg/L. In embodiments,
the growth medium includes ZnSO,.7H,O at a concentra-
tion of about 10 to 30 mg/L.. In embodiments, the growth
medium includes MnSO,.H,O at a concentration of about 6
to 18 mg/L.. In embodiments, the growth medium includes
Boric acid at a concentration of about 6 to 18 mg/L. In
embodiments, the growth medium includes (NH,),
Mo.4H,O at a concentration of about 7.5 to 22.5 mg/L.. In
embodiments, the growth medium includes NiSO,.6H,O at
a concentration of about 6 to 18 mg/L.. In embodiments, the
growth medium includes FeSO,.7H,0 at a concentration of
about 10 to 30 mg/L. In embodiments, the growth medium
includes CuSQ, at a concentration of about 7.5 to 22.5 mg/L..
In embodiments, the growth medium includes CoCl, at a
concentration of 7.5 to 22.5 mg/L.. In embodiments, the
growth medium includes MgSO,, at a concentration of 125
to 375 mg/L. In embodiments, the growth medium includes
KI at a concentration of 7.5 to 22.5 mg/L.. In embodiments,
the growth medium includes ZnSO,.7H,O at a concentra-
tion of 10 to 30 mg/L.. In embodiments, the growth medium
includes MnSO,.H,O at a concentration of 6 to 18 mg/L.. In
embodiments, the growth medium includes Boric acid at a
concentration of 6 to 18 mg/L.. In embodiments, the growth
medium includes (NH,),Mo.4H,O at a concentration of 7.5
to 22.5 mg/L.. In embodiments, the growth medium includes
NiSO,.6H,0 at a concentration of 6 to 18 mg/L. In embodi-
ments, the growth medium includes FeSO,.7H,O at a con-
centration of 10 to 30 mg/L.. In embodiments, the growth
medium includes CuSO, at a concentration of 7.5 to 22.5
mg/L. In embodiments, the growth medium is supplemented
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with CoCl, at a concentration of about 7.5 to 22.5 mg/L.. In
embodiments, the growth medium is supplemented with
MgSO, at a concentration of about 125 to 375 mg/L.. In
embodiments, the growth medium is supplemented with KI
at a concentration of about 7.5 to 22.5 mg/L.. In embodi-
ments, the growth medium is supplemented with
ZnS0,.7H,0 at a concentration of about 10 to 30 mg/L. In
embodiments, the growth medium is supplemented with
MnSO,.H,O at a concentration of about 6 to 18 mg/L.. In
embodiments, the growth medium is supplemented with
Boric acid at a concentration of about 6 to 18 mg/L.. In
embodiments, the growth medium is supplemented with
(NH,),Mo0.4H,0 at a concentration of about 7.5 to 22.5
mg/L. In embodiments, the growth medium is supplemented
with NiSO,.6H,0 at a concentration of about 6 to 18 mg/L..
In embodiments, the growth medium is supplemented with
FeSO,.7H,0 at a concentration of about 10 to 30 mg/L. In
embodiments, the growth medium is supplemented with
CuSO, at a concentration of about 7.5 to 22.5 mg/L.. In
embodiments, the growth medium is supplemented with
CoCl, at a concentration of 7.5 to 22.5 mg/L.. In embodi-
ments, the growth medium is supplemented with MgSO,, at
a concentration of 125 to 375 mg/L. In embodiments, the
growth medium is supplemented with KI at a concentration
of 7.5 to 22.5 mg/L.. In embodiments, the growth medium is
supplemented with ZnSO,.7H,0 at a concentration of 10 to
30 mg/L. In embodiments, the growth medium is supple-
mented with MnSO,.H,O at a concentration of 6 to 18 mg/L..
In embodiments, the growth medium is supplemented with
Boric acid at a concentration of 6 to 18 mg/L. In embodi-
ments, the growth medium is supplemented with (NH,),
Mo.4H,0 at a concentration of 7.5 to 22.5 mg/L. In embodi-
ments, the growth medium is supplemented with
NiSO,.6H,0 at a concentration of 6 to 18 mg/L. In embodi-
ments, the growth medium is supplemented with
FeSO,.7H,O at a concentration of 10 to 30 mg/L. In
embodiments, the growth medium is supplemented with
CuSO, at a concentration of 7.5 to 22.5 mg/L.

In embodiments, the method does not include nitrogen
starvation of the oleaginous organism (e.g. oleaginous yeast
cell).

In embodiments, the oleaginous yeast is cultured for
about 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77, 78, 79, 80, 81,
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 250, 300, 350, 400, or 500 hours. In embodiments, the
oleaginous yeast is cultured for 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75,76,717,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130, 140,
150, 160, 170, 180, 190, 200, 250, 300, 350, 400, or 500
hours. In embodiments, the oleaginous yeast is cultured for
about 48, 96, 144, or 192 hours. In embodiments, the
oleaginous yeast is cultured for 48, 96, 144, or 192 hours. In
embodiments, the oleaginous yeast is cultured for about 0.5,
1,15,2,25,3,3.5,4,4.5,5,55,6,6.5,7,7.5,8,85,9,
9.5, or 10 days. In embodiments, the oleaginous yeast is
cultured for 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5,
7,75, 8, 85,9, 9.5, or 10 days.
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In an aspect is provided a method of producing a lipid,
lipid precursor, or oleochemical including culturing a yeast
cell described herein in a growth medium; and isolating the
lipid, lipid precursor, or oleochemical.

In embodiments, the lipid, lipid precursor, or oleochemi-
cal is isolated from the yeast cell. In embodiments, the lipid,
lipid precursor, or oleochemical is isolated from the growth
medium. In embodiments, the growth medium includes a
majority carbon source selected from the group consisting of
glucose, glycerol, xylose, fructose, mannose, ribose,
sucrose, and lignocellulosic biomass. In embodiments, the
growth medium includes lignocellulosic biomass as the
majority carbon source. In embodiments, the growth
medium includes a carbon source and a nitrogen source
wherein the carbon source is at a concentration at least
10-fold greater than the concentration of the nitrogen source
(wt/wt). In embodiments, the growth medium includes a
carbon source and a nitrogen source wherein the carbon
source is at a concentration at least 16-fold greater than the
concentration of the nitrogen source (wt/wt). In embodi-
ments, the growth medium includes a carbon source and a
nitrogen source wherein the carbon source is at a concen-
tration at least 320-fold greater than the concentration of the
nitrogen source (Wt/wt).

In embodiments, the growth medium includes cobalt,
iron, magnesium, potassium, zinc, nickel, molybdenum,
manganese, coppet, or boron. In embodiments, the growth
medium includes any combination of two or more of cobalt,
iron, magnesium, potassium, zinc, nickel, molybdenum,
manganese, coppet, or boron. In embodiments, the growth
medium includes cobalt in an amount equivalent to 7.5 to
22.5 mg/L. CoCl,, magnesium in an amount equivalent to
125 to 375 mg/L MgSO,, potassium in an amount equivalent
to 7.5 to 22.5 mg/L. KI, zinc in an amount equivalent to 10
to 30 mg/L ZnSO,.7H,0, manganese in an amount equiva-
lent to 6 to 18 mg/l. MnSO,.H,O, boron in an amount
equivalent to 6 to 18 mg/L. Boric acid, molybdenum in an
amount equivalent to 7.5 to 22.5 mg/l. (NH,),Mo.4H,0,
nickel in an amount equivalent to 6 to 18 mg/LL
NiSO,.6H,0, iron in an amount equivalent to 10 to 30 mg/L
FeS0O,.7H,0, or copper in an amount equivalent to 7.5 to
22.5 mg/L CuSO,. In embodiments, the growth medium
includes about 5.77x10™> M to 1.73x10™*M cobalt, about
0.001 M to 0.003 M magnesium, about 4.52x10°> M to
1.35x107* M potassium, about 4.05x107> M to 1.22x10™* M
zine, about 3.55x107° to 1.06x10™*M manganese, about
9.07x107> M to 2.91x10™* M boron, about 3.76x10™> M to
1.10x10~*M molybdenum, about 2.28x107> M to 6.84x107>
M nickel, about 3.60x10> M to 1.08x10~*M iron, or about
4.70x107> M to 1.41x10™* M copper. In embodiments, the
growth medium includes 5.77x107> M to 1.73x10™* M
cobalt, 0.001 M to 0.003 M magnesium, 4.52x107> M to
1.35x10™* M potassium, 4.05x107> M to 1.22x10™* M zinc,
3.55x107° to 1.06x10™* M manganese, 9.07x10> M to
2.91x10™* M boron, 3.76x107> M to 1.10x10~* M molyb-
denum, 2.28x107> M to 6.84x10~> M nickel, 3.60x107> M to
1.08x10™* M iron, or 4.70x107> M to 1.41x10~* M copper.
In embodiments, the growth medium includes about 5.77x
107> M to 1.73x10~*M cobalt. In embodiments, the growth
medium includes about 0.001 M to 0.003 M magnesium. In
embodiments, the growth medium includes about 4.52x107>
M to 1.35x10~* M potassium. In embodiments, the growth
medium includes about 4.05x107> M to 1.22x10~* M zinc.
In embodiments, the growth medium includes about 3.55x
10~° to 1.06x10™* M manganese. In embodiments, the
growth medium includes about 9.07x107> M to 2.91x10™* M
boron. In embodiments, the growth medium includes about
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3.76x107° Mto 1.10x10~*M molybdenum. In embodiments,
the growth medium includes about 2.28x107> M to 6.84x
10> M nickel. In embodiments, the growth medium
includes about 3.60x107> M to 1.08x10~*M iron. In embodi-
ments, the growth medium includes about 4.70x107> M to
1.41x107*M copper. In embodiments, the growth medium
includes 5.77x107> M to 1.73x10™* M cobalt. In embodi-
ments, the growth medium includes 0.001 M to 0.003 M
magnesium. In embodiments, the growth medium includes
4.52x107° M to 1.35x10™* M potassium. In embodiments,
the growth medium includes 4.05x10~> M to 1.22x10™* M
zinc. In embodiments, the growth medium includes 3.55x
10~° to 1.06x10™* M manganese. In embodiments, the
growth medium includes 9.07x107> M to 2.91x10™* M
boron. In embodiments, the growth medium includes 3.76x
107> M to 1.10x10~* M molybdenum. In embodiments, the
growth medium includes 2.28x107> M to 6.84x107> M
nickel. In embodiments, the growth medium includes 3.60x
10> M to 1.08x10™* M iron. In embodiments, the growth
medium includes 4.70x10™> M to 1.41x10™* M copper. In
embodiments, the growth medium includes iron, copper, and
molybdenum. In embodiments, the growth medium includes
molybdenum in an amount equivalent to 7.5 to 22.5 mg/LL
(NH,),Mo0.4H,0, iron in an amount equivalent to 10 to 30
mg/L. FeSO,.7H,0, or copper in an amount equivalent to 7.5
to 22.5 mg/L. CuSO,. In embodiments, the growth medium
includes 3.76x107> M to 1.10x10~* M molybdenum, 3.60x
107> M to 1.08x10™* M iron, or 4.70x10™> M to 1.41x10~*
M copper. In embodiments, the growth medium includes
copper and nickel. In embodiments, the growth medium
includes nickel in an amount equivalent to 6 to 18 mg/L.
NiSO,.6H,O or copper in an amount equivalent to 7.5 to
22.5 mg/L CuSO,. In embodiments, the growth medium
includes 2.28x10™> M to 6.84x107> M nickel or 4.70x107>
M to 1.41x10~* M copper. In embodiments, the growth
medium includes copper, iron, and either molybdenum or
nickel. In embodiments, the growth medium includes
molybdenum in an amount equivalent to 7.5 to 22.5 mg/LL
(NH,),Mo0.4H,0, nickel in an amount equivalent to 6 to 18
mg/L NiSO,.6H,0, iron in an amount equivalent to 10 to 30
mg/L. FeSO,.7H,0, or copper in an amount equivalent to 7.5
to 22.5 mg/L CuSO,. In embodiments, the growth medium
includes 3.76x107> M to 1.10x10™* M molybdenum, 2.28x
10~ M to 6.84x107> M nickel, 3.60x107> M to 1.08x10™* M
iron, or 4.70x107> M to 1.41x10™* M copper. In embodi-
ments, the growth medium includes copper, iron, molybde-
num, and nickel.

In another aspect is provided a method of isolating a yeast
cell including greater than 20% wt/wt lipids, lipid precur-
sors, and/or oleochemicals (e.g., lipid, lipids, lipid precur-
sors, lipid precursor, oleochemicals, or oleochemical) in dry
weight from a plurality of yeast cells, including allowing a
yeast cell including greater than 20% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
to separate from a population of yeast cells within the
plurality of yeast cells by floating above the population of
yeast cells within an aqueous medium thereby isolating the
yeast cell including greater than 20% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical),
wherein the population of yeast cells includes a lower
percentage wt/wt of lipids, lipid precursors, and/or oleo-
chemicals (e.g., lipid, lipids, lipid precursors, lipid precur-
sor, oleochemicals, or oleochemical) than the yeast cell
including greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
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lipid precursor, oleochemicals, or oleochemical). In another
aspect is provided a method of isolating a genetically
modified yeast cell from a plurality of yeast cells including
greater than 20% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight,
including allowing a genetically modified yeast cell to
separate from a population of yeast cells within the plurality
of yeast cells by floating above the population of yeast cells
within an aqueous medium thereby isolating the genetically
modified yeast cell, wherein the population of yeast cells
includes a lower percentage wt/wt of lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) than the
genetically modified yeast cell.

In embodiments is a method of isolating a yeast cell (e.g.
genetically modified yeast cell), including greater than 20%
wt/wt lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight, from a plurality of yeast
cells, including allowing a yeast cell (e.g. genetically modi-
fied yeast cell) to separate from a population of yeast cells
within the plurality of yeast cells by floating above the
population of yeast cells within an aqueous medium thereby
isolating the yeast cell (e.g. genetically modified yeast cell),
wherein the population of yeast cells includes a lower
percentage wt/wt of lipids, lipid precursors, and/or oleo-
chemicals (e.g., lipid, lipids, lipid precursors, lipid precur-
sor, oleochemicals, or oleochemical) than the genetically
modified yeast cell.

In embodiments, the yeast cell (e.g. genetically modified
yeast cell) includes greater than 30% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight. In embodiments, the yeast cell (e.g. geneti-
cally modified yeast cell) includes greater than 40% wt/wt
lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) in dry weight. In embodiments, the yeast cell
(e.g. genetically modified yeast cell) includes greater than
50% wt/wt lipids, lipid precursors, and/or oleochemicals
(e.g., lipid, lipids, lipid precursors, lipid precursor, oleo-
chemicals, or oleochemical) in dry weight. In embodiments,
the yeast cell (e.g. genetically modified yeast cell) includes
greater than 60% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight. In
embodiments, the yeast cell (e.g. genetically modified yeast
cell) includes greater than 70% wt/wt lipids, lipid precur-
sors, and/or oleochemicals (e.g., lipid, lipids, lipid precur-
sors, lipid precursor, oleochemicals, or oleochemical) in dry
weight. In embodiments, the yeast cell (e.g. genetically
modified yeast cell) includes greater than 80% wt/wt lipids,
lipid precursors, and/or oleochemicals (e.g., lipid, lipids,
lipid precursors, lipid precursor, oleochemicals, or oleo-
chemical) in dry weight. In embodiments, the yeast cell (e.g.
genetically modified yeast cell) includes greater than 90%
wt/wt lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight. In embodiments, the yeast
cell (e.g. genetically modified yeast cell) including greater
than 20% wt/wt lipids, lipid precursors, and/or oleochemi-
cals (e.g., lipid, lipids, lipid precursors, lipid precursor,
oleochemicals, or oleochemical) in dry weight (e.g. greater
than 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
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67, 68, 69, 70,71, 72,73, 74,75, 76,77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
or 99% lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight) is floating on the top surface
of the aqueous medium. In embodiments, the yeast cell (e.g.
genetically modified yeast cell) including greater than 20%
wt/wt lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight (e.g. greater than 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72,73,74,75,76,71,78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% lipids,
lipid precursors, and/or oleochemicals (e.g., lipid, lipids,
lipid precursors, lipid precursor, oleochemicals, or oleo-
chemical) in dry weight) is above the bottom of a vessel
containing the aqueous medium. In embodiments, the yeast
cell (e.g. genetically modified yeast cell) including greater
than 20% wt/wt lipids, lipid precursors, and/or oleochemi-
cals (e.g., lipid, lipids, lipid precursors, lipid precursor,
oleochemicals, or oleochemical) in dry weight (e.g. greater
than 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70,71, 72,73, 74,75, 76,77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
or 99% lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight) is floating above the popu-
lation of yeast cells including a lower percentage wt/wt of
lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) than the yeast cell (e.g. genetically modified
yeast cell) including greater than 20% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight by about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
09,1.0,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 96, 97, 98, or 99 mm in the aqueous medium. In
embodiments, the yeast cell (e.g. genetically modified yeast
cell) including greater than 20% wt/wt lipids, lipid precur-
sors, and/or oleochemicals (e.g., lipid, lipids, lipid precur-
sors, lipid precursor, oleochemicals, or oleochemical) in dry
weight (e.g. greater than 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93,94, 95, 96, 97, 98, or 99% lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight) is
floating above the population of yeast cells including a lower
percentage wt/wt of lipids, lipid precursors, and/or oleo-
chemicals (e.g., lipid, lipids, lipid precursors, lipid precur-
sor, oleochemicals, or oleochemical) than the yeast cell (e.g.
genetically modified yeast cell) including greater than 20%
wt/wt lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight by at least 0.1, 0.2, 0.3, 0.4,
0.5,0.6,0.7,08,09,1.0,2,3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99 mm in the
aqueous medium. In embodiments, the genetically modified
yeast cell including greater than 20% wt/wt lipids, lipid
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precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight (e.g. greater than 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75,
76,717, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, or 99% lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) in dry
weight) floating above the population of yeast cells includ-
ing a lower percentage wt/wt of lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) than the
yeast cell (e.g. genetically modified yeast cell) including
greater than 20% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight has a
buoyant density greater than the buoyant density of the
population of yeast cells including a lower percentage wt/wt
of lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) than yeast cell (e.g. genetically modified
yeast cell) including greater than 20% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight by about 0.001, 0.002, 0.003, 0.004, 0.005,
0.006, 0.007, 0.008, 0.009, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06,
0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,
g/mL. In embodiments, the yeast cell (e.g. genetically modi-
fied yeast cell) including greater than 20% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight (e.g. greater than 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75,
76,717, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, or 99% lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) in dry
weight) floating above the population of yeast cells includ-
ing a lower percentage wt/wt of lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) than the
yeast cell (e.g. genetically modified yeast cell) including
greater than 20% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight has a
buoyant density greater than the buoyant density of the
population of yeast cells including a lower percentage wt/wt
of lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) than the yeast cell (e.g. genetically modified
yeast cell) including greater than 20% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight by 0.001, 0.002, 0.003, 0.004, 0.005, 0.006,
0.007, 0.008, 0.009, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0.08, 0.09, 0.1, 0.2,0.3,0.4,0.5, 0.6, 0.7, 0.8, 0.9, g/mL. In
embodiments, the yeast cell (e.g. genetically modified yeast
cell) including greater than 20% wt/wt lipids, lipid precur-
sors, and/or oleochemicals (e.g., lipid, lipids, lipid precur-
sors, lipid precursor, oleochemicals, or oleochemical),
includes a mutation created by natural genetic drift.

In embodiments of the method, the plurality of yeast cells
are in a bioreactor with agitation and aeration rates of about
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0.5 vvm (volume per volume per minute). In embodiments
of the method, the plurality of yeast cells are in a bioreactor
with agitation and aeration rates of about 1.0 vvm (volume
per volume per minute). In embodiments of the method, the
plurality of yeast cells are in a bioreactor with agitation and
aeration rates of about 2.0 vvm (volume per volume per
minute). In embodiments of the method, the plurality of
yeast cells are in a bioreactor with agitation and aeration
rates of about 2.5 vvm (volume per volume per minute). In
embodiments of the method, the plurality of yeast cells are
in a bioreactor with agitation and aeration rates of about 3.0
vvm (volume per volume per minute). In embodiments of
the method, the plurality of yeast cells are in a bioreactor
with agitation and aeration rates of about 4.0 vvm (volume
per volume per minute). In embodiments of the method, the
plurality of yeast cells are in a bioreactor with agitation and
aeration rates of 0.5 vvm (volume per volume per minute).
In embodiments of the method, the plurality of yeast cells
are in a bioreactor with agitation and aeration rates of 1.0
vvm (volume per volume per minute). In embodiments of
the method, the plurality of yeast cells are in a bioreactor
with agitation and aeration rates of 2.0 vvm (volume per
volume per minute). In embodiments of the method, the
plurality of yeast cells are in a bioreactor with agitation and
aeration rates of 2.5 vvm (volume per volume per minute).
In embodiments of the method, the plurality of yeast cells
are in a bioreactor with agitation and aeration rates of 3.0
vvm (volume per volume per minute). In embodiments of
the method, the plurality of yeast cells are in a bioreactor
with agitation and aeration rates of 4.0 vvm (volume per
volume per minute).

In embodiments of the method, the aqueous medium
includes a yeast growth medium, minimal media, complete
supplement media, or greater than 50 g/IL carbon source (e.g.
glucose) and less than 5 g/l of a nitrogen source (e.g.
ammonium sulfate). In embodiments of the method, the
aqueous medium includes a yeast growth medium. In
embodiments of the method, the aqueous medium includes
a minimal media. In embodiments of the method, the
aqueous medium includes a complete supplement media. In
embodiments of the method, the aqueous medium includes
greater than 50 g/l carbon source (e.g. glucose) and less
than 5 g/IL of a nitrogen source (e.g. ammonium sulfate). In
embodiments of the method, the aqueous medium is a yeast
growth medium. In embodiments of the method, the aqueous
medium is a minimal media. In embodiments of the method,
the aqueous medium is a complete supplement media.

In embodiments of the method of isolating a yeast cell
(e.g. genetically modified yeast cell) including greater than
20% wt/wt lipids, lipid precursors, and/or oleochemicals
(e.g., lipid, lipids, lipid precursors, lipid precursor, oleo-
chemicals, or oleochemical) in dry weight, including allow-
ing a yeast cell (e.g. genetically modified yeast cell) includ-
ing greater than 20% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight to
separate from a population of yeast cells within the plurality
of yeast cells by floating above the population of yeast cells
within an aqueous medium, the allowing is performed by
centrifugation or simple sedimentation. In embodiments of
the method of isolating a yeast cell (e.g. genetically modified
yeast cell) including greater than 20% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight, including allowing a yeast cell (e.g. geneti-
cally modified yeast cell) including greater than 20% wt/wt
lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
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lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) in dry weight to separate from a population of
yeast cells within the plurality of yeast cells by floating
above the population of yeast cells within an aqueous
medium, the allowing is performed by centrifugation. In
embodiments of the method of isolating a yeast cell (e.g.
genetically modified yeast cell) including greater than 20%
wt/wt lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight, including allowing a yeast
cell (e.g. genetically modified yeast cell) including greater
than 20% wt/wt lipids, lipid precursors, and/or oleochemi-
cals (e.g., lipid, lipids, lipid precursors, lipid precursor,
oleochemicals, or oleochemical) in dry weight to separate
from a population of yeast cells within the plurality of yeast
cells by floating above the population of yeast cells within
an aqueous medium, the allowing is performed by simple
sedimentation. In embodiments of the method of isolating a
yeast cell (e.g. genetically modified yeast cell) including
greater than 20% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight,
including allowing a yeast cell (e.g. genetically modified
yeast cell) including greater than 20% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight to separate from a population of yeast cells
within the plurality of yeast cells by floating above the
population of yeast cells within an aqueous medium, the
allowing is performed by sedimentation. In embodiments of
the method of isolating a yeast cell (e.g. genetically modified
yeast cell) including greater than 20% wt/wt lipids, lipid
precursors, and/or oleochemicals (e.g., lipid, lipids, lipid
precursors, lipid precursor, oleochemicals, or oleochemical)
in dry weight, including allowing a yeast cell (e.g. geneti-
cally modified yeast cell) including greater than 20% wt/wt
lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) in dry weight to separate from a population of
yeast cells within the plurality of yeast cells by floating
above the population of yeast cells within an aqueous
medium, the allowing is performed by sedimentation due to
gravity.

In embodiments of the method, the genetically modified
yeast cell is formed by transforming a yeast cell with a
recombinant nucleic acid (e.g. as described herein, including
in embodiments, examples, tables, figures, and/or claims). In
embodiments, the genetically modified yeast cell is formed
by mutagenizing a yeast cell. In embodiments, the yeast cell
(e.g. genetically modified yeast cell includes a mutation
created by natural genetic drift.

In embodiments, the method is a method described herein,
including in embodiments, examples, tables, figures, and
claims.

1IV. ADDITIONAL EMBODIMENTS

1p. A genetically modified yeast cell wherein the dry weight
of said yeast cell comprises greater than 20% wt/wt lipid.
2p. The yeast cell of embodiment 1p comprising greater than
30% wt/wt lipid.

3p. The yeast cell of embodiment 1p comprising greater than
40% wt/wt lipid.

4p. The yeast cell of embodiment 1p comprising greater than
50% wt/wt lipid.

5p. The yeast cell of embodiment 1p comprising greater than
60% wt/wt lipid.
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6p. The yeast cell of embodiment 1p comprising greater than
70% wt/wt lipid.
7p. The yeast cell of embodiment 1p comprising greater than
80% wt/wt lipid.
8p. The yeast cell of embodiment 1p comprising greater than
90% wt/wt lipid.
9p. The yeast cell of any one of embodiments 1p to 8p,
selected from the group consisting of the genera Yarrowia,
Candida, Rhodotorula, Rhodosporidium, Cryptococcus,
Trichosporon and Lipomyces.
10p. The yeast cell of any one of embodiments 1p to 8p,
selected from the group consisting of Rhodosporidium toru-
loides, Lipomyces starkeyii, Lipomyces lipoferus, Apiotri-
chum curvatum, Candida curvata, Cryptococcus curvatus,
Trichosporon fermentans, Candida revkaufi, Candida pul-
cherrima, Candida tropicalis, Candida utilis, Trichosporon
pullans, Trichosporon cutaneum, Rhodotorula glutinus,
Rhodotorula graminis and Yarrowia lipolytica.
11p. The yeast cell of any one of embodiments 1p to 8p,
selected from the group consisting of Lipomyces starkeyii,
Rhodosporidium toruloides, Apiotrichum curvatum, Can-
dida curvata, Cryptococcus curvatus, Trichosporon fermen-
tans, Rhodotorula glutinis, and Yarrowia lipolytica.
12p. The yeast cell of any one of embodiments 1p to 8p,
wherein said yeast cell is Yarrowia lipolytica.
13p. The yeast cell of any one of embodiments 1p to 12p,
wherein said yeast cell is buoyant in an aqueous medium.
14p. The yeast cell of any one of embodiments 1p to 13p,
wherein said lipid is selected from the group consisting of a
fatty acid, wax, sterol, vitamin, monoglyceride, diglyceride,
triglyceride, phospholipid, glycerolipid, glycerophospho-
lipid, sphingolipid, saccharolipid, polyketide, sterol lipid,
triacylglyceride, and a prenol lipid.
15p. A yeast cell comprising a recombinant nucleic acid,
wherein said recombinant nucleic acid modulates the level
of activity of a protein in said yeast cell relative to the
absence of the recombinant nucleic acid, and wherein said
protein is selected from the group consisting of Leucine
Biosynthesis Gene (LEU2), Uracil Biosynthesis gene
(URA3), multifunctional enzyme (MFE1), Transcription
Factor (PEX10), AMP Deaminase (AMPD), ATP-Citrate
Lyase (ACL), Malic Enzyme (MAE), Acetyl-CoA Carboxy-
lase (ACC), acyl-CoA:diacylglycerol acyltransferase
(DGA1), acyl-CoA: diacylglycerol acyltransferases
(DGA2), Mitochondrial 2' O-ribose methyltransferase
(MRM2), Lipid synthesis regulator (MGA2), Chromatin
assembly gene (RLF2 subunit p90), and O-6-methylgua-
nine-DNA methyltransferase (MGMT).
16p. The yeast cell of embodiment 15p, wherein said recom-
binant nucleic acid increases the level of activity of a protein
in said yeast cell selected from the group consisting of
Leucine Biosynthesis Gene (LEU2), Uracil Biosynthesis
gene (URA3), AMP Deaminase (AMPD), ATP-Citrate
Lyase (ACL), Malic Enzyme (MAE), Acetyl-CoA Carboxy-
lase (ACC), acyl-CoA: diacylglycerol acyltransferase
(DGA1), acyl-CoA: diacylglycerol acyltransferases
(DGA2), Mitochondrial 2' O-ribose methyltransferase
(MRM2), Lipid synthesis regulator (MGA2), Chromatin
assembly gene (RLF2 subunit p90), and O-6-methylgua-
nine-DNA methyltransferase (MGMT).
17p. The yeast cell of any one of embodiments 15p to 16p,
wherein said recombinant nucleic acid decreases the level of
activity of a protein in said yeast cell selected from the group
consisting of multifunctional enzyme (MFE1), Lipid syn-
thesis regulator (MGA2), Chromatin assembly gene (RLF2
subunit p90), and Transcription Factor (PEX10).
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18p. The yeast cell of any one of embodiments 15p to 17p,
wherein said recombinant nucleic acid increases the level of
activity of a protein in said yeast cell selected from the group
consisting of Leucine Biosynthesis Gene (LLEU2), Uracil
Biosynthesis gene (URA3), Malic Enzyme (MAE), Mito-
chondrial 2' O-ribose methyltransferase (MRM2), Lipid
synthesis regulator (MGA2), and O-6-methylguanine-DNA
methyltransferase (MGMT) or said nucleic acid decrease the
level of activity of Lipid synthesis regulator (MGAZ2).
19p. The yeast cell of any one of embodiments 15p to 18p,
wherein said recombinant nucleic acid encodes a protein
comprising a mutation relative to the wildtype protein.
20p. The yeast cell of any one of embodiments 15p to 18p,
wherein said nucleic acid modulates the level of expression
of a protein.

21p. The yeast cell of embodiment 15p, wherein said yeast
cell comprises a recombinant nucleic acid that decreases the
level of activity of multifunctional enzyme (MFE1) protein
and Transcription Factor (PEX10) protein, increases the
level of activity of acyl-CoA:diacylglycerol acyltransferase
(DGA1) protein, or increases the level of activity of Leucine
Biosynthesis Gene (LEU2) protein relative to a yeast cell
that does not comprise said recombinant nucleic acids.
22p. The yeast cell of any one of embodiments 1p to 21p,
wherein said yeast cell comprises a fatty acid selected from
the group consisting of C5:0, C5:1, C5:2, C5:3, C6:0, C6:1,
C6:2, C6:3,C7:0, C7:1,C7:2,C7:3, C8:0, C8:1, C8:2, C8:3,
C9:0, C9:1, C9:2, C9:3, C10:0, C10:1, C10:2, C10:3, C11:0,
Cl11:1, C11:2, C11:3, C12:0, C12:1, C12:2, C12:3, C13:0,
C13:1, C13:2, C13:3, C14:0, C14:1, C14:2, C14:3, C15:0,
C15:1, C15:2, C15:3, C16:0, C16:1, C16:2, C16:3, C17:0,
C17:1, C17:2, C17:3, C18:0, C18:1, C18:2, C18:3, C19:0,
C19:1, C19:2, C19:3, C20:0, C20:1, C20:2, C20:3, C21:0,
C21:1, C21:2, C21:3, C22:0, C22:1, C22:2, C22:3, C23:0,
C23:1, C23:2, and C23:3.

23p. The yeast cell of any one of embodiments 1p to 21p,
wherein said yeast cell comprises a fatty acid selected from
the group consisting of C17:0 and C17:1.

24p. A method of producing a lipid comprising:

1) culturing a yeast cell of any one of embodiments 1p to 23p
in a growth medium;

2) isolating said lipid.

25p. The method of embodiment 24p, wherein said lipid is
isolated from said yeast cell. 26p. The method of embodi-
ment 24p, wherein said lipid is isolated from the medium.
27p. The method of any one of embodiments 24p to 26p,
wherein said growth medium comprises a majority carbon
source selected from the group consisting of glucose, glyc-
erol, xylose, fructose, mannose, ribose, sucrose, and ligno-
cellulosic biomass.

28p. The method of any one of embodiments 24p to 26p,
wherein said growth medium comprises lignocellulosic bio-
mass as the majority carbon source.

29p. The method of any one of embodiments 24p to 28p,
wherein said growth medium comprises a carbon source and
a nitrogen source wherein said carbon source is at a con-
centration at least 10-fold greater than the concentration of
the nitrogen source.

30p. The method of any one of embodiments 24p to 29p,
wherein said growth medium comprises cobalt, iron, mag-
nesium, potassium, zinc, nickel, molybdenum, manganese,
copper, or boron.

31p. The method of embodiment 30p, wherein the growth
medium comprises iron, copper, and molybdenum.

32p. The method of embodiment 30p, wherein the growth
medium comprises copper and nickel.
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33p. The method of embodiment 30p, wherein the growth
medium comprises copper, iron, and either molybdenum or
nickel.
34p. The method of embodiment 30p, wherein the growth
medium comprises copper, iron, molybdenum, and nickel.
35p. A method of isolating a genetically modified yeast cell
from a plurality of yeast cells comprising greater than 20%
wt/wt lipids in dry weight, comprising allowing a geneti-
cally modified yeast cell to separate from a population of
yeast cells within said plurality of yeast cells by floating
above said population of yeast cells within an aqueous
medium thereby isolating said genetically modified yeast
cell, wherein said population of yeast cells comprises a
lower percentage wt/wt of lipids than said genetically modi-
fied yeast cell.
36p. The method of any embodiment 35p, wherein said
genetically modified yeast cell comprises greater than 30%
wt/wt lipids in dry weight.
37p. The method of embodiment 35p, wherein said geneti-
cally modified yeast cell comprises greater than 40% wt/wt
lipids in dry weight.
38p. The method of embodiment 35p, wherein said geneti-
cally modified yeast cell comprises greater than 50% wt/wt
lipids in dry weight.
39p. The method of embodiment 35p, wherein said geneti-
cally modified yeast cell comprises greater than 60% wt/wt
lipids in dry weight.
40p. The method of any one of embodiments 35p to 39p,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 0.5 vvm (volume per
volume per minute).
41p. The method of any one of embodiments 35p to 39p,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 1.0 vvm (volume per
volume per minute).
42p. The method of any one of embodiments 35p to 39p,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 2.0 vvm (volume per
volume per minute).
43p. The method of any one of embodiments 35p to 39p,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 3.0 vvm (volume per
volume per minute).
44p. The method of any one of embodiments 35p to 39p,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 4.0 vvm (volume per
volume per minute).
45p. The method of any one of embodiments 35p to 44p,
wherein said aqueous medium comprises a yeast growth
medium, minimal media, complete supplement media, or
greater than 50 g/L glucose and less than 5 g/IL of a nitrogen
source.
46p. The method of any one of embodiments 35p to 45p,
wherein said allowing is performed by centrifugation or
simple sedimentation.

47p. The method of any one of embodiments 35p to 46p,
wherein said genetically modified yeast cell was formed by
transforming a yeast cell with a recombinant nucleic acid.
48p. The method of any one of embodiments 35p to 4'7p,
wherein said genetically modified yeast cell was formed by
mutagenizing a yeast cell.
1. A genetically modified yeast cell wherein the dry weight
of said yeast cell comprises greater than 20% wt/wt lipids,
lipid precursors, and/or oleochemicals (e.g., lipid, lipids,
lipid precursors, lipid precursor, oleochemicals, or oleo-
chemical).
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2. The genetically modified yeast cell of embodiment 1
comprising greater than 30% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical).

3. The genetically modified yeast cell of embodiment 1
comprising greater than 40% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical).

4. The genetically modified yeast cell of embodiment 1
comprising greater than 50% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical).

5. The genetically modified yeast cell of embodiment 1
comprising greater than 60% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical).

6. The genetically modified yeast cell of embodiment 1
comprising greater than 70% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical).

7. The genetically modified yeast cell of embodiment 1
comprising greater than 80% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical).

8. The genetically modified yeast cell of embodiment 1
comprising greater than 90% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical).

9. The genetically modified yeast cell of any one of embodi-
ments 1 to 8, selected from the group consisting of the
genera Yarrowia, Candida, Rhodotorula, Rhodosporidium,
Cryptococcus, Trichosporon and Lipomyces.

10. The genetically modified yeast cell of any one of
embodiments 1 to 8, selected from the group consisting of
Rhodosporidium toruloides, Lipomyces stavkeyii, Lipomy-
ces lipoferus, Apiotrichum curvatum, Candida curvata,
Cryptococcus curvatus, Trichosporon fermentans, Candida
revkaufi, Candida pulcherrima, Candida tropicalis, Can-
dida utilis, Trichosporon pullans, Trichosporon cutaneum,
Rhodotorula glutinus, Rhodotorula graminis and Yarrowia
lipolytica.

11. The genetically modified yeast cell of any one of
embodiments 1 to 8, selected from the group consisting of
Lipomyces starkeyii, Rhodosporidium toruloides, Apiotri-
chum curvatum, Candida curvata, Cryptococcus curvatus,
Trichosporon fermentans, Rhodotorula glutinis, and Yar-
rowia lipolytica.

12. The genetically modified yeast cell of any one of
embodiments 1 to 8, wherein said yeast cell is Yarrowia
lipolytica.

13. The genetically modified yeast cell of any one of
embodiments 1 to 12, wherein said yeast cell is buoyant in
an aqueous medium.

14. The genetically modified yeast cell of one of embodi-
ments 1 to 13, comprising a recombinant Leucine Biosyn-
thesis Gene (LEU2).

15. The genetically modified yeast cell of one of embodi-
ments 1 to 13, wherein said genetic modification increases
the level of activity of the Leucine Biosynthesis Gene
(LEU2) protein relative to an otherwise identical yeast cell
lacking said genetic modification.

16. The genetically modified yeast cell of one of embodi-
ments 1 to 15, comprising a recombinant Uracil Biosynthe-
sis gene (URA3).

17. The genetically modified yeast cell of one of embodi-
ments 1 to 15, wherein said genetic modification increases
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the level of activity of the Uracil Biosynthesis gene (URA3)
protein relative to an otherwise identical yeast cell lacking
said genetic modification.

18. The genetically modified yeast cell of one of embodi-
ments 1 to 17, comprising a genetically modified multifunc-
tional enzyme (MFE1) gene.

19. The genetically modified yeast cell of one of embodi-
ments 1 to 17, wherein said genetic modification decreases
the level of activity of the multifunctional enzyme (MFE1)
protein relative to an otherwise identical yeast cell lacking
said genetic modification.

20. The genetically modified yeast cell of one of embodi-
ments 1 to 19, comprising a genetically modified PEX10
Transcription Factor (PEX10) gene.

21. The genetically modified yeast cell of one of embodi-
ments 1 to 19, wherein said genetic modification decreases
the level of activity of the PEX10 Transcription Factor
(PEX10) protein relative to an otherwise identical yeast cell
lacking said genetic modification.

22. The genetically modified yeast cell of one of embodi-
ments 1 to 21, comprising a recombinant AMP Deaminase
(AMPD) protein.

23. The genetically modified yeast cell of one of embodi-
ments 1 to 21, wherein said genetic modification increases
the level of activity of the AMP Deaminase (AMPD) protein
relative to an otherwise identical yeast cell lacking said
genetic modification.

24. The genetically modified yeast cell of one of embodi-
ments 1 to 23, comprising a recombinant ATP-Citrate Lyase
(ACL1) protein.

25. The genetically modified yeast cell of one of embodi-
ments 1 to 23, wherein said genetic modification increases
the level of activity of the ATP-Citrate Lyase (ACL1) protein
relative to an otherwise identical yeast cell lacking said
genetic modification.

26. The genetically modified yeast cell of one of embodi-
ments 1 to 25, comprising a recombinant ATP-Citrate Lyase
(ACL2) protein.

27. The genetically modified yeast cell of one of embodi-
ments 1 to 25, wherein said genetic modification increases
the level of activity of the ATP-Citrate Lyase (ACL2) protein
relative to an otherwise identical yeast cell lacking said
genetic modification.

28. The genetically modified yeast cell of one of embodi-
ments 1 to 27, comprising a recombinant Malic Enzyme
(MAE) protein.

29. The genetically modified yeast cell of one of embodi-
ments 1 to 27, wherein said genetic modification increases
the level of activity of the Malic Enzyme (MAE) protein
relative to an otherwise identical yeast cell lacking said
genetic modification.

30. The genetically modified yeast cell of one of embodi-
ments 1 to 29, comprising a recombinant Acetyl-CoA Car-
boxylase (ACC) protein.

31. The genetically modified yeast cell of one of embodi-
ments 1 to 29, wherein said genetic modification increases
the level of activity of the Acetyl-CoA Carboxylase (ACC)
protein relative to an otherwise identical yeast cell lacking
said genetic modification.

32. The genetically modified yeast cell of one of embodi-
ments 1 to 31, comprising a recombinant acyl-CoA: diacyl-
glycerol acyltransferase 1 (DGA1) protein.

33. The genetically modified yeast cell of one of embodi-
ments 1 to 31, wherein said genetic modification increases
the level of activity of the acyl-CoA:diacylglycerol acyl-
transferase 1 (DGAL) protein relative to an otherwise iden-
tical yeast cell lacking said genetic modification.
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34. The genetically modified yeast cell of one of embodi-
ments 1 to 33, comprising a recombinant acyl-CoA: diacyl-
glycerol acyltransferase 2 (DGA2) protein.

35. The genetically modified yeast cell of one of embodi-
ments 1 to 33, wherein said genetic modification increases
the level of activity of the acyl-CoA:diacylglycerol acyl-
transferase 2 (DGA2) protein relative to an otherwise iden-
tical yeast cell lacking said genetic modification.

36. The genetically modified yeast cell of one of embodi-
ments 1 to 35, comprising a recombinant Mitochondrial 2'
O-ribose methyltransferase (MRM2) protein.

37. The genetically modified yeast cell of one of embodi-
ments 1 to 35, wherein said genetic modification increases
the level of activity of the Mitochondrial 2' O-ribose meth-
yltransterase (MRM2) protein relative to an otherwise iden-
tical yeast cell lacking said genetic modification.

38. The genetically modified yeast cell of one of embodi-
ments 1 to 37, comprising a recombinant Lipid synthesis
regulator (MGAZ2) protein.

39. The genetically modified yeast cell of one of embodi-
ments 1 to 37, comprising a genetically modified Lipid
synthesis regulator (MGA2) gene.

40. The genetically modified yeast cell of one of embodi-
ments 1 to 37, comprising at least one nucleotide deletion in
the genomic Lipid synthesis regulator (MGA2) gene and
expression of a Lipid synthesis regulator (MGA2) protein
comprising a mutation corresponding to G643R in Yarrowia
lipolytica. Lipid synthesis regulator (MGA?2)

41. The genetically modified yeast cell of one of embodi-
ments 1 to 37, wherein said genetic modification decreases
the level of activity of the Lipid synthesis regulator (MGA2)
protein relative to an otherwise identical yeast cell lacking
said genetic modification.

42. The genetically modified yeast cell of one of embodi-
ments 1 to 41, comprising a genetically modified Chromatin
assembly gene (RLEF2 subunit p90) gene.

43. The genetically modified yeast cell of one of embodi-
ments 1 to 41, wherein said genetic modification decreases
the level of activity of the Chromatin assembly gene (RLF2
subunit p90) protein relative to an otherwise identical yeast
cell lacking said genetic modification.

44. The genetically modified yeast cell of one of embodi-
ments 1 to 43, comprising a recombinant O-6-methylgua-
nine-DNA methyltransferase (MGMT) protein.

45. The genetically modified yeast cell of one of embodi-
ments 1 to 43, wherein said genetic modification increases
the level of activity of the O-6-methylguanine-DNA meth-
yltransterase (MGMT) protein relative to an otherwise iden-
tical yeast cell lacking said genetic modification.

46. The genetically modified yeast cell of one of embodi-
ments 1 to 45, comprising a genetically modified Aconitase
(ACO1) gene.

47. The genetically modified yeast cell of one of embodi-
ments 1 to 45, wherein said genetic modification decreases
the level of activity of the Aconitase (ACO1) protein relative
to an otherwise identical yeast cell lacking said genetic
modification.

48. The genetically modified yeast cell of one of embodi-
ments 1 to 47, comprising a recombinant Citrate Synthase
(CIT1) gene.

49. The genetically modified yeast cell of one of embodi-
ments 1 to 47, wherein said genetic modification increases
the level of activity of the Citrate Synthase (CIT1) protein
relative to an otherwise identical yeast cell lacking said
genetic modification.
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50. The genetically modified yeast cell of one of embodi-
ments 1 to 49, comprising a genetically modified RME1
zinc-finger transcription factor (RME1) gene.

51. The genetically modified yeast cell of one of embodi-
ments 1 to 49, wherein said genetic modification decreases
the level of activity of the RME1 zinc-finger transcription
factor (RME1) protein relative to an otherwise identical
yeast cell lacking said genetic modification.

52. The genetically modified yeast cell of one of embodi-
ments 1 to 51, comprising a genetically modified YOX1
homeodomain protein (YOX1) gene.

53. The genetically modified yeast cell of one of embodi-
ments 1 to 51, wherein said genetic modification decreases
the level of activity of the YOX1 homeodomain protein
(YOX1) protein relative to an otherwise identical yeast cell
lacking said genetic modification.

54. The genetically modified yeast cell of one of embodi-
ments 1 to 53, comprising a genetically modified UGA2
succinate semialdehyde dehydrogenase (UGA2) gene.

55. The genetically modified yeast cell of one of embodi-
ments 1 to 53, wherein said genetic modification decreases
the level of activity of the UGA2 succinate semialdehyde
dehydrogenase (UGA2) protein relative to an otherwise
identical yeast cell lacking said genetic modification.

56. The genetically modified yeast cell of one of embodi-
ments 1 to 55, comprising a genetically modified OSH6
oxysterol-binding protein homolog 6 (OSH6) gene.

57. The genetically modified yeast cell of one of embodi-
ments 1 to 55, wherein said genetic modification decreases
the level of activity of the OSH6 oxysterol-binding protein
homolog 6 (OSH6) protein relative to an otherwise identical
yeast cell lacking said genetic modification.

58. The genetically modified yeast cell of one of embodi-
ments 1 to 57, comprising a genetically modified IRC20 E3
ubiquitin-protein ligase and helicase (IRC20) gene.

59. The genetically modified yeast cell of one of embodi-
ments 1 to 57, wherein said genetic modification decreases
the level of activity of the IRC20 E3 ubiquitin-protein ligase
and helicase (IRC20) protein relative to an otherwise iden-
tical yeast cell lacking said genetic modification.

60. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
modulates the level of activity of a component of a lipid
biosynthetic pathway.

61. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
modulates the level of activity of a component of a pathway
incorporating Acetyl-CoA into a lipid, lipid precursor, or
oleochemical.

62. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
modulates the level of activity of a component of a pathway
incorporating malonyl-CoA into a lipid, lipid precursor, or
oleochemical.

63. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
increases the level of activity of a component of a lipid
biosynthetic pathway.

64. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
increases the level of activity of a component of a pathway
incorporating acetyl-CoA into a lipid, lipid precursor, or
oleochemical.

65. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
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increases the level of activity of a component of a pathway
incorporating malonyl-CoA into a lipid, lipid precursor, or
oleochemical.

66. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
modulates the level of activity of a component of a lipid,
lipid precursor, or oleochemical, metabolic pathway.

67. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
decreases the level of activity of a component of a lipid, lipid
precursor, or oleochemical, metabolic pathway.

68. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
decreases the level of activity of a component of a lipid, lipid
precursor, or oleochemical, metabolic pathway.

69. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
increases the level of acetyl-CoA in the genetically modified
yeast cell relative to a genetically unmodified yeast cell that
is otherwise identical to said genetically modified yeast cell.
70. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
increases the level of malonyl-CoA in the genetically modi-
fied yeast cell relative to a genetically unmodified yeast cell
that is otherwise identical to said genetically modified yeast
cell.

71. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
increases the level of triglyceride production in the geneti-
cally modified yeast cell relative to a genetically unmodified
yeast cell that is otherwise identical to said genetically
modified yeast cell.

72. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
decreases the level of beta-oxidation activity in the geneti-
cally modified yeast cell relative to a genetically unmodified
yeast cell that is otherwise identical to said genetically
modified yeast cell.

73. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
decreases the level of fatty acid catabolism in the genetically
modified yeast cell relative to a genetically unmodified yeast
cell that is otherwise identical to said genetically modified
yeast cell.

74. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
decreases the level of peroxisome biogenesis activity in the
genetically modified yeast cell relative to a genetically
unmodified yeast cell that is otherwise identical to said
genetically modified yeast cell.

75. The genetically modified yeast cell of any one of
embodiments 1 to 59, wherein said genetic modification
produces a lipid, lipid precursor, or oleochemical at a higher
level than by a genetically unmodified yeast cell that is
otherwise identical to said genetically modified yeast cell.
76. The genetically modified yeast cell of embodiment 75,
wherein said lipid, lipid precursor, or oleochemical pro-
duced at a higher level by said genetically modified yeast
cell is a fatty acid, wax, sterol, vitamin, monoglyceride,
diglyceride, triglyceride, phospholipid, glycerolipid, glyc-
erophospholipid, sphingolipid, saccharolipid, polyketide,
sterol lipid, triacylglyceride, prenol lipid, fatty acid ester,
fatty acid methyl ester, fatty acid ethyl ester, fatty acid
propyl ester, fatty acid butyl ester, fatty alcohol, fatty amine,
glycerol, alcohol ethoxylate, alcohol sulfate, or alcohol ether
sulfate.
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77. The genetically modified yeast cell of any one of
embodiments 1 to 76, wherein said genetic modification
comprises a mutation relative to the wild type gene.

78. The genetically modified yeast cell of any one of
embodiments 1 to 76, wherein said genetic modification
comprises a deletion of a portion of a gene.

79. The genetically modified yeast cell of one of embodi-
ments 1 to 78, wherein said yeast cell comprises an
increased level of a fatty acid selected from the group
consisting of C5:0, C5:1, C5:2, C5:3, C6:0, C6:1, C6:2,
C6:3,C7:0,C7:1, C7:2, C7:3,C8:0, C8:1, C8:2, C8:3, C9:0,
C9:1, C9:2, C9:3, C10:0, C10:1, C10:2, C10:3, C11:0,
Cl11:1, C11:2, C11:3, C12:0, C12:1, C12:2, C12:3, C13:0,
C13:1, C13:2, C13:3, C14:0, Cl14:1, C14:2, C14:3, C15:0,
C15:1, C15:2, C15:3, C16:0, Cl16:1, Cl16:2, C16:3, C17:0,
C17:1, C17:2, C17:3, C18:0, C18:1, C18:2, C18:3, C19:0,
C19:1, C19:2, C19:3, C20:0, C20:1, C20:2, C20:3, C21:0,
C21:1, C21:2, C21:3, C22:0, C22:1, C22:2, C22:3, C23:0,
C23:1, C23:2, and C23:3, relative to a genetically unmodi-
fied yeast cell that is otherwise identical to said genetically
modified yeast cell.

80. The genetically modified yeast cell of embodiment 79,
wherein said fatty acid is C17:0 C17:1.

81. The genetically modified yeast cell of embodiment 79,
wherein said fatty acid is C16:1n9.

82. The genetically modified yeast cell of one of embodi-
ments 1 to 81, wherein said genetic modification is an
engineered genetic modification.

83. The genetically modified yeast cell of embodiment 82,
wherein said engineered genetic modification comprises
modulated expression of a protein.

84. The genetically modified yeast cell of embodiment 82,
wherein said engineered genetic modification comprises
increased expression of a protein.

85. The genetically modified yeast cell of embodiment 82,
wherein said engineered genetic modification comprises
decreased expression of a protein.

86. The genetically modified yeast cell of one of embodi-
ments 1 to 81, wherein said genetic modification is associ-
ated with exposure to a mutagen.

87. The genetically modified yeast cell of one of embodi-
ments 1 to 86, wherein said genetic modification comprises
modulated expression of a protein in a lipid, or lipid pre-
cursor, biosynthetic pathway.

88. A method of producing a lipid, lipid precursor, or
oleochemical comprising:

1) culturing a yeast cell of any one of embodiments 1 to 87
in a growth medium; and

2) isolating said lipid, lipid precursor, or oleochemical.
89. The method of embodiment 88, wherein said lipid, lipid
precursor, or oleochemicalis isolated from said yeast cell.
90. The method of embodiment 88, wherein said lipid, lipid
precursor, or oleochemical is isolated from the growth
medium.

91. The method of any one of embodiments 88 to 90,
wherein said growth medium comprises a majority carbon
source selected from the group consisting of glucose, glyc-
erol, xylose, fructose, mannose, ribose, sucrose, and ligno-
cellulosic biomass.

92. The method of any one of embodiments 88 to 90,
wherein said growth medium comprises lignocellulosic bio-
mass as the majority carbon source.

93. The method of any one of embodiments 88 to 92,
wherein said growth medium comprises a carbon source and
a nitrogen source wherein said carbon source is at a con-
centration at least 10-fold greater than the concentration of
the nitrogen source (wt/wt).
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94. The method of any one of embodiments 88 to 92,
wherein said growth medium comprises a carbon source and
a nitrogen source wherein said carbon source is at a con-
centration at least 16-fold greater than the concentration of
the nitrogen source (wt/wt).
95. The method of any one of embodiments 88 to 92,
wherein said growth medium comprises a carbon source and
a nitrogen source wherein said carbon source is at a con-
centration at least 320-fold greater than the concentration of
the nitrogen source (wt/wt).
96. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises micronutrients (e.g.
cobalt, iron, magnesium, potassium, zinc, nickel, molybde-
num, manganese, coppet, or boron).
97. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises cobalt in an amount
equivalent to 7.5 to 22.5 mg/LL CoCl,, magnesium in an
amount equivalent to 125 to 375 mg/[. MgSO,, potassium in
an amount equivalent to 7.5 to 22.5 mg/L. KI, zinc in an
amount equivalent to 10 to 30 mg/L. ZnSO,.7H,0, manga-
nese in an amount equivalent to 6 to 18 mg/I[. MnSO,,.H,O,
boron in an amount equivalent to 6 to 18 mg/L. Boric acid,
molybdenum in an amount equivalent to 7.5 to 22.5 mg/LL
(NH,),Mo0.4H,0, nickel in an amount equivalent to 6 to 18
mg/L NiSO,.6H,0, iron in an amount equivalent to 10 to 30
mg/L. FeSO,.7H,0, or copper in an amount equivalent to 7.5
to 22.5 mg/L. CuSO,.
98. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises 5.77x10™> M to
1.73x10™* M cobalt, 0.001 M to 0.003 M magnesium,
4.52x107> M to 1.35x10™* M potassium, 4.05x107> M to
1.22x10™* M zinc, 3.55x107> M to 1.06x10~* M manganese,
9.07x107° M to 2.91x10~* M boron, 3.76x10™> M to 1.10x
10~* M molybdenum, 2.28x%10™> M to 6.84x10~> M nickel,
3.60x107° M to 1.08x10™* M iron, or 4.70x10™> M to
1.41x10™* M copper.
99. The method of any one of embodiments 88 to 95,
wherein the growth medium comprises iron, copper, and
molybdenum.
100. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises molybdenum in an
amount equivalent to 7.5 to 22.5 mg/l. (NH,),Mo.4H,0,
iron in an amount equivalent to 10 to 30 mg/LL FeSO,.7H,0,
or copper in an amount equivalent to 7.5 to 22.5 mg/L.
CuSO,.
101. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises 3.76x10™> M to
1.10x10™* M molybdenum, 3.60x10™> M to 1.08x10™* M
iron, or 4.70x107> M to 1.41x10™* M copper.
102. The method of any one of embodiments 88 to 95,
wherein the growth medium comprises copper and nickel.
103. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises nickel in an amount
equivalent to 6 to 18 mg/L NiSO,.6H,O or copper in an
amount equivalent to 7.5 to 22.5 mg/[L CuSQO,.
104. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises 2.28x10™> M to
6.84x107> M nickel or 4.70x107> M to 1.41x10~* M copper.
105. The method of any one of embodiments 88 to 95,
wherein the growth medium comprises copper, iron, and
either molybdenum or nickel.
106. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises molybdenum in an
amount equivalent to 7.5 to 22.5 mg/l. (NH,),Mo.4H,0,
nickel in an amount equivalent to 6 to 18 mg/LL
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NiSO,.6H,0, iron in an amount equivalent to 10 to 30 mg/LL
FeSO,.7H,0, or copper in an amount equivalent to 7.5 to
22.5 mg/L. CuSO,.

107. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises 3.76x107> M to
1.10x10™* M molybdenum, 2.28x10™> M to 6.84x10™> M
nickel, 3.60x107> M to 1.08x10~*M iron, or 4.70x10™> M to
1.41x107*M copper.

108. The method of any one of embodiments 88 to 95,
wherein the growth medium comprises copper, iron, molyb-
denum, and nickel.

109. A method of isolating a genetically modified yeast cell
from a plurality of yeast cells, comprising greater than 20%
wt/wt lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) in dry weight, comprising allowing a
genetically modified yeast cell to separate from a population
of yeast cells within said plurality of yeast cells by floating
above said population of yeast cells within an aqueous
medium thereby isolating said genetically modified yeast
cell, wherein said population of yeast cells comprises a
lower percentage wt/wt of lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) than said geneti-
cally modified yeast cell.

110. The method of embodiment 109, wherein said geneti-
cally modified yeast cell comprises greater than 30% wt/wt
lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) in dry weight.

111. The method of embodiment 109, wherein said geneti-
cally modified yeast cell comprises greater than 40% wt/wt
lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) in dry weight.

112. The method of embodiment 109, wherein said geneti-
cally modified yeast cell comprises greater than 50% wt/wt
lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) in dry weight.

113. The method of embodiment 109, wherein said geneti-
cally modified yeast cell comprises greater than 60% wt/wt
lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) in dry weight.

114. The method of any one of embodiments 109 to 113,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 0.5 vvm (volume per
volume per minute).

115. The method of any one of embodiments 109 to 113,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 1.0 vvm (volume per
volume per minute).

116. The method of any one of embodiments 109 to 113,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 2.0 vvm (volume per
volume per minute).

117. The method of any one of embodiments 109 to 113,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 3.0 vvm (volume per
volume per minute).

118. The method of any one of embodiments 109 to 113,
wherein said plurality of yeast cells are in a bioreactor with
agitation and aeration rates of about 4.0 vvm (volume per
volume per minute).

119. The method of any one of embodiments 109 to 118,
wherein said aqueous medium comprises a yeast growth
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medium, minimal media, complete supplement media, or
greater than 50 g/I glucose and less than 5 g/IL of a nitrogen
source.

120. The method of any one of embodiments 109 to 119,
wherein said allowing is performed by centrifugation or
simple sedimentation.

121. The method of any one of embodiments 109 to 120,
wherein said genetically modified yeast cell was formed by
transforming a yeast cell with a recombinant nucleic acid.
122. The method of any one of embodiments 109 to 120,
wherein said genetically modified yeast cell was formed by
mutagenizing a yeast cell.

123. The method of any one of embodiments 109 to 120,
wherein said genetically modified yeast cell is created by
first exposing a yeast cell to a mutagen (e.g. a chemical
mutagen, radiation, UV, or a biological mutagen).

124. The method of any one of embodiments 109 to 120,
wherein said genetically modified yeast cell was formed by
mutagenizing a yeast cell.

125. A method of isolating a yeast cell comprising greater
than 20% wt/wt lipids, lipid precursors, and/or oleochemi-
cals (e.g., lipid, lipids, lipid precursors, lipid precursor,
oleochemicals, or oleochemical) in dry weight from a plu-
rality of yeast cells, comprising allowing a yeast cell com-
prising greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) to separate
from a population of yeast cells within said plurality of yeast
cells by floating above said population of yeast cells within
an aqueous medium thereby isolating said yeast cell com-
prising greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical), wherein
said population of yeast cells comprises a lower percentage
wt/wt of lipids, lipid precursors, and/or oleochemicals (e.g.,
lipid, lipids, lipid precursors, lipid precursor, oleochemicals,
or oleochemical) than said yeast cell comprising greater than
20% wt/wt lipids, lipid precursors, and/or oleochemicals
(e.g., lipid, lipids, lipid precursors, lipid precursor, oleo-
chemicals, or oleochemical).

126. The method of embodiment 125, wherein said yeast cell
comprising greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) comprises
greater than 30% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight.
127. The method of embodiment 125, wherein said yeast cell
comprising greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) comprises
greater than 40% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight.
128. The method of embodiment 125, wherein said yeast cell
comprising greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) comprises
greater than 50% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight.
129. The method of embodiment 125, wherein said yeast cell
comprising greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) comprises
greater than 60% wt/wt lipids, lipid precursors, and/or
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oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight.
130. The method of embodiment 125, wherein said yeast cell
comprising greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) comprises
greater than 70% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight.
131. The method of embodiment 125, wherein said yeast cell
comprising greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) comprises
greater than 80% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight.
132. The method of embodiment 125, wherein said yeast cell
comprising greater than 20% wt/wt lipids, lipid precursors,
and/or oleochemicals (e.g., lipid, lipids, lipid precursors,
lipid precursor, oleochemicals, or oleochemical) comprises
greater than 90% wt/wt lipids, lipid precursors, and/or
oleochemicals (e.g., lipid, lipids, lipid precursors, lipid pre-
cursor, oleochemicals, or oleochemical) in dry weight.
133. The method of one of embodiments 125 to 132,
wherein said yeast cell comprising greater than 20% wt/wt
lipids, lipid precursors, and/or oleochemicals (e.g., lipid,
lipids, lipid precursors, lipid precursor, oleochemicals, or
oleochemical) comprises a mutation created by natural
genetic drift.
134. The method of any one of embodiments 88 to 95,
wherein said growth medium comprises cobalt.
135. The method of any one of embodiments 88 to 95 and
134, wherein said growth medium comprises iron.
136. The method of any one of embodiments 88 to 95 and
134 to 135, wherein said growth medium comprises mag-
nesium.
137. The method of any one of embodiments 88 to 95 and
134 to 136, wherein said growth medium comprises potas-
sium.
138. The method of any one of embodiments 88 to 95 and
134 to 137, wherein said growth medium comprises zinc.
139. The method of any one of embodiments 88 to 95 and
134 to 138, wherein said growth medium comprises nickel.
140. The method of any one of embodiments 88 to 95 and
134 to 139, wherein said growth medium comprises molyb-
denum.
141. The method of any one of embodiments 88 to 95 and
134 to 140, wherein said growth medium comprises man-
ganese.
142. The method of any one of embodiments 88 to 95 and
134 to 141, wherein said growth medium comprises copper.
143. The method of any one of embodiments 88 to 95 and
134 to 142, wherein said growth medium comprises boron.

V. EXAMPLES

The following examples are meant to illustrate certain
embodiments of the invention and not to limit the scope of
the invention described herein.

A. MATERIALS AND METHODS

Base Strains and Media.

E. coli strain DH10B was used for cloning and plasmid
propagation. DH10B was grown at 37° C. with constant
shaking in Luria-Bertani Broth (Teknova) supplemented
with 50 pg/ml of ampicillin for plasmid propagation. Yar-
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rowia lipolytica strain PO1f (ATCC #MYA-2613), a leucine
and uracil auxotroph devoid of any secreted protease activity
(Madzak et al., 2000), was used as the base strain for all
studies. Table 1 contains a list of PO1f derivatives produced
in this study. Y. lipolytica was cultivated at 30° C. with
constant agitation. 2 mL cultures of Y. /ipolytica used in
large-scale screens were grown in a rotary drum (CT-7, New
Brunswick Scientific) at speed seven, and larger culture
volumes were shaken in flasks at 225 rpm.

YSC media consisted of 20 g/[. glucose (Fisher Scien-
tific), 0.79 g/L. CSM supplement (MP Biomedicals), and 6.7
g/ Yeast Nitrogen Base w/o amino acids (Becton, Dickin-
son, and Company). YSC-URA, YSC-LEU, and YSC-LEU-
URA media contained 0.77 g/I. CSM-Uracil, 0.69 g/LL
CSM-Leucine, or 0.67 g/I. CSM-Leucine-Uracil in place of
CSM, respectively. YPD media contained 10 g/, yeast
extract (Fisher Scientific), 20 g/L. peptone (Fisher Scientific)
and 20 g/L. glucose, and was often supplemented with 300
pg/ml Hygromycin B (Invitrogen) for knockout selection.
Lipid accumulation response towards media formulation
was investigated by cultivation in varying concentrations of
glucose and nitrogen. These media formulations contained
0.79 g/I. CSM, 1.7 g/LL Yeast Nitrogen Base w/o amino acid
and w/o (NH,),SO, (Becton, Dickinson, and Company),
between 10 g/L. and 320 g/L. glucose, and between 0.04 g/I,
and 10 g/I. ammonium sulfate—(NH,),SO,, (Fisher Scien-
tific). These media are routinely referred to by their ratio of
carbon content (glucose) to nitrogen content (ammonium
sulfate). For instance, media containing 80 g/L. glucose and
5 g/l ammonium sulfate is called Cy,:N5; media. When
utilizing alternative carbon sources, glucose was replaced by
80 g/L. arabinose, 80 g/LL fructose, 80 g/ galactose, 80 g/L.
glycerol (Fisher Scientific), 80 g/l mannose, 80 g/[. maltose
80 g/L. ribose, 80 g/L. sucrose (Acros Organics), 80 g/l
Xylose, or 80 g/ of a saccharide mix resembling the
composition of lignocellulosic biomass (57% Glucose, 32%
Xylose, 5% Arabinose, 3% Mannose, and 3% Galactose by
weight). Solid media for E. coli and Yarrowia lipolytica was
prepared by adding 20 g/IL agar (Teknova) to liquid media
formulations.

When analyzing the effect of micronutrient supplemen-
tation, CoCl, (15 mg/L), MgSO, (250 mg/L), KI (15 mg/L),
ZnS0,.7H,0 (20 mg/L), MnSO,.H,O (12.5 mg/L), Boric
acid (12.5 mg/L), (NH,),Mo0.4H,0 (15 mg/L), NiSO,.6H,O
(12.5 mg/L), FeSO,.7H,0 (20 mg/L.), or CuSO,, (15 mg/T.)
were added to the stated media formulation. Concentrations
given are the final concentrations of the metal ion.

Initial Optimization of Media Formulation for Wildtype
and Engineered Strains.

Nitrogen starvation is the accepted impetus for effecting
a state of lipid accumulation in oleaginous organisms (Ra-
tledge 2002). As a preliminary analysis of this induction
potential, we selected seven media variations wildly variant
in their ratios’ of carbon content (glucose) to nitrogen
content (ammonium sulfate) to assay for their ability to
induce lipid accumulation. These media formulations are
routinely referred to by this carbon to nitrogen ratio (C:N
ratio), i.e., media containing 160 g/I. glucose and 0.2 g/LL
ammonium sulfate is called C, ,:N, , media. We cultivated
wildtype Y. lipolytica strain PO1f in these seven media
formulations and assayed for relative lipid (e.g. triacylglyc-
eride) accumulation using nile red fluorescence flow cytom-
etry after 2, 4, 6, and 8 days. We observed a strong
correlation between increasing carbon to nitrogen ratio and
increased lipid (e.g. triacylglyceride) accumulation that
spanned a 10-fold range, and we were able to increase nile
red fluorescence levels by three-fold compared to levels
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induced in standard minimal (YSC) media. Thus, we con-
firmed the beneficial effect of increasing C:N ratio towards
lipid (e.g. triacylglyceride) accumulation in non-engineered
Y lipolytica, so we sought to further improve oleo-content
with additional media supplementation. In particular, FeSO,
supplementation has been implicated in enabling increased
citric acid accumulation in Y. lipolytica (Kamzolova et al.
2003), specifically under oxygen limiting conditions. Citric
acid and fatty acid accumulation are closely linked in Y.
lipolytica, so we hypothesized that this iron-responsive citric
acid accumulation could also increase downstream lipid
(e.g. triacylglyceride) accumulation. To fully analyze the
potential benefits of micronutrient addition towards lipid
(e.g. triacylglyceride) accumulation (Song et al. 2012; Zhao
et al. 2008), we cultivated PO1f in minimal media supple-
mented with cobalt, magnesium, potassium, zinc, manga-
nese, boric acid, molybdenum, nickel, iron, and copper
(FIG. 1), and saw increased lipid (e.g. triacylglyceride)
accumulation with iron, nickel, copper, molybdenum, and
zinc. We performed a combinatorial screening of iron,
nickel, copper, and molybdenum supplementation to detect
cumulative beneficial effects towards increasing cellular
lipid content. Triple supplementation with copper, nickel,
and iron increased lipid accumulation levels to the highest
observed at that time (FIG. 2).

Thus, manipulating media formulation -effectively
increased lipid formulation in a wildtype strain, however, the
relationship between strain genotype and this effect has yet
to be explored. We sought to determine if a strain rationally
engineered for increased lipid accumulation would benefit in
the same manner from increasing C:N ratio. In our initial
attempts to engineer a Y. lipolytica strain for increased lipid
accumulation, we overexpressed the AMPDp in a APEX10
background to create a strain with a 17-fold increase in nile
red fluorescence levels. To determine if genomic modifica-
tions could affect differential responses towards media-
induced lipid accumulation, we cultivated unmodified PO1f
and our engineered high lipid producer in twenty media
formulations that varied in carbon and nitrogen levels (Table
3) and analyzed for lipid content with nile red fluorescence
flow cytometry after two days, four days, and eight days.
Two days was insufficient time to induce lipid accumulation,
while lipid accumulation is evident a majority of media
formulation for the PO1f APEX10 AMPDp overexpression
strain after eight days. Heat graphs of relative fluorescent
values illustrate that the PO1f APEX10 AMPDp overexpres-
sion strain accumulates lipids efficiently at an optimum
value of 80 g/IL glucose after 4 days, while PO1f is only
slight induced in any condition, most noticeably after six to
eight days in C, ;N , media. In general, the 320 g/L. glucose
condition is too high to induce lipid accumulation effec-
tively, most likely because the high sugar content prevents
cell growth. Likewise, formulations 0.04 and 0.2 g/[. ammo-
nium sulfate tend to poorly induce lipid accumulation,
especially within four days or less. Finally, an optimum C:N
ratio of ~10 to 40 can be observed when discounting these
highest glucose and lowest ammonium sulfate.

B. CLONING AND TRANSFORMATION
PROCEDURES

All restriction enzymes were purchased from New Eng-
land Biolabs and all digestions were performed according to
standard protocols. PCR reactions were set up with recom-
mended conditions using Phusion high fidelity DNA poly-
merase (Finnzymes), or LongAmp Taq DNA polymerase
(New England Biolabs). Ligation reactions were performed
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overnight at room temperature using T4 DNA Ligase (Fer-
mentas). Gel extractions were performed using the Fermen-
tas GeneJET extraction kit purchased from Fisher Thermo-
Scientific. £. coli minipreps were performed using the
Zyppy Plasmid Miniprep Kit (Zymo Research Corporation).
E. coli maxipreps were performed using the Qiagen HiSpeed
Plasmid Maxi Kit. Transformation of E. coli strains was
performed using standard electroporator protocols (Sam-
brook and Russell, 2001). Large amounts of linearized DNA
(>20n), necessary for Y. lipolytica PO1f transformation were
cleaned and precipitated using a standard phenol:chloroform
extraction followed by an ethanol precipitation (Kirby,
1956).

Genomic DNA (gDNA) was extracted from Y. lipolytica
using the Wizard Genomic DNA Purification kit (Promega).
Transformation of Y. lipolytica with replicative plasmids
was performed using the Zymogen Frozen EZ Yeast Trans-
formation Kit II (Zymo Research Corporation), with plating
on YSC-LEU plates. Transformation of Y. /ipolytica PO1f
with linearized cassettes was performed as described previ-
ously (Blazeck et al. 2013a), with selection on appropriate
plates. All auxotrophic or antibiotic selection markers were
flanked with LoxP sites to allow for retrieval of integrated
markers the pMCS-UAS1B,,-TEF-Cre replicative vector
(Blazeck et al. 2013a).

Plasmid Construction.

Primer sequences can be found in the Table 2. All ¥
lipolytica episomal plasmids were centromeric, replicative
vectors derived from plasmid pS116-Cenl-1(227) (Yamane
et al. 2008) after it had been modified to include a multi-
cloning site, a hrGFP green fluorescent reporter gene
(pIRES-hrGFP, Agilent) driven by the strong UAS1B, ,-TEF
promoter (Blazeck et al. 2011), and a cycl terminator (Mum-
berg et al. 1995) to create plasmid pMCS-UAS1B,,-TEF-
hrGFP. Integrative plasmids were derived from plasmids
pUC-S1-UASIB ¢s-Leum or pUC-S1-UASIB,,-TEF
(Blazeck et al. 2013a) that contained 5' and 3' rDNA
integrative sequences surrounding the following elements—
(from 5' to 3") a uracil section marker surrounded by LoxP
sites for marker retrieval, the strong UAS1B,,-Leum or
UASI1B,,-TEF promoter, Ascl and Pad restriction enzyme
sites for gene insertion, and a XPR2 minimal terminator.
These integrative plasmids were also designed to contain
two identical Notl restriction enzyme sites directly outside
of the rDNA regions so that plasmid linearization would
simultaneously remove E. coli pUC19-based DNA. All
plasmids containing expression cassettes were sequenced
confirmed before transformation into Y. /ipolytica.

Construction of Episomal Expression Cassettes:

The following genes were PCR amplified from Y
lipolytica PO1f gDNA and inserted into vector pMCS-
UASI1B, ,-TEF-hrGFP in place of hrGFP with an Ascl/Pacl
digest: AMPD, ACL subunit 1 (ACL1), ACL subunit 2
(ACL2), MEAL, DGAL1, DGAZ2, the Tupl general transcrip-
tional repressor (Morin et al. 2011), and the HAC1 basic
leucine zipper transcription factor involved in unfolded
protein response (Morin et al. 2011) with primers, respec-
tively. This formed plasmids pMCS-UAS1B, ,-TEF-AMPD,
pMCS-UAS1B,,-TEF-ACLI, pMCS-UASI1B, (,-TEF-
ACL2, pMCS-UASIB,,-TEF-MEA, pMCS-UASIB,,-
TEF-DGAL, pMCS-UAS1B,-TEF-DGA2, pMCS-
UASI1B,,-TEF-TUP1, and pMCS-UAS1B, ,-TEF-HACI.

Construction of Integrative Expression Cassettes:

The following genes were gel extracted from the previ-
ously constructed episomal expression vectors and inserted
into vector pUC-S1-UASI1B,,-TEF with an Ascl/Pacl
digest: AMPD, ACL subunit 1 (ACL1), ACL subunit 2
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(ACL2), MEA1, DGAL1, and DGA2. This formed plasmids
pUC-S1-UAS1B, ,-TEF-AMPD, pUC-S1-UAS1B, ,-TEF-
ACLI1, pUC-S1-UASIB, ,-TEF-ACL2, pUC-S1-UASI1B, ;-
TEF-MEAI, and pUC-S1-UAS1B, ,-TEF-DGA1, and pUC-
S1-UASI1B,4-TEF-DGA2. The loxP-surrounded uracil
marker of these integrative plasmids was replaced with a
loxP-surrounded leucine marker to enable integrative selec-
tion with leucine auxotrophy and co-expression of two
enzymes without marker retrieval. These leucine marker
integrative plasmids were dubbed plasmids pUC-S2-
UASIB,,-TEF-AMPD,  pUC-S2-UASI1B, ,-TEF-ACLI,
pUC-S2-UAS1B,(-TEF-ACL2, pUC-S2-UAS1B,,-TEF-
MEAI, and pUC-S2-UASI1B, ,-TEF-DGAI, and pUC-S2-
UASIB, ,-TEF-DGA2.

ACL1 and ACL2 were similarly inserted into pUC-S1-
UASI1B, s-Leum with primers, respectively, to form plas-
mids pUC-S1-UASIB,,-Leum-ACL1 and pUC-S1-
UASIB, ¢-Leum-ACL2.

Strain Construction.

All strains were confirmed through gDNA extraction and
PCR confirmation and are listed in Table 1. We previously
constructed two markerless single-gene deletion strains in
the Y. lipolytica PO1f background, PO1f-Amfel and PO1f-
Apex10, deficient in their p-oxidation and peroxisomal bio-
genesis capacity, respectively (Blazeck et al. 2013a). Fol-
lowing our previous protocol, the PEX10 gene was deleted
from strain PO1f-Amfel to form the markerless double
mutant PO1f-Amfel-Apex10. These four strains, POIf,
PO1f-Amfel, PO1f-Apex10, and PO1f-Amfel-Apex10 were
utilized as backgrounds for single and double overexpres-
sion of the AMPD, ACL1, ACL2, MEA, DGAL1, and DGA2
genes, including variation in selective marker utilized, i.e.,
leucine (S2 integrative cassette or pMCS episomal cassette)
vs. uracil (S1 integrative cassette). S2 and S1 integrative
cassettes were linearized, transformed into our four back-
ground strains, and selected for on appropriate dropout
plates. Table 1 contains a list of rationally engineered strains
derived in this manner. ORF-less plasmids pUC-S1-
UASI1B,,-TEF and pUC-S1-UAS1B, ,-TEF were utilized to
create strains lacking leucine, uracil, or both leucine and
uracil auxotrophies, dubbed S1-@, S2-@, and S1-S2-0
(Table 1).

Combinatorial Genome Engineering.

Prior engineering efforts have successfully increased lipid
accumulation in Y. lipolytica by manipulating fatty acid,
lipid, or central carbon metabolism, but no attempt has been
made to simultaneously alter these metabolic functionalities
(Beopoulos et al. 2008; Dulermo and Nicaud 2011; Tai and
Stephanopoulos 2013). We sought to concurrently control
these aspects of lipid synthesis by overexpressing three
enzymes that control metabolic flux from central carbon
metabolism into fatty acid synthesis (AMPDp, ACLp, and
MEAlp) or two isozymes that control lipid synthesis
(DGA1lp and DGA2p) in four genomic backgrounds with
altered fatty acid catabolic ability. These four genomic
backgrounds included the PO1f (WT) strain, a PO1f MFE1
deletion strain (AMFE1), a PO1f PEX10 deletion strain
(APEX10), and a MFE1 PEX10 double knockout strain
(APEX10AMFE1). The majority of enzymatic overexpres-
sions were driven by the high strength UASIB,,-TEF
constitutive promoter (Blazeck et al. 2011), were integrated
into Y. lipolytica ’s genomic rDNA repeats (Blazeck et al.
2013a; Ledall et al. 1994), and alleviated either PO1f s uracil
or leucine auxotrophy. In our previous work, we noticed that
alleviation of the leucine auxotrophy tended to increase lipid
(e.g. triacylglyceride) accumulation far more than allevia-
tion of the uracil auxotrophy. Therefore, nearly identical
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strains were routinely created differing only in the marker
utilized to integrate an enzymatic overexpression cassette,
enabling either uracil synthesis (S1) or leucine synthesis
(S2). Initial overexpressions of the DGAlp and DGA2p
enzymes occurred episomally with an identical UASIB, -
TEF promoter on a leucine-marker containing plasmid,
though final strain construction entailed integrating these
cassettes. Strain names included background (WT, AMFEL1,
APEX10, or APEX10AMFE1), markers used (S1, S2, S1-S2,
or pMCS), and enzymes overexpressed (AMPD, MEA,
ACL1,ACL2, DGA1, DGA2) so a strain overexpressing the
AMPDp enzyme with a leucine marker in the
APEX10AMFE1 background is called APEX10AMFE1
S2-AMPD. S1-0, S2-@, and S1, 2-@ refer to strains without
protein overexpressions but with uracil, leucine, or uracil+
leucine auxotrophies alleviated. ACL1p and ACL2p form a
heterodimer in vivo so were tested as concurrent overex-
pressions.

Our combinatorial approach generated over 46 distinct
genotypes that were analyzed for lipid (e.g. triacylglyceride)
accumulation with nile red fluorescence flow cytometry after
four days growth in C; Ny media and produced a large range
in lipid (e.g. triacylglyceride) accumulation ability, culmi-
nating in a 60-fold improvement over PO1f WT control
(FIG. 3). We saw that the deletion of the pex10 peroxisomal
biogenesis transcription factor combined with overexpres-
sion of a acyl-CoA:diacylglycerol acyltransferase (DGAI or
DGA2) are essential for the highest lipid (e.g. triacylglyc-
eride) production (FIG. 3). When comparing ammonia
depletion in PO1f WT and our highest lipid producer,
APEX10AMFE1 pMCSDGA1, we observed a pronounced
reduction in steady state nitrogen concentration in the
APEX10AMFE1 pMCSDGAI1 strain. We saw a very notice-
able correlation between the ability to synthesize leucine and
lipid (e.g. triacylglyceride) accumulation ability, with an
average increase of five fold in lipid content between
comparable strains with and without a leucine marker pres-
ent (FIG. 4). Deletion of mfel drastically reduced this
increase in lipid (e.g. triacylglyceride) content. AMFE1 and
APEX10AMFE1l saw only a 1.42 fold and 2.58 fold
increases in lipid (e.g. triacylglyceride) content granted from
the capacity to synthesize leucine compared to 8.16 and 7.45
fold increases in WT and APEX10 backgrounds (FIG. 4). In
three of our four backgrounds, DGAlp outperformed
DGA2p (FIG. 3); WT pMCSDGA2 was not included, but
subsequent testing showed WT pMCSDGAL to give higher
lipid (e.g. triacylglyceride) levels than WT pMCSDGA2.
Overall, fluorescence levels were highest in the APEX10 and
APEX10AMFE!1 backgrounds (~3-fold WT), and lowest in
the AMFE1 background (~65% of WT), although mfel
deletion has been shown to increase lipid (e.g. triacylglyc-
eride) accumulation in media containing higher C:N ratio in
eight day cultivation periods (Blazeck et al. 2013a). Because
mfel deletion should further inhibit fatty acid degradation in
the APEX10AMFE1 background in long-scale fermenta-
tions, the DGAlp was integrated into the APEX10AMFE1
background with S2 cassette and a S1-J to form our final
fully heterotrophic rationally engineered strain. This
APEX10AMFE1 S1-S2-DGAL strain displayed similar lipid
(e.g. triacylglyceride) content to strains containing episo-
mally expressed DGAlp and could accumulate lipids (e.g.
triacylglyceride) effectively without any amino acid supple-
mentation (Table 4) and yielded are highest % lipid (e.g.
triacylglyceride) content of 32% dry cell weight for a total
of 1.32 g/L.. Furthermore, we saw no significant difference
in LEU3 or DGA1 mRNA levels between these two strains.
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During bioreactor runs, these strains are able to produce
significant amounts of lipids and cells exhibit 88% by dry
cell weight lipids. Improved lipid production with one of the
highest producing strains, APEX10AMFE1-S1-S2-DGAL in
a bioreactor. Lipid levels have reached 22 g/I. in media
containing only 80 g/LL glucose, 5 g/I. ammonium sulfate,
and 1.7 g/LL Yeast Nitrogen Base (without amino acids or
ammonium sulfate). Increasing dissolved oxygen content
and maintaining pH at or above 5.0 enabled this yield. This
represents ~86% of the theoretical yield. Furthermore, in
these strains, we identify the presence of unique C17 fatty
acids (FIG. 15).

Complex control of cellular processes, like lipid accumu-
lation, is coordinated by transcription factors that regulate
gene networks. In particular, the Tupl general transcriptional
repressor and the Had leucine zipper transcription factor
involved in unfolded protein response have been shown to
be upregulated in lipid (e.g. triacylglyceride) accumulation
cell states (Morin et al. 2011). However, overexpression of
these two proteins decreased lipid (e.g. triacylglyceride)
accumulation in the PO1f WT background.

Dissection of Genotype-Dependence Towards Media
Induction.

We more fully examined how C:N ratio and genotype
interacted towards enabling lipid (e.g. triacylglyceride)
accumulate on a larger scale by examining the response of
twelve strains grown in thirteen different C:N ratios (Table
5). We were pleased to observe a strong tendency towards
high lipid (e.g. triacylglyceride) levels in most high produc-
ers at a single media formulation—C4, N5 (FIG. 5-8), allow-
ing us to pinpoint a formulation for later use. Two trends
stand out—(1) The 0.2 g/l ammonium sulfate formulations
rarely enable lipid (e.g. triacylglyceride) accumulation, so
that (2) the difference in induction from media containing 1
g/l and 5 g/L is slight, making glucose concentration seem
more important towards increasing content than nitrogen
content (after a certain threshold is reached).

Lipid Accumulation on Multiple Carbon Sources.

Viability of lipid (e.g. triacylglyceride) production
depends on the capacity to fully convert all sugars from
lignocellulosic biomass to lipids or to use carbon from
industrial waste streams for lipid production. We analyzed
the ability POIf WT, APEX10 SI1-MEA, APEXI0
S2-AMPD, APEX10AMFE1 S2-DGAL, and APEX10AMFE
pMCSDGAL1 to generate lipids (e.g. triacylglyceride) when
utilizing glucose, glycerol, xylose, fructose, mannose,
ribose, sucrose, or a lignocellulosic sugar blend as their
carbon source (FIG. 9). APEX10AMFEl S2-DGA1 and
APEX10AMFE1 pMCSDGA1 generated the highest lipid
(e.g. triacylglyceride) content across the board under con-
ditions tested, and all engineered strains demonstrated the
capacity to utilize each carbon source for lipid (e.g. triacyl-
glyceride) production. Glucose, mannose, and the lignocel-
lulosic saccharide blend were utilized easiest while ribose
utilizations generated the least lipid (e.g. triacylglyceride)
content of the conditions tested. The PO1f WT and
APEX10AMFE1 S2-DGAL1 strain were tested to determine if
decreasing carbon content or increasing initial inoculum
amount could increase xylose-generate lipid (e.g. triacyl-
glyceride) accumulation. Increasing xylose concentration
and decreasing inoculum amount increased lipid (e.g. tria-
cylglyceride) content in the APEX10AMFE1 S2-DGA1
strain, while little difference was noticeable in the PO1f WT
strain. However, PO1f WT demonstrated a surprising capac-
ity to utilize pure glycerol for lipid (e.g. triacylglyceride)
generation.
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Isolation of a Novel MGA2 Mutation with Whole
Genome Sequencing.

During the screening of a gDNA overexpression library
intended to increase Y. lipolytica’s lipid (e.g. triacylglycer-
ide) production, we isolated a strain, dubbed L36, with
incredible lipid (e.g. triacylglyceride) accumulation ability
(FIG. 10). L36’s lipid (e.g. triacylglyceride) production
could be enhanced with micronutrient supplementation
(FIG. 10). Complete sequencing of the .36 genome revealed
a missense mutation in the MGA2 lipid synthesis regulator
(MGA2G643R) as the most likely potential cause for L.36’s
lipid (e.g. triacylglyceride) production capacity. Overex-
pression of a truncated MGA2p in a PO1f WT background
reconstituted 58% of the observed .36 phenotype.

Directed Evolution with EMS Mutagenesis to Increase
Lipid Accumulation

Direct evolution is commonly utilized to increase growth
rate or to decrease sensitivity to a toxic metabolite. How-
ever, directed evolution has never been evaluated as a tool
to increase lipid (e.g. triacylglyceride) production in oleagi-
nous organisms. As evidenced by the isolation of strain 136,
it is likely that Y. /ipolytica is amenable to this approach. We
subjected both [36 (FIG. 11) and APEX10AMFE1
S2-DGAL1 to EMS mutagenesis followed by serial selection
via subculturing and then nile red staining. Both back-
grounds proved highly responsive towards the directed
evolution approach, and an increase in fluorescence with a
large increase in final cell concentration (Table 6).

Besides the minerals, during the experiments, we also
observed a critical phenotype for lipid (e.g. triacylglyceride)
production in Yarrowia lipolytica: the lipid (e.g. triacylglyc-
eride) de novo lipid (e.g. triacylglyceride) accumulation is
close related to leucine biosynthesis pathway. A 5 fold lipid
(e.g. triacylglyceride) level increase was achieved with
strain harboring complete LEU biosynthesis pathway com-
paring to the one without complete pathway. Although this
phenotype has been reported with engineered Saccharomy-
ces cerevisiae (Kamisaka et al. 2007), this is the first
observation in oleaginous yeast to our best knowledge.
Understanding of this phenotype could be essential to under-
stand the basic differences between oleaginous microbes and
normal ones. However, to the date, the fundamental reason
is still missing. Two possible routes may contribute to this,
one is through TOR pathway (Kim and Guan 2011; Laplante
and Sabatini 2009) and the other one is through leucine
degradation and ketone body generation (Endemann et al.
1982). Either pathway heavily interacts with the whole cell
metabolism which requires deep analysis to reveal the true
mechanism behind.

Engineering with Known: Biosynthesis pathways and
basic regulations. Rational systematic engineering Yarrowia
lipolytica for high lipid production. Engineering with
Unknown: Pathway interactions and complex regulation
networks. Engineering lipid production in Yarrowia
lipolytica through Inverse combinatorial metabolic Engi-
neering. Confirmed lipid enhancers include DGA1 (Diacyl-
glycerol acyltransterase) 300% improvement, MRM2 (Mi-
tochondrial 2' O-ribose  methyltransferase) 25%
improvement, MGMT (O-6-methylguanine-DNA methyl-
transferase) 15% improvement.

C. FATTY ACID CHARACTERIZATION BY
NILE RED STAINING COUPLE WITH FLOW
CYTOMETRY OR FLUORESCENCE
MICROSCOPY

Nile Red is commonly utilized to stain oleaginous cellular
material, and can be coupled with fluorescence flow cytom-
etry to gauge relative lipid content (Greenspan et al. 1985).
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Y. lipolytica strains were routinely inoculated from glycerol
stock in biological triplicate in appropriate media for 72
hours at 30° C. with shaking Cell concentrations were
normalized to a specific ODg,, for reinoculation in fresh
media and further incubation. In general, 2 mL cultures were
inoculated to an ODg,,=2.5, and larger volume cultures
were inoculated to an ODg,,=0.1. Cultures were incubated
for two to eight days at 30° C. with constant agitation. 2 mL
cultures were incubated in a rotary drum (CT-7, New Bruns-
wick Scientific) at speed seven and flasks were shaken at 225
rpm in a standing incubator. To harvest, one ODy, unit of
each cultures was spun down at 1000 g for three minutes and
resuspended in 500 pl. Phosphate Buffered Saline solution
(PBS) (Sigma Aldrich). 6 uL. of 1 mM Nile Red (dissolved
in DMSO) was added, and then cells were incubated in the
dark at room temperature for 15 minutes. Cells were spun
down at 1000 g for three minutes, resuspended in 800 ul ice
cold water, spun down again, and resuspended again in 800
uL ice cold water. 300 uL of stained cells were added to 1
ml ice cold water and tested with a FACS Fortessa (BD
Biosciences), a voltage of 350, a 10,000 cell count, a
forward scatter of 125, a side scatter of 125, and the 535LP
and 585/42BP filters for fluorescence detection using the
GFP fluorochrome. Samples were kept on ice and in the dark
during the test and the data was analyzed using FlowJo
software (Tree Star Inc., Ashland, Oreg.) to compute mean
fluorescence values. Day-to-day variability was mitigated by
analyzing all comparable strains on the same day. An
average fluorescence and standard deviation were calculated
from the mean values of biological replicates. Stained cells
were routinely examined with fluorescence microscopy
under a 100x oil immersion objective using the FITC
channel on an Axiovert 200M microscope (Zeiss).

D. LIPID QUANTIFICATION AND FATTY ACID
PROFILE ANALYSIS

Lipids from ~20-30 OD,,, equivalents were extracted
following the procedure described by (Folch et al. 1957) and
modified for yeast (Schneiter and Daum 2006). Dried lipids
were transesterified with N-tert-Butyldimethylsilyl-N-meth-
yltrifluoroacetamide (Sigma-Aldrich) following the proce-
dure of (Paik et al., 2009), and 2 ul. samples were injected
into a GC-FID (Agilent Technologies 6890 Network GC
System) equipped with an Agilent HP-5 column (5% phe-
nyl-95% methylsiloxane—product number 19091J-413) to
analyze fatty acid fractions. Briefly, the following settings
were used: Detector Temp=300° C., He Flow=1.0 mL./min,
Oven Temp=80° C. for 2 min, increased at 30° C./min to
200° C., increased at 2° C./min to 229° C., increased at 1°
C./min to 232° C., increased at 50° C./min to 325° C. Fatty
acid standards for C16:0 palmitic acid, C16:1(n-7) palmi-
toleic acid, C18:0 stearic acid, C18:1 (n-9) oleic acid, and
C18:2 (n-6) linoleic acid were purchased from Sigma-
Aldrich, transesterified, and analyzed by GC to identify fatty
acid peaks.

E. CITRIC ACID QUANTIFICATION

A 2 mL culture sample was pelleted down for 5 minutes
at 3000xg, and the supernatant was filtered using a 0.2 mm
syringe filter (Corning Incorporated). Filtered supernatant
was analyzed with a HPLC Ultimate 3000 (Dionex) and a
Zorbax SB-Aq column (Agilent Technologies). A 2.0 ul
injection volume was used in a mobile phase composed of
a 99.5:0.5 ratio of 25 mM potassium phosphate buffer
(pH=2.0) to acetonitrile with a flow rate of 1.25 ml./min.
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The column temperature was maintained at 30° C. and
UV-Vis absorption was measured at 210 nm. A citric acid
standard (Sigma-Aldrich) was used to detect and quantity
citric acid production.

F. EMS MUTAGENESIS AND ISOLATION OF
HIGH LIPID PRODUCING STRAINS

10 OD units from cultures grown overnight were spun
down in sterile microcentrifuge tubes at 5000 g for 10
seconds. Cell pellets were resuspended in 1 ml. H,O,
repelleted, and resuspended in 1 mI PBS. Two samples were
spun down from each culture, one for EMS mutagenesis (30
ul of EMS added) and one as a control to determine the
prevalence of spontaneous beneficial mutation (no EMS
added). Cells were incubated for 1 hr at 30° C., with
agitation, pelleted and resuspended in 200 ul of 5% sodium
thiosulfate, transferred to fresh microcentrifuge tubes,
washed twice in 200 pl of 5% sodium thiosulfate, and
resuspended in 1 ml H,O. Cells were then grown to
stationary phase in YSC media, and then reinoculated at an
OD¢y0=2.5 in 1 mL C4 N, media and grown for four days.
Three to six serial transfers of the cell cultures followed in
which the 1 mL cultures were spun down at 1000 g for two
minutes, and the top 200 puL of the supernatant was trans-
ferred to 1 mL of fresh YSC media and allowed to grow to
stationary phase before again spinning down and transfer-
ring. Final cultures (top 200 pL after spin down) were plated
on YSC plates containing 0.01 mM Nile Red. After four
days, high lipid producers were selected by viewing plates
under a blue fluorescent light and picking colonies with
brighter pink fluorescent color. Lipid amount was deter-
mined by coupling Nile Red staining with flow cytometry as
described above.

The EMS mutagenesis procedures were performed fol-
lowing the protocol described by Winston (Winston 2001).
Briefly, an overnight culture was cultivated to OD about 10.
Cells were then harvested, washed and resuspended with 0.1
M sodium phosphate buffer (pH 7). 30 ul of EMS were
added and incubated with unmutagenized control for 1 hr at
30° C., with agitation. The cells were then washed with 5%
sodium thiosulfate and ready for serial transfer experiments
to enrich the high lipid population. The EMS treated cells
and unmutagenized cells were first cultured YSC media for
72 hours and then cultured in high glucose media with
starting OD at 2.5 for 96 hours. The cells were centrifuged
down with 100 g, the unclear supernatant, which contains
high lipid accumulation strains, was used as seed for another
round of cultivation. After five rounds of transfer, the cells
were plated on Nile Red YSC plate to facilitate the isolation
of high lipid production strains. Individual colonies were
picked from the EMS treated cells as well as unmutagenized
cells for characterization.

Characterization of EMS mutagenesis and floating cell
transfer selection procedure selected strain E13 and E26.
Second generation sequencing platform illumina paired
ended sequencing PE 2x100 were performed with genomic
DNA extracted from strain E26, E13 as well as PO1f by
Genomic Sequencing and Analysis Facility in The Univer-
sity of Texas at Austin. 6424381 reads for strain E26 and
6565093 reads for strain E13 were collected from illumina
HiSeq, which lead to a coverage approximately 65x. The
Illumina reads were mapped to the CLLIB122 genome using
BWA (Li and Durbin 2009) and analyzed with Samtools
(Beopoulos, Cescut et al. 2009) and BEDTools (Quinlan and
Hall 2010). The SNPs identified were then filtered with
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SnpSift with QUAL>=30 (Pablo, Viral et al. 2012) The
SNPs identified from PO1f, EMS26 and EMS13 were com-
pared to extract the authentic SNPs in EMS26 and EMS13.
The identified SNPs were then visualized in the IGV genome
visualization software to validate as well as study the
location of the SNPs in the genome due to the high false
error rate in SNP calling process (Liu, Guo et al. 2012).

Information on identified targets in E26 and E13 strains
following mutagenesis. Succinate semialdehyde dehydroge-
nase (SSADH), which coverts succinate semialdehyde to
succinate after UGAl,4-aminobutyrate aminotransferase,
deaminates GABA to succinate (Ramos, El Guezzar et al.
1985). Higher levels of accumulation of a-ketoglutarate
were found in uga2 mutants in Saccharomyces cerevisiae
(Cao, Barbosa et al. 2013) (3VZ1; 3VZ3). In the same time,
lower levels of succinic acid (more than 5 fold decrease)
were also identified in the yeast (Kamei, Tamura et al. 2011).
The identified mutation in UGA2 in sequenced strains of
Proline 209 is a highly conserved residual and close to a
hydrogen bond forming Serine (Yuan, Yin et al. 2013).
GABA metabolism is closely related to nitrogen assimilation
in yeast and nitrogen limitation has been studied as a key
function for triggering lipogenesis in Yarrowia lipolytica
(Beopoulos, Cescut et al. 2009). Nitrogen sources have also
been proven as an important factor for lipid accumulation
inside cells (Evans and Ratledge 1984). A relationship
between GABA metabolism and the TOR pathway, an
important signaling pathway for lipid accumulation
(Blazeck, Hill et al. 2014), has also been suggested (Carde-
nas, Cutler et al. 1999; Staschke, Dey et al. 2010).
YALIOE17215 g codes for a protein with similarity to
Saccharomyces cerevisiae RME1, which is a zinc finger
protein involved in the control of meiosis (Covitz, Herskow-
itz et al. 1991). A similar protein has shown significant levels
of increase in mRNA levels in a lipid accumulation-im-
proved snfl mutant in Yarrowia lipolytica (Xue, Sharpe et al.
2013). YALIOE20449p shows limited similarity to known
protein sequences except the homeodomain, a DNA binding
domain involved in the transcriptional regulation of key
eukaryotic developmental processes, which shows similari-
ties. Mutation V289G in YALIOE20449p exists outside of
the homeodomain. S. cerevisiae homeodomain protein yox1
is able to bind leucine-tRNA (Kaufmann 1993) and leucine-
tRNA synthase plays an important role (Han, Jeong et al.
2012) in the TOR pathway. Leucine has been suggested to
be a critical lipid production enhancer (Blazeck, Hill et al.
2014). Recently, IRC20 containing a Snf2/Swi2 family
ATPase/helicase and a RING finger domain, has been shown
to be an E3 ubiquitin ligase (Richardson, Gardner et al.
2013) as well as a putative helicase. OSH6 overexpression
has shown lifespan extension effect on yeast by increasing
vacuole fusion and may relate to TORC (Gebre, Connor et
al. 2012).
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TABLE 1

List of select strains used in this study

Host Strain Name

Reference or

Genotype Source

Escherichia coli strains

DHI10B

F~ merA A(mrr-hsdRMS-merBC) ¢80d/acZAM15
AlacX74 endAl recAl deoR A(ara, leu)7697
araD139 galU galK nupG rpsL A
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TABLE 1-continued

List of select strains used in this study

Reference or

Host Strain Name Genotype Source
Yarrowia lipolytica base strains
WT (PO1f) MatA, leu2-270, ura3-302, xpr2-322, axpl-2 Madzak et al.
2000

AMFEI (PO1f-Amfel)

APEX10 (PO1f-Apex10)

MatA, leu2-270, ura3-302, xpr2-322, axpl-2,
Amfel

MatA, leu2-270, ura3-302, xpr2-322, axpl-2,
Apex10

Blazeck et al. 2013

Blazeck et al. 2013

APEX10AMFE! (PO1{- MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work

Apex10-Amfel) Apex10, Amfel

AACO1 (PO1f-Aacol) MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Aacol

Selected Yarrowia lipolytica overexpression strains

WT-S1-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
URA3 (S1)

WT-S2-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (S2)

WT-S1-S2-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
URA3, LEU2 (81, S2)

WT-pMCS MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (pMCS)

WT-pMCS-TUP1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (pMCS), UAS1B16-TEF-TUP1

WT-pMCS-HAC1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (pMCS), UAS1B16-TEF-HAC1

WT-S1-AMPD MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
URA3 (S1), UAS1B, 4 TEF-AMPD

WT-S2-AMPD MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (S2), UAS1B,,TEF-AMPD

WT-S1-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
URAS3 (S1), UAS1B,,-TEF-MEA1

WT-S2-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (S2), UAS1B,,TEF-MEAL1

WT-S1-S2-AMPD-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
URA3, LEU2 (81, S2), UAS1B16-TEF-AMPD,
UASIB16-TEF-MEA1

WT-pMCS-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (pMCS), UAS1B 4-TEF-DGA1

AMFE1-S1-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, URA3 (S1)

AMFE1-82-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, LEU2 (S2)

AMFE1-81-S2-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, URA3, LEU2 (S1, S2)

AMFE1-S1-AMPD MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, URA3 (S1), UAS1B16-TEF-AMPD

AMFE1-S2-AMPD MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, LEU2 (S2), UAS1B16-TEF-AMPD

AMFE1-S1-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, URA3 (S1), UAS1IB16-TEFMEA1

AMFE1-S2-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, LEU2 (S2), UAS1B16-TEF-MEA1

AMFE1-S1-S2-AMPD-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, URA3, LEU2 (S1, S2), UAS1B16-TEF-
AMPD, UAS1B16-TEF-MEA1

AMFE1-S1-S2-ACL1-ACL2 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, URA3, LEU2 (S1, S2), UAS1B16-TEF-
ACL1, UAS1B16-TEF-ACL2

AMFE1-pMCS-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, LEU2 (pMCS), UAS1B, 4 TEF-DGA1

AMFE1-pMCS-DGA2 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, LEU2 (pMCS), UAS1B, 4 TEF-DGA2

APEX10-S1-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, URA3 (S1)

APEX10-S2-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, LEU2 (S2)

APEX10-S1-S2-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, URA3, LEU2 (S1, S2)

APEX10-S1-AMPD MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, URA3 (S1), UAS1B16-TEF-AMPD

APEX10-S2-AMPD MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, LEU2 (S2), UAS1B16-TEF-AMPD

APEX10-S1-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work

Apex10, URA3 (S1), UAS1B16-TEFMEA1
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TABLE 1-continued

List of select strains used in this study

Reference or

Host Strain Name Genotype Source
APEX10-S2-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, LEU2 (S2), UAS1B16-TEF-MEA1
APEX10-S1-S2-AMPD-MEA1  MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, URA3, LEU2 (S1, S2), UAS1B16-TEF-
AMPD, UAS1B16-TEF-MEA1
APEX10-pMCS-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, LEU2 (pMCS), UAS1B - TEF-DGA1
APEX10-pMCS-DGA2 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, LEU2 (pMCS), UAS1B,,-TEF-DGA2
APEX10AMFE1-S1-@ MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, URA3 (S1)
APEX10AMFE1-S2-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, LEU2 (S2)
APEX10AMFE1-S1-S2-0 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, URA3, LEU2 (S1, S2)
APEX10AMFE1-S1-AMPD MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, URA3 (S1), UAS1B16-TEF-
AMPD
APEX10AMFE1-S2-AMPD MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, LEU2 (S2), UAS1B16-TEF-
AMPD
APEX10AMFE1-S1-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, URA3 (S1), UAS1B16-TEFMEA1
APEX10AMFE1-S2-MEA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, LEU2 (S2), UAS1B16-TEF-
MEA1
APEX10AMFE1-S1-S2-AMPD- MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
MEA1 Apex10, Amfel, URA3, LEU2 (S1, S2), UAS1B16-
TEF-AMPD, UAS1B16-TEF-MEA1
APEX10AMFE1-S1-S2-ACL1-  MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
ACL2 Apex10, Amfel, URA3, LEU2 (S1, S2), UAS1B16-
TEF-ACL1, UAS1B16-TEF-ACL2
APEX10AMFEL-pMCS-DGA1l  MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, LEU2 (pMCS), UASIB, (-TEF-
DGA1
APEX10AMFEL-pMCS-DGA2  MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, LEU2 (pMCS), UAS1B, 4 TEF-
DGA2
APEX10AMFE1-S2-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, LEU2 (S2), UAS1B,4-TEF-DGA1
APEX10AMFE1-S1-33-S2- MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
DGA1 Apex10, Amfel, URA3 (S1), LEU2 (S2),
UASIB - TEF-DGA1
APEX10AMFE1-S1-AMPD-S2- MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
DGA1 Apex10, Amfel, URA3 (S1), LEU2 (S2),
UASI1B16-TEF-AMPD, UAS1B, 4 TEF-DGA1
APEX10AMFE1-S1-MEA1-S2- MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
DGA1 Apex10, Amfel, URA3 (S1), LEU2 (S2),
UASI1BI16-TEF-MEAI1, UAS1B,,TEF-DGA1
APEX10AMFE1-S1-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, URA3 (S1), UAS1B,,-TEF-DGA1
WT-S2-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Leu2 (S2), UAS1B, s TEF-DGA1
APEX10AMFE1-S1-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, URA3 (S1), UAS1B,,-TEF-DGA1
APEX10-S2-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, LEU2 (S2), UAS1B, 4 TEF-DGA1
WT-pMCS-DGA2 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (pMCS), UASIB 4-TEF-DGAL1
APEX10AMFE1-S1-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, URA3, UAS1B, 4 TEF-DGA1
AMFE1-S2-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, LEU2(S2), UAS1B,,TEF-DGA1
AMFE1-S2-DGA2 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Amfel, LEU2 (S2), UAS1B, - TEF-DGA2
APEX10AMFEL-S1-@-pMCS-  MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
DGA1 Apex10, Amfel, URA3 (S1), LEU2 (pMCS),
UASI1B ,-TEF-DGA1
Polf pMCSMga2 MatA, leu2-270, ura3-302, xpr2-322, axpl-2 This work
LEU2 (pMCS), UAS1B16-TEF-Mga2
Polf pMCSMga2dTM MatA, leu2-270, ura3-302, xpr2-322, axpl-2 This work

LEU2 (pMCS), UAS1B16-TEF-Mga2dTM
(truncated of transmembrane span)

96
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List of select strains used in this study

Reference or

Host Strain Name Genotype Source
Polf pMCSMga2l.36 MatA, leu2-270, ura3-302, xpr2-322, axpl-2 This work
LEU2 (pMCS), UAS1B16-TEF-Mga2L.36 (has
SNP found in L36 strain)
Polf pMCSMRM2 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (pMCS), UASIB,,-TEF-MRM2
Polf pMCSO6M MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (pMCS), UASIB ,4-TEF-O6M
AACO1-DGA1 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Aacol, URA3 (S1), LEU2 (S2), UAS1B,4-TEF-
DGAL1
136 and EMS derived strains
136 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
LEU2 (pMCS) - isolated and fully sequenced to
determine source of high lipid accumulation -
most likely from mutation in MGA2 ORF.
136 E1S6-4 136 strain mutagenized further with EMS This work
L36 E186-5 136 strain mutagenized further with EMS This work
136 E186-6 136 strain mutagenized further with EMS This work
APEX10AMFE1-S2-DGA1 E1 ~ APEX10AMFE1-S2-DGAL strain mutagenized This work
with EMS
APEX10AMFE1-S2-DGA1 E6  APEX10AMFE1-S2-DGAL strain mutagenized This work
with EMS
APEX10AMFE1-S2-DGA1 E12 APEX10AMFE1-S2-DGAL strain mutagenized This work
with EMS
E13 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work
Apex10, Amfel, URA3 (S1), LEU2 (S2),
UASI1B ,4-TEF-DGAL strain mutagenized with
EMS and selected
E26 MatA, leu2-270, ura3-302, xpr2-322, axpl-2, This work

Apex10, Amfel, URA3 (S1), LEU2 (S2),
UASIB - TEF-DGALI strain mutagenized with
EMS and selected

TABLE 2

List of primers used in this study

JB387 YL AMPD
AscI

JB388 YL AMPD
Pacl

JB402 YL ACL1
AscI

JB403 YL ACL1
4 5' Ascl

JB404 YL ACL1
Pacl

JB405 YL ACL2
AscI

JB406 YL ACL2
4 5' Ascl

JB407 YL ACL2
Pacl

3

3

JB862 Loxleu 5'

SacII

JB863 Loxleu 3'

Bstbl

JB865 hygR 3'
bglII

TTGGCGCGCCatgccgcagcaagcaatgy
(SEQ ID NO.: 1)

CCTTAATTAAttaaccatgcagccgctcaaac
(SEQ ID NO.: 2)

TTGGCGCGCCatgtctgccaacgagaacat
(SEQ ID NO.: 3)

TTGGCGCGCCtectgccaacgagaacatete
(SEQ ID NO.: 4)

CCTTAATTAActatgatcgagtcecttggecttg
(SEQ ID NO.: 5)

TTGGCGCGCCATGTCAGCGAAATCCATTCACG
(SEQ ID NO.: &)

TTGGCGCGCCTCAGCGAAATCCATTCACGAG
(SEQ ID NO.: 7)

CCTTAATTAATTAAACTCCGAGAGGAGTGGAA
(SEQ ID NO.: 8)

CCAccgcggataacttegtataatgtatgetatacgaagttatgagtetttattggtgatgggaaga

(SEQ ID NO.: 9)

CGGTTCGARAataacttcgtatagcatacattatacgaagttatcagtcgeccagecttaaagatatcta

(SEQ ID NO.: 10)

GgaacggtAGATCt CGAGCGTCCCAAAACCTTCTC
(SEQ ID NO.: 11)
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TABLE 2-continued

List of primers used in this study

JB883 hygR 5' GtggacGGgccggegtttggegecegtttttteg

Nae (SEQ ID NO.: 12)

JB911 DGAL 5' CattcaaaGGCGCGCCatgactatcgactcacaatactaca

AscI (SEQ ID NO.: 13)

JB912 DGAlL 3! GcGGATCCTTAATTAAttactcaatcattecggaactcectygy

Pacl (SEQ ID NO.: 14)

JB913 DGA2 5' CattcaaaGGCGCGCCATGGAAGTCCGACGACGARAA

AscI (SEQ ID NO.: 15)

JB914 DGA2 3! GCeGGATCCTTAATTAACTACTGGTTCTGCTTGTAGTTGT

Pacl (SEQ ID NO.: 16)

AHO11l Tupl 5°' GACTGGCGCGCATGAGCTTCCCCCAACAAGTA

Asc (SEQ ID NO.: 17)

AHO012 Tupl 3' GTCCTTAATTAATTATCTGTTGACAGGAAAGTATCGC

Pacl (SEQ ID NO.: 18)

AHO07 HacI 5' GACTGGCGCGCATGTCTATCAAGCGAGAAGAGT

AscI (SEQ ID NO.: 19)

AHO08 HacI 3! GTCCTTAATTAACTAGATCAGCAATAAAGTCGTGCT

Pacl (SEQ ID NO.: 20)

AHO020 MAE 5' GACTGGCGCGCCATGTTACGACTACGAACCATGC

AscI (SEQ ID NO.: 21)

AHO21 MAE 3! GTCCTTAATTAACTAGTCGTAATCCCGCACATG

Pacl (SEQ ID NO.: 22)

LQ310 Mga2 5' ACTGGGCGCGCC atggctaaagacaaggaaatcgactttgac

AscI (SEQ ID NO.: 23)

LQ303 Mga2TM 3' ACTGTTAATTAA tcagtaaatgtaagccagaacatcgt

Pacl (SEQ ID NO.: 24)

LQ309 Mgaz 3' ACTGTTAATTAA tcatgcagcctgggecctgg

Pacl (SEQ ID NO.: 25)

LQ294 O6M 5! ACTGGGCGCGCC atgttttacaccaagcccgacccy

AscI (SEQ ID NO.: 26)

LQ295 O6M 3! ACTGTTAATTAA ttagagagtcccccacatgtcacce

Pacl (SEQ ID NO.: 27)

LQ259 MRM2 5' ACTGGGCGCGCC Atgcgccaaaagctgccgttcaac

AscI (SEQ ID NO.: 28)

LQ260 MRM2 3' ACTGTTAATTAA ttatggcttcccttcectgecacatce

Pacl (SEQ ID NO.: 29)

LQ261 DGAl 5' ACTGGGCGCGCC Atgactatcgactcacaatactac

AscI (SEQ ID NO.: 30)

LQ262 DGAl 3! ACTGTTAATTAA ttactcaatcattcggaactctgg

Pacl (SEQ ID NO.: 31)

TABLE 3 55 TABLE 3-continued
Media formulations used for two strain testing Media formulations used for two strain testing
Carbon Source Nitrogen Source Carbon Source Nitrogen Source
Glucose Ammonium Sulfate Glucose Ammonium Sulfate

Media Name (g/L) (g/L) 60 Media Name (g/L) (g/L)
CoNs 10 5 C4oNo> 40 0.2
C50No.04 20 0.04 C4oN; 40 1
C50No 2 20 0.2 C40Ns 40 5
CyoN, 20 1 CgoNo 04 80 0.04
C,oNs (YSC) 20 5 65 CgoNo2 80 0.2

CooNjo 20 10 CgoN, 80 1
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TABLE 5-continued

Media formulations used for two strain testing

Media Formulations used for 12 strain testing

Media Formulations used for 12 strain testing

Carbon Source Nitrogen Source

Media Glucose Ammonium Sulfate
Name (gL) (gL)
CyoNp o 20 0.2
CooN; 20 1
C5Njs 20 5
(YSC)

CuoNop o 40 0.2
CyoN; 40 1
C4oNs 40 5
CgoNop o 30 0.2
CgoN; 30 1
CgoNjs 30 5
CgoNio 30 10

Cr6oNo s 160 0.2

50

55

60

65

these additional ones

Uracil Biosynthesis gene (URA3)

multifunctional enzyme (MFE1) in b-oxidation

Deletion pathway

Transcription Factor (PEX10)

AMP Deaminase (AMPD)

ATP-Citrate Lyase (ACL1 and/or ACL2)
Malic Enzyme (MAE/MEA)
Acetyl-CoA Carboxylase (ACC)
acyl-CoA:diacylglycerol acyltransferases
(DGAL and/or DGA2)

Mitochondrial 2" O-ribose
methyltransferase(MRM2)
O-6-methylguanine-DNA methyltransferase
(MGMT)

Aconitase (ACO1)

Citrate Synthase (CIT1)

5
Carbon Source Nitrogen Source Carbon Source Nitrogen Source
Glucose Ammonium Sulfate Media Glucose Ammonium Sulfate
Media Name (g/L) (g/L) Name (g/L) (g/L)
10
CgoNs 80 5 Ce0N; 160 1
CsoNyo 80 10 C,60Ns 160 5
C60No 160 0.2
Cye0N; 160 1
15
CioNs 160 5 TABLE 6
Ca0No 320 0.2
Cs20Ny 320 1 RFU and OD for EMS data
CapoNs 320 5
20
RFU OD
APEX10AMFE1 S2- 23750 8.81
TABLE 4 DGA1 Control
23 El 31800 21.91
APex10, Mfe S10, S2-DGA1 CSM vs Minimal Media (-CSM) E6 35400 18.86
Comparison E12 37100 22.5
APex10, Mfe S10, S2-DGA1 CSM vs Minimal Media (-CSM) 136 Control 23133.33 11.83
Comparison 30 E1S6 4 34350 20.61
Strain: APex10, Mfe S1-¢, S2-DGA1 E1S6 6 34250 20.58
E1S6 8 28750 18.31
Media Sample Day 4 OD Day 4 GFP Fluorescence
35
CSM - C80ONS A 16.83 36696 TABLE 7
CSM - C80ONS B 16.76 34397
CSM - C80ONS C 16.31 39166 . .
List of genes and genetic changes
Minimal Media - C80NS A 11.7 29365
40
Minimal Media - C80NS B 11.46 52520 Gene Type of Modification
Minimal Media - C80NS C 11.87 32427
Leucine Biosynthesis Gene (LEU2) - Note Over-expression
may also be able to include rest of genes of
TABLE 5 45 leucine biosynthetic pathway, have yet to test

Over-expression

Deletion

Over-expression
Over-expression
Over-expression
Over-expression

Over-expression

Over-expression

Over-expression

Deletion

Over-expression
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TABLE 8

Strain L36 important SNP list

Mutation Accession
ChromosomePositiontype seqguence Gene numbers
B 1644655 SNP C>T mgaz 123429
D 2401168 Insertion A > AG sorbitol utilization 189649

protein SOU2

E 1837892 SNP c>A CENOE 15444s
1837894 SNP T>A CENOE 15444s
4025540 SNP c>A DEHAOA1298g IPF 338919
95.1
4025542 SNP G>C DEHAOA1298g IPF 338919
95.1
F 2861334 Insertion A > AGAGGG RLF2 chromatin 21637g
CTAGAGAG asembly complex
AGGGAGA subunit p90
A
(SEQ ID
NO.: 32)
25
Gene Targets: The reference number given for each name C,D,E,F specifies chromosome, and the following number
corresponds to the Genolevures database: http://www.ge- specifies location. Note: Leu2 and Ura3 given as GenBank
nolevures.org/. YALIO stands for Yarrowia lipolytica. AB, Accession numbers

AMPD - YALIOE11495
(SEQ ID NO.: 33)

Nucleotide =
atgccgcagcaagcaatggatatcaagggcaaggecaagtetgtgeccatgeccgaagaagacgacctgg
actcgeattttgtgggteccatetetececcgacctcacggagcagacgagattgetggetacgtgggetyg
cgaagacgacgaagacgagcettgaagaactgggaatgetgggecgatetgegtecacecacttetettace
gcggaagaacgccaccteategaggttgatgecaagtacagagetettecatggecatetgecteatecage
actctcagagtecegtgtecagatettegtecatttgtgegggecgaaatgaaccacceeeccteceecace
ctecagccacacccaccaacagecagaggacgatgacgeatettecactegatetegategtegtetega
gettetggacgcaagttcaacagaaacagaaccaagtetggatettegetgagcaagggtetecageage
tcaacatgaccggategetegaagaagagecctacgagagegatgacgatgeccgactatetgeggaaga
cgacattgtctatgatgctacccagaaagacacctgcaageccatatetectactetecaaacgeacecege
accaaggacgacatgaagaacatgtccatcaacgacgtcaaaatcaccaccaccacagaagatectettyg
tggcccaggagetgtecatgatgttegaaaaggtgcagtactgecgagacctecgagacaagtaccaaac
cgtgtegetacagaaggacggagacaaccccaaggatgacaagacacactggaaaatttaccecegagecet
ccaccaccctectggecacgagaccgaaaagegattecgaggetegtecaaaaaggageaccaaaagaaag
acccgacaatggatgaattcaaattegaggactgegaaatecceggacccaacgacatggtettecaageg
agatcctacctgtgtetatcaggtetatgaggatgaaagetetetecaacgaaaataagecgtttgttgee
atccectcaatccgagattactacatggatetggaggateteattgtggettegtetgacggacetygeca
agtcttttgettteegacgactygcaatatctagaagecaagtggaacctcetactacetgetcaacgagta
cacggagacaaccgagtccaagaccaacccccategagacttttacaacgtacgaaaggtegacacccac
gttcaccactctgectgecatgaaccagaagecatetgetgegattecatcaaatacaagatgaagaactgee

ctgatgaagttgtcatccaccgagacggtegggagetgacacteteccaggtgtttgagtcacttaactt

gactgectacgacctgtcetategatacecttgatatgeatgetcacaaggactegttecategatttgac
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aagttcaacctcaagtacaaccctgtecggtgagtcetegactgegagaaatcttectaaagacecgacaact

acatccagggtegatacctagetgagatcacaaaggaggtgttecaggatectegagaactcecgaagtacca
gatggcggagtaccegtatttecatctacggteggtecaaggacgagtgggacaagetggetgectgggtyg
ctggacaacaaactgttttegeccaatgtteggtggttgatecaggtgectegactgtacgacatttaca
agaaggctggtetggttaacacctttgecgacattgtgecagaacgtetttgagectettttegaggteac
caaggatcccagtacccateccaagetgecacgtgttectgeagegagttgtgggetttgactetgtegat
gacgagtcgaagctggaccgacgtttecaccgaaagttecccaactgeageatactgggacagegeacaga
acccteectactegtactggecagtactatetatacgecaacatggectecatcaacacctggagacageg
tttgggctataatacttttgagttgegacceccatgetggagaggetggtgacccagagcatettetgtge
acttatctggttgctcagggtatcaaccacggtattetgttgegaaaggtgeccttcattcagtacettt
actacctggaccagatccccattgecatgtetectgtgtecaacaatgegetgttectcacgttegacaa
gaaccccttetactcatacttcaageggggtetcaacgtgtecttgteateggatgatectetgeagttt
gettacactaaggaggctcetgattgaggagtactetgtggetgegetecatttacaagetttecaacgtygg
atatgtgtgagcttgectegaaacteggtactgecaatetggetttgagegaatcatcaaggagcattggat
cggcgaaaactacgagatccatggeccegagggcaacaccateccagaagacaaacgtgeccaatgtgegt
ctggecttecgagacgagactttgacccacgagettgetetggtggacaagtacaccaatcttgaggagt

ttgagceggctgcatggtta

(SEQ ID NO.:

Amino Acid =
MPQOAMDIKGKAKSVPMPEEDDLDSHFVGPISPRPHGADEIAGYVGCEDDEDELEELGMLGRSASTHFSY

AEERHLIEVDAKYRALHGHLPHQHSQSPVSRSSSFVRAEMNHPPPPPSSHTHQQPEDDDASSTRSRSSSR

ASGRKFNRNRTKSGSSLSKGLQQLNMTGSLEEEPYESDDDARLSAEDDIVYDATQKDTCKPISPTLKRTR

TKDDMKNMSINDVKITTTTEDPLVAQELSMMFEKVQYCRDLRDKYQTVSLQKDGDNPKDDKTHWKIYPEP

PPPSWHETEKRFRGSSKKEHQKKDPTMDEFKFEDCEIPGPNDMVEFKRDPTCVYQVYEDESSLNENKPFVA

IPSIRDYYMDLEDLIVASSDGPAKSFAFRRLQYLEAKWNLYYLLNEYTETTESKTNPHRDFYNVRKVDTH

VHHSACMNQKHLLRFIKYKMKNCPDEVVIHRDGRELTLSQVFESLNLTAYDLSIDTLDMHAHKDSFHRFD

KFNLKYNPVGESRLREIFLKTDNYIQGRYLAEITKEVFQDLENSKYQMAEYRISIYGRSKDEWDKLAAWY

LDNKLFSPNVRWLIQVPRLYDIYKKAGLVNTFADIVONVFEPLFEVTKDPS THPKLHVFLQRVVGFDSVD

DESKLDRRFHRKFPTAAYWDSAQNPPYSYWQYYLYANMAS INTWRQRLGYNTFELRPHAGEAGDPEHLLC

TYLVAQGINHGILLRKVPFIQYLYYLDQIPIAMSPVSNNALFLTFDKNPFYSYFKRGLNVSLSSDDPLQF

AYTKEALIEEYSVAALIYKLSNVDMCELARNSVLQSGFERIIKEHWIGENYEIHGPEGNT IQKTNVPNVR

LAFRDETLTHELALVDKYTNLEEFERLHG*

Leu2 - AF260230

(SEQ ID NO.:

Nucleotide =
atggaacccgaaactaagaagaccaagactgactccaagaagattgttetteteggeggegacttetgtg

gecccgaggtgattgecgaggecgtcaaggtgetcaagtetgttgetgaggectecggecacegagtttgt

gtttgaggaccgactcattggaggagctgecattgagaaggagggegageccatcacegacgetactete

gacatctgccgaaaggctgactctattatgeteggtgetgteggaggegetgecaacacegtatggacca

ctececcgacggacgaaccgacgtgegacecgageagggtectect caagetgegaaaggacctgaacctgta

cgccaacctgegacectgecagetgetgtegeccaagetegecgatetetececccatecgaaacgttgag

ggcaccgacttcatcattgtecgagagetegteggaggtatetactttggagagegaaaggaggatgacg

gatctggegtegettecgacaccgagacctactecgttectgaggttgagegaattgeccgaatggecge

34)

35)
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cttcectggeccttecagcacaaccccectettecegtgtggtetettgacaaggecaacgtgetggectec

tctegactttggegaaagactgteactegagtectcaaggacgaatteccccagetegagetcaaccace
agctgatcgacteggecgecatgatectecatcaageagecctecaagatgaatggtatcatcatcaccac
caacatgtttggcgatatcatctecgacgaggecteegteatecceggttetetgggtetgetgeectee
gectetetggettetetgeccgacaccaacgaggegtteggtetgtacgagecctgtecacggatetgece
ccgatcteggcaagcagaaggtcaaccecattgecaccattetgtetgecgecatgatgetcaagttete
tcttaacatgaagccegecggtgacgetgttgaggetgecgtcaaggagtecgtegaggetggtatcact
accgccgatateggaggetcettectecacctecgaggteggagacttgttgecaacaaggtcaaggaget
getcaagaaggagtaagtegtttetacgacgeattgatggaaggagecaaactgacgegectgegggttgg

tctaccggcagggtecegetagtgtataa

(SEQ ID NO.:

Amino Acid =
MEPETKKTKTDSKKIVLLGGDFCGPEVIAEAVKVLKSVAEASGTEFVFEDRLIGGAAIEKEGEPITDATL

DICRKADSIMLGAVGGAANTVWT TPDGRTDVRPEQGLLKLRKDLNLYANLRPCQLLSPKLADLSPIRNVE

GTDFIIVRELVGGIYFGERKEDDGSGVASDTETYSVPEVERIARMAAFLALQHNPPLPVWSLDKANVLAS

SRLWRKTVTRVLKDEFPQLELNHQLIDSAAMILIKQPSKMNGIIITTNMFGDIISDEASVIPGSLGLLPS

ASLASLPDTNEAFGLYEPCHGSAPDLGKQKVNPIATILSAAMMLKFSLNMKPAGDAVEAAVKESVEAGIT

TADIGGSSSTSEVGDLLPTRSRSCSRRSKSFLRRIDGRSKLTRLRVGLPAGSASV*

Ura3 - YLU40564

(SEQ ID NO.:

Nucleotide =
atgccctectacgaagetegagetaacgtecacaagteegectttgecgetegagtgetecaagetegtygg

cagccaagaaaaccaacctgtgtgettetetggatgttaccaccaccaaggagetcattgagettgecga

taaggtcggaccttatgtgtgeatgatcaagacccatategacatcattgacgacttcacctacgecgge

actgtgctceccectcaaggaacttgctcecttaagcacggtttettectgttegaggacagaaagttegea
gtg g9 g g g9 g gagg g g gcag

atattggcaacactgtcaagcaccagtacaagaacggtgtctaccgaatcegecgagtggtecgatatcac

caacgcccacggtgtaceecggaaccggaatcattgetggectgegagetggtgecgaggaaactgtetet

gaacagaagaaggaggacgtctctgactacgagaacteccagtacaaggagttectggtecectetecca

acgagaagctggccagaggtetgeteatgetggecgagetgtettgecaagggetetetggecactggega

gtactccaagcagaccattgagettgeccgatecegacecegagtttgtggttggetteattgeccagaac

cgacctaagggegactetgaggactggettattetgaceceeggggtgggtcttgacgacaagggagacyg

ctecteggacagcagtaccgaactgttgaggatgtecatgtetaceggaacggatatcataattgteggecy

aggtctgtacggccagaaccgagatectattgaggaggecaagegataccagaaggetggetgggagget

taccagaagattaactgttag

(SEQ ID NO.:

Amino Acid =
MPSYEARANVHKSAFAARVLKLVAAKKTNLCASLDVTTTKELIELADKVGPYVCMIKTHIDIIDDFTYAG

TVLPLKELALKHGFFLFEDRKFADIGNTVKHQYKNGVYRIAEWSDITNAHGVPGTGIIAGLRAGAEETVS

EQKKEDVSDYENSQYKEFLVPSPNEKLARGLLMLAELSCKGSLATGEYSKQTIELARSDPEFVVGEFIAQN

RPKGDSEDWLILTPGVGLDDKGDALGQQYRTVEDVMSTGTDIIIVGRGLYGOQNRDPIEEAKRYQKAGWEA

YQKINC*

ACLsubunitl - YALIOE34793

(SEQ ID NO.:

Nucleotide =
atgtctgccaacgagaacatcteccgattegacgecectgtgggcaaggageaceeccgectacgagetet

tccataaccacacacgatctttegtetatggtetecagectegagectgecagggtatgetggacttega

36)

37)

38)

39)
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cttcatctgtaagcgagagaacccctcecegtggecggtgteatetatecctteggeggecagttegtcace
aagatgtactggggcaccaaggagactcttctcecctgtctaccagcaggtecgagaaggecgetgecaage
acccecgaggtegatgtegtggtcaactttgectectetegatecgtetactectetaccatggagetget
cgagtacccccagttceccgaaccatcgecattattgecgagggtgtcccegagegacgageccgagagatce
ctccacaaggcccagaagaagggtgtgaccatcattggtecegetacegteggaggtatcaageceggtt
gcttcaaggttggaaacaccggaggtatgatggacaacattgtegectccaagetetaccgacceeggete
cgttgectacgtctccaagtccggaggaatgtccaacgagectgaacaacattatctcetcacaccaccgac
ggtgtctacgagggtattgctattggtggtgaccgataccctggtactaccttcattgaccatatectge
gatacgaggccgaccccaagtgtaagatcategtectecttggtgaggttggtggtgttgaggagtaceyg
agtcatcgaggctgttaagaacggccagatcaagaagcccategtegettgggecattggtacttgtgec
tccatgttcaagactgaggttcagtteggecacgeeggetecatggecaacteegacctggagactgeca
aggctaagaacgccgccatgaagtctgetggettetacgtcecccgataccttegaggacatgeccgaggt
ccttgecgagetctacgagaagatggtegecaagggegagetgtetegaatetetgagectgaggtecee
aagatccccattgactactcecttgggeccaggagettggtettatcegaaagecegetgettteateteca
ctatttccgatgaccgaggccaggagcttectgtacgetggecatgeccatttcecgaggttttcaaggagga
cattggtatcggecggtgtcatgtctetgetgtggttecgacgacgacteccegactacgectecaagttt
cttgagatggttctcatgcttactgetgaccacggtcecegeegtateceggtgecatgaacaccattatca
ccacccgagctggtaaggatcetecatttettecctggttgetggtetectgaccattggtaccegattegyg
aggtgctcttgacggtgetgecaccgagttcaccactgectacgacaagggtectgteccececgacagtte
gttgataccatgcgaaagcagaacaagctgattcectggtattggecatcgagtcaagtctegaaacaacce
ccgatttcegagtegagettgtcaaggactttgttaagaagaactteccectccacccagetgetegacta
cgececttgetgtegaggaggtcaccacctecaagaaggacaacctgattctgaacgttgacggtgetatt
gctgtttettttgtegatetcatgegatettgeggtgectttactgtggaggagactgaggactacctea
agaacggtgttctcaacggtcetgttegttecteggtegateccattggtetcattgeccaccatetegatceca
gaagcgactcaagaccggtctgtaccgacatccttgggacgatatcacctacctggttggecaggagget

atccagaagaagcgagtcgagat cagegecggegacgtttecaaggecaagactegatcatag

(SEQ ID NO.:

Amino Acid =
MSANENISRFDAPVGKEHPAYELFHNHTRSFVYGLQPRACQGMLDFDFICKRENPSVAGVIYPFGGQFVT

KMYWGTKETLLPVYQQVEKAAAKHPEVDVVVNFASSRSVYSSTMELLEYPQFRTIAIIAEGVPERRARET

LHKAQKKGVTIIGPATVGGIKPGCFKVGNTGGMMDNIVASKLYRPGSVAYVSKSGGMSNELNNI ISHTTD

GVYEGIAIGGDRYPGTTFIDHILRYEADPKCKIIVLLGEVGGVEEYRVIEAVKNGQIKKPIVAWAIGTCA

SMFKTEVQFGHAGSMANSDLETAKAKNAAMKSAGFYVPDTFEDMPEVLAELYEKMVAKGELSRISEPEVP

KIPIDYSWAQELGLIRKPAAFISTISDDRGQELLYAGMPISEVFKEDIGIGGVMSLLWFRRRLPDYASKFE

LEMVLMLTADHGPAVSGAMNTIITTRAGKDLISSLVAGLLTIGTRFGGALDGAATEFTTAYDKGLSPRQF

VDTMRKONKLIPGIGHRVKSRNNPDFRVELVKDFVKKNFPSTQLLDYALAVEEVTTSKKDNLILNVDGAI

AVSFVDLMRSCGAFTVEETEDYLKNGVLNGLFVLGRSIGLIAHHLDQKRLKTGLYRHPWDDITYLVGQEA

IQKKRVEISAGDVSKAKTRS*

ACLsubunit2 - YALIOD24431

(SEQ ID NO.:

Nucleotide =
atgtcagcgaaatccattcacgaggccgacggcaaggceectgetegeacactttetgtecaaggegeeeg

tgtgggccgagcagcageccatcaacacgtttgaaatgggcacacccaagetggegtetetgacgttega
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ggacggcgtggceccccgagcagatettegecgeegetgaaaagacctaccectggetgetggagteegge
gccaagtttgtggccaageccgaccagcetcatcaagegacgaggcaaggeeggectgetggtactcaaca
agtcgtgggaggagtgcaagcecctggategecgagegggecgecaageccatcaacgtggagggecattga
cggagtgctgcgaacgttectggtegagecectttgtgecccacgaccagaagcacgagtactacatcaac
atccactcegtgecgagagggegactggatcectettetaccacgagggaggagt cgacgteggegacgtgyg
acgccaaggccgccaagatcctecatcececgttgacattgagaacgagtaccectcecaacgecacgetcac
caaggagctgctggcacacgtgeccgaggaccagcaccagaccectgetegacttcatcaaccggetctac
gccgtctacgtcecgatetgeagtttacgtatetggagatcaacceccctggtegtgatceccacegeccagyg
gcgtcegaggtccactacctggatcttgecggcaagetegaccagacegcagagtttgagtgeggecccaa
gtgggctgctgegeggtcccecegecgetectgggecaggtegtcaecattgacgeeggetecaccaaggtyg
tccatcgacgecggeccegecatggtetteccegetecttteggtcgagagetgtecaaggaggaggegt
acattgcggagctcgattccaagaccggagettetctgaagetgactgttetcaatgecaagggecgaat
ctggacccttgtggetggtggaggagecteegtegtetacgecgacgecattgegtetgeeggetttget
gacgagctcgccaactacggecgagtactctggegetcccaacgagacccagacctacgagtacgccaaaa
cegtactggatctcatgacceggggegacgctcaccecgagggcaaggtactgttecattggeggaggaat
cgccaacttcacccaggttggatccaccttcaagggecatcatecgggecttecgggactaccagtettet
ctgcacaaccacaaggtgaagatttacgtgcegacgaggceggtceccaactggcaggagggtcetgeggttga
tcaagtcggctggegacgagetgaatctgeccatggagatttacggecccgacatgecacgtgtegggtat
tgttectttggetetgettggaaageggeccaagaatgtcaagecttttggcaccggaccttetactgag

gettecactecteteggagtttaa

(SEQ ID NO.:

Amino Acid =
MSAKSIHEADGKALLAHFLSKAPVWAEQQPINTFEMGTPKLASLTFEDGVAPEQIFAAAEKTYPWLLESG

AKFVAKPDQLIKRBGKAGLLVLNKSWEECKPWIAERAAKPINVEGIDGVLRTFLVEPFVPHDQKHEYYIN
IHSVREGDWILFYHEGGVDVGDVDAKAAKILIPVDIENEYPSNATLTKELLAHVPEDQHQTLLDFINRLY
AVYVDLQFTYLEINPLVVIPTAQGVEVHYLDLAGKLDQTAEFECGPKWAAARSPAALGQVVTIDAGSTKV
SIDAGPAMVFPAPFGRELSKEEAYIAELDSKTGASLKLTVLNAKGRIWTLVAGGGASVVYADATASAGFA
DELANYGEYSGAPNETQTYEYAKTVLDLMTRGDAHPEGKVLFIGGGIANFTQVGSTFKGIIRAFRDYQSS
LHNHKVKIYVRRGGPNWQEGLRLIKSAGDELNLPMEIYGPDMHVSGIVPLALLGKRPKNVKPFGTGPSTE
ASTPLGV*

MEA1l - YALIOE18634

(note: 4 nucleotide difference compared to the reference sequence.

In embodiments, MEAl is the reference sequence associated with
YALIOE18634. In embodiments, MEAl is the reference sequence with

the four nucleotide differences from the reference sequence
shown below.)

(SEQ ID NO.:

Nucleotide =
atgttacgactacgaaccatgegacccacacagaccagegtecagggeggegettgggeecacegetgegg

ccegaaacatgtectectecagecectecagettegaatactegtectacgtcaagggcacgegggaaat
cggccaccgaaaggegeccacaaccegtetgteggt tgagggecccatectacgtgggettegacggeatt
cgtettetcaacctgecgeateteaacaagggetegggatteccect caacgagegacgggaatteggac
tcagtggtcttetgecctetgecgaagecacectggaggaacaggtegacecgageataccaacaattcaa
aaagtgtggcactcccttagecaaaaacgggttetgecacctegetcaagttccaaaacgaggtgetetac

tacgcectgetgetcaagecacgttaaggaggtettecccatecatetatacacegactcagggagaageca
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ttgaacagtactcgeggetgttecggeggeccgaaggetgettectegacatcaccagtecctacgacgt

ggaggagcgtctgggagegtttggagaccatgacgacattgactacattgtegtgactgactecgagggt
attcteggaattggagaccaaggagtgggeggtattggtatttecategecaagetggetetcatgacte
tatgtgctggagtcaaccectcacgagtecattectgtggttetggatacgggaaccaacaaccaggaget
getgcacgaccecctgtateteggecgacgaatgeccegagtgegaggaaagecagtacgacgactteate
gacaactttgtgcagtctgeccgaaggetgtateccaaggeggtgatecatttegaggactttgggeteg
ctaacgcacacaagatcctegacaagtatcgaceggagateccectgettcaacgacgacatecagggeac
tggagccgteactetggectecatcacggecgetctcaaggtgetgggcaaaaatatcacagatactega
attctegtgtacggagetggtteggecggeatgggtattgetgaacaggtetatgataacctggttgece
agggtctegacgacaagactgegegacaaaacatctttetecatggaccgacegggtctactgaccacege
acttaccgacgagcagatgagcegacgtgcagaagecgtttgecaaggacaaggcecaattacgagggagty
gacaccaagactctggagcacgtggttgctgecgtcaagececatattetecattggatgttecacteage
ceggegectttaacgagaaggttgtcaaggagatgettaaacacacecctegacecatcatteteectet
ttccaaccccacacgtetteatgaggetgtecctgeagatetgtacaagtggacegacggcaaggetetyg
gttgccaccggetegecctttgacccagtcaacggcaaggagacgtetgagaacaataactgetttgttt
tcececeggaategggetgggagecattetgtetegatcaaagetcatcaccaacaccatgattgetgetge
catcgagtgectegecgaacaggeccccattetcaagaaccacgacgagggagtactteeccgacgtaget
ctcatccagatcattteggecegggtggecactgecgtggttettcaggecaaggetgagggectageca
ctgtcgaggaagagctcaageccggeaccaaggaacatgtgecagatteccgacaactttgacgagtgtet

cgectgggtegagactecagatgtggeggecegtetaceggectctcatecatgtgegggattacgactag

(SEQ ID NO.:

Amino Acid =
MLRLRTMRPTQTSVRAALGPTAAARNMSSSSPSSFEYSSYVKGTREIGHRKAPTTRLSVEGPIYVGFDGI

RLLNLPHLNKGSGFPLNERREFGLSGLLPSAEATLEEQVDRAYQQFKKCGTPLAKNGFCTSLKFQNEVLY

YALLLKHVKEVFPIIYTPTQGEAIEQYSRLFRRPEGCFLDITSPYDVEERLGAFGDHDDIDYIVVTDSEG

ILGIGDQGVGGIGISIAKLALMTLCAGVNPSRVIPVVLDTGTNNQELLHDPLYLGRRMPRVRGKQYDDF I

DNFVQSARRLYPKAVIHFEDFGLANAHKILDKYRPEIPCFNDDIQGTGAVTLASITAALKVLGKNITDTR

ILVYGAGSAGMGIAEQVYDNLVAQGLDDKTARQNIFLMDRPGLLT TALTDEQMSDVQKPFAKDKANYEGV

DTKTLEHVVAAVKPHILIGCSTQPGAFNEKVVKEMLKHTPRPIILPLSNPTRLHEAVPADLYKWTDGKAL

VATGSPFDPVNGKETSENNNCFVFPGIGLGAILSRSKLITNTMIAAATECLAEQAPILKNHDEGVLPDVA

LIQIISARVATAVVLOAKAEGLATVEEELKPGTKEHVQIPDNFDECLAWVETQMWRPVYRPLIHVRDYD*

DGAl - YALIOE32769

(SEQ ID NO.:

Nucleotide =
atgactatcgactcacaatactacaagtegcgagacaaaaacgacacggcacccaaaategegggaatee

gatatgcccegetategacaccattactcaaccgatgtgagaccttetetetggtetggeacattttecag
cattcccactttectcacaattttecatgetatgetgegeaattecactgetetggecatttgtgattgeyg
tatgtagtgtacgctgttaaagacgacteceegtecaacggaggagtggtcaagegatactegectattt
caagaaacttcttcatctggaagetetttggeegetacttecccataactetgcacaagacggtggatet
ggagcccacgcacacatactaccctetggacgtecaggagtatcacctgattgetgagagatactggeeg
cagaacaagtacctccgagcaatcatctecaccategagtactttetgecegecttcatgaaacggtete
tttectatcaacgagcaggagcagectgecgagegagatectetectgtetecegttteteccagetetee

gggttctcaacctgacaagtggattaaccacgacagcagatatagecgtggagaatcatetggetecaac
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ggccacgcctegggctecgaacttaacggcaacggcaacaatggcaccactaaccgacgacctttgtegt

cegectetgetggetecactgeatetgattecacgettettaacgggtecctcaactectacgecaacca
gatcattggcgaaaacgacccacagctgtegeccacaaaactcaageccactggecagaaaatacatette
ggctaccacccccacggcattateggcatgggagectttggtggaattgecacegagggagetggatggt
ccaagetetttecgggeateectgtttetettatgactetecaccaacaacttecgagtgectetetacag
agagtacctcatgagtcetgggagtegettetgtetecaagaagtectgecaaggecctectcaagegaaac
cagtctatctgeattgtegttggtggagecacaggaaagtettetggecagaceeggtgtecatggaccetygyg
tgctactcaagcgaaagggttttgttegacttggtatggaggteggaaatgtegeecttgtteccateat
ggcctttggtgagaacgacctetatgaccaggttagecaacgacaagtegtecaagetgtacegattecag
cagtttgtcaagaacttecttggattcacecttectttgatgecatgeccgaggegtcettcaactacgaty
tcggtettgteccctacaggegacecegtecaacattgtggttggtteccccattgacttgecttatetece
acaccccaccgacgaagaagtgtecgaataccacgaccgatacategecgagetgecagegaatcetacaac
gagcacaaggatgaatatttcatcgattggaccgaggagggcaaaggagecccagagttecgaatgattyg

agtaa

(SEQ ID NO.:

Amino Acid =
MTIDSQYYKSRDKNDTAPKIAGIRYAPLSTPLLNRCETFSLVWHIFSIPTFLTIFMLCCAIPLLWPFVIA

YVVYAVKDDSPSNGGVVKRYSPISRNFFIWKLFGRYFPITLHKTVDLEPTHTYYPLDVQEYHLIAERYWP
ONKYLRAIISTIEYFLPAFMKRSLSINEQEQPAERDPLLSPVSPSSPGSQPDKWINHDSRYSRGESSGSN
GHASGSELNGNGNNGTTNRRPLSSASAGSTASDSTLLNGSLNSYANQIIGENDPQLSPTKLKPTGRKYIF
GYHPHGIIGMGAFGGIATEGAGWSKLFPGIPVSLMTLTNNFRVPLYREYLMSLGVASVSKKSCKALLKRN
QSICIVVGGAQESLLARPGVMDLVLLKRKGFVRLGMEVGNVALVPIMAFGENDLYDQVSNDKSSKLYRFQ
QFVKNFLGFTLPLMHARGVFNYDVGLVPYRRPVNIVVGSPIDLPYLPHPTDEEVSEYHDRYIAELQRIYN
EHKDEYFIDWTEEGKGAPEFRMIE*

DGA2 - YALIODO7986

(SEQ ID NO.:

Nucleotide =
atggaagtccgacgacgaaaaatcgacgtgctcaaggcccagaaaaacggctacgaategggeccaceat

ctcgacaategtegecagecctectcaagagecategteccagaaccegeaacaaacactectegtecacect
gtcgctcageggactgaccatgaaagtccagaagaaacctgegggaceececggegaactecaaaacgeca
ttcctacacatcaageccegtgeacacgtgetgetecacatcaatgetttegegegattatgacggeteca
accccagettcaagggettcaaaaacateggeatgatcattetcattgtgggaaatctacggetegeatt
cgaaaactacctcaaatacggcatttecaaccegttettegaccccaaaattactecttecgagtggeayg
ctcteaggettgetecatagtegtggectacgecacatatectecatggectacgetattgagagegetgeca
agctgetgttectetetageaaacaccactacatggecgtggggettetgeataccatgaacactttgte
gtccatctegttgetgtectacgtegtetactactacetgeccaacceegtggeaggecacaatagtegag
tttgtggccgttattetgtetetcaaactegectecatacgecctcactaacteggatetecgaaaagecyg
caattcatgcccagaagctegacaagacgcaagacgataacgaaaaggaatccacctegtettectette
ttcagatgacgcagagactttggecagacattgacgtcattectgeatactacgcacagetgecctaceee
cagaatgtgacgctgtegaacctgetgtacttetggtttgeteccacactggtcetaccagecegtgtace
ccaagacggagcegtattegacccaagecacgtgatecgaaacctgtttgagetegtetetetgtgeatget
tattcagtttctcatcttecagtacgectaccecatcatgeagtegtgtetggetetgttettecagece

aagctcgattatgecaacatetecgagegectecatgaagttggectecgtgtetatgatggtetggetea
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ttggattctacgctttecttcecagaacggtcetcaatcttattgecgagetcacctgttttggaaacagaac

cttectaccagcagtggtggaattecegetecattggecagtactggactctatggaacaagecagtcaac
cagtactttagacaccacgtctacgtgectettetegeteggggeatgtegeggttcaatgegteggtygy
tggttttetttttetecgeegtecatecatgaactgettgteggecatecccactcacaacatcateggage
cgecttetteggecatgatgtegeaggtgectetgatecatggetactgagaaccttecageatattaactee
tctetgggecccttecttggecaactgtgeattetggttecacetttttectgggacaacccacttgtgeat

tcctttattatcetggettacaactacaagecagaaccagtag

(SEQ ID NO.:

Amino Acid =
MEVRRRKIDVLKAQKNGYESGPPSRQOSSQPSSRASSRTRNKHSSSTLSLSGLTMKVQKKPAGPPANSKTP

FLHIKPVHTCCSTSMLSRDYDGSNPSFKGFKNIGMI ILIVGNLRLAFENYLKYGISNPFFDPKITPSEWQ

LSGLLIVVAYAHILMAYAIESAAKLLFLSSKHHYMAVGLLHTMNTLSSISLLSYVVYYYLPNPVAGTIVE

FVAVILSLKLASYALTNSDLRKAAIHAQKLDKTQDDNEKESTSSSSSSDDAETLADIDVIPAYYAQLPYP

ONVTLSNLLYFWFAPTLVYQPVYPKTERIRPKHVIRNLFELVSLCMLIQFLIFQYAYPIMQSCLALFFQP

KLDYANISERLMKLASVSMMVWLIGFYAFFONGLNLIAELTCFGNRTFYQQWWNSRSIGQYWTLWNKPVN

QYFRHHVYVPLLARGMSRFNASVVVFFFSAVIHELLVGIPTHNIIGAAFFGMMSQVPLIMATENLQHINS

SLGPFLGNCAFWFTFFLGQPTCAFLYYLAYNYKQNQ*

MGA2- YALIOB12342

(SEQ ID NO.:

Nucleotide =
atggctaaagacaaggaaatcgactttgactacacgggagaactggtgatggacgatttegagttececa

tcgacgacatgetcecacaacgacggagatgactttgtcaagaaggaaacgtgggacgagggttttggttt

cggaacaaatggegecegtgggtgegeagatggacgtecagaccageccatttagegaceetgtttttgge

ggcgtgggagcaggcecectgacatgatgggtctcatggatacaaacatgaaccacatcaacggtagtcaca

acatgaacagcgtegtcaagcaggaggactactacacaccgtecatgggeactceccatgaacceccaaca

gcaacagtccatgacccctcaacagcagcatcacatgaaccacaaccagecctetecagetecaatetttyg

catcaacagtcccagaaggctcaaccacagcagcaacaacaacagecacatcagtegacaggagtegata

gcataatcacaaaggcatacaccagggcagcaggagacctacegtacggacgaaagtactcacgacaact

caacaagtaccccgaggacgtggagtattecatetttegaceccategetatggageaatttgetgaccaac

tcggaaactccgtaccaataccagatacatgtecattecatgeccggaaaatcacgtgtggagacccaaa

tcaaatgtgcattatcaatctaccctecgectecacagecagtecgttegacttecgacagacaccattte

gegtceccaagttcecagetcaagcagggecacattecagactegtgtetetecttggaagtatacattgtyg

ggcgagcagaaccccagcaageccegtcaatttgtgttetagatgeatcaaacgagaacagaagegagect

gtcgaaagaaactctttgacgagteggaggagetgtegtgggtegagactegtcaacgacgtetggetgt

cttcaactgetecgaggtgettgagttcaaggatgtggaacggegagtatacateecegagteeggeact

acagttaccgccaagcagetggttetgecectgegtetggettgetactgtagacaccacggggagaaaa

agggatttcgaatcctettttgtettagagacgagggaggecagattgtgggtgtgggecagagtggaac

gaccgtcatgatcactgacgaccacaaggttgtgggagacgeggttgecatgecgactacagecactget

cctgecaccgetggetetteacaaceccccacecaggttectaceceegetgeatettegtegacgaget

atcgtectcgaaactegettectetategectacttecatggaagactettegteggagttecacctegga

ccattctcattactccaactatggttectaaacgacgacgagacggetcettecatcagegattggagegge

atgatgaacgtgcgaggcatggatagacaggettecattaccagcatteccgaaatggttggtggeatgt

cgaacatgactgtggecagtgettegggtagegecactaatetggetgetcacaacatgaacaacecege
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agacgaaaacctgcccgtcatcaagegaatcatcecectegecagggttecattegaggeggecattgaagta

accctgettggatetggettecaagtecaatetggtggetgtttteggtgacaacaaggeegtgggeacce
actgctggtetgattegaccategtgacccatetgecgecttegaccategtgggtecegttgtggtgte
tttcgaaggttttgtgetegacaagectecagatttttacctattttgacgacacagacggecagttgatt
gagttggegetecaggttgtgggtetcaagatgaacggacggetggaagacgeccgaaacattgecatge
gaatcgtgggcaacaatggaggcegttgegggegeacaaggegecatggeaggegggaacatgtetaacgg
agacgttggaatggaaagtgctgetgecagacagtteggttcaaccegtategecteccacagaccacgaa
gatgtggttctgegatgtetggetetcacagacattectggaggecgaattgecaactggecaactcaceca
acgccgagggacagaccatggtteatetggecagtattetgggttactegegtgttetggtggetettgt
ggctcgaggagetegtgtggatgtttecgacaatggtggattecactectetteatttegetgetetettt
ggccgtcgaaagattgcecaagaaactactteggtgeaacgetgaceectacaaacgtaacegaattggeg
aaaccgtgtttgatgttgettgtectecacattetegatettetggteggtectcagggcatgectatgge
cgttcagacgtegtatacteccgattaccategtecagegtegatetteatettettecactetggettee
attgcatccatccaggattegegtgagtacggtttetatgaccatggaatgatttcecaacctgtegeata
ttcegtecacgtgetecattegatecategacttetecagtttgacgetgaagacgagtgggacgagegaga
tgaggaggatggagactttgacgacgattcagatgaggactcagacgatgactcagacgegetettecaty
tctgttagaaagcacgecaaggecaagtetgtggaatetectetetetgaggaggaagagegacttgtge
gacacattgaggccgaagaccaggctgtggaggecegtgtggetgecggaategtcagtagecaatgtace
cgacgtggtgtettecaatgacteggatcacgtgagatetgacacttecactgagaacaagtecttttea
cggtactttgaccgtactetecageatggeatettgggacgatgttetggettacatttacagacccaage
gagctactgtgeccaacaageggtettetggagetectecttecagtecagatecacaagategectettte
ggaccatcccatcacgtettegggagacgagtcegacegaaccatttetgeacatgececttecggeggt
gecggtcecgaggecggteteattegtecatetegegaatgtggegatacctgaagaactegtetgecgatyg
aggccacceggtetegatetegagatgeaaacggagecggtgeteccectgectacgaagaaatettece
tggccatggggttgtecacgacaagaaggttgtgecagatggecgetgettetgetgecgagaactegtet
gggcctgttggagectcatettecagecagttgegtecacttetgeggetgecgetgtggtgecctececac
tagcceccattgtggaggacgaggagecagetggtagaggectggagacgacagegacgatccatggetaa
cgatcgcatgttatttgecttetggetgectgtgetgetecatggetattggttatatggtcatcaaggeyg
tttggtctgtteccecgaccaggtetetgecgttgagtetgtggetgagactgtgggtgtecactgeegty
gagcagttgccaagctatggttcaagcagtacectgttcacegaggecagecactcaaggacacetgtte
atttgagcccaacagtetggtagagtcagetettegtecagatgaatgggtggtecgaccgggaggttece

attcatcaagcccaggeccaggetgeatga

(SEQ ID NO.:

Amino Acid =
MAKDKEIDFDYTGELVMDDFEFPIDDMLHNDGDDFVKKETWDEGFGFGTNGAVGAQMDVQTSPFSDPVEG

GVGAGPDMMGLMDTNMNHINGSHNMNS VVKQEDY YTPSMGTPMNPQQQQSMTPQQQHHMNHNQPSQLQS L

HOOS QKAQPQOQQQOPHQS TGVDS T ITKAY TRAAGDLPYGRKY SRQLNKYPEDVEY SSFDPSLWSNLLTN

SETPYQYQIHVHSMPGKSRVETQIKCALSIYPPPPQQSVRLPTDTISRPKFQLKQGHIPDSCLSLEVYIV

GEQNPSKPVNLCSRCIKREQKRACRKKLFDESEELSWVETROQRRLAVFNCSEVLEFKDVERRVYIPESGT

TVTAKQLVLPLRLACYCRHHGEKKGFRILFCLRDEGGQIVGVGQSGT TVMI TDDHKVVGDAVAMPTTATA

PATAGSSQPPTQVPTPAASSSTSYRPRNSLPLSPTSMEDSSSEFTSDHSHY SNYGSKRRRDGSSISDWSG

MMNVRGMDRQASITSIPEMVGGMSNMTVASASGSATNLAAHNMNNPADENLPVIKRIIPSQGSIRGGIEV
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TLLGSGFKSNLVAVFGDNKAVGTHCWSDSTIVTHLPPS TIVGPVVVSFEGFVLDKPQIFTYFDDTDGQLI
ELALQVVGLKMNGRLEDARNIAMRIVGNNGGYAGAQGAMAGGNMSNGDVGMESAAADS SVQPVS PPTDHE
DVVLRCLALTDIPGGRIANWQLTNAEGQTMVHLAS I LGYSRVLVALVARGARVDVSDNGGFTPLHFAALF
GRRKIAKKLLRCNADPYKRNRIGETVFDVACPHILDLLVGPQGMPMAVQTSYTPDYHRQRRSSSSSTLAS
IASIQDSREYGFYDHGMISNLSHIPSTCSIRSSTSQFDAEDEWDERDEEDGDFDDDSDEDSDDDSDALFM
SVRKHAKAKSVESPLSEEEERLVRHIEAEDQAVEARVAAGIVSSNVPDVVSSNDSDHVRSDTSTENKSFS
RYFDRTLSMASWDDVLAYIYRPKRATVPNKRS SGAPPSVRSTRSPLSDHPITSSGDESDRTISAHAPSGG
AGRGRSHSSISRMWRYLKNSSADEATRSRSRDANGAGAPPAYEEI FPGHGVVHDKKVVQMAAASAAENSS
GPVGASSSAVASTSAAAAVVPSPLAPIVEDEEQLVEAWRRQRRSMANDRMLFAFWLPVLLMAIGYMVIKA
FGLFPDQVSAVESVAETVGVHCRGAVAKLWFKQY PVHRGQPLKDTCS FEPNSLVESALRQMNGWSDREVP
THOAQAQAA*

Mga2-L36-mutant version

(SEQ ID NO.:

Nucleotide =
atggctaaagacaaggaaatcgactttgactacacgggagaactggtgatggacgatttegagttececa

tcgacgacatgetcecacaacgacggagatgactttgtcaagaaggaaacgtgggacgagggttttggttt

cggaacaaatggegecegtgggtgegeagatggacgtecagaccageccatttagegaceetgtttttgge

ggcgtgggagcaggcecectgacatgatgggtctcatggatacaaacatgaaccacatcaacggtagtcaca

acatgaacagcgtegtcaagcaggaggactactacacaccgtecatgggeactceccatgaacceccaaca

gcaacagtccatgacccctcaacagcagcatcacatgaaccacaaccagecctetecagetecaatetttyg

catcaacagtcccagaaggctcaaccacagcagcaacaacaacagecacatcagtegacaggagtegata

gcataatcacaaaggcatacaccagggcagcaggagacctacegtacggacgaaagtactcacgacaact

caacaagtaccccgaggacgtggagtattecatetttegaceccategetatggageaatttgetgaccaac

tcggaaactccgtaccaataccagatacatgtecattecatgeccggaaaatcacgtgtggagacccaaa

tcaaatgtgcattatcaatctaccctecgectecacagecagtecgttegacttecgacagacaccattte

gegtceccaagttcecagetcaagcagggecacattecagactegtgtetetecttggaagtatacattgtyg

ggcgagcagaaccccagcaageccegtcaatttgtgttetagatgeatcaaacgagaacagaagegagect

gtcgaaagaaactctttgacgagteggaggagetgtegtgggtegagactegtcaacgacgtetggetgt

cttcaactgetecgaggtgettgagttcaaggatgtggaacggegagtatacateecegagteeggeact

acagttaccgccaagcagetggttetgecectgegtetggettgetactgtagacaccacggggagaaaa

agggatttcgaatcctettttgtettagagacgagggaggecagattgtgggtgtgggecagagtggaac

gaccgtcatgatcactgacgaccacaaggttgtgggagacgeggttgecatgecgactacagecactget

cctgecaccgetggetetteacaaceccccacecaggttectaceceegetgeatettegtegacgaget

atcgtectcgaaactegettectetategectacttecatggaagactettegteggagttecacctegga

ccattctcattactccaactatggttectaaacgacgacgagacggetcettecatcagegattggagegge

atgatgaacgtgcgaggcatggatagacaggettecattaccagcatteccgaaatggttggtggeatgt

cgaacatgactgtggecagtgettegggtagegecactaatetggetgetcacaacatgaacaacecege

agacgaaaacctgcccgtecatcaagegaatcatecectegeagggttecattegaggeggcattgaagta

accctgettggatetggettecaagtecaatetggtggetgtttteggtgacaacaaggeegtgggeacce

actgctggtetgattegaccategtgacccatetgecgecttegaccategtgggtecegttgtggtgte

tttcgaaggttttgtgetegacaagectecagatttttacctattttgacgacacagacggecagttgatt

gagttggegetecaggttgtgggtetcaagatgaacagacggetggaagacgeccgaaacattgecatge
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gaatcgtgggcaacaatggaggcgttgcgggcgcacaaggegecatggcaggegggaacatgtetaacgg
agacgttggaatggaaagtgctgctgcagacagtteggttcaaccegtategecteccacagaccacgaa
gatgtggttctgcgatgtetggetetcacagacattecctggaggecgaattgecaactggcaactcacca
acgccgagggacagaccatggttcatctggecagtattetgggttactegegtgttetggtggetettgt
ggctcgaggagctegtgtggatgtttecgacaatggtggattcactectetteatttegetgetetettt
ggccgtcgaaagattgccaagaaactacttceggtgecaacgetgaccectacaaacgtaaccgaattggeg
aaaccgtgtttgatgttgcttgtectcacattctegatcecttetggteggtectecagggecatgectatgge
cgttcagacgtcegtatactcccgattaccategtcagegtcecgatectteatettettecactetggettec
attgcatccatccaggattcegegtgagtacggtttctatgaccatggaatgatttccaacctgtegeata
ttcegtcecacgtgetcecattegatcategacttetcagtttgacgetgaagacgagtgggacgagegaga
tgaggaggatggagactttgacgacgattcagatgaggactcagacgatgactcagacgegctcttecatyg
tctgttagaaagcacgccaaggccaagtcectgtggaatetectetectetgaggaggaagagegacttgtge
gacacattgaggccgaagaccaggctgtggaggcecegtgtggetgecggaategtcagtagcaatgtace
cgacgtggtgtcettccaatgactecggatcacgtgagatctgacacttcecactgagaacaagtecttttca
cggtactttgaccgtactctcagcatggcatettgggacgatgttectggettacatttacagacccaage
gagctactgtgcccaacaageggtettectggagetectecttcagtcagatecacaagategectettte
ggaccatcccatcacgtcttegggagacgagtcecgaccgaaccatttetgeacatgecectteeggeggt
gccggtegaggecggteteattegtecatetegegaatgtggegatacctgaagaactegtetgecgatyg
aggccacccggtctcegatctegagatgcaaacggagecggtgetcecccectgectacgaagaaatcettece
tggccatggggttgtccacgacaagaaggttgtgcagatggeegetgettetgetgecgagaactegtet
gggcctgttggagectecatcttcagecagttgegtecacttetgeggetgeegetgtggtgecctecccac
tagceccccattgtggaggacgaggagcagcectggtagaggectggagacgacagcegacgatccatggetaa
cgatcgcatgttatttgecttetggetgectgtgetgetecatggetattggttatatggtcatcaaggeg
tttggtctgttcececcgaccaggtectetgecgttgagtetgtggetgagactgtgggtgtecactgeegtyg
gagcagttgccaagctatggttcaagcagtacccetgttcaccgaggecagecactcaaggacacctgtte
atttgagcccaacagtctggtagagtcagetettegtcagatgaatgggtggtecgacegggaggttece

attcatcaagcccaggeccaggetgeatga

(SEQ ID NO.:

Amino Acid =
MAKDKEIDFDYTGELVMDDFEFPIDDMLHNDGDDFVKKETWDEGFGFGTNGAVGAQMDVQTSPFSDPVEG

GVGAGPDMMGLMDTNMNHINGSHNMNS VVKQEDY YTPSMGTPMNPQQQQSMTPQQQHHMNHNQPSQLQS L

HOOS QKAQPQOQQQOPHQS TGVDS T ITKAY TRAAGDLPYGRKY SRQLNKYPEDVEY SSFDPSLWSNLLTN

SETPYQYQIHVHSMPGKSRVETQIKCALSIYPPPPQQSVRLPTDTISRPKFQLKQGHIPDSCLSLEVYIV

GEQNPSKPVNLCSRCIKREQKRACRKKLFDESEELSWVETROQRRLAVFNCSEVLEFKDVERRVYIPESGT

TVTAKQLVLPLRLACYCRHHGEKKGFRILFCLRDEGGQIVGVGQSGT TVMI TDDHKVVGDAVAMPTTATA

PATAGSSQPPTQVPTPAASSSTSYRPRNSLPLSPTSMEDSSSEFTSDHSHY SNYGSKRRRDGSSISDWSG

MMNVRGMDRQASITSIPEMVGGMSNMTVASASGSATNLAAHNMNNPADENLPVIKRIIPSQGSIRGGIEV

TLLGSGFKSNLVAVFGDNKAVGTHCWSDSTIVTHLPPSTIVGPVVVSFEGFVLDKPQIFTYFDDTDGQL I

ELALQVVGLKMNRRLEDARNIAMRIVGNNGGVAGAQGAMAGGNMSNGDVGMESAAADS SVQPVSPPTDHE

DVVLRCLALTDIPGGRIANWQLTNAEGQTMVHLASILGYSRVLVALVARGARVDVSDNGGFTPLHFAALF

GRRKIAKKLLRCNADPYKRNRIGETVFDVACPHILDLLVGPQGMPMAVQTSYTPDYHRQRRSSSSSTLAS
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IASIQDSREYGFYDHGMISNLSHIPSTCSIRS STSQFDAEDEWDERDEEDGDFDDDSDEDSDDDSDALEM

SVRKHAKAKSVESPLSEEEERLVRHIEAEDQAVEARVAAGIVS SNVPDVVS SNDSDHVRSDTSTENKSES
RYFDRTLSMASWDDVLAYIYRPKRATVPNKRS SGAPPSVRSTRSPLSDHPI TS SGDESDRTI SAHAPSGG
AGRGRSHSSTSRMWRYLKNSSADEATRSRSRDANGAGAPPAYEET FPGHGVVHDKKVVQMAAASARENS S
GPVGASSSAVASTSAAAAVVPSPLAPIVEDEEQLVEAWRRQRR SMANDRMLFAFWLPVLLMAIGYMVIKA
FGLFPDQVSAVESVAETVGVHCRGAVAKLWFKQY PVHRGQPLKDT CS FEPNSLVES ALRQMNGWSDREV P
THQAQAQAA*

Mga2-truncated version removing of transmembrane span.

(SEQ ID NO.:

Nucleotide =
atggctaaagacaaggaaatcgactttgactacacgggagaactggtgatggacgatttegagttececa

tcgacgacatgetcecacaacgacggagatgactttgtcaagaaggaaacgtgggacgagggttttggttt

cggaacaaatggegecegtgggtgegeagatggacgtecagaccageccatttagegaceetgtttttgge

ggcgtgggagcaggcecectgacatgatgggtctcatggatacaaacatgaaccacatcaacggtagtcaca

acatgaacagcgtegtcaagcaggaggactactacacaccgtecatgggeactceccatgaacceccaaca

gcaacagtccatgacccctcaacagcagcatcacatgaaccacaaccagecctetecagetecaatetttyg

catcaacagtcccagaaggctcaaccacagcagcaacaacaacagecacatcagtegacaggagtegata

gcataatcacaaaggcatacaccagggcagcaggagacctacegtacggacgaaagtactcacgacaact

caacaagtaccccgaggacgtggagtattecatetttegaceccategetatggageaatttgetgaccaac

tcggaaactccgtaccaataccagatacatgtecattecatgeccggaaaatcacgtgtggagacccaaa

tcaaatgtgcattatcaatctaccctecgectecacagecagtecgttegacttecgacagacaccattte

gegtceccaagttcecagetcaagcagggecacattecagactegtgtetetecttggaagtatacattgtyg

ggcgagcagaaccccagcaageccegtcaatttgtgttetagatgeatcaaacgagaacagaagegagect

gtcgaaagaaactctttgacgagteggaggagetgtegtgggtegagactegtcaacgacgtetggetgt

cttcaactgetecgaggtgettgagttcaaggatgtggaacggegagtatacateecegagteeggeact

acagttaccgccaagcagetggttetgecectgegtetggettgetactgtagacaccacggggagaaaa

agggatttcgaatcctettttgtettagagacgagggaggecagattgtgggtgtgggecagagtggaac

gaccgtcatgatcactgacgaccacaaggttgtgggagacgeggttgecatgecgactacagecactget

cctgecaccgetggetetteacaaceccccacecaggttectaceceegetgeatettegtegacgaget

atcgtectcgaaactegettectetategectacttecatggaagactettegteggagttecacctegga

ccattctcattactccaactatggttectaaacgacgacgagacggetcettecatcagegattggagegge

atgatgaacgtgcgaggcatggatagacaggettecattaccagcatteccgaaatggttggtggeatgt

cgaacatgactgtggecagtgettegggtagegecactaatetggetgetcacaacatgaacaacecege

agacgaaaacctgcccgtecatcaagegaatcatecectegeagggttecattegaggeggcattgaagta

accctgettggatetggettecaagtecaatetggtggetgtttteggtgacaacaaggeegtgggeacce

actgctggtetgattegaccategtgacccatetgecgecttegaccategtgggtecegttgtggtgte

tttcgaaggttttgtgetegacaagectecagatttttacctattttgacgacacagacggecagttgatt

gagttggegetecaggttgtgggtetcaagatgaacggacggetggaagacgeccgaaacattgecatge

gaatcgtgggcaacaatggaggcegttgegggegeacaaggegecatggeaggegggaacatgtetaacgg

agacgttggaatggaaagtgctgetgecagacagtteggttcaaccegtategecteccacagaccacgaa

gatgtggttctgegatgtetggetetcacagacattectggaggecgaattgecaactggecaactcaceca

acgccgagggacagaccatggtteatetggecagtattetgggttactegegtgttetggtggetettgt
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ggctcgaggagctegtgtggatgtttecgacaatggtggattcactectetteatttegetgetetettt

ggccgtcgaaagattgcecaagaaactactteggtgeaacgetgaceectacaaacgtaacegaattggeg
aaaccgtgtttgatgttgettgtectecacattetegatettetggteggtectcagggcatgectatgge
cgttcagacgtegtatacteccgattaccategtecagegtegatetteatettettecactetggettee
attgcatccatccaggattegegtgagtacggtttetatgaccatggaatgatttcecaacctgtegeata
ttcegtecacgtgetecattegatecategacttetecagtttgacgetgaagacgagtgggacgagegaga
tgaggaggatggagactttgacgacgattcagatgaggactcagacgatgactcagacgegetettecaty
tctgttagaaagcacgecaaggecaagtetgtggaatetectetetetgaggaggaagagegacttgtge
gacacattgaggccgaagaccaggctgtggaggecegtgtggetgecggaategtcagtagecaatgtace
cgacgtggtgtettecaatgacteggatcacgtgagatetgacacttecactgagaacaagtecttttea

cggtactttgaccgtactectecageatggecatettgggacgatgttetggettacatttactga

(SEQ ID NO.:

Amino Acid =
MAKDKEIDFDYTGELVMDDFEFPIDDMLHNDGDDFVKKETWDEGFGFGTNGAVGAQMDVQTSPFSDPVEG

GVGAGPDMMGLMDTNMNHINGSHNMNS VVKQEDY YTPSMGTPMNPQQQQSMTPQQQHHMNHNQPSQLQS L
HOOS QKAQPQOQQQOPHQS TGVDS T ITKAY TRAAGDLPYGRKY SRQLNKYPEDVEY SSFDPSLWSNLLTN
SETPYQYQIHVHSMPGKSRVETQIKCALSIYPPPPQOSVRLPTDT ISRPKFQLKQGHI PDSCLSLEVYIV
GEQNPSKPVNLCSRCIKREQKRACRKKLEFDES EELSWVETRQRRLAVFNCSEVLEFKDVERRVYIPESGT
TVTAKQLVLPLRLACYCRHHGEKKGFRILFCLRDEGGQIVGVGQSGTTVMI TDDHKVVGDAVAMPTTATA
PATAGSSQPPTQVPTPAASSS TS YRPRNSLPLSPTSMEDS SSEFTSDHSHY SNYGSKRRRDGSS ISDWSG
MMNVRGMDRQAS ITSIPEMVGGMSNMTVASAS GSATNLAAHNMNN PADENLPVIKRIIPSQGSIRGGIEY
TLLGSGFKSNLVAVFGDNKAVGTHCWSDSTIVTHLPPS TIVGPVVVSFEGFVLDKPQI FTYFDDTDGQL T
ELALQVVGLKMNGRLEDARNIAMRIVGNNGGY AGAQGAMAGGNMS NGDVGMES AAADS SVQPVS PPTDHE
DVVLRCLALTDIPGGRI ANWQLTNAEGQTMVHLASI LGYSRVLVALVARGARVDVSDNGGFTPLHFAALF
GRRKIAKKLLRCNADPYKRNRIGETVFDVACPHI LDLLVGPQGMPMAVQTS YTPDYHRQRRS SSSSTLAS
IASIQDSREYGFYDHGMISNLSHIPSTCSIRS STSQFDAEDEWDERDEEDGDFDDDSDEDSDDDSDALEM
SVRKHAKAKSVESPLSEEEERLVRHIEAEDQAVEARVAAGIVS SNVPDVVS SNDSDHVRSDTSTENKSES
RYFDRTLSMASWDDVLAYIY*

Sou2L36 YALIOD18964g

(SEQ ID NO.:

Nucleotide =
Atgtctggaccttecacectegecacgggactgcacectetecccacagagaceccaaagttecccacea

acatcatggaccgattectecctcaagggtaaggttgecteegtcaceggetectegtecaggtateggeta
ctgegtggecgaggectacgeccaggecggtgecgacgtggecatetggtacaactecccacecegecgac
gcaaaggctgagcacctegetaagacctacggegtcaaggecaaggectacaagtgecctgtecacegacyg
cegecgecgtggagtecaccatecagecagategagaaggactttggecaccattgacatettegtegecaa
cgctggtgtecectggacegecggecccatgategacgtgeccgacaacaaggagtgggacaaggtcate
aacctggatctcaacggtgectactactgegecaagtacgecggecagatcettcaagaagaagggcaagg
gatccttcatcttecaccgectecatgtecggecacattgtcaacateccccagatgecaggectgetacaa
cgecegecaaggecgetetgetgeacetgtetegategetggecgt cgagtgggecggetttgeccgatge
aacacagtctcccctggetacatggecaccgagatetecgactttgtecccaaggagaccaaggagaagt

ggtggcagctcattceccatgggecgagagggagacceectecgagetetagectacctetacettgectet

ga
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CENOEL36 YALIOD15444s

(SEQ ID NO.:
Nucleotide =
Cacaaatattcttgatttactttggttttgecctatteggaaattttattgatatctaatagaagtatta
aagtaaaaatgtactaatacttaattgtaatgtcatcagaaataacatttgaggaaaatatttcaaacct
aattgatatatatattagagatgtccegettetetgtcattaatatattcaagcaatcga
DEHAOAl298g IPF 95.1 YALIOE33891lg

(SEQ ID NO.:
Nucleotide =
Atgaagtccaccteegctactetectegeccttgecgecettgtegttgecgacaacgeegtegtetete
agatcaacgatggccagatccaggetectecegetggtggtgagggtgecaagecegecectgetectte
tggagctgeccceggtgeceeceggtgetggtgeteceggegetggtgetcceggegetggtgeceetgge
getggegagggtgetaagecectetggagetgeccceggtgececeeggegetggtgeteceggtgetggtyg
agggtgctaagecttetggeggtgecceeggtgetggegetectggtgetggegagggtgetaageecte
tggtggtgcccctggtgecceceggegetggtgeteceggtgetggtgagggtgetaageectetggtggt
geccceggtgeccecggegetggtgagggtgecaageecteeggetetgeteceggtgetectggegetyg
gtgagggtgccaagcecteeggetetgeteceggtgetectggegetggtgagggtgecaagecctetgg
ctetgeteceggtgetectggtgetggtgagggtgecaagecctetggetetgeteceggtgetectgga
getggtgeaggtgetaagececteegetggaggtgagecacecegetgetgaggecactggtgtegteacte
agatccacgacggccagatcecaggeteccgagecagacccageccecegetgecggecctgeccaggetaa
cggtgetgecacccteggtgeccagategttgecggtgttgtegeecgetgecggtgtegetetettetaa
RLF2 chromatin assembly complex subunit p90 YALIOF21637g

(SEQ ID NO.:
Nucleotide =
atggccgacaacaagectetgtgeacgattaccacgecegaaccgtecacccaagegtegaaagatetety
ccgaggagaaagaaaagatgegacttgaaaaggaacagatcaagaagcagaaagaggaagagcgagagca
gettegaagacagaaggaagaagagaaagagctactgagaaagcagaaagaggaggagaaggaacaactg
aggaaacagaaggaggaggagaagagggctaaagaggaggagagagggctagagagagggagaaaacgac
gacgagaagaggaacgaaagaaggctgcecgaagagaaggaget tgagegagecaagat tgcagaggagaa
ggctaagttggctgaagagaaggaggccaagagacttgaaaaagaagcetgaactcaagaagaaggageaa
gaacagactcgaatcatgtctttetttaacaagaagaccaaaaagaagaccaagaaggaagcetgttaaca
gtgacaagtgtttggactttgataaagacttcctacccttecacatcaaagatacegtgtgtatggecaga
caagacggagtgtgaagtgatggatcaggatectgttgactggetcaacagtetcaacctttetgatgac
agcaacaccgccgaagcagaagaaccacctgttecegtcaaaaccatcattactcacatecagacegety
ccactetgggtetcaatectgataattacaacggtactectttagacacgetggtcaatgetettectag
acgatacttgcagttctatggtgacgagegacecegeatacctgggcacgtactccaagagetgetegegt
gatctgttgcagaaccctetettecaggtgectggtttggactacgagtacgacagtgaggecagactggg
aagatgaaggagaagatattgaagatgatgaaattagtggagacgaggagatggaggacgacgaaatgge
cgactttgtgtgttcetgatgatgecaagagteccagecaccatgacttcaaaggtcacgacageccaggaa
cectgttgttgtetggggetgetecagatatggttggtatgacttttggaggactgattgtecagggggeaa
ttgacccattcaaagactattggactgttgcaaaagttgagcagaagaccgatactaagagtgacgtgac
aatgactagtgcgacatcagettetggtacagetattaaatctactacaaccaaaaccgaactcageccyg
tttgaagtcctetecaaaactetgteaccttecccageggttgettecagecacgaaacagtttetggety

ctgccaagectcagaagetecattgetggagacgacctgactgetettttgaagegagtagatggateega

cgataacaagacgctgttgaccgagetgetttgtaagecagtatccccagtacacacgcaagatggtcacy
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gccaccattcagcactatgctgagecgacagggtectaagagegacaageggtgggttectgaaggatatet

ag

TUP1 - YALIOA14542

(SEQ ID NO.:

Nucleotide =
atgagctteccccaacaagtaatagegeecgggecaacggcetecaacgagettetggaggecatcaaacagg

agttcgactccgtgaccaacgaggegtecgtetaceggetgecacaaggacgagtttgacgtcaaggtgaa

ccagcagacgtcagatetgggecagattegacagteggtetacgagetagaaatggegcaccgaaagatyg

aaggagcgctacgaggaggaaatcatgeggetcaagagegagetggaggeccgaggtggaceegetgega

acccegeacactcccagecagecagcaacagecagcaacagcecaacagcecagcaacagecagcagcagaaccagca

ggcacaggaccaacaagcacgggcecgegcaacaacaggcageccageageaggecctegeccageageag

geegeccageagcaggctetggeccaacagecaggeccaggctcaacageaggeccaggeccaggeceace

acatgggtggtgtgeccecttegeaaggacagececcegtegetgetgegtecatcatecaacgtgtteag

cggcatcatgtecggtecageceggeacctettetetggeteccecegecagggacageceggtecageccecag

cctggteagecccaacctggtcaaceccagecctactecggetacgtgggtgetaacggetacacgtett

cgccacataacggaccccccgteatcagegecaatggectegeccaacagcaagaagegacaggtgtegac

cceegtteceggecaaggegtetecccaggtggececccaagagatgecaacagecageagcaacagecaggyge

cctecacagcagcagcaacctecccageageagecaacagageccecgaagagatgggcaactacetgggeg

acatggacattgagcgggtacctecggagetcaaaaaacaaaaggecgactggtttgtegtttacaacca

gegagcaccacggcetgetggacgtggatattgtgeagtegetggaccacaactetgtagtgtgetgtgtyg

cggttetecgetgacggeaagtacattgecactggetgtaacegatetgeccagattttegacgtgcaga

ctggecagetcatetgecggetgeaggacgacteggtegacegagaaggegacctgtacatecggteegt

gtgtttctegecggacggtaagtacctggecaceggegecgaggacaagecagatecgagtgtgggacatt

aaatctcagagcatacggecacgtgttecactggecacgagecaggacatttactegetggacttttegegaa

acggccgacacattgectetggetetggegacegecacagtecgaatgtgggatattgagageggecagty

tactctaaccctgtegategaggacggegtcaccacggtggecatetegeccgacggcaagtttgtgget

gecaggcagcttggacaagtctgtgegaatetgggacacctetaceggtttectggttgagegtetggagg

ccectgatggacacaaggactecgtetatagtgtagetttecacceccaacggtatggatettgttteegy

ctegetggacaagacgatcaagetgtgggagetgecaggetectcgaggeat tcaggecaaccagegagga

ggcgtetgegtcaagacgcetgtgtggacacaaggactttgttetgagtgtggecageacgetggatggge

agtggattctttceggetecaaggaceggggtgtgeaattetgggacectegaacgggecaggtgeaact

catgctgcagggtcategaaatteggteatcagtgtggetectagteccatgggegggttgtttgetact

ggaagtggagattgcaaggctcegaatctggegatactttectgtcaacagataa

(SEQ ID NO.:

Amino Acid =
MSFPQOVIAPGORLNELLEAIKQEFDSVTNEASVYRLHKDEFDVKVNQQOTSDLGQIRQSVYELEMAHRKM

KERYEEEIMRLKSELEARGGPAANPAHSQQQQOQQQQQQQQ0QONQQAQDQOARAAQQQAAQQQALAQQQ

ARQQOALAQOQAQAQQQAQAQAHHMGGYPPSQGOPPSLLRPSSNVFSGIMSGQPGT SSLAPPQGQPGOPQ

PGQPQPGQPQPYSGYVGANGY TS SPHNGPPVI SAMASPNSKKRQV S TPV PGKASPQVAPQEMOQQQ00QG

PPQOQQPPQQQOQS PEEMGNY LGDMDI ERVPPELKKQKADWEVVYNQRAPRLLDVD IVQS LDHNSVVCCY

REFSADGKYTATGCNRSAQIFDVQTGQLICRLODDSVDREGDLYIRSVCFSPDGKYLATGAEDKQIRVWDI

KSQSIRHVFTGHEQDIYSLDFSRNGRHIASGSGDRTVRMWDIESGQCTLTLSIEDGVTTVAISPDGKFVA

AGSLDKSVRIWDTSTGFLVERLEAPDGHKDSVYSVAFTPNGMDLVSGSLDKTIKLWELQAPRGIQANQRG
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GVCVKTLCGHKDFVLSVAS TLDGOWILSGSKDRGVQFWDPRTGQVQLMLQGHRNSY I SVAPS PMGGLFAT

GSGDCKARIWRYFPVNR*

HAC1 - YALIOB12716

(SEQ ID NO.:

Nucleotide =
atgtctatcaagcgagaagagtectttacteccacecccecgaggacctgggateteccctgacagetgatt

cteectggeteteccgagtetggagacaagegaaagaaggatetcactetgececttectgetggtgetet
tceccectegaaagagagetaagacagagaacgaaaaggagcagagacgeatcgageggatcatgegaaac
cggcaggeggcacatgegtctcgagagaagaagegacgacatttggaggacctggagaagaagtgetegyg
agttgtcgtccgaaaacaacgatctacaccaccaggtgactgagtccaagaagaccaacatgcaccteat
ggaacaacactactcgctggtggecaagetgeagecagetetegtegetegtcaacatggecaagtettee
ggagctttggeeggegttgatgtecccgacatgagegatgtgtetatggeccccaagttggagatgecca
cegeggetectteccageccatgggtetegecagegegeccacectettcaaccacgataatgagacegt
cgtecccgactetectattgtgaagacegaggaagtegactetacaaactttetectecacacggagtece
teccteccecccegaactagetgagageactggetcaggetegecategtegactetgtectgegacgaaa
ctgattatcttgtggaccegggegegtecatecageagtgatgactgtegecaactactgaccagecagegteg
gcacaagatttcattttcatcaaggacgagceccegttgacgacgagettggactgeatggactgteggatyg

acttcaccctgtttgaagacaacaagcagectgeccageacgactttattgetgatetag

(SEQ ID NO.:

Amino Acid =
MSIKREESFTPTPEDLGSPLTADSPGSPESGDKRKKDLTLPLPAGALPPRKRAKTENEKEQRRIERIMRN

ROAAHASREKKRRHLEDLEKKCSELSSENNDLHHQVTESKKTNMHLMEQHY SLVAKLQQLSSLVNMAKS S

GALAGVDVPDMSDVSMAPKLEMPTAAPSQPMGLASAPTLFNHDNETVVPDSPIVKTEEVDSTNFLLHTES

SSPPELAESTGSGSPSSTLSCDETDYLVDRARHPAVMTVATTDQQRRHKISFSSRTSPLTTSLDCMDCRM

TSPCLKTTSSLPSTTLLLI*

MRM2- YALIOE31933

(SEQ ID NO.:

Nucleotide =
Atgcgecaaaagetgecgttcaacecgetecagtegettetecegegaatetttgtgeggggcaaaaaac

acgatgegegcagecgetgggaaatgegecagatgaaagacaageatgtggecatggecaaggetgacgg
attccggtctegagecgegtacaagetacaggaactegactecatgttecggetgttecaageceggeaty
acggtggtggatttgggetttgegeceggegeatggagtcaagtggetgetcagegagtgeggectggag
gcagagttattggagtggatatccttecttgeattectectecaggagtgtecageatecagggaaattt
cctgtecaaagaaacacaaaacgagcetcaaacgtgtgetggecgteteggegatgggagtteccaaggac
aaggactctggtggegecataggeactgetecteegtettatetggacactgaacgegagettggeagta
ttaacagcaacagcaacgaaccccaatttggegacgactacceggtagatatagtgettagtgacatgty
cgaaacgttaccccaggaacacggattttttcaaagaactattaatgacccatactataggatggecaat
gtttceggcatagetgtgagggaccatgetgecagtattgtgagtgaaggaaggaagegeattgggtgtyg

gtgcagccagcttegatgtggcagaagggaagecataa

(SEQ ID NO.:

Amino Acid =
MROKLPFNPLQSLLPRIFVRGKKHDARSRWEMRQMKDKHVAMAKADGFRSRAAYKLQELDSMFRLFKPGM

TVVDLGFAPGAWSQVAAQRVRPGGRVIGVDILPCIPPPGVSSIQGNFLSKETQNELKRVLAVSAMGVPKD
KDSGGAIGTAPPSYLDTERELGSINSNSNEPQFGDDYPVDIVLSDMCETLPQEHGFFQRTINDPYYRMAN
VSGIAVRDHAASIVSEGRKRIGCGAASFDVAEGKP*

O6M- YALIOC10010p
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(SEQ ID NO.:
Nucleotide =
atgttttacaccaagcccgacceggtggttgattattceccegectcaaggacatggacatgtatectgagt
acgacaatggccagaacatgggcttttccaacatgaacatgaccgatctttacgacggeggtcttaacat
gtcgtcegatggegcaaccegtggegttgaaccagatgggcagecatgggecccatgggetectttaagtaac
atgcccatgggttttgtgtcccagaaccagectcaaactcaggcetcaggecccaggeccagagccagaace
agaatcagaaccagaaccagaaccagaaccagcctcagaatcacaacacccatgttatgagegataacca
caaccatacccacaccaacaatactcacaacaccaacgtcacccacaacacccectecatgggtggtcac
acaacctctgtcegggggecacgacaccaatgacteggeccatgttgggggtcacgecagcaatgtcacat
cececegaccecggcaaccectgectecacatetteegtacecgecaacctegectcagatteccttecacggt
cgecgecacccgcaccgtcaggcaaatatgtgacegatgacgagegatggcaggecactggtegacegagac
cececgaggcetgacggegectteatctactgegtcaccagecaccaaggtgtactgecggeccacgtgetegyg
cececggetegegetgeggtecaacattgtgtattttgacaccatgaaggaggetgtggecgeeggetaceg
ceceetgecgacggtgcaaccecgacgtgagegagatgaactegecagegacgegecgtgggeteegtgtgt
aacctcatccactegcectggageccgacaaggtgecacgtgtcaagaagetagecgagtecgteggectea
cgctetggeactttcacegtetettcaageggtacacgggectcacgectegacagtacatcactgagtt
ccacaagcgaaagcgcecttgggetgecgecagttgcaagtcagcaaggtggtaaccaagaagagctatgag
cgacagcagcgtcecgccagggcagcaacggttecacgecccagecagtetecccaagteggegectettege
cagceggegaggtggaggcecatcaagctegagaccecegtecgaaaccgtccagecgetatactacgacag
caacggcgtgactcacaacgctgccaacgteggggctcacagetccaatgtcactcacaacactagcecat
gtcggaagcaacgcaacctccgcecacgagetccattgecactectettteccaacacaacgtcacccgaca
cctegacgecggeccaggacteggecatacatcattgeccacggtteccaacgecagcaacgecgetectgt
ggttgctceggggectgecaceggetetggegacaactggatcaagacggagecctecgatggattttatg
ccteggtacgagecgeggtacgaccagtetatctceccattgacgecceccatgtttattectgatggtaacy
agtatcatcacaacggggagatgttgggtgacatgtgggggactctctaa

(SEQ ID NO.:

Amino Acid =
MFYTKPDPVVDYSRLKDMDMYPEYDNGONMGF SNMNMTDLYDGGLNMS SMAQPVALNQMGSMGPMGSLSN

MPMGFVSQNQPQTOAQAQAQS ONONONONONQNQPONHNTHVMSDNHNH THTNNTHNTNV THNT PSMGGH
TTSVGGHDTNDSAHVGGHASNVTSPTPATPASTSSVPATSPQIPFTVAPPAPSGKYVTDDERWQALVDRD
PEADGAFIYCVTSTKVYCRPTCSARLALRSNIVYFDTMKEAVAAGYRPCRRCNPDVSEMNSQRRAVGSVC
NLIHSLEPDKVPRVKKLAESVGLTLWHFHRLFKRYTGLTPRQYITEFHKRKRLGLPQLQVSKVVTKKSYE
ROORROGSNGSTPQQOSPOQVGASSPAGEVEAIKLETPVETVQPLYYDSNGVTHNAANVGAHS SNV THNTSH
VGSNATSATSSIATPLSNTTSPDTSTPAQDSAYI IAHGSNASNAAPVVAPGPATGSGDNWIKTEPSMDFM
PRYEPRYDQSISIDAPMFIPDGNEYHHNGEMLGDMWGTL*
CIT1 - YALIOEO2684

(SEQ ID NO.:
Nucleotide =
atgatttctgctattegtecegecgttegatettecgttegtgttgecectatggecaacacegeettee
gggectactectacccaggatgtgagtatttettttettteatcaattggttgetgtgegacggatttegt
tgegtcagectgattgecaacagecttaggeccecattttegacetgttettgecteggcaaaagtttttee
gaatgcatgtgacacgtcgaatgtggtgctttcaagcagecagcagcagcataaaatatggaatgtgttgt
gtgcagaagtcgacattacataacceecgeggcaaccatacgagatggcagtcataacaattgeaattgag

caatacaaaccacactgcaacccactaaaaagaaacacgactaacaaatagggtcttaaggagegatteg
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ccgagetcatccccgagaacgtecgagaagatcaagaagectccgaaaggagaagggtaacacegtcategg

cgaggtcatectegaccaggettacggtggtatgegaggtattaagggtetegtetgggagggateegte
ctegaccccgaggagggtatecegattecgaggtetgactateccegacctecagaageagetececcacy
cecectggeggaaaggagecteteccegagggtettttetggetectgetcaceggegagatececactga
tgctcaggtcaagggtetgteegetgactgggectetegagecgagatecccaageatgttgaggagete
atcgaccgatgeccceccacectecaceccatggetecageteggtattgecgtcaacgetetggagtecy
agtctcagttcaccaaggettacgagaagggtgttaacaagaaggagtactggcagtacacctacgagga
ttccatgaacctcattgecaageteccegteattgettetegaatctaccgaaaccttttcaaggacgga
aagattgttggctecattgacaactetettgactactetgetaacttegectetetgeteggetttggeyg
acaacaaggagttcattgagettetgegactctacctecaccatccacgetgaccacgagggaggtaacgt
ctctgeccacaccaccaagettgttggttetgetetetecteteccttectetetetgtecgetggtete
aacggtcttgeeggtectetecacggecgagetaaccaggaggtecttgagtggattetegagatgaagt
ccaagattggctcectgatgtecaccaaggaggacattgagaagtacctetgggatacecttaaggeeggteg
agtcgtccceggttacggacacgecgttetecgaaagacegatectegatacacegeccagegagagtte
gecectegageacatgeccgactacgacctettecacctegtttecaccatetacgaggttgeccecaagg
ttctcaccgagcacggcaagaccaagaaccectggeccaatgtggacteccacteeggtgtectecteca
gtactacggtctcactgagcagtcttactacactgttetetteggtgttteccgagetateggtgtectyg
ccecagetecatcatggacegagettacggtgeteccategagegacecaagtecttetectaccgagaagt

acgctgagetegttggectcaagetetaa

(SEQ ID NO.:

Amino acid =
MISAIRPAVRSSVRVAPMANTAFRAYSTODGLKERFAELIPENVEKIKKLRKEKGNTVIGEVILDQAYGG

MRGIKGLVWEGSVLDPEEGIRFRGLTIPDLQKQLPHAPGGKEPLPEGLFWLLLTGEIPTDAQVKGLSADW

ASRAEIPKHVEELIDRCPPTLHPMAQLGIAVNALESESQF TKAYEKGVNKKEYWQYTYEDSMNLIAKLPV

JIASRIYRNLFKDGKIVGSIDNSLDYSANFASLLGFGDNKEFIELLRLYLTIHADHEGGNVSAHTTKLVGS

ALSSPFLSLSAGLNGLAGPLHGRANQEVLEWILEMKSKIGSDVTKEDIEKYLWDTLKAGRVVPGYGHAVL

RKTDPRYTAQREFALEHMPDYDLFHLVSTIYEVAPKVLTEHGKTKNPWPNVDSHSGVLLQYYGLTEQSYY

TVLFGVSRAIGVLPQLIMDRAYGAPIERPKSFSTEKYAELVGLKL*

ACC - YALIOC11407

(SEQ ID NO.:

Nucleotide =
atgcgactgcaattgaggacactaacacgtceggtttttcaggtgagtaaacgacggtggecgtggecacg

acagccgaggegtcacgatgggecagacgageacattetegecgecacaacctegecagecacaagaaact

aacccagtatggcettecaggatcettecaacgecagatgtggeteccttggtggaccecaacattcacaaagyg

tctegectetecatttetttggactcaattetgtecacacagecaagecctcaaaagtcaaggagtttgty

gettetcacggaggtcatacagttatcaacaaggtgagtatttgacgtttagactgtataacaggeggece

gcagtgcaacaacgaccaaaaagggtcgaaaaagggtcegaaaacggacacaaaagetggaaaacaagagt

gtaatacattcttacacgtccaattgttagacaaacacggctgtteggteccaaaaccaccagtatcace

tattttccacttgtgteteggatctgatcataatctgatctcaagatgaaatttacgecaccgacatgat

attgtgatttteggattctecagaccgagecagattecagecaataccaccacttgeccaccttcageggece

tcteggegegattegecactttecccaacgagtgttactaacccaggtectcategctaacaacggtatt

gecgcagtaaaggagatccegttcagtacgaaaatgggectacgagacctttggegacgagegageaatet

cgttcaccgtcatggecacceccgaagatetegetgecaacgecgactacattagaatggecgatcagta
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cgtcgaggtgeccggaggaaccaacaacaacaactacgeccaacgtegagetgattgtegacgtggetgag

cgatteggegtegatgeegtgtgggecggatggggecatgecagtgaaaatecectgetececgagtege
tagcggecteteccegecaagattgtetteateggeccteceggagetgecatgagatetetgggagacaa
aatttcttctaccattgtggeccagecacgcaaaggtecegtgtatecegtggtetggaaccggagtggac
gaggttgtggttgacaagagcaccaacctegtgteegtgtcegaggaggtgtacaccaagggetgeaceca
ceggteccaagcagggtctggagaaggetaagecagattggatteccegtgatgatcaaggettecgaggy
aggaggaggaaagggtattcgaaaggttgagegagaggaggacttegaggetgettaccaccaggtegag
ggagagatccceggcetegeccatettecattatgeagettgecaggecaatgeceggeatttggaggtgeage
ttctggctgatcagtacggcaacaatatttecactgtttggtegagattgtteggttcagegacggeatca
aaagattattgaggaggctectgtgactgtggetggecagecagaccttecactgecatggagaaggetgee
gtgcgactcggtaagettgteggatatgtetetgecaggtacegttgaatatetgtatteccatgaggacyg
acaagttctacttettggagetgaatectegtettecaggtegaacatectaccaccgagatggtcacegyg
tgtcaacctgecccgetgeccagettecagategecatgggtateccectegategaatcaaggacattegt
ctcttttacggtgttaaccctcacaccaccactecaattgatttegacttetegggegaggatgetgata
agacacagcgacgtccegteccecegaggtcacaccactgettgecgaatcacatececgaggacectggaga
gggtttcaagcecteeggaggtactatgcacgagetcaacttecgatectegtecaacgtgtggggttac
ttcteegttggtaaccagggaggtatecattegtteteggattegecagtttggtecacatettegectteyg
gtgagaaccgaagtgcgtctcegaaagcacatggttgttgetttgaaggaactatetattegaggtgactt
ccgaaccaccegtegagtaccteatcaagetgetggagacaceggact tegaggacaacaccatcaccace
ggctggctggatgagettatcetecaacaagetgactgecgagegaceegactegttectegetgttgttt
gtggtgctgctaccaaggcccategagetteegaggactetattgecacctacatggettegetagagaa
gggccaggtcecectgetegagacattetcaagacectttteccegttgacttcatetacgagggecagegg
tacaagttcaccgecacceggtegtetgaggactettacacgetgttcatcaacggttetegatgegaca
ttggagttagacctectttetgacggtggtattetgtgtettgtaggtgggagateccacaatgtetacty
gaaggaggaggttggagccacgcegactgtetgttgacteccaagacctgecttetegaggtggagaacgac
cccactcagettegateteccteteceggtaagetggttaagttectggtegagaacggegaccacgtge
gagccaaccagcecctatgecgagattgaggtcatgaagatgtacatgactetecactgetcaggaggacgg
tattgtccagctgatgaagcageccggttecaccategaggetggegacatecteggtatettggeeett
gatgatccttccaaggtcaagcatgecaageectttgagggecagetteccgagettggaceececacte
tcagcggtaacaagectcatcagegatacgagecactgecagaacgtgcetccataacattetgettggttt
cgataaccaggtggtgatgaagtecactettecaggagatggttggtetgetecgaaaccetgagettect
tatctccagtgggetecatcaggtgtettetetgeacacecgaatgagegecaagetggatgetactetty
ctggteteattgacaaggecaageagegaggtggegagtttectgecaagecagettetgegageecttga
gaaggaggcgagctctggegaggtcegatgegetettecagecaaactettgetectetgtttgacettget
cgagagtaccaggacggtettgetatecacgagettecaggttgetgecaggecttetgeaggectactacy
actctgaggeceggttetgeggacccaacgtacgtgacgaggatgtcecattetcaagettegagaggagaa
ccgagattetettegaaaggttgtgatggeccagetgtetecattetegagteggagecaagaacaacctt
gtgctggeccttetegatgaatacaaggtggecgaccaggetggeacegactetectgectecaacgtge
acgttgcaaagtacttgegacctgtgetgegaaagattgtggagetggaatctegagettetgecaaggt
atctctgaaagcccgagagattetecatecagtgegetetgecctetetaaaggagegaactgaccagett

gagcacattctgcgatcttetgtegtegagtetegatacggagaggttggtetggageacegaactecee
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gagccgatattctcaaggaggttgtegactccaagtacattgtetttgatgtgettgeccagttetttge
ccacgatgatccctggatcgtecttgetgecctggagetgtacatcegacgagettgecaaggectactec
atcctggacatcaactaccaccaggactcecggacctgectecegtcatetegtggegatttagactgecta
ccatgtegtctgetttgtacaactcagtagtgtettetggetecaaaaccecccactteccecteggtgte
tcgagctgattecgtcectecgacttttegtacacegttgagegagactetgeteccgetegaaccggageg
attgttgccegtgectcatctggatgatctggaggatgetetgactegtgttetggagaacctgeccaaac
ggggcgctggtettgecatctetgttggtgetagecaacaagagtgeegetgettetgetegtgacgetge
tgctgetgecgettcatccgttgacactggectgtccaacatttgcaacgttatgattggtegggttgat
gagtctgatgacgacgacactctgattgecccgaatetecccaggtcattgaggactttaaggaggactttyg
aggcctgttctetgcgacgaatcaccttetectteggcaacteccgaggtacttateccaagtattteac
gttccgaggecccgcatacgaggaggaccccactatcecgacacattgagectgetetggecttecagetyg
gagctcgecegtcetgtecaacttegacatcaagectgtcecacaccgacaaccgaaacatccacgtgtacy
aggctactggcaagaacgctgcttccegacaageggttettcacccgaggtategtacgacctggtegtet
tcgagagaacatccccaccteggagtatctecattteegaggetgaceggetcatgagegatattttggac
gctctagaggtgattggaaccaccaactcggatctcaaccacattttcatcaacttctcageegtetttyg
ctctgaagceccgaggaggttgaagetgectttggeggtttectggagegatttggecgacgtetgtggeg
acttcgagtcaccggtgccgagatccgaatgatggtatcecgaccecegaaactggetetgettteectety
cgagcaatgatcaacaacgtctetggttacgttgtgcagtctgagetgtacgetgaggecaagaacgaca
agggccagtggattttcaagtctctgggcaageccggetecatgcacatgeggtcectatcaacacteecta
ccccaccaaggagtggcetgcageccaageggtacaaggeccatctgatgggtaccacctactgetatgac
ttcceccgagetgttcecgacagtecattgagteggactggaagaagtatgacggcaaggcectcecegacgatce
tcatgacttgcaacgagctgattctcegatgaggactctggegagetgcaggaggtgaaccgagagecaegg
cgccaacaacgtceggtatggttgegtggaagtttgaggecaagaccceccgagtacectegaggecgatet
ttcatcgtggtggccaacgatatcaccttecagattggttegtttggecctgectgaggaccagttettet
tcaaggtgacggagctggctcgaaagcteggtattectegaatctatetgtectgecaactetggtgeteg
aatcggcattgctgacgagcectegttggcaagtacaaggttgegtggaacgacgagactgaccectecaag
ggcttcaagtacctttacttcacccctgagtctettgecaccctcaageccgacactgttgtcaccactyg
agattgaggaggagggtcccaacggcegtggagaagegtcatgtgatcgactacattgteggagagaagga
cggtcteggagtegagtgtetgeggggetetggtetecattgecaggegecacttetegagectacaaggat
atcttcactctcactcttgtcacctgtegatecgttggtateggtgettacettgttegtettggtcaac
gagccatccagattgagggccageccatcattetcactggtgecccegecatcaacaagetgettggteg
agaggtctactcttccaacttgcagettggtggtactcagatcatgtacaacaacggtgtgtcetcatetyg
actgcccgagatgatctcaacggtgtccacaagatcatgecagtggetgtcatacatcectgettetegag
gtcttccagtgectgttecteectecacaagaccgatgtgtgggatecgagacgtgacgttecagectgtecy
aggcgagcagtacgatgttagatggcttatttectggecgaactcetegaggatggtgetttegagtetggt
ctctttgacaaggactctttcecaggagactetgtetggetgggecaagggtgttgttgttggtegagete
gtcttggeggcattecctteggtgtcattggtgtecgagactgegacegtecgacaatactaccectgecga
teccegecaacccggactcetattgagatgagcacctectgaageeggecaggtttggtaccccaactaeggec
ttcaagacctctcaggccatcaacgacttcaaccatggtgaggegettectetecatgattettgetaact

ggcgaggcttttetggtggtcagegagacatgtacaatgaggttetcaagtacggatetttecattgttga
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tgctctggttgactacaagcageccatcatggtgtacateccteccaceggtgagetgegaggtggttet

tgggttgtggttgaccecaccatcaacteggacatgatggagatgtacgetgacgtcegagtetegaggty
gtgtgctggageccgagggaatggteggtatcaagtaccgacgagacaagetactggacaccatggeteg
tctggatceccegagtactectetetcaagaageagettgaggagteteccgattetgaggagetcaaggte
aagctcagegtgcegagagaagtetetecatgeccatetaccagecagatcteegtgeagtttgecgacttge
atgaccgagetggecgaatggaggecaagggtgtecattegtgaggetettgtgtggaaggatgetegteg
attcttettetggegaatecgacgacgattagtegaggagtacctcattaccaagatcaatageattety
cectettgeacteggettgagtgtetggetegaatcaagtegtggaagectgecactettgatecaggget
ctgaccggggtgttgecgagtggtttgacgagaactetgatgecgtetetgetegactcagegagetcaa
gaaggacgcttetgeccagtegtttgettetcaactgagaaaggaccgacagggtactetecagggeatyg

aagcaggctetegettetetttetgaggetgagegggetgagetgetcaaggggttgtga

(SEQ ID NO.:

Amino Acid =
MRLOLRTLTRRFFSMASGS STPDVAPLVDPNIHKGLASHFFGLNSVHTAKPSKVKEFVASHGGHTVINKV

LIANNGIAAVKEIRSVRKWAYETFGDERAISFTVMATPEDLAANADY IRMADQYVEVPGGTNNNNYANVE

LIVDVAERFGVDAVWAGWGHASENPLLPESLAASPRKIVFIGPPGAAMRSLGDKISSTIVAQHAKVPCIP

WSGTGVDEVVVDKSTNLVSVSEEVY TKGCTTGPKQGLEKAKQIGFPVMIKASEGGGGKGIRKVEREEDFE

AAYHQVEGEIPGSPIFIMQLAGNARHLEVQLLADQYGNNISLEFGRDCSVQRRHQKI IEEAPVTVAGQQTF

TAMEKAAVRLGKLVGYVSAGTVEYLYSHEDDKFYFLELNPRLQVEHPTTEMVTGVNLPAAQLQIAMGIPL

DRIKDIRLFYGVNPHTTTPIDFDFSGEDADKTQRRPVPRGHTTACRITSEDPGEGFKPSGGTMHELNEFRS

SSNVWGYFSVGNQGGIHSFSDSQFGHI FAFGENRSASRKHMVVALKELSIRGDFRTTVEYLIKLLETPDF

EDNTITTGWLDELISNKLTAERPDSFLAVVCGAATKAHRASEDSIATYMASLEKGQVPARDILKTLFPVD

FIYEGQRYKFTATRSSEDSYTLFINGSRCDIGVRPLSDGGILCLVGGRSHNVYWKEEVGATRLSVDSKTC

LLEVENDPTQLRSPSPGKLVKFLVENGDHVRANQPYAEIEVMKMYMTLTAQEDGIVQLMKQPGS TIEAGD

ILGILALDDPSKVKHAKPFEGQLPELGPPTLSGNKPHQRYEHCONVLHNILLGFDNQVVMKS TLQEMVGL

LRNPELPYLQWAHQVSSLHTRMSAKLDATLAGLIDKAKQRGGEFPAKQLLRALEKEASSGEVDALFQQTL

APLFDLAREYQDGLAIHELQVAAGLLQAYYDSEARFCGPNVRDEDVILKLREENRDSLRKVVMAQLSHSR

VGAKNNLVLALLDEYKVADQAGTDSPASNVHVAKYLRPVLRKIVELESRASAKVSLKAREILIQCALPSL

KERTDQLEHILRSSVVESRYGEVGLEHRTPRADILKEVVDSKYIVFDVLAQFFAHDDPWIVLAALELYIR

RACKAYSILDINYHQDSDLPPVISWRFRLPTMSSALYNSVVSSGSKTPTSPSVSRADSVSDFSYTVERDS

APARTGAIVAVPHLDDLEDALTRVLENLPKRGAGLAISVGASNKSAAASARDAAAAAASSVDTGLSNICN

VMIGRVDESDDDDTLIARISQVIEDFKEDFEACSLRRITFSFGNSRGTYPKYFTFRGPAYEEDPTIRHIE

PALAFQLELARLSNFDIKPVHTDNRNIHVYEATGKNAASDKRFFTRGIVRPGRLRENIPTSEYLISEADR

LMSDILDALEVIGTTNSDLNHIFINFSAVFALKPEEVEAAFGGFLERFGRRLWRLRVTGAEIRMMVSDPE

TGSAFPLRAMINNVSGYVVQSELYAEAKNDKGOWIFKSLGKPGSMHMRS INTPYPTKEWLQPKRYKAHLM

GTTYCYDFPELFRQSIESDWKKYDGKAPDDLMTCNELILDEDSGELQEVNREPGANNVGMVAWKFEAKTP

EYPRGRSFIVVANDITFQIGSFGPAEDQFFFKVTELARKLGIPRIYLSANSGARIGIADELVGKYKVAWN

DETDPSKGFKYLYFTPESLATLKPDTVVTTEIEEEGPNGVEKRHVIDYIVGEKDGLGVECLRGSGLIAGA

TSRAYKDIFTLTLVTCRSVGIGAYLVRLGQRAIQIEGQPIILTGAPAINKLLGREVYSSNLQLGGTQIMY

NNGVSHLTARDDLNGVHKIMQWLSYIPASRGLPVPVLPHKTDVWDRDVTFQPVRGEQYDVRWLISGRTLE

DGAFESGLFDKDSFQETLSGWAKGVVVGRARLGGIPFGVIGVETATVDNTTPADPANPDSIEMSTSEAGQ

VWYPNSAFKTSQAINDFNHGEALPLMI LANWRGF SGGQRDMYNEVLKYGSFIVDALVDYKQPIMVYIPPT
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GELRGGSWVVVDPT INSDMMEMYADVESRGGVLEPEGMVGIKYRRDKLLDTMARLDPEYS SLKKQLEESP
DSEELKVKLSVREKSLMPIYQQI SVQFADLHDRAGRMEAKGYIREALVWKDARRFFFWRIRRRLVEEYLT
TKINSILPSCTRLECLARIKSWKPATLDQGSDRGVAEWFDENSDAVSARLS ELKKDASAQSFASQLRKDR
QGTLOGMKQALASLSEAERAELLKGL*

Knockouts:
PEX10 - YALIOCO01023g

(SEQ ID NO.:

Nucleotide =
atgtggggaagttcacatgcattegetggtgaatectgatetgacactacaactacacaccaggtecaaca

tgagcgacaatacgacaatcaaaaagccgatecgacccaaaccgatecggacggaacgectgecttacge
tggggccgcagaaatcateegagecaaccagaaagaccactactttgagteegtgettgaacageatete
gtcacgtttctgcagaaatggaagggagtacgatttatcecaccagtacaaggaggagetggagacggegt
ccaagtttgcatatcteggtttgtgtacgettgtgggetecaagactceteggagaagagtacaccaatet
catgtacactatcagagaccgaacagctectacegggggtggtgagacggtttggetacgtgetttecaac
actctgtttecatacctgtttgtgegetacatgggecaagttgegegecaaactgatgegegagtateece
atctggtggagtacgacgaagatgagectgtgeccageccggaaacatggaaggagegggtcatcaagac
gtttgtgaacaagtttgacaagttcacggegetggaggggtttacegegatecacttggegattttetac
gtctacggctegtactaccagetcagtaageggatetggggeatgegttatgtatttggacacegactgg
acaagaatgagcctcgaateggttacgagatgeteggtetgetgattttegeceggtttgecacgteatt
tgtgcagacgggaagagagtaccteggagegetgetggaaaagagegtggagaaagaggcaggggagaag
gaagatgaaaaggaagcggttgtgccgaaaaagaagtegtcaattecgttecattgaggatacagaagggg
agacggaagacaagatcgatctggaggaccctegacagetcaagttecattectgaggegtecagagegty
cactctgtgtctgtcatacattagtgegecggeatgtacgecatgtggacactttttetgttgggactgt
atttccgaatgggtgagagagaageccgagtgteccttgtgteggcagggtgtgagagagcagaacttgt

tgcctatcagataa

(SEQ ID NO.:

Amino acid =
MWGSSHAFAGESDLTLQLHTRSNMSDNTTIKKPIRPKPIRTERLPYAGAAEIIRANQKDHYFESVLEQHL

VTFLQKWKGVRF IHQYKEELETASKFAYLGLCTLVGSKTLGEEYTNLMY TIRDRTALPGVVRRFGYVLSN

TLFPYLFVRYMGKLRAKLMREYPHLVEYDEDEPVPSPETWKERVIKTFVNKFDKFTALEGFTAIHLAIFY

VYGSYYQLSKRIWGMRYVFGHRLDKNEPRIGYEMLGLLIFARFATSFVQTGREYLGALLEKSVEKEAGEK

EDEKEAVVPKKKSSIPFIEDTEGETEDKIDLEDPRQLKFIPEASRACTLCLSYISAPACTPCGHFFCWDC

ISEWVREKPECPLCRQGVREQNLLPIR*

MFE1 - YALIOE15378

(SEQ ID NO.:

Nucleotide =
atgaccgacaaggactgggatcttgtctacaaggtecacgtttteggtgectacaaggttaceegagetyg

cctggecttacttecgaaagecagaagtacggtegagttatetetacctettecgetgetggtetttacgy
aaacttcggccagaccaactactecgetgecaagetegecctggttggttteggtgagactetegecaag
gagggtgccaagtacaacattacttccaacgtcategetectettgetgetteccgaatgacegagacag
tcatgccegaggatatectcaagetectecaagectgagtacgttgttectetggteggetaccteaceca
cgactetgtecaccgagtettatggtatttacgaggteggtgetggttacatggetaaaatccgatgggag
cgaggcaacggtgetgttttcaagggegacgacactttecaccecegtetgetattetgaagegatgggaty
aggtcacctettttgagagecccacctacectaacggecctgetgacttettcaaatacgetgaggagte

tgttaagcgacccgagaacccccagggacccacegtetecttcaaggaccaggttgtecattgtecactgga
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gccggtgetggecattggecgagettactectcacctecttgetaagettggtgecaaggtegttgttaacy
atttcggtaaccctcagaaggttgtcgatgaaattaaggeccecteggtggtategeegtegetgacaagaa
caacgtcatccacggtgagaaggttgttcagaccgctategacgectteggtgetgtecacgeegttgte
aacaacgctggtattctccgagacaagtctttegeccaacatggatgatgagatgtggecagetgatetttyg
atgtccacctcaacggtacttactccegttaccaaggcegegtggecccacttecttaagcagaagtacgg
cecgtgtcatcaacaccacctcaacttcectggtatctacggtaactteggecaggecaactactetgecgec
aaggctggtatccteggtttetececgagetettgetecgagagggtgagaagtacaacattettgtcaaca
ccattgcccctaacgctggtactgecatgactgettetgtettcactgaggagatgectegagetctteaa
gcccgatttecatcegecacccatcacegtectgettgettecgatcaggetecegtcaceggtgatetgttt
gagactggttctgcettggatcggacagactcgatggcagegagetggtggtaaggecttcaacaccaaga
agggtgtcacccccgaaatggttcgagacagetgggectaagategtegacttegatgatggtaactccac
ccatcccaccactccctccgagtctactactcagattettgagaacatettcaacgtgectgatgaggag
gttgaggagactgctctegttgetggtcceggtggtcceggtatectcaacaaggagggegaaccttteg
actacacttacacttaccgagacctcattctttacaaccttggtcteggtgeccaaggctaatgagetcaa
gtatgtcttecgagggtgatgatgacttccagaccgtgeccacttteggtgttateccttacatgggtgge
ctcatcactaccaactatggcgacttcecgttectaacttcaaccctatgatgettetecacggtgagecagt
accttgaaatccgacagtggectattcectaccaatgctacattggagaacaaggctaaggtcategatgt
cgttgacaagggcaaggctgcecctecttgtcactgectaccaccaccacgaacaaggagactggtgaggag
gttttctacaacgagtcttctctettecateccgaggetetggtggttteggtggtaagtctaceggtactyg
accgtggegctgcecactgctgecaacaagecccctgetegagetectgacttegttaaggagatcaagat
ccaggaggaccaggctgecatttaccgactttectggtgattacaaccctcttcacatcgaccectgetttt
gctgectgttggtaactttgaccgacctattceteccacggtetetgetettttggtgtectecggtaaggete
tttacgatcagtttggtcctttcaagaacgctaaggtecgatttgetggtcacgtettecctggtgagac
cctgaaggttgagggctggaaggagggcaacaaggtcattttecagaccaaggttgttgagegaggtact

accgccatcagcaatgecgecattgagetettecccaaggatgetaagetcetaa

(SEQ ID NO.:

Amino Acid =
MTDKDWDLVYKVHVFGAYKVTRAAWPYFRKQKYGRVISTSSAAGLYGNFGQTNYSAAKLALVGFGETLAK

EGAKYNITSNVIAPLAASRMTETVMPEDILKLLKPEYVVPLVGYLTHDSVTESYGIYEVGAGYMAKIRWE

RGNGAVFKGDDTFTPSAILKRWDEVTSFESPTYPNGPADFFKYAEESVKRPENPQGPTVSFKDQVVIVTG

AGAGIGRAYSHLLAKLGAKVVVNDFGNPQKVVDEIKALGGIAVADKNNV IHGEKVVQTAIDAFGAVHAVV

NNAGILRDKSFANMDDEMWQLIFDVHLNGTYSVTKAAWPHFLKQKYGRVINTTSTSGIYGNFGQANYSAA

KAGILGFSRALAREGEKYNILVNTIAPNAGTAMTASVFTEEMLELFKPDFIAPITVLLASDQAPVTGDLFE

ETGSAWIGQTRWORAGGKAFNTKKGVTPEMVRDSWAKIVDFDDGNSTHPTTPSESTTQILENIFNVPDEE

VEETALVAGPGGPGILNKEGEPFDYTYTYRDLILYNLGLGAKANELKYVFEGDDDFQTVPTFGVIPYMGG

LITTNYGDFVPNFNPMMLLHGEQYLEIRQWPIPTNATLENKAKVIDVVDKGKAALLVTATTTTNKETGEE

VFYNESSLFIRGSGGFGGKSTGTDRGAATAANKPPARAPDFVKEIKIQEDQAAIYRLSGDYNPLHIDPAF

AAVGNFDRPILHGLCSFGVSGKALYDQFGPFKNAKVRFAGHVFPGETLKVEGWKEGNKVIFQTKVVERGT

TAISNAAIELFPKDAKL*

ACOl- YALIODO9361

(SEQ ID NO.:

Nucleotide =
atgetggcettetegagtttecatcaaggetgtgagtategatggtgaagaaagacaccgacaategecac
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gttgtgccacagacacagacgcgtttctacacacacacacacaagagtcgacgtgtggtttagecgaggt
atttcgacagggaggaaaaacgacaacgaaaggaccgacagataccaaagcaacccaatcaccacctcaa
tcaatgatcceccgeccgegggaatgeggaaaaggcettetgegacattacaacaaagecaactetgttgat
ttgttgtttgcgacattggctttgtgceggteccaaaattacctegaccaaccacacggeggcaattgaa
gacaatgcaaattaaatagcacatactaacccagccccgecttgecacgatetetegegactaccactaat
gcctccctcaacttggactccaaggtcecgaatgaacaactgggaggecaacaacttcctcaacttcaaga
agcacaccgagaacgtccagattgtcaaggagcgactcaaccgaccectgacctacgetgagaagattet
ctacggccatctcecgacaagecccatgagcaggagattgtecgaggtecagtectacctecaagetgegacee
gatcgagccgectgecaggatgecaccegeccagatggecattetgecagtteatgtetgecggtateccca
cegtecagacccccaccaccgtecactgtgaccatcttatccaggeccaggttggtggtgagcaggatet
tgctecgagccatcgacatcaacaaggaggtctacaacttecttggcacegectecgecaagtacgacatt
ggtttctggaaggccggatceggtattatccaccagatcattetegagaactacgecttcececeggtgece
ttctecattggttecgactctecatacccccaacgecggtggteteggtatgetegecateggtgteggtgyg
tgccgatgtegtegacgtcatggecggteteccctgggagettaaggeccccaagattateggtgtcaag
ctgaccggtaagctctetggetggacctececcaaggatattatectgaaggtegetggtatecteaceyg
tcaagggtggaaccggtgctategtcgagtactteggtgatggtgtegataacctgtectgcactggtat
gggaaccatctgtaacatgggtgccgagattggtgetaccacctecaccttecccttcaacgagegaatyg
gccgactaccttaacgccactggecgaaaggagattgecgactttgetegactttacaaccacttectet
ctgcecgatgagggttgtgagtacgatcagectcatcgagattgacctgaacacccttgagecttacgtcaa
cggteccttcacteccgatcttgecacceccatetecaagetcaaggatgtecgecgtegagaacggatgyg
cececcttgaggtcaaggteggtettateggetettgecaccaactectecttacgaggatatggagegatecyg
cctecattgccaaggacgccatggeccacggtcttaagtecaagtecatctacacegtcacceceggtte
cgagcagatccgagccaccattgagcgagatggtcagetecagaccttectegactteggtggtategte
cttgctaacgecttgtggecectgecattggtcagtgggaccgacgagacatcaagaagggtgagaagaaca
ccattgtctcttcttacaaccgaaacttcactggecgaaacgattctaacccetgecacccacgetttegt
cacctectecccgatetegtcacegetttegecattgetggtgacctecgattcaacectcetecactgactec
ctgaaggattctgagggtaaggagttcaagctcaaggageccactggaaagggtectgecegaccgaggtt
acgaccccggcatggacacctaccaggcteccccegecgacegatetgecgtecgaggttgatgtttecee
cacttccgaccgactccagatcctcaagececttcaagecttgggacggecaaggacggtattgacatgece
atcctcatcaagtctcttggtaagaccaccactgaccatatctcetcaggeccggtecctggettaagtace
gaggccatctccagaacatctccaacaactacatgattggagccatcaacgctgagaacgaggaggcecaa
caacgtccgaaaccagatcactggcgagtggggaggagttceccgagactgecattgettaccgagacaac
ggtatcecgatgggttgttgtecggaggtgataactteggtgagggttettectegagagcacgetgetettyg
agccccgattecteggtggtttegecatcatcaccaagtettttgecegaattcacgagactaacctgaa
gaagcagggtctcctgececttaacttegtcaacggtgetgactacgacaagatccagecctecgataag
atctccattcttggtcttaaggaccttgeccceggcaagaacgtcaccattgaggttacccccaaggacyg
gtgccaagtggaccaccgaggtttctcacacctacaactctgagcagetegagtggttcaagtacggete

tgccctcaacaagatggetgectecaagaaataa

(SEQ ID NO.:

Amino Acid =
MLASRVSIKAPRLARSLATTTNASLNLDSKVRMNNWEANNFLNFKKHTENVQIVKERLNRPLTYAEKILY
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GHLDKPHEQEIVRGQSYLKLRPDRAACQDATAQMAT LQFMSAGIPTVQTPTTVHCDHLIQAQVGGEQDLA

RAIDINKEVYNFLGTASAKYDIGFWKAGSGITHQIILENYAFPGALLIGSDSHTPNAGGLGMLAIGVGGA
DVVDVMAGLPWELKAPKIIGVKLTGKLSGWTSPKDIILKVAGILTVKGGTGAIVEYFGDGVDNLSCTGMG
TICNMGAEIGATTS TFPFNERMADYLNATGRKEIADFARLYNHFLSADEGCEYDQLIEIDLNTLEPYVNG
PFTPDLATPISKLKDVAVENGWPLEVKVGLIGSCTNSSYEDMERSASIAKDAMAHGLKSKSIYTVTPGSE
QIRATIERDGQLQTFLDFGGIVLANACGPCIGOWDRRD IKKGEKNTIVS SYNRNFTGRNDSNPATHAFVT
SPDLVTAFAIAGDLRFNPLTDSLKDSEGKEFKLKEPTGKGLPDRGYDPGMDTYQAPPADRSAVEVDVSPT
SDRLQILKPFKPWDGKDGIDMPILIKSLGKTTTDHI SQAGPWLKYRGHLONISNNYMIGAINAENEEANN
VRNQITGEWGGVPETAIAYRDNGIRWVVVGGDNFGEGS SREHAALEPRFLGGFAIITKSFARTHETNLKK
QGLLPLNFVNGADYDKIQPSDKISILGLKDLAPGKNVTIEVTPKDGAKWTTEVSHTYNSEQLEWFKYGSA
LNKMAASKK*

YLYOX1 YALIOE20449g

(SEQ ID NO.:

Nucleotide =
atggatctggecgaaaatcaccgacggettegtcaagcacgagacctegtegtegtectettettgeteca

ccaccaacacagggcccaccccagacttgtetecagtgacgecct ccaaggaatgtgagaageggecacyg
agaggacgaccctgaagagtegecacgacacgagegecggegecaacagcaacaacaacgetagegtgtet
ctcatgtecaccccagageccaagtegtegtetecceceggactgtegeatttegecacacctgatgcaaa
agtcggacaccatgtaccgacagaacctcaacteggaccagtacatctacteggacgaggagaaggagaa
ccacaagacttegggcaagecccacaceccccaggtgectecatacgecctecagtgtgecgacacaacaa
ccccaatatgeatttatttecacattecatcacctegtaccegtegaacgagectcagattgacaacgeac
ggctggegegecgaaaacgacgcecgaacgtecteccacggaactegegetgetggagecaggagtttgeceg
caaccagaagccteccaagcacattegegtegacattgecegecgagtegacatgactgaaaaggetgty
caggtgtggttccagaacaageggcagagegtgegaaagagecatgaacaagagcatgaccgatgacacct
ctttegecgactettegttegetgaaactacctttgacgagacagacggtaactecacattectgtecaa
ttccaacgtcagcaccagegtaagcaacaagtcaatcacttettecatcacagacaacaagtegececty
gecacagtcaaccaccgccgactetggtgecaacgecaacgccaacgecaacgecaacgecaacaacaaca
ccgcatccacttectecacaaacgactecgaaattgeateegtegeccccaaaacaaacggcageteatt
ctctgttttegaagatacceccgagactecegegaaaaagaaacccagtgetecgegactgtecatgegt
ggtgggaaggctactgttatctacgecggcaageccaagggtgtecacgetgtectegggaagacgtettyg
gggtcecctgecacacectectetecegecaacaacaatettggectgggaggetegectetggecacate
gtctectatgacccageggacegegtegeaactgaaccaggeatetgeatettetecectateggetgtt
aagtccaagtcttttggaactgecgaggaaagectggetgegacget caagaageggetteegtecatge
actacgacctgecegtgaccaacaagacgtegtetgtgegecatggegtgagetetecegtggtegacge
cggcagecgtgaggecgagtgtatttecaatetectetetettecgaaacggaggacgatggtaa

YLUGA2 YALIOF26191g

(SEQ ID NO.:

Nucleotide =
atgttgcgagecctgaatacegtecagegactttecagecacecgagecatgtecacctettecatttegt

ctctgettaagaaccccaatettetgegaaaccagggetatgtcaatggtecagtgggtetectecaagac

cggagacactttcagegttgagaacccagecactggegagactetgggecaggtgecegagttetetgte

gecgaggecgatgaggcetgtecagecacgecacagactgecttecaagaccttcaaacataccactggacgag

agcgatccaagatgctgegaaagtggtacgatctgatgecaggagaatgetggtgatcectggecaceetggt

gactctggagaacggtaagtccctegetgacgecaagggegagattggetacggageatetttettegag
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tggttctccgaggaagctcectegaatctacggagacatcattecateegecaacceegecaaccgaatet
acacaatcaagcagcccatcggagtctgeggaatcatcaccecectggaacttcececcteggecatgatcac
ccgaaaggctgetgetgetgttgetgetggetgtaccatggtgatcaagectggttecgaaacctectac
tctgeccttgetetggettacctggetgaacaggeceggecatecctaagggtgttgtcaacgtggteacta
ctaagaagaacactcgagcttttggtaacgccctgtgegagaaccegaccgtcaaaaaggtttettteac
gggctccactggtgteggaaagacccttatgggegeateggectecactettaagaagetgtectttgag
ctcggtggcaacgetceectteattgtgtttgaggacgecgatattgaccgggetgtcgacggagetattyg
cgtccaagttccgaggcactggecagacctgtgtetgtgecaaaccgaatttatgtgcacgagagecatege
cgagaagtttgctgagcgaatggcagcegtggtcaaggacttcaaggttggaaacggtctegacectaac
accacccatggccctcttateccacgagggagecaagggcaagatccaggagcaggttgacgatgetgtea
agaagggaggaaaggtactcattggaggctccgacgeccctgagateggaaaggectttttecagectac
cgtcatttcecggggccaagtetgatatgetgattgecteegaggagacgtttggteccattgetgecate
ttccectttaagaccgacgectgaggtcattgagettgecaacaaggcagaggteggtetggeeggetact
tctactccaaggacgtgtaccgaatccaacaggttgecgaggetctegaggteggaatggteggtgttaa
caccggtctgatgacggagtgtgetetgecctttggeggtatcaaggagtetggetttggecgagaggge
tccaagtacggcctggatgactacatggtgctcaagactattgttgtgtctggegtegagecccacatte
agccttaa

YLRME1 YALIOE172159g

(SEQ ID NO.:

Nucleotide =
Atgtattcattcgacttcaactttgacacggcatatccgccacagactgaatattecaaacaagacgact

gtctgggatacatgceccatcacgectecttacctggactggagetegetgacattecegeeggttgaata
cgcacccategtegataacgtgeteccggaagaacecteggageccteggacgtgtettettettecgga
gaagaaagcccctactttttegacgaatactgecaccattecctetetggtegaccagetcaaagaaaace
ccaacatttgggccatggcaaacaccegtcaagaaaggagectacgtgtgtagecactgcactaageaggyg
cacccccgtcaagtteaaaaccatggtegactttgecacccacctegactegeattetcatgaccgaage
tgcaaatgcgccgacacaaaatgteectggtecattgtgggettetetactegateggaaatgegaagac
acacaaactcggtccatcgacaaacaccecttcacatgcaaaatcetgtgacegegggtttgtacgagaaga
ctctectcaaacggcatgtcaaactactecacatttetecectcaaaaccagacgaaagagtacetga

YLOSH6 YALIOA02354g

(SEQ ID NO.:

Nucleotide =
atgcaccaccacctcaaccccaaggegetettttetggtgagtatggeggacagaaatggacggaggaac

gtggcagagccgattgaccagecacgcaggecgaccaagecccattgagtgagecattggacgtecttgg
ccegaatagacgeteteteccaggtttgecggaaaaacgagetgttatatecgaacgagetgtttgtgee
caaaaaagcccctactaacccccaggecgaaaggagageacctetecccagacacaagecgegteegget
ceggagecgtgtetecaggecgacctetggattegteccaccaacgtegaagatgtggatgagettgacgyg
agacggccagaacatcatcatgggaattategegecagetgegaceceggegetgatetgtetegaatcaca
ctteccacctteattetegagegaaagtecatgetegagegaatcacaaactecctgeageaceccacat
atgtcattgaggcccacgecaccaaggaccecatgeageggttcateccaagtggtaaagtggtaccacte
cggetggeacatcacccccaaggecgtcaaaaagecectgaaccecatteteggegagttetteacatge
tactgggactacgacgacggttecccacggatactacatctecgagcagaccteccaccacccteccaagt

catcctacttttacatgatccctgagecacaacatecgagtegacggtacactggeteccaagtecegttt

79)

80)
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cctgggtaactcagetgettetetcatggagggegecaccattetcaagttectggacattgtagatgec

aagggcgcteccgaggagtacgaaatcacttegeccaatgectacgeccgaggtattetetttgaacgge
tcaagtacgagtactgegaccactegatecatcaagtgtecegetetggacctgactetggacctggactt
caaggccaagggctteattteeggtacatacaatgecttegagggecagatcaagaagatcetecacegge
gaggccttttacgatgtttatggaaagtgggatgaaatcategagetcaagaacctcaagaceggegaga
agtcggtgctgtttgacgtgactaaggecgecctgeacecteccaaggtgegacecategetgageagge
cgccaccgagteccgacgactgtgggagecegtcacegacgetcttgectaagegagaccacacegttget
accgacgaaaagttcaagattgaggacaaacagegaacgcetggecaaggagegagaagagcacggegtea
agttcctgeccaaactgtteaagecegeccecgetecectggactteattetgtataaggatetgeacgyg
cactcccgaagagatcaccaaggagattetcageatagtecccattetgececggecaacagttcaccaag
gactttgaaatgtccggegagaagaaatacaagetggagaagageggecaggecagecagegagactecage
ccaccgecacgaccactgeggetgecceccaageaggegetgtecccacaaccectgetaacggecagac
tcecectggecaagacttetgatettecaggaggetetteccacecgaagaggacgagttecacgacgeccag
tag

YLIRC20 YALIOCO071509g

(SEQ ID NO.:

Nucleotide =
atgacaagtgatgcgataaacgecatggaaaacgacagtacgacggtggtagaggtggaaacgacatttyg

tgaacgataacgtggtecegtggettectegatgttgecacgtgatacgetgecagacgtccaaggactect

tccactggtecaagtgecagetggtggeggatatetcaagagagatgetggagggegaagaagtgetggaa

atcaccgatccagagtcacatggegtcaaaaataccgaagcaggtgacgaaacgaactcacgtgacceca

tegtegettetgegectgetacectggttectaacgagagecacattagagattcatgtcacgeccaagta

caccaccaaggacaagaaacgaggccgcaaaaagaccaagaaggacgaagattggttggtaacatgettyg

ggtgttgttcaactaggaaacgtggaaaccagtgaccacgtgettacegetttgaaacaggetetttegg

tagccaaatttaaccegegaaatcegagtcagtgtettttcagtgaatectcacgtcactgttaccaaaaa

caatggtgtttacagcatttecatcacttttggagtetttgegaagecttttgatggecacgtcaacect

gagatccatatggcaggtcacctcaacattgtgaatgtcatecgacagttectgggegtaactaagataa

aacagctacataagaacgactatgtgactectgaatacttcectacgagtgectggaactcaaggatgatac

cgaggttgagatcaacagagatcttecagecggaagggatgagatcaaaacttttggattaccagettgaa

actgtggggtgggttetggatagagaaaagggagaategegtgagaagacgatagagggaattecttecac

catggaaacggttcagggctecatggtatcaactggttggttgattttgtgggtcetcaacattggtectga

gaaggaggtgatggagattttgacacgagatacgaaaccaacaactgaggaccccgagattcaagcagta

tcacgtgacgcagattttaaggectggatatggacttattgetgatgaaatgggtettggaaagacagtty

agctactagectgtagtectgaataaccccagacctgaatttecaccgcaaacacactacgatcetgtacte

tgacagagacgtgttacctaccaagacgactctecattttatgtectgecagtatcagtcaacagtggatt

getgaggttactaaacatgcteccagtetetetgtetttetgtacactggtegageagetttggatgete

aaagagagaaggaaggtactcccgataccgatattgaggttggaattgactcagatactgattcagaagyg

cectettgttteaaaacatgecacaatttetetetecagttegacattgtagtcacatectatgaagttgea

tctegegaggttgecaacgetetttacaacectetgagaggtegtgtaactegecaccaagacgaagcetaa

agtcgaaagatacccgagatgtegatetegtgecaagaceggetttecctecaateteccactgagteaget

tcagttctggegtgtgattetggacgaggttecagatggtgggaaacacggtctccaacgecagetgttgta

getegtattatteccegagtgcatgecatggggagtecagtggtactectataaagaagggeatgectgact

81)
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tacttggcatgtgtgtgtttttgagatgtgaacceggegagttttatggaagaagtgattgtgagtatac

taaaggaacagtcagagtggcatgtgacaaaaaaacaaaaaaccatatggctcaatgaagggctacgact
aacacagatgcgtataactactcttggcaaaacggatacctcagcacaactatgacagcatcetggagtaa
gtcatcaaaaacactgggagatgctcatgettgacaagecteggtttegagacgttattegtcaaatgte
tattcgacatactaagcgacaggtcagagatcaactagtattgectectcaggaaagacaccatgtgaga
ctcagattcaatctagtcegaggaagaaaactaccgacacctgegtgaaggtgttgagagtgecgtcagty
aggcagtggctagttetetecatgagagaagagagggaagetacacgtgaggcagetgtggtggataggta
tggcegttetgecttcaagtgteacteccectgtgagecaacagacctagaggeactttcaacateggagge
tctaatccctatgetagtatcatggegaatatcaacaacacagtcattgaacctgaaattgagattgate
ccagtatcacttctagtggagagggtgacggecaacatgtctacactacctggtegggtgetgtagacac
gtatggtggtgagtctageggtacagcetgetagtagcacegatgetgacggegatgataacgetcaatet
cccacatctgatacagetagecaacactgacatcaatgttagtgetatteccgatatagaggtateccega
ctgccaccectacagectecaccagateccaaaatggaacttetgetectecageatetteegetectge
ggatttaacaacagcaaccctetettectggetgttacggttacgacaaacctgetgecatectegagte
ggttctggtaacaagaaggctceteggaaacggtattettcaaactgtecagtcacgtgetggacgecatgt
gegaccaggegetcacccagetgetgaacgacgagegaagtetgtttgt cgaagagetggagaaggeacyg
agttcacgagttcaacaaacaaccagacattggactcacagtgcttcagtcacgtgtttetgaagtegag
gttcgaactggtgagatccgagatatggetgttgetgeggetacgeggtatgetatgaagaagaaggagg
taatttccgagtggaagegtattggtgaggttgataacaagegcaagttggaggagagtgatgacggtge
tgctaatgttaagaaagtcaaggtcgaaaaagaggagaaggaggaagaagtggcaaaggaggaggtttee
gaagattttaaaatggagggaactgagaacaactccatttttggagetecaactgettttetgggetetyg
attcggagtctgagagecactggtaagatgtccaaaccattacaaaagtacctgaacaactccgaggaact
tcagacggagaaggagcgaaaacaggcttttetgecaceggtacaggagetggatggatcettatgeategyg
tactattttttcattgctacttttecatttecaagttggagaagegtgagtatgacaaagatttgtaatga
cgtggtggttetactggggtecatgagaggtcatgagacatactaacacagtaaaaaagtggetgaggaga
agaaagaaaaagaggatgggaaggacgatgaagagaaggaagatgaagagaaggaagagattgaggtcaa
gaaagaggaggatgaagggaccaagagtgacgagtgagtatagagatatcatgagtggcagaataacttyg
tgccattegetectettatgtatatgtgtactaacacagtetggaaacgcactattacacgetggeagaa
caaatccgaacccagctacttcaacgecctattgagagagtagaccaagacgtgggtegacttgaacggyg
ccaaggagctggagatggttecagatecctgttgataccttgactegagatectagtacaggettetecttt
ccttgaggcacgtgtttegggtetactegagatcatcaaccaacagtecgaatatettgaagaatggatyg
accagagttcgagagetgttggttgeacgtgacgagaaggacgtgaaagaaacagataagaagaagaata
aaggagatgtcgagaaagttgaaggcgaaaacactgatecttatgettetggattagacaaccaacaata
tgcgteggactaccttgatgetatategtacctgetgecaactcagagatgaagetcetcaatgecaagact
acggccteagcagecgacaagatcecaagttaacttgtggtaccacaatgactacgaagaagagcettaceg
atcttcaggtggccctcaaggaagetetggacgettgteatgtgagteccactettggtgecctcaaace
tatcgttgctgetetgaagacggactetggagetgtttecattgtcaatttacaacccgaaatggectece
aagttgctgtccaagetcaatecgategttaagacagttacctegacaaccaaggettgecagagacctgt
tgtcagtcegttagaagetgtttcaactegaaggttgtetattacaagcagetgcagcaactgtetgacaa
tgtgagcagtctggaggaactcategagectggttatgtcacactggaacgectgaacgecaaaataaac

catctegtacctttaatcaagegtacaaagggecgaatcacatacttacagagtctcaaaggtgatgatyg

158
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acacaactggagtttccaacatgactggaattcataaaatgtgtgtcatctgtcaggatgattatattat
cgtgggatccatcactgtctgtggecattacttttgcagaaactgectggaagagtggtggcagacacat
aatacgtgtccaatgtgcaagactgtattgtccegegacgatgtgttetcectttcacccaacaggacaagyg
aagacaagtcacgtgcaggttctttegetgeteggatcaatcaagatgacgecattggagcaatgtatge
gccagtgtcggaggacactcaacagttgatgagcaaacagagcatcaagagtgegtatggcacaaagatt
gaccacgttatcaagtatatcaagatgctcactcatcgggetcectggecactcagattgtcatettttete
agtgggcagagattctcacattgttagcttcagecctcactgagaacaagattgcatacgeggagecgaa
aacactgatgtctttcttgcaatcggaagaagtcacgtgtttectettgaacgcaaagttceccagtecact
ggcctgactecttgtaaatgccactcacgtcattcetatgegageccattectecaacgetgetettgaggete
aggccatcagtcgaatccaccgaatgggcecagactcagactacccacgtgactatcttecactatggecga
tactgttgaagaagaggttctgegtcettgctattaacaageggttgaaaagtatggacggtgatgagacyg
tttgaggagaatgaatctcgacatgtgacatcaggagtgggtgegetegecaccgataaatceggagagyg

tggtcaaccgtcaggatatgtgggacgetttgttteccagtgacgggtaa

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included

within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence in their entirety for all purposes.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 81

<210> SEQ ID NO 1

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 1

ttggegegee atgecgeage aagcaatgg

<210> SEQ ID NO 2

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 2

ccttaattaa ttaaccatge agcegctcaa ac

<210> SEQ ID NO 3

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 3

ttggegegee atgtcetgeca acgagaacat

<210> SEQ ID NO 4

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

29

32

30
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<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 4

ttggcgegee tctgecaacg agaacatcte

<210> SEQ ID NO 5

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 5

ccttaattaa ctatgatcga gtettggect tg

<210> SEQ ID NO 6

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 6

ttggcgegee atgtcagega aatccattca cg

<210> SEQ ID NO 7

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 7

ttggcgegee tcagcgaaat ccattcacga g

<210> SEQ ID NO 8

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 8

ccttaattaa ttaaactceg agaggagtgg aa

<210> SEQ ID NO 9

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 9

ccaccgegga taacttegta taatgtatge tatacgaagt tatgagtett tattggtgat

dggaaga

<210> SEQ ID NO 10

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 10

cggttegaaa taacttegta tagcatacat tatacgaagt tatcagtege cagcttaaag

30

32

32

31

32
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67
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atatcta

<210> SEQ ID NO 11

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 11

ggaacggtag atctcgageg tcccaaaacce ttete

<210> SEQ ID NO 12

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 12

gtggacggge cggegtttgg cgcccgtttt tteg

<210> SEQ ID NO 13

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 13

cattcaaagg cgcgccatga ctatcgacte acaatactac a

<210> SEQ ID NO 14

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 14

geggatccett aattaattac tcaatcattc ggaactctgg

<210> SEQ ID NO 15

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 15

cattcaaagg cgcgccatgg aagtccgacyg acgaaa

<210> SEQ ID NO 16

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 16
geggatccett aattaactac tggttetget tgtagttgt
<210> SEQ ID NO 17

<211> LENGTH: 32
<212> TYPE: DNA

67

35

34

41

40

36

39
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 17

gactggcgeg catgagettce ccccaacaag ta

<210> SEQ ID NO 18

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 18

gtccttaatt aattatctgt tgacaggaaa gtatcge

<210> SEQ ID NO 19

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 19

gactggcgeg catgtctatce aagcgagaag agt

<210> SEQ ID NO 20

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 20

gtccttaatt aactagatca gcaataaagt cgtget

<210> SEQ ID NO 21

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 21

gactggcgeg ccatgttacg actacgaacc atge

<210> SEQ ID NO 22

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 22

gtccttaatt aactagtcegt aatcccgcac atg

<210> SEQ ID NO 23

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 23

actgggcgeg ccatggctaa agacaaggaa atcgactttg ac

32

37

33

36

34

33

42
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<210> SEQ ID NO 24

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 24

actgttaatt aatcagtaaa tgtaagccag aacatcgt

<210> SEQ ID NO 25

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 25

actgttaatt aatcatgcag cctgggectg g

<210> SEQ ID NO 26

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 26

actgggegeg ccatgtttta caccaagecce gacceg

<210> SEQ ID NO 27

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 27

actgttaatt aattagagag tcccccacat gtcacce

<210> SEQ ID NO 28

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 28

actgggcgeg ccatgegeca aaagetgecg ttcaac

<210> SEQ ID NO 29

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 29

actgttaatt aattatggct tcccttetge cacatc

<210> SEQ ID NO 30

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

38

31

36

37

36

36
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<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 30

actgggcgeg ccatgactat cgactcacaa tactac 36

<210> SEQ ID NO 31

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 31

actgttaatt aattactcaa tcattcggaa ctctgg 36

<210> SEQ ID NO 32

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 32

agagggctag agagagggag aa 22
<210> SEQ ID NO 33

<211> LENGTH: 2609

<212> TYPE: DNA

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 33

atgccgcage aagcaatgga tatcaaggge aaggccaagt ctgtgeccat geccgaagaa 60
gacgacctgg actcgcattt tgtgggtcce atctetecce gacctcacgyg agcagacgag 120
attgctgget acgtgggetyg cgaagacgac gaagacgage ttgaagaact gggaatgetg 180
ggccgatetyg cgtccaccca cttetettac geggaagaac gecacctcat cgaggttgat 240
gccaagtaca gagctcttca tggeccatctyg cctcatcage actctcagag tcecegtgtec 300
agatcttegt catttgtgeg ggccgaaatg aaccacccece ctcecccace ctcecagecac 360
acccaccaac agccagagga cgatgacgca tcttecacte gatctegate gtegtcetega 420
gettetggac gcaagttcaa cagaaacaga accaagtctg gatctteget gagcaagggt 480
ctccagcage tcaacatgac cggatcgete gaagaagage cctacgagag cgatgacgat 540
geccgactat ctgcggaaga cgacattgte tatgatgcta cccagaaaga cacctgcaag 600
cccatatete ctactctcaa acgcaccege accaaggacg acatgaagaa catgtccate 660
aacgacgtca aaatcaccac caccacagaa gatcctettg tggeccagga getgtccatg 720
atgttcgaaa aggtgcagta ctgccgagac ctecgagaca agtaccaaac cgtgtcegeta 780
cagaaggacg gagacaaccce caaggatgac aagacacact ggaaaattta ccccgagect 840
ccaccaccct cctggcacga gaccgaaaag cgattccgag getegtccaa aaaggagcac 900
caaaagaaag acccgacaat ggatgaattce aaattcgagg actgcgaaat ccccggaccce 960

aacgacatgg tcttcaagceg agatcctacce tgtgtctatc aggtctatga ggatgaaagc 1020

tctctcaacg aaaataagcec gtttgttgce atcccctcaa tccgagatta ctacatggat 1080

ctggaggatc tcattgtggc ttcecgtctgac ggacctgcca agtcttttge ttteccgacga 1140

ctgcaatatc tagaagccaa gtggaacctc tactacctge tcaacgagta cacggagaca 1200

accgagtcca agaccaaccce ccatcgagac ttttacaacg tacgaaaggt cgacacccac 1260
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gttcaccact ctgcctgcat gaaccagaag catctgctgce gattcatcaa atacaagatg 1320
aagaactgcce ctgatgaagt tgtcatccac cgagacggtc gggagctgac actctcecccag 1380
gtgtttgagt cacttaactt gactgcctac gacctgtcta tcgataccct tgatatgcat 1440
gctcacaagg actcgttcca tcgatttgac aagttcaacc tcaagtacaa ccctgteggt 1500
gagtctcgac tgcgagaaat cttcecctaaag accgacaact acatccaggg tcgataccta 1560
gctgagatca caaaggaggt gttccaggat ctcgagaact cgaagtacca gatggcggag 1620
taccgtattt ccatctacgg tcecggtccaag gacgagtggg acaagctggce tgcctgggtg 1680
ctggacaaca aactgttttc gcccaatgtt cggtggttga tccaggtgcce tcgactgtac 1740
gacatttaca agaaggctgg tctggttaac acctttgceg acattgtgca gaacgtcettt 1800
gagcctcttt tcgaggtcac caaggatccce agtacccatce ccaagctgca cgtgttectg 1860
cagcgagttg tgggctttga ctectgtcgat gacgagtcega agctggaccg acgtttcecac 1920
cgaaagttcc caactgcagce atactgggac agcgcacaga accctcecccta ctcecgtactgg 1980
cagtactatc tatacgccaa catggcctce atcaacacct ggagacagceg tttgggctat 2040
aatacttttg agttgcgacc ccatgctgga gaggctggtg acccagagca tcecttcetgtgce 2100
acttatctgg ttgctcaggg tatcaaccac ggtattctgt tgcgaaaggt gcccttcatt 2160
cagtaccttt actacctgga ccagatccce attgccatgt ctcecctgtgte caacaatgceg 2220
ctgttcctca cgttcgacaa gaacccectte tactcatact tcaagegggg tcetcaacgtg 2280
tcettgtecat cggatgatcce tetgcagttt gcttacacta aggaggctct gattgaggag 2340
tactctgtgg ctgcgctcat ttacaagctt tccaacgtgg atatgtgtga gettgctcega 2400
aactcggtac tgcaatctgg ctttgagcga atcatcaagg agcattggat cggcgaaaac 2460
tacgagatce atggccccga gggcaacacce atccagaaga caaacgtgece caatgtgegt 2520
ctggccttee gagacgagac tttgacccac gagcttgcetce tggtggacaa gtacaccaat 2580
cttgaggagt ttgagcggct gcatggtta 2609

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 34
H: 869
PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 34

Met Pro Gln
1

Met Pro Glu

Pro Arg Pro
35

Asp Asp Glu
50

Ser Thr His
65

Ala Lys Tyr

Ser Pro Val

Pro Pro Pro
115

Gln Ala Met Asp Ile

Glu Asp Asp Leu Asp

20

His Gly Ala Asp Glu

40

Asp Glu Leu Glu Glu

55

Phe Ser Tyr Ala Glu

70

Arg Ala Leu His Gly

85

Ser Arg Ser Ser Ser

100

Pro Pro Ser Ser His

120

Lys
Ser
25

Ile

Leu

Glu

His

Phe

105

Thr

Gly

10

His

Ala

Gly

Arg

Leu
90

Val

His

Lys

Phe

Gly

Met

His

75

Pro

Arg

Gln

Ala Lys Ser

Val Gly Pro
30

Tyr Val Gly
45

Leu Gly Arg
60

Leu Ile Glu

His Gln His

Ala Glu Met
110

Gln Pro Glu
125

Val Pro
15

Ile Ser

Cys Glu

Ser Ala
Val Asp
80

Ser Gln
95

Asn His

Asp Asp
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174

Asp

Lys

145

Leu

Ser

Ala

Thr

Ile

225

Met

Thr

Glu

Pro

305

Asn

Glu

Ser

Ser

Glu

385

Thr

Leu

Ile

Leu

465

Ala

Asn

Asn

Gln

Ile

Ala

130

Phe

Gln

Asp

Thr

Arg

210

Thr

Phe

Val

Trp

Lys

290

Thr

Asp

Asp

Ile

Asp

370

Ala

Glu

Asp

Arg

His

450

Asn

His

Pro

Tyr

Asp

530

Tyr

Ser

Asn

Gln

Asp

Gln

195

Thr

Thr

Glu

Ser

Lys

275

Arg

Met

Met

Glu

Arg

355

Gly

Lys

Ser

Thr

Phe

435

Arg

Leu

Lys

Val

Ile
515

Leu

Gly

Ser

Arg

Leu

Asp

180

Lys

Lys

Thr

Lys

Leu

260

Ile

Phe

Asp

Val

Ser

340

Asp

Pro

Trp

Lys

His

420

Ile

Asp

Thr

Asp

Gly

500

Gln

Glu

Arg

Thr

Asn

Asn

165

Ala

Asp

Asp

Thr

Val

245

Gln

Tyr

Arg

Glu

Phe

325

Ser

Tyr

Ala

Asn

Thr

405

Val

Lys

Gly

Ala

Ser

485

Glu

Gly

Asn

Ser

Arg

Arg

150

Met

Arg

Thr

Asp

Glu

230

Gln

Lys

Pro

Gly

Phe

310

Lys

Leu

Tyr

Lys

Leu

390

Asn

His

Tyr

Arg

Tyr

470

Phe

Ser

Arg

Ser

Lys

Ser

135

Thr

Thr

Leu

Cys

Met

215

Asp

Tyr

Asp

Glu

Ser

295

Lys

Arg

Asn

Met

Ser

375

Tyr

Pro

His

Lys

Glu

455

Asp

His

Arg

Tyr

Lys

535

Asp

Arg

Lys

Gly

Ser

Lys

200

Lys

Pro

Cys

Gly

Pro

280

Ser

Phe

Asp

Glu

Asp

360

Phe

Tyr

His

Ser

Met

440

Leu

Leu

Arg

Leu

Leu
520

Tyr

Glu

Ser

Ser

Ser

Ala

185

Pro

Asn

Leu

Arg

Asp

265

Pro

Lys

Glu

Pro

Asn

345

Leu

Ala

Leu

Arg

Ala

425

Lys

Thr

Ser

Phe

Arg

505

Ala

Gln

Trp

Ser

Gly

Leu

170

Glu

Ile

Met

Val

Asp

250

Asn

Pro

Lys

Asp

Thr

330

Lys

Glu

Phe

Leu

Asp

410

Cys

Asn

Leu

Ile

Asp

490

Glu

Glu

Met

Asp

Ser

Ser

155

Glu

Asp

Ser

Ser

Ala

235

Leu

Pro

Pro

Glu

Cys

315

Cys

Pro

Asp

Arg

Asn

395

Phe

Met

Cys

Ser

Asp

475

Lys

Ile

Ile

Ala

Lys

Arg

140

Ser

Glu

Asp

Pro

Ile

220

Gln

Arg

Lys

Ser

His

300

Glu

Val

Phe

Leu

Arg

380

Glu

Tyr

Asn

Pro

Gln

460

Thr

Phe

Phe

Thr

Glu
540

Leu

Ala

Leu

Glu

Ile

Thr

205

Asn

Glu

Asp

Asp

Trp

285

Gln

Ile

Tyr

Val

Ile

365

Leu

Tyr

Asn

Gln

Asp

445

Val

Leu

Asn

Leu

Lys
525

Tyr

Ala

Ser

Ser

Pro

Val

190

Leu

Asp

Leu

Lys

Asp

270

His

Lys

Pro

Gln

Ala

350

Val

Gln

Thr

Val

Lys

430

Glu

Phe

Asp

Leu

Lys

510

Glu

Arg

Ala

Gly

Lys

Tyr

175

Tyr

Lys

Val

Ser

Tyr

255

Lys

Glu

Lys

Gly

Val

335

Ile

Ala

Tyr

Glu

Arg

415

His

Val

Glu

Met

Lys

495

Thr

Val

Ile

Trp

Arg

Gly

160

Glu

Asp

Arg

Lys

Met

240

Gln

Thr

Thr

Asp

Pro

320

Tyr

Pro

Ser

Leu

Thr

400

Lys

Leu

Val

Ser

His

480

Tyr

Asp

Phe

Ser

Val
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176

545

Leu Asp Asn

Pro Arg Leu

Ala Asp Ile

595

Asp Pro Ser
610

Gly Phe Asp
625

Arg Lys Phe

Tyr Ser Tyr

Thr Trp Arg

675

Ala Gly Glu
690

Ala Gln Gly
705

Gln Tyr Leu

Ser Asn Asn

Tyr Phe Lys

755

Gln Phe Ala
770

Ala Leu Ile
785

Asn Ser Val

Ile Gly Glu

Lys Thr Asn

835

Thr His Glu
850

Glu Arg Leu
865

<210> SEQ I
<211> LENGT.
<212> TYPE:

550

Lys Leu Phe Ser Pro

565

Tyr Asp Ile Tyr Lys

580

Val Gln Asn Val Phe

600

Thr His Pro Lys Leu

615

Ser Val Asp Asp Glu
630

Pro Thr Ala Ala Tyr

645

Trp Gln Tyr Tyr Leu

660

Gln Arg Leu Gly Tyr

680

Ala Gly Asp Pro Glu

695

Ile Asn His Gly Ile
710

Tyr Tyr Leu Asp Gln

725

Ala Leu Phe Leu Thr

740

Arg Gly Leu Asn Val

760

Tyr Thr Lys Glu Ala

775

Tyr Lys Leu Ser Asn
790

Leu Gln Ser Gly Phe

805

Asn Tyr Glu Ile His

820

Val Pro Asn Val Arg

840

Leu Ala Leu Val Asp

His Gly

D NO 35
H: 1218
DNA

855

555

Asn Val Arg
570

Lys Ala Gly
585

Glu Pro Leu

His Val Phe

Ser Lys Leu

635

Trp Asp Ser
650

Tyr Ala Asn
665

Asn Thr Phe

His Leu Leu

Leu Leu Arg

715

Ile Pro Ile
730

Phe Asp Lys
745

Ser Leu Ser

Leu Ile Glu

Val Asp Met

795

Glu Arg Ile
810

Gly Pro Glu
825

Leu Ala Phe

Lys Tyr Thr

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 35

atggaacccg

gacttectgty

gecteeggea

dagggcegage

cteggtgetyg

aaactaagaa

gececgaggt

ccgagtttgt

ccatcaccga

tcggaggcgc

gaccaagact

gattgccgag

gtttgaggac

cgctactete

tgccaacacc

gactccaaga

gecegtcaagyg

cgactcattg

gacatctgee

gtatggacca

Trp Leu Ile

Leu Val Asn
590

Phe Glu Val
605

Leu Gln Arg
620

Asp Arg Arg

Ala Gln Asn

Met Ala Ser
670

Glu Leu Arg
685

Cys Thr Tyr
700

Lys Val Pro

Ala Met Ser

Asn Pro Phe
750

Ser Asp Asp
765

Glu Tyr Ser
780

Cys Glu Leu

Ile Lys Glu

Gly Asn Thr
830

Arg Asp Glu
845

Asn Leu Glu
860

agattgttct
tgctcaagte
gaggagctge
gaaaggctga

ctcecgacgyg

560

Gln Val
575

Thr Phe

Thr Lys

Val Val

Phe His
640

Pro Pro
655

Ile Asn

Pro His

Leu Val

Phe Ile
720

Pro Val
735

Tyr Ser

Pro Leu

Val Ala

Ala Arg
800

His Trp
815

Ile Gln

Thr Leu

Glu Phe

tcteggegge
tgttgctgag
cattgagaag
ctctattatg

acgaaccgac

60

120

180

240

300
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178

gtgcgaccceyg
cgaccetgec
ggcaccgact
gaggatgacg
cgaattgeee
tctettgaca
gtcctcaagyg
atgatcctca
ggcgatatca
gectetetygyg
ggatctgece
gccatgatge
gtcaaggagt
tcegaggteg
tttctacgac

gggtcegeta

<210> SEQ I
<211> LENGT.
<212> TYPE:

agcagggtct
agctgetgte
tcatcattgt
gatctggegt
gaatggccge
aggccaacgt
acgaattcce
tcaagcagec
tctecgacga
cttetetgee
ccgatetegy
tcaagttcte
cegtegagge
gagacttgtt
gecattgatgg
gtgtataa

D NO 36

H: 400
PRT

cctcaagetyg

gcccaagete

ccgagagete

cgcttecgac

cttectggec

getggectee

ccagctegag

ctccaagatg

ggcctecgte

cgacaccaac

caagcagaag

tcttaacatg

tggtatcact

gccaacaagg

aaggagcaaa

cgaaaggacc tgaacctgta

gecgatcetet cccccatceg

gtcggaggta tctactttgg

accgagacct actcegttee

cttcagcaca accccectet

tctegacttt ggcgaaagac

ctcaaccacce agctgatcga

aatggtatca tcatcaccac

atccceggtt ctetgggtet

gaggcegtteg gtetgtacga

gtcaacceca ttgccaccat

aagccegeeyg gtgacgetgt

accgccgata tcggaggete

tcaaggagct gctcaagaag

ctgacgegec tgegggttgg

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 36

Met Glu Pro
1

Leu Leu Gly

Lys Val Leu
35

Glu Asp Arg
50

Ile Thr Asp
65

Leu Gly Ala

Gly Arg Thr

Asp Leu Asn
115

Lys Leu Ala
130

Ile Ile Val
145

Glu Asp Asp

Pro Glu Val

His Asn Pro
195

Glu Thr Lys Lys Thr

Gly Asp Phe Cys Gly

20

Lys Ser Val Ala Glu

40

Leu Ile Gly Gly Ala

55

Ala Thr Leu Asp Ile

70

Val Gly Gly Ala Ala

85

Asp Val Arg Pro Glu

100

Leu Tyr Ala Asn Leu

120

Asp Leu Ser Pro Ile

135

Arg Glu Leu Val Gly
150

Gly Ser Gly Val Ala

165

Glu Arg Ile Ala Arg

180

Pro Leu Pro Val Trp

200

Lys

Pro

25

Ala

Ala

Cys

Asn

Gln

105

Arg

Arg

Gly

Ser

Met
185

Ser

Thr

10

Glu

Ser

Ile

Arg

Thr

90

Gly

Pro

Asn

Ile

Asp
170

Ala

Leu

Asp Ser Lys Lys
Val Ile Ala Glu
30

Gly Thr Glu Phe
45

Glu Lys Glu Gly
60

Lys Ala Asp Ser
75

Val Trp Thr Thr

Leu Leu Lys Leu
110

Cys Gln Leu Leu
125

Val Glu Gly Thr
140

Tyr Phe Gly Glu
155

Thr Glu Thr Tyr

Ala Phe Leu Ala
190

Asp Lys Ala Asn
205

cgccaaccty
aaacgttgag
agagcgaaag
tgaggttgag
tccegtgtyy
tgtcactcga
cteggecgece
caacatgttt
getgeectee
gecctgteac
tctgtetgee
tgaggctgee
ttcctecace
gagtaagtcg

tctaccggea

Ile Val
15

Ala Val

Val Phe

Glu Pro

Ile Met
80

Pro Asp
95

Arg Lys

Ser Pro

Asp Phe

Arg Lys
160

Ser Val
175

Leu Gln

Val Leu

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1218



US 9,896,691 B2
179 180

-continued

Ala Ser Ser Arg Leu Trp Arg Lys Thr Val Thr Arg Val Leu Lys Asp
210 215 220

Glu Phe Pro Gln Leu Glu Leu Asn His Gln Leu Ile Asp Ser Ala Ala
225 230 235 240

Met Ile Leu Ile Lys Gln Pro Ser Lys Met Asn Gly Ile Ile Ile Thr
245 250 255

Thr Asn Met Phe Gly Asp Ile Ile Ser Asp Glu Ala Ser Val Ile Pro
260 265 270

Gly Ser Leu Gly Leu Leu Pro Ser Ala Ser Leu Ala Ser Leu Pro Asp
275 280 285

Thr Asn Glu Ala Phe Gly Leu Tyr Glu Pro Cys His Gly Ser Ala Pro
290 295 300

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

Ala Met Met Leu Lys Phe Ser Leu Asn Met Lys Pro Ala Gly Asp Ala
325 330 335

Val Glu Ala Ala Val Lys Glu Ser Val Glu Ala Gly Ile Thr Thr Ala
340 345 350

Asp Ile Gly Gly Ser Ser Ser Thr Ser Glu Val Gly Asp Leu Leu Pro
355 360 365

Thr Arg Ser Arg Ser Cys Ser Arg Arg Ser Lys Ser Phe Leu Arg Arg
370 375 380

Ile Asp Gly Arg Ser Lys Leu Thr Arg Leu Arg Val Gly Leu Pro Ala
385 390 395 400

<210> SEQ ID NO 37

<211> LENGTH: 861

<212> TYPE: DNA

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 37

atgcectect acgaagetcg agctaacgte cacaagtceeg ccetttgceege tcegagtgcete 60
aagctegtgg cagccaagaa aaccaacctg tgtgettcete tggatgttac caccaccaag 120
gagctcattyg agcttgccga taaggtcgga ccttatgtgt gecatgatcaa gacccatatce 180
gacatcattyg acgacttcac ctacgccgge actgtgetce cectcaagga acttgctett 240
aagcacggtt tcttectgtt cgaggacaga aagttcgcag atattggcaa cactgtcaag 300
caccagtaca agaacggtgt ctaccgaatc gecgagtggt ccgatatcac caacgcccac 360
ggtgtacceyg gaaccggaat cattgetgge ctgcgagetyg gtgccgagga aactgtctet 420
gaacagaaga aggaggacgt ctctgactac gagaactccce agtacaagga gttcctggte 480
ccctetecca acgagaagct ggccagaggt ctgctcatge tggecgaget gtcttgcaag 540
ggctetetgyg ccactggcga gtactccaag cagaccattg agettgeccg atccgacccece 600
gagtttgtgyg ttggcttcat tgcccagaac cgacctaagg gcgactctga ggactggett 660
attctgacce ccggggtyggg tcecttgacgac aagggagacyg ctceteggaca gcagtaccga 720
actgttgagg atgtcatgtc taccggaacg gatatcataa ttgtcggecyg aggtctgtac 780
ggccagaacce gagatcctat tgaggaggcce aagcgatacce agaaggcetgg ctgggagget 840
taccagaaga ttaactgtta g 861

<210> SEQ ID NO 38
<211> LENGTH: 286
<212> TYPE: PRT
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182

<213> ORGANISM:

<400> SEQUENCE:

Met
1
Ala

Ser

Asp

65

Lys

Asn

Trp

Ala

Glu

145

Pro

Leu

Ile

Gln

Gly

225

Thr

Arg

Tyr

Pro

Arg

Leu

Gly

Phe

His

Thr

Ser

Gly

130

Asp

Ser

Ser

Glu

Asn

210

Val

Val

Gly

Gln

Ser

Val

Asp

35

Pro

Thr

Gly

Val

Asp

115

Leu

Val

Pro

Cys

Leu

195

Arg

Gly

Glu

Leu

Lys
275

Tyr

Leu

20

Val

Tyr

Tyr

Phe

Lys

100

Ile

Arg

Ser

Asn

Lys

180

Ala

Pro

Leu

Asp

Tyr

260

Ala

Yarrowia lipolytica

38

Glu

Lys

Thr

Val

Ala

Phe

85

His

Thr

Ala

Asp

Glu

165

Gly

Arg

Lys

Asp

Val

245

Gly

Gly

<210> SEQ ID NO 39

<211> LENGTH:

1953

Ala

Leu

Thr

Cys

Gly

70

Leu

Gln

Asn

Gly

Tyr

150

Lys

Ser

Ser

Gly

Asp

230

Met

Gln

Trp

Arg

Val

Thr

Met

55

Thr

Phe

Tyr

Ala

Ala

135

Glu

Leu

Leu

Asp

Asp

215

Lys

Ser

Asn

Glu

Ala

Ala

Lys

40

Ile

Val

Glu

Lys

His

120

Glu

Asn

Ala

Ala

Pro

200

Ser

Gly

Thr

Arg

Ala
280

<212> TYPE:

DNA

Asn

Ala

25

Glu

Lys

Leu

Asp

Asn

105

Gly

Glu

Ser

Arg

Thr

185

Glu

Glu

Asp

Gly

Asp

265

Tyr

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 39

atgtctgeca

tacgagctct

cagggtatge

atctatccct

ctcectgtet

gtcaactttyg

cagttccgaa

acgagaacat

tccataacca

tggacttcga

tcggeggeca

accagcaggt

cctecteteg

ccatcgecat

ctceccgatte

cacacgatct

cttecatetgt

gttegtcace

cgagaaggec

atcecgtctac

tattgccgag

Val

10

Lys

Leu

Thr

Pro

Arg

90

Gly

Val

Thr

Gln

Gly

170

Gly

Phe

Asp

Ala

Thr

250

Pro

Gln

His

Lys

Ile

His

Leu

75

Lys

Val

Pro

Val

Tyr

155

Leu

Glu

Val

Trp

Leu

235

Asp

Ile

Lys

gacgccecty

ttegtctatyg

aagcgagaga

aagatgtact

getgecaage

tcctctacca

ggtgtcccey

Lys

Thr

Glu

Ile

Lys

Phe

Tyr

Gly

Ser

140

Lys

Leu

Tyr

Val

Leu

220

Gly

Ile

Glu

Ile

Ser

Asn

Leu

45

Asp

Glu

Ala

Arg

Thr

125

Glu

Glu

Met

Ser

Gly

205

Ile

Gln

Ile

Glu

Asn
285

Ala

Leu

30

Ala

Ile

Leu

Asp

Ile

110

Gly

Gln

Phe

Leu

Lys

190

Phe

Leu

Gln

Ile

Ala

270

Cys

Phe

15

Cys

Asp

Ile

Ala

Ile

95

Ala

Ile

Lys

Leu

Ala

175

Gln

Ile

Thr

Tyr

Val

255

Lys

Ala

Ala

Lys

Asp

Leu

80

Gly

Glu

Ile

Lys

Val

160

Glu

Thr

Ala

Pro

Arg

240

Gly

Arg

tgggcaagga

gtctcecagece

accecteegt

ggggcaccaa

accccgaggt

tggagctget

agcgacgage

gcacceegece

tcgagectge

ggCngtgtC

ggagactett

cgatgtegtyg

cgagtaccce

ccgagagatce

60

120

180

240

300

360

420
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-continued
ctccacaagg cccagaagaa gggtgtgacce atcattggte cegectacegt cggaggtate 480
aagccecggtt gcttcaaggt tggaaacacc ggaggtatga tggacaacat tgtcgectce 540
aagctctace gacceggete cgttgectac gtetccaagt ceggaggaat gtccaacgag 600
ctgaacaaca ttatctctca caccaccgac ggtgtctacyg agggtattge tattggtggt 660
gaccgatacce ctggtactac cttcattgac catatcctge gatacgaggce cgaccccaag 720
tgtaagatca tcgtectect tggtgaggtt ggtggtgttyg aggagtaccyg agtcatcgag 780
gctgttaaga acggccagat caagaagccce atcgtegett gggccattgg tacttgtgec 840
tccatgtteca agactgaggt tcagttegge cacgecgget ccatggcecaa ctcecgacctg 900
gagactgcca aggctaagaa cgccgecatg aagtctgetg gettctacgt ceccgatacce 960
ttcgaggaca tgcccgaggt ccttgccgag ctctacgaga agatggtcge caagggcgag 1020
ctgtctcegaa tctctgagec tgaggtccce aagatcccca ttgactacte ttgggcccag 1080
gagcttggte ttatccgaaa gcccgctget ttcatctcca ctattteccga tgaccgaggce 1140
caggagcttc tgtacgctgg catgcccatt tccgaggttt tcaaggagga cattggtatce 1200
ggcggtgtceca tgtctectgcect gtggttecga cgacgactcec ccgactacgce ctceccaagttt 1260
cttgagatgg ttctcatgcect tactgctgac cacggtccecg ccgtatccgg tgccatgaac 1320
accattatca ccacccgagce tggtaaggat ctcatttett cecctggttge tggtctectg 1380
accattggta cccgattegg aggtgctctt gacggtgcetg ccaccgagtt caccactgece 1440
tacgacaagg gtctgtccee ccgacagttce gttgatacca tgcgaaagca gaacaagctg 1500
attcctggta ttggccatcg agtcaagtct cgaaacaacc ccgatttcecg agtcgagett 1560
gtcaaggact ttgttaagaa gaacttcccc tccacccage tgctcgacta cgececttget 1620
gtcgaggagg tcaccacctce caagaaggac aacctgattc tgaacgttga cggtgctatt 1680
gctgtttett ttgtcgatct catgcgatct tgcggtgcect ttactgtgga ggagactgag 1740
gactacctca agaacggtgt tctcaacggt ctgttecgtte tceggtcgatce cattggtcetce 1800
attgcccacce atctcgatca gaagcgactc aagaccggtce tgtaccgaca tcecttgggac 1860
gatatcacct acctggttgg ccaggaggct atccagaaga agcgagtcga gatcagcegec 1920
ggcgacgttt ccaaggccaa gactcgatca tag 1953

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 40
H: 650
PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 40

Met Ser Ala
1

Glu His Pro
Tyr Gly Leu

35
Ile Cys Lys
Gly Gly Gln
65

Leu Pro Val

Asn Glu Asn Ile Ser

Ala Tyr Glu Leu Phe

20

Gln Pro Arg Ala Cys

40

Arg Glu Asn Pro Ser

55

Phe Val Thr Lys Met

70

Tyr Gln Gln Val Glu

85

Arg Phe Asp
10

His Asn His
25

Gln Gly Met

Val Ala Gly

Tyr Trp Gly
75

Lys Ala Ala
90

Ala Pro Val

Thr Arg Ser
30

Leu Asp Phe
45
Val Ile Tyr

Thr Lys Glu

Ala Lys His

Gly Lys
15

Phe Val

Asp Phe

Pro Phe

Thr Leu

80

Pro Glu
95
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Thr

Ala

Gln

145

Lys

Ile

Lys

Thr

Gly

225

Cys

Arg

Ala

Phe

Ala

305

Phe

Ala

Pro

Ala

Tyr

385

Gly

Ala

Pro

Lys

Arg

465

Tyr

Gln

Asn

Asp

Met

Glu

130

Lys

Pro

Val

Ser

Asp

210

Thr

Lys

Val

Trp

Gly

290

Lys

Glu

Lys

Ile

Ala

370

Ala

Gly

Ser

Ala

Asp

450

Phe

Asp

Asn

Pro

Val

Glu

115

Gly

Lys

Gly

Ala

Gly

195

Gly

Thr

Ile

Ile

Ala

275

His

Asn

Asp

Gly

Asp

355

Phe

Gly

Val

Lys

Val

435

Leu

Gly

Lys

Lys

Asp

Val

100

Leu

Val

Gly

Cys

Ser

180

Gly

Val

Phe

Ile

Glu

260

Ile

Ala

Ala

Met

Glu

340

Tyr

Ile

Met

Met

Phe

420

Ser

Ile

Gly

Gly

Leu
500

Phe

Val

Leu

Pro

Val

Phe

165

Lys

Met

Tyr

Ile

Val

245

Ala

Gly

Gly

Ala

Pro

325

Leu

Ser

Ser

Pro

Ser

405

Leu

Gly

Ser

Ala

Leu
485

Ile

Arg

Asn

Glu

Glu

Thr

150

Lys

Leu

Ser

Glu

Asp

230

Leu

Val

Thr

Ser

Met

310

Glu

Ser

Trp

Thr

Ile

390

Leu

Glu

Ala

Ser

Leu

470

Ser

Pro

Val

Phe

Tyr

Arg

135

Ile

Val

Tyr

Asn

Gly

215

His

Leu

Lys

Cys

Met

295

Lys

Val

Arg

Ala

Ile

375

Ser

Leu

Met

Met

Leu

455

Asp

Pro

Gly

Glu

Ala

Pro

120

Arg

Ile

Gly

Arg

Glu

200

Ile

Ile

Gly

Asn

Ala

280

Ala

Ser

Leu

Ile

Gln

360

Ser

Glu

Trp

Val

Asn

440

Val

Gly

Arg

Ile

Leu

Ser

105

Gln

Ala

Gly

Asn

Pro

185

Leu

Ala

Leu

Glu

Gly

265

Ser

Asn

Ala

Ala

Ser

345

Glu

Asp

Val

Phe

Leu

425

Thr

Ala

Ala

Gln

Gly
505

Val

Ser

Phe

Arg

Pro

Thr

170

Gly

Asn

Ile

Arg

Val

250

Gln

Met

Ser

Gly

Glu

330

Glu

Leu

Asp

Phe

Arg

410

Met

Ile

Gly

Ala

Phe
490

His

Lys

Arg

Arg

Glu

Ala

155

Gly

Ser

Asn

Gly

Tyr

235

Gly

Ile

Phe

Asp

Phe

315

Leu

Pro

Gly

Arg

Lys

395

Arg

Leu

Ile

Leu

Thr
475
Val

Arg

Asp

Ser

Thr

Ile

140

Thr

Gly

Val

Ile

Gly

220

Glu

Gly

Lys

Lys

Leu

300

Tyr

Tyr

Glu

Leu

Gly

380

Glu

Arg

Thr

Thr

Leu

460

Glu

Asp

Val

Phe

Val

Ile

125

Leu

Val

Met

Ala

Ile

205

Asp

Ala

Val

Lys

Thr

285

Glu

Val

Glu

Val

Ile

365

Gln

Asp

Leu

Ala

Thr

445

Thr

Phe

Thr

Lys

Val

Tyr

110

Ala

His

Gly

Met

Tyr

190

Ser

Arg

Asp

Glu

Pro

270

Glu

Thr

Pro

Lys

Pro

350

Arg

Glu

Ile

Pro

Asp

430

Arg

Ile

Thr

Met

Ser
510

Lys

Ser

Ile

Lys

Gly

Asp

175

Val

His

Tyr

Pro

Glu

255

Ile

Val

Ala

Asp

Met

335

Lys

Lys

Leu

Gly

Asp

415

His

Ala

Gly

Thr

Arg
495

Arg

Lys

Ser

Ile

Ala

Ile

160

Asn

Ser

Thr

Pro

Lys

240

Tyr

Val

Gln

Lys

Thr

320

Val

Ile

Pro

Leu

Ile

400

Tyr

Gly

Gly

Thr

Ala
480
Lys

Asn

Asn
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515 520 525

Phe Pro Ser Thr Gln Leu Leu Asp Tyr Ala Leu Ala Val Glu Glu Val
530 535 540

Thr Thr Ser Lys Lys Asp Asn Leu Ile Leu Asn Val Asp Gly Ala Ile
545 550 555 560

Ala Val Ser Phe Val Asp Leu Met Arg Ser Cys Gly Ala Phe Thr Val
565 570 575

Glu Glu Thr Glu Asp Tyr Leu Lys Asn Gly Val Leu Asn Gly Leu Phe
580 585 590

Val Leu Gly Arg Ser Ile Gly Leu Ile Ala His His Leu Asp Gln Lys
595 600 605

Arg Leu Lys Thr Gly Leu Tyr Arg His Pro Trp Asp Asp Ile Thr Tyr
610 615 620

Leu Val Gly Gln Glu Ala Ile Gln Lys Lys Arg Val Glu Ile Ser Ala
625 630 635 640

Gly Asp Val Ser Lys Ala Lys Thr Arg Ser
645 650

<210> SEQ ID NO 41

<211> LENGTH: 1494

<212> TYPE: DNA

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 41

atgtcagcga aatccattca cgaggecgac ggcaaggeece tgctcegcaca ctttetgtece 60
aaggcgecceg tgtgggecga geagcagece atcaacacgt ttgaaatggg cacacccaag 120
ctggegtete tgacgttega ggacggegtyg geccecgage agatcttege cgecgetgaa 180
aagacctacce cctggetget ggagtecgge gecaagtttg tggecaagee cgaccagcete 240
atcaagcgac gaggcaaggce cggectgetg gtactcaaca agtegtggga ggagtgcaag 300
cectggateg cecgageggge cgccaagece atcaacgtgg agggcattga cggagtgetg 360
cgaacgttce tggtegagece ctttgtgece cacgaccaga agcacgagta ctacatcaac 420
atccactceg tgcgagaggg cgactggate ctettctace acgagggagg agtcgacgte 480
ggcgacgtgg acgccaaggce cgccaagatce ctcatccceg ttgacattga gaacgagtac 540
cecctecaacyg ccacgetcac caaggagetyg ctggecacacg tgcccgagga ccagcaccag 600
accctgeteg acttcatcaa ceggetctac geegtctacg tegatctgea gtttacgtat 660
ctggagatca acccectggt cgtgatcece accgeccagg gegtcgaggt ccactacctg 720
gatcttgeeg gcaagctcga ccagaccgca gagtttgagt geggecccaa gtgggetget 780
gegeggtece cegecgetet gggecaggte gtcaccattg acgecggete caccaaggtg 840
tccategacyg ccggecccge catggtette ccegetectt teggtegaga getgtccaag 900
gaggaggcegt acattgcgga getcgattcee aagaccggag cttcetcetgaa getgactgtt 960

ctcaatgcca agggccgaat ctggaccctt gtggctggtg gaggagcctce cgtegtcetac 1020

gccgacgeca ttgegtectge cggetttget gacgagcteg ccaactacgg cgagtactcet 1080

ggcgctecca acgagaccca gacctacgag tacgccaaaa ccgtactgga tctcatgacce 1140

cggggcgacg ctcacccega gggcaaggta ctgttcattg gecggaggaat cgccaactte 1200

acccaggttg gatccacctt caagggcatc atccgggect tccgggacta ccagtcecttcet 1260

ctgcacaacc acaaggtgaa gatttacgtg cgacgaggeg gtcccaactyg gcaggagggt 1320

ctgcggttga tcaagtcggce tggcgacgag ctgaatctge ccatggagat ttacggcccce 1380
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gacatgcacg tgtcgggtat tgttcctttyg getetgettyg gaaageggece caagaatgte

aagccttttyg gcaccggace ttctactgag gettecacte cteteggagt ttaa

<210> SEQ ID NO 42

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Yarrowia lipolytica

PRT

<400> SEQUENCE:

Met
1
His
Thr
Gly
Trp
65

Ile

Glu

Arg
145
Gly

Glu

Leu

Pro

225

Asp

Lys

Ile

Ile
305

Leu

Ser

Ser

Phe

Phe

Val

50

Leu

Lys

Glu

Glu

Pro

130

Glu

Asp

Asn

Val

Tyr

210

Leu

Leu

Trp

Asp

Phe

290

Ala

Asn

Val

Ala

Leu

Glu

35

Ala

Leu

Arg

Cys

Gly

115

His

Gly

Val

Glu

Pro

195

Ala

Val

Ala

Ala

Ala

275

Pro

Glu

Ala

Val

Lys

Ser

20

Met

Pro

Glu

Arg

Lys

100

Ile

Asp

Asp

Asp

Tyr

180

Glu

Val

Val

Gly

Ala

260

Gly

Ala

Leu

Lys

Tyr
340

497

42

Ser

Lys

Gly

Glu

Ser

Gly

85

Pro

Asp

Gln

Trp

Ala

165

Pro

Asp

Tyr

Ile

Lys

245

Ala

Ser

Pro

Asp

Gly

325

Ala

Ile

Ala

Thr

Gln

Gly

70

Lys

Trp

Gly

Lys

Ile

150

Lys

Ser

Gln

Val

Pro

230

Leu

Arg

Thr

Phe

Ser
310

Arg

Asp

His

Pro

Pro

Ile

55

Ala

Ala

Ile

Val

His

135

Leu

Ala

Asn

His

Asp

215

Thr

Asp

Ser

Lys

Gly

295

Lys

Ile

Ala

Glu

Val

Lys

40

Phe

Lys

Gly

Ala

Leu

120

Glu

Phe

Ala

Ala

Gln

200

Leu

Ala

Gln

Pro

Val

280

Arg

Thr

Trp

Ile

Ala

Trp

25

Leu

Ala

Phe

Leu

Glu

105

Arg

Tyr

Tyr

Lys

Thr

185

Thr

Gln

Gln

Thr

Ala

265

Ser

Glu

Gly

Thr

Ala
345

Asp

Ala

Ala

Ala

Val

Leu

90

Arg

Thr

Tyr

His

Ile

170

Leu

Leu

Phe

Gly

Ala

250

Ala

Ile

Leu

Ala

Leu

330

Ser

Gly

Glu

Ser

Ala

Ala

75

Val

Ala

Phe

Ile

Glu

155

Leu

Thr

Leu

Thr

Val

235

Glu

Leu

Asp

Ser

Ser
315

Val

Ala

Lys

Gln

Leu

Glu

60

Lys

Leu

Ala

Leu

Asn

140

Gly

Ile

Lys

Asp

Tyr

220

Glu

Phe

Gly

Ala

Lys
300
Leu

Ala

Gly

Ala

Gln

Thr

45

Lys

Pro

Asn

Lys

Val

125

Ile

Gly

Pro

Glu

Phe

205

Leu

Val

Glu

Gln

Gly

285

Glu

Lys

Gly

Phe

Leu

Pro

30

Phe

Thr

Asp

Lys

Pro

110

Glu

His

Val

Val

Leu

190

Ile

Glu

His

Cys

Val

270

Pro

Glu

Leu

Gly

Ala
350

Leu

15

Ile

Glu

Tyr

Gln

Ser

95

Ile

Pro

Ser

Asp

Asp

175

Leu

Asn

Ile

Tyr

Gly

255

Val

Ala

Ala

Thr

Gly

335

Asp

Ala

Asn

Asp

Pro

Leu

80

Trp

Asn

Phe

Val

Val

160

Ile

Ala

Arg

Asn

Leu

240

Pro

Thr

Met

Tyr

Val

320

Ala

Glu
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Leu Ala Asn
355

Tyr Glu Tyr
370

His Pro Glu
385

Thr Gln Val

Tyr Gln Ser

Gly Gly Pro

435

Asp Glu Leu
450

Ser Gly Ile
465

Lys Pro Phe

<210> SEQ I
<211> LENGT.
<212> TYPE:

Tyr Gly Glu Tyr Ser

360

Ala Lys Thr Val Leu

375

Gly Lys Val Leu Phe
390

Gly Ser Thr Phe Lys

405

Ser Leu His Asn His

420

Asn Trp Gln Glu Gly

440

Asn Leu Pro Met Glu

455

Val Pro Leu Ala Leu
470

Gly Thr Gly Pro Ser

485
D NO 43
H: 1890

DNA

Gly Ala Pro

Asp Leu Met

Ile Gly Gly

395

Gly Ile Ile
410

Lys Val Lys
425

Leu Arg Leu

Ile Tyr Gly

Leu Gly Lys
475

Thr Glu Ala
490

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 43

atgttacgac

accgetgegy

gtcaagggca

ggccccatet

ggctcgggat

gccgaageca

actcccttag

tacgcectge

ggagaagcca

atcaccagtc

gactacattg

ggtattggta

tcacgagtca

ccectgtate

gacaactttyg

tttgggcteg

aacgacgaca

gtgctgggca

atgggtattg

gegegacaaa

tacgaaccat

cccgaaacat

cgcgggaaat

acgtgggett

tccceectecaa

ccctggagga

ccaaaaacgg

tgctcaagca

ttgaacagta

cctacgacgt

tcgtgactga

ttteccatege

ttectgtggt

tcggecgacy

tgcagtctge

ctaacgcaca

tccagggeac

aaaatatcac

ctgaacaggt

acatctttct

gegacccaca

gtcetectee

cggccaccga

cgacggeatt

c¢gagcgacgg

acaggtcgac

gttetgcace

cgttaaggag

ctegeggety

ggaggagegt

ctcegagggt

caagctgget

tctggatacyg

aatgcccega

ccgaaggetyg

caagatccte

tggagcegte

agatactcga

ctatgataac

catggaccga

cagaccageg

agccecteca

aaggcgcceca

cgtettetea

gaattcggac

cgagcatacc

tcgetcaagt

gtctteccca

ttceggegge

ctgggagcgt

attctecggaa

ctcatgacte

ggaaccaaca

gtgcgaggaa

tatcccaagyg

gacaagtatc

actctggect

attctegtgt

ctggttgece

ccgggtetac

Asn Glu Thr
365

Thr Arg Gly
380

Gly Ile Ala

Arg Ala Phe

Ile Tyr Val
430

Ile Lys Ser
445

Pro Asp Met
460

Arg Pro Lys

Ser Thr Pro

Synthetic polynucleotide

tcagggcggc

gettegaata

caaccegtet

acctgecgea

tcagtggtcet

aacaattcaa

tccaaaacga

tcatctatac

ccgaaggetyg

ttggagacca

ttggagacca

tatgtgctygyg

accaggagcet

agcagtacga

cggtgatcca

gaccggagat

ccatcacgge

acggagctgg

agggtctega

tgaccaccge

Gln Thr

Asp Ala

Asn Phe
400

Arg Asp
415

Arg Arg

Ala Gly

His Val

Asn Val

480

Leu Gly
495

gettgggece
ctcgtectac
gteggttgag
tctcaacaag
tctgeectet
aaagtgtgge
ggtgctctac
accgactcag
cttectegac
tgacgacatt
aggagtggge
agtcaaccce
getgcacgac
cgacttcatce
tttcgaggac
ccectgette
cgctetcaag
ttceggeccgge
cgacaagact

acttaccgac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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-continued
gagcagatga gcgacgtgca gaagcecgttt gccaaggaca aggccaatta cgagggagtyg 1260
gacaccaaga ctctggagca cgtggttgct geccgtcaage cccatattct cattggatgt 1320
tccactcage cecggegectt taacgagaag gttgtcaagg agatgcttaa acacacccct 1380
cgacccatca ttcteccctet tteccaaccce acacgtcette atgaggctgt cectgcagat 1440
ctgtacaagt ggaccgacgg caaggctctg gttgccaccg gectcgeccctt tgacccagtce 1500
aacggcaagg agacgtctga gaacaataac tgctttgttt tccccggaat cgggctggga 1560
gccattcectgt ctecgatcaaa gctcatcacc aacaccatga ttgctgctgce catcgagtge 1620
ctegecgaac aggceccccat tctcaagaac cacgacgagg gagtacttece cgacgtaget 1680
ctcatccaga tcatttcgge ccgggtggce actgeccgtgg ttcecttcagge caaggctgag 1740
ggectageca ctgtcgagga agagctcaag cccggcacca aggaacatgt gcagattecce 1800
gacaactttg acgagtgtct cgcctgggtc gagactcaga tgtggcggcece cgtctaccgg 1860
cctctecatece atgtgcggga ttacgactag 1890

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 44
H: 629
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 44

Met Leu Arg
1

Ala Leu Gly

Ser Ser Phe
35

His Arg Lys
50

Val Gly Phe

Gly Ser Gly

Leu Leu Pro

Tyr Gln Gln
115

Cys Thr Ser
130

Leu Lys His
145

Gly Glu Ala

Cys Phe Leu

Ala Phe Gly

195

Glu Gly Ile
210

Ser Ile Ala
225

Leu Arg Thr Met Arg

5

Pro Thr Ala Ala Ala

20

Glu Tyr Ser Ser Tyr

40

Ala Pro Thr Thr Arg

55

Asp Gly Ile Arg Leu

Phe Pro Leu Asn Glu

85

Ser Ala Glu Ala Thr

100

Phe Lys Lys Cys Gly

120

Leu Lys Phe Gln Asn

135

Val Lys Glu Val Phe
150

Ile Glu Gln Tyr Ser

165

Asp Ile Thr Ser Pro

180

Asp His Asp Asp Ile

200

Leu Gly Ile Gly Asp

215

Lys Leu Ala Leu Met
230

Pro

Arg

25

Val

Leu

Leu

Arg

Leu

105

Thr

Glu

Pro

Arg

Tyr

185

Asp

Gln

Thr

Thr

10

Asn

Lys

Ser

Asn

Arg

90

Glu

Pro

Val

Ile

Leu

170

Asp

Tyr

Gly

Leu

Gln

Met

Gly

Val

Leu

75

Glu

Glu

Leu

Leu

Ile

155

Phe

Val

Ile

Val

Cys
235

Synthetic polypeptide

Thr Ser Val
Ser Ser Ser
30

Thr Arg Glu
45

Glu Gly Pro
60

Pro His Leu

Phe Gly Leu

Gln Val Asp
110

Ala Lys Asn
125

Tyr Tyr Ala
140

Tyr Thr Pro

Arg Arg Pro

Glu Glu Arg

190

Val Val Thr
205

Gly Gly Ile
220

Ala Gly Val

Arg Ala

Ser Pro

Ile Gly

Ile Tyr

Asn Lys

80

Ser Gly
95

Arg Ala

Gly Phe

Leu Leu

Thr Gln

160

Glu Gly

175

Leu Gly

Asp Ser

Gly Ile

Asn Pro
240
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-continued

196

Ser

Leu

Gly

Arg

Asn

305

Asn

Ala

Asp

Ile

385

Glu

Tyr

Lys

Glu

Leu

465

Leu

Phe

Ile

Ala

545

Leu

Ala

Thr

Trp

625

Arg

Leu

Lys

Leu

290

Ala

Asp

Ala

Tyr

Asn

370

Phe

Gln

Glu

Pro

Lys

450

Pro

Tyr

Asp

Phe

Thr

530

Pro

Ile

Lys

Lys

Val
610

Arg

Val

His

Gln

275

Tyr

His

Asp

Leu

Gly

355

Leu

Leu

Met

Gly

His

435

Val

Leu

Lys

Pro

Pro

515

Asn

Ile

Gln

Ala

Glu
595

Glu

Asp

Ile

Asp

260

Tyr

Pro

Lys

Ile

Lys

340

Ala

Val

Met

Ser

Val

420

Ile

Val

Ser

Trp

Val

500

Gly

Thr

Leu

Ile

Glu

580

His

Thr

Tyr

Pro

245

Pro

Asp

Lys

Ile

Gln

325

Val

Gly

Ala

Asp

Asp

405

Asp

Leu

Lys

Asn

Thr

485

Asn

Ile

Met

Lys

Ile

565

Gly

Val

Gln

Asp

<210> SEQ ID NO 45

<211> LENGTH:

<212> TYPE: DNA

1545

Val

Leu

Asp

Ala

Leu

310

Gly

Leu

Ser

Gln

Arg

390

Val

Thr

Ile

Glu

Pro

470

Asp

Gly

Gly

Ile

Asn

550

Ser

Leu

Gln

Met

Val

Tyr

Phe

Val

295

Asp

Thr

Gly

Ala

Gly

375

Pro

Gln

Lys

Gly

Met

455

Thr

Gly

Lys

Leu

Ala

535

His

Ala

Ala

Ile

Trp
615

Leu

Leu

Ile

280

Ile

Lys

Gly

Lys

Gly

360

Leu

Gly

Lys

Thr

Cys

440

Leu

Arg

Lys

Glu

Gly

520

Ala

Asp

Arg

Thr

Pro
600

Arg

Asp

Gly

265

Asp

His

Tyr

Ala

Asn

345

Met

Asp

Leu

Pro

Leu

425

Ser

Lys

Leu

Ala

Thr

505

Ala

Ala

Glu

Val

Val

585

Asp

Pro

Thr

250

Arg

Asn

Phe

Arg

Val

330

Ile

Gly

Asp

Leu

Phe

410

Glu

Thr

His

His

Leu

490

Ser

Ile

Ile

Gly

Ala

570

Glu

Asn

Val

Gly

Arg

Phe

Glu

Pro

315

Thr

Thr

Ile

Lys

Thr

395

Ala

His

Gln

Thr

Glu

475

Val

Glu

Leu

Glu

Val

555

Thr

Glu

Phe

Tyr

Thr

Met

Val

Asp

300

Glu

Leu

Asp

Ala

Thr

380

Thr

Lys

Val

Pro

Pro

460

Ala

Ala

Asn

Ser

Cys

540

Leu

Ala

Glu

Asp

Arg
620

Asn

Pro

Gln

285

Phe

Ile

Ala

Thr

Glu

365

Ala

Ala

Asp

Val

Gly

445

Arg

Val

Thr

Asn

Arg

525

Leu

Pro

Val

Leu

Glu
605

Pro

Asn

Arg

270

Ser

Gly

Pro

Ser

Arg

350

Gln

Arg

Leu

Lys

Ala

430

Ala

Pro

Pro

Gly

Asn

510

Ser

Ala

Asp

Val

Lys

590

Cys

Leu

Gln

255

Val

Ala

Leu

Cys

Ile

335

Ile

Val

Gln

Thr

Ala

415

Ala

Phe

Ile

Ala

Ser

495

Cys

Lys

Glu

Val

Leu

575

Pro

Leu

Ile

Glu

Arg

Arg

Ala

Phe

320

Thr

Leu

Tyr

Asn

Asp

400

Asn

Val

Asn

Ile

Asp

480

Pro

Phe

Leu

Gln

Ala

560

Gln

Gly

Ala

His
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-continued

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 45

atgactatcg actcacaata ctacaagtcg cgagacaaaa acgacacggce acccaaaatc 60
gegggaatce gatatgecce getatcgaca ccattactca accgatgtga gaccttetet 120
ctggtetgge acattttcag cattcccact ttectcacaa ttttcatget atgetgegea 180
attccactge tctggecatt tgtgattgeg tatgtagtgt acgetgttaa agacgactcce 240
cegtecaacyg gaggagtggt caagcgatac tcgectattt caagaaactt cttcatctgg 300
aagctetttyg gecgetactt cceccataact ctgcacaaga cggtggatct ggageccacg 360
cacacatact accctetgga cgtccaggag tatcacctga ttgetgagag atactggecg 420
cagaacaagt acctccgage aatcatctee accatcgagt actttetgece cgecttcatg 480
aaacggtete tttctatcaa cgagcaggag cagectgeeg agcgagatce tctectgtet 540
ccegtttete ccagetcetee gggttotcaa cctgacaagt ggattaacca cgacagcaga 600
tatagcegtyg gagaatcatce tggctccaac ggecacgect cgggcetcega acttaacgge 660
aacggcaaca atggcaccac taaccgacga cctttgtegt cegectetge tggcetccact 720
gecatctgatt ccacgcttet taacgggtce ctcaactcct acgccaacca gatcattgge 780
gaaaacgacc cacagctgtce geccacaaaa ctcaagccca ctggcagaaa atacatcttce 840
ggctaccace cccacggcat tatcggcatyg ggagectttg gtggaattge caccgaggga 900
getggatggt ccaagctcett tecgggcate cctgtttete ttatgactet caccaacaac 960

ttccgagtge ctctcectacag agagtaccte atgagtcetgg gagtcgcette tgtctcecaag 1020
aagtcctgca aggccctect caagcgaaac cagtctatct gecattgtcecgt tggtggagca 1080
caggaaagtc ttctggccag acccggtgtce atggacctgg tgctactcaa gcgaaagggt 1140
tttgttcgac ttggtatgga ggtcggaaat gtcgcccttg ttcccatcat ggecctttggt 1200
gagaacgacc tctatgacca ggttagcaac gacaagtcgt ccaagctgta ccgattccag 1260
cagtttgtca agaacttcct tggattcacc cttectttga tgcatgccecg aggcgtette 1320
aactacgatg tcggtcttgt cccctacagg cgacccgtca acattgtggt tggttceccce 1380
attgacttgce cttatctcecc acaccccacce gacgaagaag tgtccgaata ccacgaccga 1440
tacatcgcecg agctgcageg aatctacaac gagcacaagg atgaatattt catcgattgg 1500
accgaggagg gcaaaggagc cccagagttc cgaatgattg agtaa 1545
<210> SEQ ID NO 46

<211> LENGTH: 514

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 46

Met Thr Ile Asp Ser Gln Tyr Tyr Lys Ser Arg Asp Lys Asn Asp Thr
1 5 10 15

Ala Pro Lys Ile Ala Gly Ile Arg Tyr Ala Pro Leu Ser Thr Pro Leu
20 25 30

Leu Asn Arg Cys Glu Thr Phe Ser Leu Val Trp His Ile Phe Ser Ile
35 40 45

Pro Thr Phe Leu Thr Ile Phe Met Leu Cys Cys Ala Ile Pro Leu Leu
50 55 60

Trp Pro Phe Val Ile Ala Tyr Val Val Tyr Ala Val Lys Asp Asp Ser
65 70 75 80
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200

Pro

Phe

Lys

Gln

Leu

145

Lys

Pro

Lys

Ser

Gly

225

Ala

Gln

Pro

Gly

Lys

305

Phe

Ser

Ile

Gly

Gly

385

Glu

Tyr

Leu

Tyr

Tyr

465

Tyr

Phe

Ser

Phe

Thr

Glu

130

Arg

Arg

Leu

Trp

Asn

210

Thr

Ser

Ile

Thr

Met

290

Leu

Arg

Val

Cys

Val

370

Met

Asn

Arg

Met

Arg

450

Leu

Ile

Ile

Asn

Ile

Val

115

Tyr

Ala

Ser

Leu

Ile

195

Gly

Thr

Asp

Ile

Gly

275

Gly

Phe

Val

Ser

Ile

355

Met

Glu

Asp

Phe

His

435

Arg

Pro

Ala

Asp

Gly

Trp

100

Asp

His

Ile

Leu

Ser

180

Asn

His

Asn

Ser

Gly

260

Arg

Ala

Pro

Pro

Lys

340

Val

Asp

Val

Leu

Gln

420

Ala

Pro

His

Glu

Trp

Gly

Lys

Leu

Leu

Ile

Ser

165

Pro

His

Ala

Arg

Thr

245

Glu

Lys

Phe

Gly

Leu

325

Lys

Val

Leu

Gly

Tyr

405

Gln

Arg

Val

Pro

Leu
485

Thr

Val

Leu

Glu

Ile

Ser

150

Ile

Val

Asp

Ser

Arg

230

Leu

Asn

Tyr

Gly

Ile

310

Tyr

Ser

Gly

Val

Asn

390

Asp

Phe

Gly

Asn

Thr
470

Gln

Glu

Val

Phe

Pro

Ala

135

Thr

Asn

Ser

Ser

Gly

215

Pro

Leu

Asp

Ile

Gly

295

Pro

Arg

Cys

Gly

Leu

375

Val

Gln

Val

Val

Ile
455
Asp

Arg

Glu

Lys

Gly

Thr

120

Glu

Ile

Glu

Pro

Arg

200

Ser

Leu

Asn

Pro

Phe

280

Ile

Val

Glu

Lys

Ala

360

Leu

Ala

Val

Lys

Phe

440

Val

Glu

Ile

Gly

Arg

Arg

105

His

Arg

Glu

Gln

Ser

185

Tyr

Glu

Ser

Gly

Gln

265

Gly

Ala

Ser

Tyr

Ala

345

Gln

Lys

Leu

Ser

Asn

425

Asn

Val

Glu

Tyr

Lys

Tyr

90

Tyr

Thr

Tyr

Tyr

Glu

170

Ser

Ser

Leu

Ser

Ser

250

Leu

Tyr

Thr

Leu

Leu

330

Leu

Glu

Arg

Val

Asn

410

Phe

Tyr

Gly

Val

Asn
490

Gly

Ser

Phe

Tyr

Trp

Phe

155

Gln

Pro

Arg

Asn

Ala

235

Leu

Ser

His

Glu

Met

315

Met

Leu

Ser

Lys

Pro

395

Asp

Leu

Asp

Ser

Ser
475

Glu

Ala

Pro

Pro

Tyr

Pro

140

Leu

Pro

Gly

Gly

Gly

220

Ser

Asn

Pro

Pro

Gly

300

Thr

Ser

Lys

Leu

Gly

380

Ile

Lys

Gly

Val

Pro
460
Glu

His

Pro

Ile

Ile

Pro

125

Gln

Pro

Ala

Ser

Glu

205

Asn

Ala

Ser

Thr

His

285

Ala

Leu

Leu

Arg

Leu

365

Phe

Met

Ser

Phe

Gly

445

Ile

Tyr

Lys

Glu

Ser

Thr

110

Leu

Asn

Ala

Glu

Gln

190

Ser

Gly

Gly

Tyr

Lys

270

Gly

Gly

Thr

Gly

Asn

350

Ala

Val

Ala

Ser

Thr

430

Leu

Asp

His

Asp

Phe

Arg

95

Leu

Asp

Lys

Phe

Arg

175

Pro

Ser

Asn

Ser

Ala

255

Leu

Ile

Trp

Asn

Val

335

Gln

Arg

Arg

Phe

Lys

415

Leu

Val

Leu

Asp

Glu
495

Arg

Asn

His

Val

Tyr

Met

160

Asp

Asp

Gly

Asn

Thr

240

Asn

Lys

Ile

Ser

Asn

320

Ala

Ser

Pro

Leu

Gly

400

Leu

Pro

Pro

Pro

Arg
480

Tyr

Met
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202

-continued

500 505 510
Ile Glu
<210> SEQ ID NO 47
<211> LENGTH: 1581
<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica
<400> SEQUENCE: 47
atggaagtcce gacgacgaaa aatcgacgtg ctcaaggccce agaaaaacgyg ctacgaatcg 60
ggcccaccat ctcgacaatce gtcgecagecce tectcaagag catcgtecag aacccgcaac 120
aaacactcct cgtccaccct gtcgctcage ggactgacca tgaaagtcca gaagaaacct 180
gegggaccee cggcgaactce caaaacgcca ttectacaca tcaagcccgt gcacacgtge 240
tgcteccacat caatgctttc gecgcgattat gacggctceca accccagett caagggette 300
aaaaacatcg gcatgatcat tctcattgtg ggaaatctac ggctcgcatt cgaaaactac 360
ctcaaatacg gcatttccaa ccecgttette gaccccaaaa ttactcctte cgagtggcag 420
ctctecagget tgctcatagt cgtggectac geacatatcee tcatggecta cgctattgag 480
agcgetgeca agetgetgtt cctctctage aaacaccact acatggceegt ggggettetg 540
cataccatga acactttgtc gtccatcteg ttgetgtect acgtegtcta ctactacctg 600
cccaacceeg tggcaggcac aatagtcgag tttgtggecyg ttattctgte tctcaaacte 660
gectcatacyg cectcactaa ctceggatcete cgaaaagccg caattcatge ccagaagcetce 720
gacaagacgc aagacgataa cgaaaaggaa tccacctegt cttectette ttcagatgac 780
gcagagactt tggcagacat tgacgtcatt cctgcatact acgcacagcet gecctacccece 840
cagaatgtga cgctgtcgaa cctgctgtac ttetggtttyg cteccacact ggtctaccag 900
ccegtgtace ccaagacgga gegtattcga cecaagcacyg tgatccgaaa cctgtttgag 960
ctcgtetete tgtgcatget tattcagttt ctcatcttece agtacgcecta ccccatcatg 1020
cagtcgtgtce tggctctgtt cttccagcecce aagctcgatt atgccaacat cteccgagegce 1080
ctcatgaagt tggcctcegt gtcectatgatg gtectggetca ttggattcta cgctttette 1140
cagaacggtc tcaatcttat tgccgagctce acctgttttg gaaacagaac cttctaccag 1200
cagtggtgga attcccgcete cattggccag tactggactc tatggaacaa gccagtcaac 1260
cagtacttta gacaccacgt ctacgtgcct cttectcecgete ggggcatgte geggttcaat 1320
gcgteggtgg tggttttcett tttetcececgece gtcatccatg aactgcttgt cggcatcccce 1380
actcacaaca tcatcggagc cgccttectte ggcatgatgt cgcaggtgcce tetgatcatg 1440
gctactgaga accttcagca tattaactcc tctctgggec ccttecttgg caactgtgea 1500
ttectggttca cctttttect gggacaacce acttgtgcat tectttatta tetggcttac 1560
aactacaagc agaaccagta g 1581

<210> SEQ ID NO 48
<211> LENGTH: 526

<212> TYPE:

PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 48

Met Glu Val Arg Arg Arg Lys Ile Asp Val Leu Lys Ala Gln Lys Asn

1

5

10

15

Gly Tyr Glu Ser Gly Pro Pro Ser Arg Gln Ser Ser Gln Pro Ser Ser

20

25

30
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203

-continued

204

Arg

Leu

Ala

65

Cys

Phe

Leu

Phe

Leu

145

Ser

Ser

Leu

225

Asp

Ser

Tyr

Leu

Lys

305

Leu

Tyr

Asp

Met

Asn

385

Gln

Lys

Ala

Ala

Ser

50

Asn

Ser

Lys

Arg

Phe

130

Ile

Ala

Gly

Tyr

Glu

210

Thr

Lys

Ser

Tyr

Tyr

290

Thr

Val

Pro

Tyr

Met

370

Leu

Trp

Pro

Arg

Ser

35

Gly

Ser

Thr

Gly

Leu

115

Asp

Val

Ala

Leu

Val

195

Phe

Asn

Thr

Asp

Ala

275

Phe

Glu

Ser

Ile

Ala

355

Val

Ile

Trp

Val

Gly
435

Ser

Leu

Lys

Ser

Phe

100

Ala

Pro

Val

Lys

Leu

180

Val

Val

Ser

Gln

Asp

260

Gln

Trp

Arg

Leu

Met

340

Asn

Trp

Ala

Asn

Asn
420

Met

Arg

Thr

Thr

Met

85

Lys

Phe

Lys

Ala

Leu

165

His

Tyr

Ala

Asp

Asp

245

Ala

Leu

Phe

Ile

Cys

325

Gln

Ile

Leu

Glu

Ser
405

Gln

Ser

Thr

Met

Pro

70

Leu

Asn

Glu

Ile

Tyr

150

Leu

Thr

Tyr

Val

Leu

230

Asp

Glu

Pro

Ala

Arg

310

Met

Ser

Ser

Ile

Leu

390

Arg

Tyr

Arg

Arg Asn Lys His Ser Ser Ser Thr Leu
40 45

Lys Val Gln Lys Lys Pro Ala Gly Pro
55 60

Phe Leu His Ile Lys Pro Val His Thr
75

Ser Arg Asp Tyr Asp Gly Ser Asn Pro
90 95

Ile Gly Met Ile Ile Leu Ile Val Gly
105 110

Asn Tyr Leu Lys Tyr Gly Ile Ser Asn
120 125

Thr Pro Ser Glu Trp Gln Leu Ser Gly
135 140

Ala His Ile Leu Met Ala Tyr Ala Ile
155

Phe Leu Ser Ser Lys His His Tyr Met
170 175

Met Asn Thr Leu Ser Ser Ile Ser Leu
185 190

Tyr Leu Pro Asn Pro Val Ala Gly Thr
200 205

Ile Leu Ser Leu Lys Leu Ala Ser Tyr
215 220

Arg Lys Ala Ala Ile His Ala Gln Lys
235

Asn Glu Lys Glu Ser Thr Ser Ser Ser
250 255

Thr Leu Ala Asp Ile Asp Val Ile Pro
265 270

Tyr Pro Gln Asn Val Thr Leu Ser Asn
280 285

Pro Thr Leu Val Tyr Gln Pro Val Tyr
295 300

Pro Lys His Val Ile Arg Asn Leu Phe
315

Leu Ile Gln Phe Leu Ile Phe Gln Tyr
330 335

Cys Leu Ala Leu Phe Phe Gln Pro Lys
345 350

Glu Arg Leu Met Lys Leu Ala Ser Val
360 365

Gly Phe Tyr Ala Phe Phe Gln Asn Gly
375 380

Thr Cys Phe Gly Asn Arg Thr Phe Tyr
395

Ser Ile Gly Gln Tyr Trp Thr Leu Trp
410 415

Phe Arg His His Val Tyr Val Pro Leu
425 430

Phe Asn Ala Ser Val Val Val Phe Phe
440 445

Ser

Pro

Cys

80

Ser

Asn

Pro

Leu

Glu

160

Ala

Leu

Ile

Ala

Leu

240

Ser

Ala

Leu

Pro

Glu

320

Ala

Leu

Ser

Leu

Gln

400

Asn

Leu

Phe
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-continued

206

Ser Ala Val
450

Ile Gly Ala
465

Ala Thr Glu

Gly Asn Cys

Ala Phe Leu
515

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ile His Glu Leu Leu

455

Ala Phe Phe Gly Met
470

Asn Leu Gln His Ile

485

Ala Phe Trp Phe Thr

500

Tyr Tyr Leu Ala Tyr

D NO 49
H: 3810
DNA

520

Val

Met

Asn

Phe

505

Asn

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 49

atggctaaag

gagttcccca

tgggacgagg

accagcccat

ctcatggata

caggaggact

atgaccccte

catcaacagt

ggagtcgata

cgaaagtact

ccatecgetat

gtccatteca

tacccteege

ttccagetca

ggcgagcaga

aagcgagect

cgtcaacgac

cggcegagtat

ctgegtetygyg

tgtcttagag

atcactgacg

cctgecacey

tcgacgaget

tegteggagt

gacggctett

gcttccatta

gettegggta

ctgecegtea

acaaggaaat

tcgacgacat

gttttggttt

ttagcgacce

caaacatgaa

actacacacc

aacagcagca

cccagaagge

gcataatcac

cacgacaact

ggagcaattt

tgcceggaaa

ctccacagca

agcagggeca

accccagcaa

gtcgaaagaa

gtctggetgt

acatccccga

cttgctactg

acgagggagyg

accacaaggt

ctggetette

atcgtecteg

tcacctegga

ccatcagega

ccagcattee

gegecactaa

tcaagcgaat

cgactttgac

gctecacaac

cggaacaaat

tgtttttgge

ccacatcaac

gtcecatggge

tcacatgaac

tcaaccacag

aaaggcatac

caacaagtac

getgaccaac

atcacgtgtyg

gtcegttega

cattccagac

gecegtcaat

actctttgac

cttcaactge

gtceggeact

tagacaccac

ccagattgtyg

tgtgggagac

acaacccccece

aaactcgett

ccattctcat

ttggagcggc

cgaaatggtt

tctggetget

catccecteg

Gly

Ser

Ser

490

Phe

Tyr

Ile

Gln

475

Ser

Leu

Lys

tacacgggag

gacggagatg

ggcgeegtgg

ggcgtgggag

ggtagtcaca

actcccatga

cacaaccagc

cagcaacaac

accagggcag

ccegaggacyg

tcggaaacte

gagacccaaa

ctteccgacag

tegtgtetet

ttgtgttcta

gagtcggagg

tccgaggtge

acagttaccg

ggggagaaaa

ggtgtgggee

geggttgeca

acccaggtte

cctetatege

tactccaact

atgatgaacg

ggtggcatgt

cacaacatga

cagggttcca

Pro Thr His
460

Val Pro Leu

Leu Gly Pro

Gly Gln Pro

510

Gln Asn Gln
525

aactggtgat
actttgtcaa
gtgcgcagat
caggcectga
acatgaacag
acccccaaca
ccteteaget
aacagccaca
caggagacct
tggagtattc
cgtaccaata
tcaaatgtge
acaccatttce
ccttggaagt
gatgcatcaa
agctgtegtyg
ttgagttcaa
ccaagcagcet
agggatttcg
agagtggaac
tgccgactac
ctaccecege
ctacttccat
atggttctaa
tgcgaggcat
cgaacatgac

acaaccccgce

ttcgaggegg

Asn Ile
Ile Met
480

Phe Leu
495

Thr Cys

ggacgattte
gaaggaaacg

ggacgtccag

catgatgggt
cgtegtcaag
gcaacagtce
ccaatcttty
tcagtcgaca
accgtacgga
atctttcgac
ccagatacat
attatcaatc
gegteccaag
atacattgtyg
acgagaacag
ggtcgagact
ggatgtggaa
ggttctgece
aatcctcecttt
gaccgtcatg
agccactget
tgcatctteg
ggaagactct
acgacgacga
ggatagacag
tgtggccagt
agacgaaaac

cattgaagta

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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-continued
accctgettg gatctggett caagtccaat ctggtggetg ttttecggtga caacaaggcce 1740
gtgggcacce actgctggte tgattcgacc atcgtgaccce atctgccgec ttcgaccatce 1800
gtgggtceeg ttgtggtgte tttcgaaggt tttgtgcteg acaagcectca gatttttacce 1860
tattttgacg acacagacgg ccagttgatt gagttggcgce tccaggttgt gggtctcaag 1920
atgaacggac ggctggaaga cgcccgaaac attgccatge gaatcgtggyg caacaatgga 1980
ggegttgegy gegcacaagg cgccatggca ggcgggaaca tgtctaacgg agacgttgga 2040
atggaaagtg ctgctgcaga cagttcggtt caacccgtat cgcctcecccac agaccacgaa 2100
gatgtggttc tgcgatgtct ggctctcaca gacattcctyg gaggccgaat tgccaactgg 2160
caactcacca acgccgaggg acagaccatg gttcatctgg ccagtattcet gggttactcg 2220
cgtgttetgg tggctcttgt ggctcgagga gctegtgtgg atgtttccga caatggtgga 2280
ttcacteccte ttcatttege tgctctettt ggeccgtcecgaa agattgccaa gaaactactt 2340
cggtgcaacg ctgaccccta caaacgtaac cgaattggcg aaaccgtgtt tgatgttget 2400
tgtcctcecaca ttctegatet tetggteggt cctcagggca tgcctatgge cgttcagacg 2460
tcgtatactce ccgattacca tcegtcagegt cgatcttcecat cttcettceccac tetggcttece 2520
attgcatcca tccaggattc gegtgagtac ggtttctatg accatggaat gatttccaac 2580
ctgtcgcata ttccecgtccac gtgctcecatt cgatcatcga cttctcagtt tgacgctgaa 2640
gacgagtggyg acgagcgaga tgaggaggat ggagactttg acgacgattc agatgaggac 2700
tcagacgatg actcagacgc gctcttcatg tctgttagaa agcacgccaa ggccaagtct 2760
gtggaatctc ctctctectga ggaggaagag cgacttgtgce gacacattga ggccgaagac 2820
caggctgtgg aggcccgtgt ggctgccgga atcgtcagta gcaatgtacce cgacgtggtg 2880
tctteccaatg actcggatca cgtgagatct gacacttcecca ctgagaacaa gtccttttca 2940
cggtactttg accgtactct cagcatggca tcttgggacg atgttctgge ttacatttac 3000
agacccaagc gagctactgt gcccaacaag cggtcttcetg gagctectee ttcagtcaga 3060
tccacaagat cgcctcttte ggaccatcce atcacgtett cgggagacga gtccgaccga 3120
accatttectg cacatgccece ttececggeggt gcecggtcecgag gecggtctceca ttegtcecatce 3180
tcgcgaatgt ggcgatacct gaagaactcg tctgccgatg aggccacceg gtcectcgatcet 3240
cgagatgcaa acggagccgg tgctccccct gcecctacgaag aaatcttcece tggccatggg 3300
gttgtccacg acaagaaggt tgtgcagatg gccgctgctt ctgctgccga gaactcgtcet 3360
gggcectgttyg gagectcate ttcagcagtt gecgtceccactt ctgecggectge cgetgtggtyg 3420
ccctecccac tagecccecat tgtggaggac gaggagcage tggtagagge ctggagacga 3480
cagcgacgat ccatggctaa cgatcgcatg ttatttgect tectggectgece tgtgetgetce 3540
atggctattg gttatatggt catcaaggcg tttggtctgt tccccgacca ggtctcetgece 3600
gttgagtctg tggctgagac tgtgggtgtc cactgccgtyg gagcagttgce caagctatgg 3660
ttcaagcagt accctgttca ccgaggccag ccactcaagg acacctgtte atttgagecce 3720
aacagtctgg tagagtcagc tcecttcegtcag atgaatgggt ggtccgaccg ggaggttcecce 3780
attcatcaag cccaggccca ggctgcatga 3810

<210> SEQ ID NO 50
<211> LENGTH: 1269

<212> TYPE:

PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 50
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209

-continued

210

Met

Met

Asp

Thr

Ser

Leu

Ser

Met

Met

Gln

145

Gly

Leu

Asp

Thr

Pro

225

Tyr

Ser

Leu

Arg
305

Arg

Lys

Thr

Glu
385

Ile

Ala

Asp

Asp

Asn

50

Asp

Met

Val

Asn

Asn

130

Lys

Val

Pro

Val

Asn

210

Gly

Pro

Arg

Ser

Asn

290

Lys

Gln

Asp

Ala

His
370

Gly

Thr

Lys

Asp

Phe

35

Gly

Pro

Asp

Val

Pro

115

His

Ala

Asp

Tyr

Glu

195

Ser

Lys

Pro

Pro

Leu

275

Leu

Lys

Arg

Val

Lys
355
Gly

Gly

Asp

Asp

Phe

20

Val

Ala

Val

Thr

Lys

100

Gln

Asn

Gln

Ser

Gly

180

Tyr

Glu

Ser

Pro

Lys

260

Glu

Cys

Leu

Arg

Glu

340

Gln

Glu

Gln

Asp

Lys

Glu

Lys

Val

Phe

Asn

85

Gln

Gln

Gln

Pro

Ile

165

Arg

Ser

Thr

Arg

Pro

245

Phe

Val

Ser

Phe

Leu

325

Arg

Leu

Lys

Ile

His
405

Glu

Phe

Lys

Gly

Gly

Met

Glu

Gln

Pro

Gln

150

Ile

Lys

Ser

Pro

Val

230

Gln

Gln

Tyr

Arg

Asp

310

Ala

Arg

Val

Lys

Val
390

Lys

Ile Asp Phe Asp Tyr Thr Gly Glu Leu
Pro Ile Asp Asp Met Leu His Asn Asp
25 30

Glu Thr Trp Asp Glu Gly Phe Gly Phe
40 45

Ala Gln Met Asp Val Gln Thr Ser Pro
55 60

Gly Val Gly Ala Gly Pro Asp Met Met
Asn His Ile Asn Gly Ser His Asn Met
90 95

Asp Tyr Tyr Thr Pro Ser Met Gly Thr
105 110

Gln Ser Met Thr Pro Gln Gln Gln His
120 125

Ser Gln Leu Gln Ser Leu His Gln Gln
135 140

Gln Gln Gln Gln Gln Pro His Gln Ser
155

Thr Lys Ala Tyr Thr Arg Ala Ala Gly
170 175

Tyr Ser Arg Gln Leu Asn Lys Tyr Pro
185 190

Phe Asp Pro Ser Leu Trp Ser Asn Leu
200 205

Tyr Gln Tyr Gln Ile His Val His Ser
215 220

Glu Thr Gln Ile Lys Cys Ala Leu Ser
235

Gln Ser Val Arg Leu Pro Thr Asp Thr
250 255

Leu Lys Gln Gly His Ile Pro Asp Ser
265 270

Ile Val Gly Glu Gln Asn Pro Ser Lys
280 285

Cys Ile Lys Arg Glu Gln Lys Arg Ala
295 300

Glu Ser Glu Glu Leu Ser Trp Val Glu
315

Val Phe Asn Cys Ser Glu Val Leu Glu
330 335

Val Tyr Ile Pro Glu Ser Gly Thr Thr
345 350

Leu Pro Leu Arg Leu Ala Cys Tyr Cys
360 365

Gly Phe Arg Ile Leu Phe Cys Leu Arg
375 380

Gly Val Gly Gln Ser Gly Thr Thr Val
395

Val Val Gly Asp Ala Val Ala Met Pro
410 415

Val

Gly

Gly

Phe

Gly

Asn

Pro

His

Ser

Thr

160

Asp

Glu

Leu

Met

Ile

240

Ile

Cys

Pro

Cys

Thr

320

Phe

Val

Arg

Asp

Met

400

Thr
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212

Thr

Ser

Thr

465

Asp

Met

Met

Ala

Lys

545

Thr

Asp

Thr

Glu

Thr

625

Met

Gly

Asn

Ser

Arg

705

Gln

Leu

Leu

Asp

785

Cys

Ala

Ser

Ala

Pro

Leu

450

Ser

Gly

Asp

Ser

Ala

530

Arg

Leu

Asn

His

Gly

610

Asp

Asn

Asn

Met

Val

690

Cys

Leu

Gly

Asp

Phe

770

Pro

Pro

Val

Ser

Thr

Thr

435

Pro

Asp

Ser

Arg

Asn

515

His

Ile

Leu

Lys

Leu

595

Phe

Gly

Gly

Asn

Ser

675

Gln

Leu

Thr

Tyr

Val

755

Gly

Tyr

His

Gln

Ser

Ala

420

Pro

Leu

His

Ser

Gln

500

Met

Asn

Ile

Gly

Ala

580

Pro

Val

Gln

Arg

Gly

660

Asn

Pro

Ala

Asn

Ser

740

Ser

Arg

Lys

Ile

Thr
820

Ser

Pro

Ala

Ser

Ser

Ile

485

Ala

Thr

Met

Pro

Ser

565

Val

Pro

Leu

Leu

Leu

645

Gly

Gly

Val

Leu

Ala

725

Arg

Asp

Arg

Arg

Leu
805

Ser

Thr

Ala

Ala

Pro

His

470

Ser

Ser

Val

Asn

Ser

550

Gly

Gly

Ser

Asp

Ile

630

Glu

Val

Asp

Ser

Thr

710

Glu

Val

Asn

Lys

Asn
790
Asp

Tyr

Leu

Thr

Ser

Thr

455

Tyr

Asp

Ile

Ala

Asn

535

Gln

Phe

Thr

Thr

Lys

615

Glu

Asp

Ala

Val

Pro

695

Asp

Gly

Leu

Gly

Ile

775

Arg

Leu

Thr

Ala

Ala

Ser

440

Ser

Ser

Trp

Thr

Ser

520

Pro

Gly

Lys

His

Ile

600

Pro

Leu

Ala

Gly

Gly

680

Pro

Ile

Gln

Val

Gly

760

Ala

Ile

Leu

Pro

Ser

Gly

425

Ser

Met

Asn

Ser

Ser

505

Ala

Ala

Ser

Ser

Cys

585

Val

Gln

Ala

Arg

Ala

665

Met

Thr

Pro

Thr

Ala

745

Phe

Lys

Gly

Val

Asp
825

Ile

Ser

Thr

Glu

Tyr

Gly

490

Ile

Ser

Asp

Ile

Asn

570

Trp

Gly

Ile

Leu

Asn

650

Gln

Glu

Asp

Gly

Met

730

Leu

Thr

Lys

Glu

Gly
810

Tyr

Ala

Ser

Ser

Asp

Gly

475

Met

Pro

Gly

Glu

Arg

555

Leu

Ser

Pro

Phe

Gln

635

Ile

Gly

Ser

His

Gly

715

Val

Val

Pro

Leu

Thr
795
Pro

His

Ser

Gln

Tyr

Ser

460

Ser

Met

Glu

Ser

Asn

540

Gly

Val

Asp

Val

Thr

620

Val

Ala

Ala

Ala

Glu

700

Arg

His

Ala

Leu

Leu

780

Val

Gln

Arg

Ile

Pro

Arg

445

Ser

Lys

Asn

Met

Ala

525

Leu

Gly

Ala

Ser

Val

605

Tyr

Val

Met

Met

Ala

685

Asp

Ile

Leu

Arg

His

765

Arg

Phe

Gly

Gln

Gln

Pro

430

Pro

Ser

Arg

Val

Val

510

Thr

Pro

Ile

Val

Thr

590

Val

Phe

Gly

Arg

Ala

670

Ala

Val

Ala

Ala

Gly

750

Phe

Cys

Asp

Met

Arg
830

Asp

Thr

Arg

Glu

Arg

Arg

495

Gly

Asn

Val

Glu

Phe

575

Ile

Ser

Asp

Leu

Ile

655

Gly

Asp

Val

Asn

Ser

735

Ala

Ala

Asn

Val

Pro
815

Arg

Ser

Gln

Asn

Phe

Arg

480

Gly

Gly

Leu

Ile

Val

560

Gly

Val

Phe

Asp

Lys

640

Val

Gly

Ser

Leu

Trp

720

Ile

Arg

Ala

Ala

Ala
800
Met

Ser

Arg
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-continued
835 840 845
Glu Tyr Gly Phe Tyr Asp His Gly Met Ile Ser Asn Leu Ser His Ile
850 855 860
Pro Ser Thr Cys Ser Ile Arg Ser Ser Thr Ser Gln Phe Asp Ala Glu
865 870 875 880
Asp Glu Trp Asp Glu Arg Asp Glu Glu Asp Gly Asp Phe Asp Asp Asp
885 890 895
Ser Asp Glu Asp Ser Asp Asp Asp Ser Asp Ala Leu Phe Met Ser Val
900 905 910
Arg Lys His Ala Lys Ala Lys Ser Val Glu Ser Pro Leu Ser Glu Glu
915 920 925
Glu Glu Arg Leu Val Arg His Ile Glu Ala Glu Asp Gln Ala Val Glu
930 935 940
Ala Arg Val Ala Ala Gly Ile Val Ser Ser Asn Val Pro Asp Val Val
945 950 955 960
Ser Ser Asn Asp Ser Asp His Val Arg Ser Asp Thr Ser Thr Glu Asn
965 970 975
Lys Ser Phe Ser Arg Tyr Phe Asp Arg Thr Leu Ser Met Ala Ser Trp
980 985 990
Asp Asp Val Leu Ala Tyr Ile Tyr Arg Pro Lys Arg Ala Thr Val Pro
995 1000 1005
Asn Lys Arg Ser Ser Gly Ala Pro Pro Ser Val Arg Ser Thr Arg
1010 1015 1020
Ser Pro Leu Ser Asp His Pro Ile Thr Ser Ser Gly Asp Glu Ser
1025 1030 1035
Asp Arg Thr Ile Ser Ala His Ala Pro Ser Gly Gly Ala Gly Arg
1040 1045 1050
Gly Arg Ser His Ser Ser Ile Ser Arg Met Trp Arg Tyr Leu Lys
1055 1060 1065
Asn Ser Ser Ala Asp Glu Ala Thr Arg Ser Arg Ser Arg Asp Ala
1070 1075 1080
Asn Gly Ala Gly Ala Pro Pro Ala Tyr Glu Glu Ile Phe Pro Gly
1085 1090 1095
His Gly Val Val His Asp Lys Lys Val Val Gln Met Ala Ala Ala
1100 1105 1110
Ser Ala Ala Glu Asn Ser Ser Gly Pro Val Gly Ala Ser Ser Ser
1115 1120 1125
Ala Val Ala Ser Thr Ser Ala Ala Ala Ala Val Val Pro Ser Pro
1130 1135 1140
Leu Ala Pro Ile Val Glu Asp Glu Glu Gln Leu Val Glu Ala Trp
1145 1150 1155
Arg Arg Gln Arg Arg Ser Met Ala Asn Asp Arg Met Leu Phe Ala
1160 1165 1170
Phe Trp Leu Pro Val Leu Leu Met Ala Ile Gly Tyr Met Val Ile
1175 1180 1185
Lys Ala Phe Gly Leu Phe Pro Asp Gln Val Ser Ala Val Glu Ser
1190 1195 1200
Val Ala Glu Thr Val Gly Val His Cys Arg Gly Ala Val Ala Lys
1205 1210 1215
Leu Trp Phe Lys Gln Tyr Pro Val His Arg Gly Gln Pro Leu Lys
1220 1225 1230
Asp Thr Cys Ser Phe Glu Pro Asn Ser Leu Val Glu Ser Ala Leu
1235 1240 1245
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216

Arg Gln Met Asn Gly Trp Ser

1250

1255

Ala Gln Ala Gln Ala Ala

1265

<210> SEQ ID NO 51
<211> LENGTH: 3810

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 51

atggctaaag

gagttcccca

tgggacgagg

accagcccat

ctcatggata

caggaggact

atgaccccte

catcaacagt

ggagtcgata

cgaaagtact

ccatecgetat

gtccatteca

tacccteege

ttccagetca

ggcgagcaga

aagcgagect

cgtcaacgac

cggcegagtat

ctgegtetygyg

tgtcttagag

atcactgacg

cctgecacey

tcgacgaget

tegteggagt

gacggctett

gcttccatta

gettegggta

ctgecegtea

accetgettyg

gtgggcacce

gtgggtCCCg

acaaggaaat

tcgacgacat

gttttggttt

ttagcgacce

caaacatgaa

actacacacc

aacagcagca

cccagaagge

gcataatcac

cacgacaact

ggagcaattt

tgcceggaaa

ctccacagca

agcagggeca

accccagcaa

gtcgaaagaa

gtctggetgt

acatccccga

cttgctactg

acgagggagyg

accacaaggt

ctggetette

atcgtecteg

tcacctegga

ccatcagega

ccagcattee

gegecactaa

tcaagcgaat

gatctggett

actgctggte

ttgtggtgte

cgactttgac

gctecacaac

cggaacaaat

tgtttttgge

ccacatcaac

gtcecatggge

tcacatgaac

tcaaccacag

aaaggcatac

caacaagtac

getgaccaac

atcacgtgtyg

gtcegttega

cattccagac

gecegtcaat

actctttgac

cttcaactge

gtceggeact

tagacaccac

ccagattgtyg

tgtgggagac

acaacccccece

aaactcgett

ccattctcat

ttggagcggc

cgaaatggtt

tctggetget

catccecteg

caagtccaat

tgattcgacc

tttcgaaggt

tacacgggag

gacggagatg

ggcgeegtgg

ggcgtgggag

ggtagtcaca

actcccatga

cacaaccagc

cagcaacaac

accagggcag

ccegaggacyg

tcggaaacte

gagacccaaa

ctteccgacag

tegtgtetet

ttgtgttcta

gagtcggagg

tccgaggtge

acagttaccg

ggggagaaaa

ggtgtgggee

geggttgeca

acccaggtte

cctetatege

tactccaact

atgatgaacg

ggtggcatgt

cacaacatga

cagggttcca

ctggtggctg

atcgtgacce

tttgtgcteg

Asp Arg Glu Val Pro Ile

1260

Synthetic polynucleotide

aactggtgat

actttgtcaa

gtgcgcagat

caggcectga

acatgaacag

accecccaaca

ccteteaget

aacagccaca

caggagacct

tggagtattc

cgtaccaata

tcaaatgtge

acaccattte

ccttggaagt

gatgcatcaa

agctgtegtyg

ttgagttcaa

ccaagcagcet

agggatttcg

agagtggaac

tgccgactac

ctaccecege

ctacttccat

atggttctaa

tgcgaggcat

cgaacatgac

acaaccccgce

ttcgaggegg

tttteggtga

atctgecgee

acaagcctca

His Gln

ggacgattte

gaaggaaacg

ggacgtccag

catgatgggt

cgtegtcaag

gcaacagtce

ccaatcttty

tcagtcgaca

accgtacgga

atctttcgac

ccagatacat

attatcaatc

gegteccaag

atacattgtyg

acgagaacag

ggtcgagact

ggatgtggaa

ggttctgece

aatcctettt

gaccgtcatg

agccactget

tgcatctteg

ggaagactct

acgacgacga

ggatagacag

tgtggccagt

agacgaaaac

cattgaagta

caacaaggcc

ttcgaccatce

gatttttacc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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-continued
tattttgacg acacagacgg ccagttgatt gagttggcgce tccaggttgt gggtctcaag 1920
atgaacagac ggctggaaga cgcccgaaac attgccatge gaatcgtggyg caacaatgga 1980
ggegttgegy gegcacaagg cgccatggca ggcgggaaca tgtctaacgg agacgttgga 2040
atggaaagtg ctgctgcaga cagttcggtt caacccgtat cgcctcecccac agaccacgaa 2100
gatgtggttc tgcgatgtct ggctctcaca gacattcctyg gaggccgaat tgccaactgg 2160
caactcacca acgccgaggg acagaccatg gttcatctgg ccagtattcet gggttactcg 2220
cgtgttetgg tggctcttgt ggctcgagga gctegtgtgg atgtttccga caatggtgga 2280
ttcacteccte ttcatttege tgctctettt ggeccgtcecgaa agattgccaa gaaactactt 2340
cggtgcaacg ctgaccccta caaacgtaac cgaattggcg aaaccgtgtt tgatgttget 2400
tgtcctcecaca ttctegatet tetggteggt cctcagggca tgcctatgge cgttcagacg 2460
tcgtatactce ccgattacca tcegtcagegt cgatcttcecat cttcettceccac tetggcttece 2520
attgcatcca tccaggattc gegtgagtac ggtttctatg accatggaat gatttccaac 2580
ctgtcgcata ttccecgtccac gtgctcecatt cgatcatcga cttctcagtt tgacgctgaa 2640
gacgagtggyg acgagcgaga tgaggaggat ggagactttg acgacgattc agatgaggac 2700
tcagacgatg actcagacgc gctcttcatg tctgttagaa agcacgccaa ggccaagtct 2760
gtggaatctc ctctctectga ggaggaagag cgacttgtgce gacacattga ggccgaagac 2820
caggctgtgg aggcccgtgt ggctgccgga atcgtcagta gcaatgtacce cgacgtggtg 2880
tctteccaatg actcggatca cgtgagatct gacacttcecca ctgagaacaa gtccttttca 2940
cggtactttg accgtactct cagcatggca tcttgggacg atgttctgge ttacatttac 3000
agacccaagc gagctactgt gcccaacaag cggtcttcetg gagctectee ttcagtcaga 3060
tccacaagat cgcctcttte ggaccatcce atcacgtett cgggagacga gtccgaccga 3120
accatttectg cacatgccece ttececggeggt gcecggtcecgag gecggtctceca ttegtcecatce 3180
tcgcgaatgt ggcgatacct gaagaactcg tctgccgatg aggccacceg gtcectcgatcet 3240
cgagatgcaa acggagccgg tgctccccct gcecctacgaag aaatcttcece tggccatggg 3300
gttgtccacg acaagaaggt tgtgcagatg gccgctgctt ctgctgccga gaactcgtcet 3360
gggcectgttyg gagectcate ttcagcagtt gecgtceccactt ctgecggectge cgetgtggtyg 3420
ccctecccac tagecccecat tgtggaggac gaggagcage tggtagagge ctggagacga 3480
cagcgacgat ccatggctaa cgatcgcatg ttatttgect tectggectgece tgtgetgetce 3540
atggctattg gttatatggt catcaaggcg tttggtctgt tccccgacca ggtctcetgece 3600
gttgagtctg tggctgagac tgtgggtgtc cactgccgtyg gagcagttgce caagctatgg 3660
ttcaagcagt accctgttca ccgaggccag ccactcaagg acacctgtte atttgagecce 3720
aacagtctgg tagagtcagc tcecttcegtcag atgaatgggt ggtccgaccg ggaggttcecce 3780
attcatcaag cccaggccca ggctgcatga 3810

<210> SEQ ID NO 52
<211> LENGTH: 1269

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 52

Synthetic polypeptide

Met Ala Lys Asp Lys Glu Ile Asp Phe Asp Tyr Thr Gly Glu Leu Val

1

5

10

15
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-continued

220

Met

Asp

Thr

Ser

65

Leu

Ser

Met

Met

Gln

145

Gly

Leu

Asp

Thr

Pro

225

Tyr

Ser

Leu

Arg
305
Arg

Lys

Thr

Glu
385

Ile

Thr

Asp

Asp

Asn

50

Asp

Met

Val

Asn

Asn

130

Lys

Val

Pro

Val

Asn

210

Gly

Pro

Arg

Ser

Asn

290

Lys

Gln

Asp

Ala

His

370

Gly

Thr

Ala

Pro

Asp

Phe

35

Gly

Pro

Asp

Val

Pro

115

His

Ala

Asp

Tyr

Glu

195

Ser

Lys

Pro

Pro

Leu

275

Leu

Lys

Arg

Val

Lys

355

Gly

Gly

Asp

Thr

Thr

Phe

20

Val

Ala

Val

Thr

Lys

100

Gln

Asn

Gln

Ser

Gly

180

Tyr

Glu

Ser

Pro

Lys

260

Glu

Cys

Leu

Arg

Glu

340

Gln

Glu

Gln

Asp

Ala
420

Pro

Glu

Lys

Val

Phe

Asn

85

Gln

Gln

Gln

Pro

Ile

165

Arg

Ser

Thr

Arg

Pro

245

Phe

Val

Ser

Phe

Leu

325

Arg

Leu

Lys

Ile

His
405

Pro

Ala

Phe

Lys

Gly

Gly

70

Met

Glu

Gln

Pro

Gln

150

Ile

Lys

Ser

Pro

Val

230

Gln

Gln

Tyr

Arg

Asp

310

Ala

Arg

Val

Lys

Val
390
Lys

Ala

Ala

Pro

Glu

Ala

55

Gly

Asn

Asp

Gln

Ser

135

Gln

Thr

Tyr

Phe

Tyr

215

Glu

Gln

Leu

Ile

Cys

295

Glu

Val

Val

Leu

Gly

375

Gly

Val

Thr

Ser

Ile

Thr

40

Gln

Val

His

Tyr

Ser

120

Gln

Gln

Lys

Ser

Asp

200

Gln

Thr

Ser

Lys

Val

280

Ile

Ser

Phe

Tyr

Pro

360

Phe

Val

Val

Ala

Ser

Asp

Trp

Met

Gly

Ile

Tyr

105

Met

Leu

Gln

Ala

Arg

185

Pro

Tyr

Gln

Val

Gln

265

Gly

Lys

Glu

Asn

Ile

345

Leu

Arg

Gly

Gly

Gly

425

Ser

Asp

Asp

Asp

Ala

Asn

90

Thr

Thr

Gln

Gln

Tyr

170

Gln

Ser

Gln

Ile

Arg

250

Gly

Glu

Arg

Glu

Cys

330

Pro

Arg

Ile

Gln

Asp
410

Ser

Thr

Met

Glu

Val

Gly

75

Gly

Pro

Pro

Ser

Gln

155

Thr

Leu

Leu

Ile

Lys

235

Leu

His

Gln

Glu

Leu

315

Ser

Glu

Leu

Leu

Ser
395
Ala

Ser

Ser

Leu

Gly

Gln

60

Pro

Ser

Ser

Gln

Leu

140

Pro

Arg

Asn

Trp

His

220

Cys

Pro

Ile

Asn

Gln

300

Ser

Glu

Ser

Ala

Phe

380

Gly

Val

Gln

Tyr

His

Phe

45

Thr

Asp

His

Met

Gln

125

His

His

Ala

Lys

Ser

205

Val

Ala

Thr

Pro

Pro

285

Lys

Trp

Val

Gly

Cys

365

Cys

Thr

Ala

Pro

Arg

Asn

30

Gly

Ser

Met

Asn

Gly

110

Gln

Gln

Gln

Ala

Tyr

190

Asn

His

Leu

Asp

Asp

270

Ser

Arg

Val

Leu

Thr

350

Tyr

Leu

Thr

Met

Pro
430

Pro

Asp

Phe

Pro

Met

Met

95

Thr

His

Gln

Ser

Gly

175

Pro

Leu

Ser

Ser

Thr

255

Ser

Lys

Ala

Glu

Glu

335

Thr

Cys

Arg

Val

Pro
415

Thr

Arg

Gly

Gly

Phe

Gly

80

Asn

Pro

His

Ser

Thr

160

Asp

Glu

Leu

Met

Ile

240

Ile

Cys

Pro

Cys

Thr

320

Phe

Val

Arg

Asp

Met
400
Thr

Gln

Asn
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221

-continued

222

Ser

Thr

465

Asp

Met

Met

Ala

Lys

545

Thr

Asp

Thr

Glu

Thr

625

Met

Gly

Asn

Ser

Arg

705

Gln

Leu

Leu

Asp

785

Cys

Ala

Ser

Glu

Leu

450

Ser

Gly

Asp

Ser

Ala

530

Arg

Leu

Asn

His

Gly

610

Asp

Asn

Asn

Met

Val

690

Cys

Leu

Gly

Asp

Phe

770

Pro

Pro

Val

Ser

Tyr
850

435

Pro

Asp

Ser

Arg

Asn

515

His

Ile

Leu

Lys

Leu

595

Phe

Gly

Arg

Asn

Ser

675

Gln

Leu

Thr

Tyr

Val

755

Gly

Tyr

His

Gln

Ser
835

Gly

Leu

His

Ser

Gln

500

Met

Asn

Ile

Gly

Ala

580

Pro

Val

Gln

Arg

Gly

660

Asn

Pro

Ala

Asn

Ser

740

Ser

Arg

Lys

Ile

Thr
820

Ser

Phe

Ser

Ser

Ile

485

Ala

Thr

Met

Pro

Ser

565

Val

Pro

Leu

Leu

Leu

645

Gly

Gly

Val

Leu

Ala

725

Arg

Asp

Arg

Arg

Leu
805
Ser

Thr

Tyr

Pro

His

470

Ser

Ser

Val

Asn

Ser

550

Gly

Gly

Ser

Asp

Ile

630

Glu

Val

Asp

Ser

Thr

710

Glu

Val

Asn

Lys

Asn

790

Asp

Tyr

Leu

Asp

440 445

Thr Ser Met Glu Asp Ser Ser Ser Glu
455 460

Tyr Ser Asn Tyr Gly Ser Lys Arg Arg
475

Asp Trp Ser Gly Met Met Asn Val Arg
490 495

Ile Thr Ser Ile Pro Glu Met Val Gly
505 510

Ala Ser Ala Ser Gly Ser Ala Thr Asn
520 525

Asn Pro Ala Asp Glu Asn Leu Pro Val
535 540

Gln Gly Ser Ile Arg Gly Gly Ile Glu
555

Phe Lys Ser Asn Leu Val Ala Val Phe
570 575

Thr His Cys Trp Ser Asp Ser Thr Ile
585 590

Thr Ile Val Gly Pro Val Val Val Ser
600 605

Lys Pro Gln Ile Phe Thr Tyr Phe Asp
615 620

Glu Leu Ala Leu Gln Val Val Gly Leu
635

Asp Ala Arg Asn Ile Ala Met Arg Ile
650 655

Ala Gly Ala Gln Gly Ala Met Ala Gly
665 670

Val Gly Met Glu Ser Ala Ala Ala Asp
680 685

Pro Pro Thr Asp His Glu Asp Val Val
695 700

Asp Ile Pro Gly Gly Arg Ile Ala Asn
715

Gly Gln Thr Met Val His Leu Ala Ser
730 735

Leu Val Ala Leu Val Ala Arg Gly Ala
745 750

Gly Gly Phe Thr Pro Leu His Phe Ala
760 765

Ile Ala Lys Lys Leu Leu Arg Cys Asn
775 780

Arg Ile Gly Glu Thr Val Phe Asp Val
795

Leu Leu Val Gly Pro Gln Gly Met Pro
810 815

Thr Pro Asp Tyr His Arg Gln Arg Arg
825 830

Ala Ser Ile Ala Ser Ile Gln Asp Ser
840 845

His Gly Met Ile Ser Asn Leu Ser His
855 860

Phe

Arg

480

Gly

Gly

Leu

Ile

Val

560

Gly

Val

Phe

Asp

Lys

640

Val

Gly

Ser

Leu

Trp

720

Ile

Arg

Ala

Ala

Ala

800

Met

Ser

Arg

Ile



223

US 9,896,691 B2

224

-continued
Pro Ser Thr Cys Ser Ile Arg Ser Ser Thr Ser Gln Phe Asp Ala Glu
865 870 875 880
Asp Glu Trp Asp Glu Arg Asp Glu Glu Asp Gly Asp Phe Asp Asp Asp
885 890 895
Ser Asp Glu Asp Ser Asp Asp Asp Ser Asp Ala Leu Phe Met Ser Val
900 905 910
Arg Lys His Ala Lys Ala Lys Ser Val Glu Ser Pro Leu Ser Glu Glu
915 920 925
Glu Glu Arg Leu Val Arg His Ile Glu Ala Glu Asp Gln Ala Val Glu
930 935 940
Ala Arg Val Ala Ala Gly Ile Val Ser Ser Asn Val Pro Asp Val Val
945 950 955 960
Ser Ser Asn Asp Ser Asp His Val Arg Ser Asp Thr Ser Thr Glu Asn
965 970 975
Lys Ser Phe Ser Arg Tyr Phe Asp Arg Thr Leu Ser Met Ala Ser Trp
980 985 990
Asp Asp Val Leu Ala Tyr Ile Tyr Arg Pro Lys Arg Ala Thr Val Pro
995 1000 1005
Asn Lys Arg Ser Ser Gly Ala Pro Pro Ser Val Arg Ser Thr Arg
1010 1015 1020
Ser Pro Leu Ser Asp His Pro Ile Thr Ser Ser Gly Asp Glu Ser
1025 1030 1035
Asp Arg Thr Ile Ser Ala His Ala Pro Ser Gly Gly Ala Gly Arg
1040 1045 1050
Gly Arg Ser His Ser Ser Ile Ser Arg Met Trp Arg Tyr Leu Lys
1055 1060 1065
Asn Ser Ser Ala Asp Glu Ala Thr Arg Ser Arg Ser Arg Asp Ala
1070 1075 1080
Asn Gly Ala Gly Ala Pro Pro Ala Tyr Glu Glu Ile Phe Pro Gly
1085 1090 1095
His Gly Val Val His Asp Lys Lys Val Val Gln Met Ala Ala Ala
1100 1105 1110
Ser Ala Ala Glu Asn Ser Ser Gly Pro Val Gly Ala Ser Ser Ser
1115 1120 1125
Ala Val Ala Ser Thr Ser Ala Ala Ala Ala Val Val Pro Ser Pro
1130 1135 1140
Leu Ala Pro Ile Val Glu Asp Glu Glu Gln Leu Val Glu Ala Trp
1145 1150 1155
Arg Arg Gln Arg Arg Ser Met Ala Asn Asp Arg Met Leu Phe Ala
1160 1165 1170
Phe Trp Leu Pro Val Leu Leu Met Ala Ile Gly Tyr Met Val Ile
1175 1180 1185
Lys Ala Phe Gly Leu Phe Pro Asp Gln Val Ser Ala Val Glu Ser
1190 1195 1200
Val Ala Glu Thr Val Gly Val His Cys Arg Gly Ala Val Ala Lys
1205 1210 1215
Leu Trp Phe Lys Gln Tyr Pro Val His Arg Gly Gln Pro Leu Lys
1220 1225 1230
Asp Thr Cys Ser Phe Glu Pro Asn Ser Leu Val Glu Ser Ala Leu
1235 1240 1245
Arg Gln Met Asn Gly Trp Ser Asp Arg Glu Val Pro Ile His Gln
1250 1255 1260
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-continued

226

Ala Gln Ala Gln Ala Ala

1265

<210> SEQ ID NO 53
<211> LENGTH: 3003

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 53

atggctaaag

gagttcccca

tgggacgagg

accagcccat

ctcatggata

caggaggact

atgaccccte

catcaacagt

ggagtcgata

cgaaagtact

ccatecgetat

gtccatteca

tacccteege

ttccagetca

ggcgagcaga

aagcgagect

cgtcaacgac

cggcegagtat

ctgegtetygyg

tgtcttagag

atcactgacg

cctgecacey

tcgacgaget

tegteggagt

gacggctett

gcttccatta

gettegggta

ctgecegtea

accetgettyg

gtgggcacce

gtgggtCCCg

tattttgacg

atgaacggac

acaaggaaat

tcgacgacat

gttttggttt

ttagcgacce

caaacatgaa

actacacacc

aacagcagca

cccagaagge

gcataatcac

cacgacaact

ggagcaattt

tgcceggaaa

ctccacagca

agcagggeca

accccagcaa

gtcgaaagaa

gtctggetgt

acatccccga

cttgctactg

acgagggagyg

accacaaggt

ctggetette

atcgtecteg

tcacctegga

ccatcagega

ccagcattee

gegecactaa

tcaagcgaat

gatctggett

actgctggte

ttgtggtgte

acacagacgg

ggctggaaga

cgactttgac

gctecacaac

cggaacaaat

tgtttttgge

ccacatcaac

gtcecatggge

tcacatgaac

tcaaccacag

aaaggcatac

caacaagtac

getgaccaac

atcacgtgtyg

gtcegttega

cattccagac

gecegtcaat

actctttgac

cttcaactge

gtceggeact

tagacaccac

ccagattgtyg

tgtgggagac

acaacccccece

aaactcgett

ccattctcat

ttggagcggc

cgaaatggtt

tctggetget

catccecteg

caagtccaat

tgattcgacc

tttcgaaggt

ccagttgatt

cgceccgaaac

tacacgggag

gacggagatg

ggcgeegtgg

ggcgtgggag

ggtagtcaca

actcccatga

cacaaccagc

cagcaacaac

accagggcag

ccegaggacyg

tcggaaacte

gagacccaaa

ctteccgacag

tegtgtetet

ttgtgttcta

gagtcggagg

tccgaggtge

acagttaccg

ggggagaaaa

ggtgtgggee

geggttgeca

acccaggtte

cctetatege

tactccaact

atgatgaacg

ggtggcatgt

cacaacatga

cagggttcca

ctggtggctg

atcgtgacce

tttgtgcteg

gagttggcge

attgccatge

Synthetic polynucleotide

aactggtgat

actttgtcaa

gtgcgcagat

caggcectga

acatgaacag

accecccaaca

ccteteaget

aacagccaca

caggagacct

tggagtattc

cgtaccaata

tcaaatgtge

acaccattte

ccttggaagt

gatgcatcaa

agctgtegtyg

ttgagttcaa

ccaagcagcet

agggatttcg

agagtggaac

tgccgactac

ctaccecege

ctacttccat

atggttctaa

tgcgaggcat

cgaacatgac

acaaccccgce

ttcgaggegg

tttteggtga

atctgecgee

acaagcctca

tccaggttgt

gaatcgtggg

ggacgattte

gaaggaaacg

ggacgtccag

catgatgggt

cgtegtcaag

gcaacagtce

ccaatcttty

tcagtcgaca

accgtacgga

atctttcgac

ccagatacat

attatcaatc

gegteccaag

atacattgtyg

acgagaacag

ggtcgagact

ggatgtggaa

ggttctgece

aatcctettt

gaccgtcatg

agccactget

tgcatctteg

ggaagactct

acgacgacga

ggatagacag

tgtggccagt

agacgaaaac

cattgaagta

caacaaggcc

ttcgaccatce

gatttttacc

gggtctcaag

caacaatgga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980



227

US 9,896,691 B2

228

-continued
ggegttgegy gegcacaagg cgccatggca ggcgggaaca tgtctaacgg agacgttgga 2040
atggaaagtg ctgctgcaga cagttcggtt caacccgtat cgcctcecccac agaccacgaa 2100
gatgtggttc tgcgatgtct ggctctcaca gacattcctyg gaggccgaat tgccaactgg 2160
caactcacca acgccgaggg acagaccatg gttcatctgg ccagtattcet gggttactcg 2220
cgtgttetgg tggctcttgt ggctcgagga gctegtgtgg atgtttccga caatggtgga 2280
ttcacteccte ttcatttege tgctctettt ggeccgtcecgaa agattgccaa gaaactactt 2340
cggtgcaacg ctgaccccta caaacgtaac cgaattggcg aaaccgtgtt tgatgttget 2400
tgtcctcecaca ttctegatet tetggteggt cctcagggca tgcctatgge cgttcagacg 2460
tcgtatactce ccgattacca tcegtcagegt cgatcttcecat cttcettceccac tetggcttece 2520
attgcatcca tccaggattc gegtgagtac ggtttctatg accatggaat gatttccaac 2580
ctgtcgcata ttccecgtccac gtgctcecatt cgatcatcga cttctcagtt tgacgctgaa 2640
gacgagtggyg acgagcgaga tgaggaggat ggagactttg acgacgattc agatgaggac 2700
tcagacgatg actcagacgc gctcttcatg tctgttagaa agcacgccaa ggccaagtct 2760
gtggaatctc ctctctectga ggaggaagag cgacttgtgce gacacattga ggccgaagac 2820
caggctgtgg aggcccgtgt ggctgccgga atcgtcagta gcaatgtacce cgacgtggtg 2880
tctteccaatg actcggatca cgtgagatct gacacttcecca ctgagaacaa gtccttttca 2940
cggtactttg accgtactct cagcatggca tcttgggacg atgttctgge ttacatttac 3000
tga 3003

<210> SEQ ID NO 54
<211> LENGTH: 1000

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 54

Met Ala Lys Asp Lys Glu Ile Asp

1

Met Asp Asp

Asp Asp Phe

35

5

Phe Glu Phe Pro Ile

20

Val Lys Lys Glu Thr

40

Phe Asp Tyr

Asp Asp Met
25

Trp Asp Glu

Synthetic polypeptide

Thr Gly Glu Leu Val

15

Leu His Asn Asp Gly

30

Gly Phe Gly Phe Gly

45

Gln Thr Ser

Pro Phe

Thr Asn Gly Ala Val Gly Ala Gln

Ser

Leu

Ser

Met

Met

Gln

145

Gly

50

Asp

Met

Val

Asn

Asn
130

Lys

Val

Pro

Asp

Val

Pro

115

His

Ala

Asp

Val

Thr

Lys

100

Gln

Asn

Gln

Ser

Phe

Asn
85

Gln

Gln

Gln

Pro

Ile
165

Gly

Met

Glu

Gln

Pro

Gln

150

Ile

55

Gly

Asn

Asp

Gln

Ser

135

Gln

Thr

Val

His

Tyr

Ser

120

Gln

Gln

Lys

Met Asp Val

Gly

Ile

Tyr

105

Met

Leu

Gln

Ala

Ala

Asn
90

Thr

Thr

Gln

Gln

Tyr
170

Gly

Gly

Pro

Pro

Ser

Gln

155

Thr

60

Pro

Ser

Ser

Gln

Leu

140

Pro

Arg

Asp

His

Met

Gln

125

His

His

Ala

Met

Asn

Gly

110

Gln

Gln

Gln

Ala

Met

Met

95

Thr

His

Gln

Ser

Gly
175

Gly

Asn

Pro

His

Ser

Thr

160

Asp
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-continued

230

Leu

Asp

Thr

Pro

225

Tyr

Ser

Leu

Arg
305
Arg

Lys

Thr

Glu
385
Ile

Thr

Ser

Thr

465

Asp

Met

Met

Ala

Lys

545

Thr

Asp

Thr

Pro

Val

Asn

210

Gly

Pro

Arg

Ser

Asn

290

Lys

Gln

Asp

Ala

His

370

Gly

Thr

Ala

Pro

Leu

450

Ser

Gly

Asp

Ser

Ala

530

Arg

Leu

Asn

His

Tyr

Glu

195

Ser

Lys

Pro

Pro

Leu

275

Leu

Lys

Arg

Val

Lys

355

Gly

Gly

Asp

Thr

Thr

435

Pro

Asp

Ser

Arg

Asn

515

His

Ile

Leu

Lys

Leu

Gly

180

Tyr

Glu

Ser

Pro

Lys

260

Glu

Cys

Leu

Arg

Glu

340

Gln

Glu

Gln

Asp

Ala

420

Pro

Leu

His

Ser

Gln

500

Met

Asn

Ile

Gly

Ala
580

Pro

Arg

Ser

Thr

Arg

Pro

245

Phe

Val

Ser

Phe

Leu

325

Arg

Leu

Lys

Ile

His

405

Pro

Ala

Ser

Ser

Ile

485

Ala

Thr

Met

Pro

Ser
565

Val

Pro

Lys

Ser

Pro

Val

230

Gln

Gln

Tyr

Arg

Asp

310

Ala

Arg

Val

Lys

Val

390

Lys

Ala

Ala

Pro

His

470

Ser

Ser

Val

Asn

Ser
550
Gly

Gly

Ser

Tyr

Phe

Tyr

215

Glu

Gln

Leu

Ile

Cys

295

Glu

Val

Val

Leu

Gly

375

Gly

Val

Thr

Ser

Thr

455

Tyr

Asp

Ile

Ala

Asn

535

Gln

Phe

Thr

Thr

Ser

Asp

200

Gln

Thr

Ser

Lys

Val

280

Ile

Ser

Phe

Tyr

Pro

360

Phe

Val

Val

Ala

Ser

440

Ser

Ser

Trp

Thr

Ser

520

Pro

Gly

Lys

His

Ile

Arg

185

Pro

Tyr

Gln

Val

Gln

265

Gly

Lys

Glu

Asn

Ile

345

Leu

Arg

Gly

Gly

Gly

425

Ser

Met

Asn

Ser

Ser

505

Ala

Ala

Ser

Ser

Cys
585

Val

Gln

Ser

Gln

Ile

Arg

250

Gly

Glu

Arg

Glu

Cys

330

Pro

Arg

Ile

Gln

Asp

410

Ser

Thr

Glu

Tyr

Gly

490

Ile

Ser

Asp

Ile

Asn
570

Trp

Gly

Leu

Leu

Ile

Lys

235

Leu

His

Gln

Glu

Leu

315

Ser

Glu

Leu

Leu

Ser

395

Ala

Ser

Ser

Asp

Gly

475

Met

Pro

Gly

Glu

Arg
555
Leu

Ser

Pro

Asn

Trp

His

220

Cys

Pro

Ile

Asn

Gln

300

Ser

Glu

Ser

Ala

Phe

380

Gly

Val

Gln

Tyr

Ser

460

Ser

Met

Glu

Ser

Asn

540

Gly

Val

Asp

Val

Lys

Ser

205

Val

Ala

Thr

Pro

Pro

285

Lys

Trp

Val

Gly

Cys

365

Cys

Thr

Ala

Pro

Arg

445

Ser

Lys

Asn

Met

Ala

525

Leu

Gly

Ala

Ser

Val

Tyr

190

Asn

His

Leu

Asp

Asp

270

Ser

Arg

Val

Leu

Thr

350

Tyr

Leu

Thr

Met

Pro

430

Pro

Ser

Arg

Val

Val

510

Thr

Pro

Ile

Val

Thr
590

Val

Pro

Leu

Ser

Ser

Thr

255

Ser

Lys

Ala

Glu

Glu

335

Thr

Cys

Arg

Val

Pro

415

Thr

Arg

Glu

Arg

Arg

495

Gly

Asn

Val

Glu

Phe
575

Ile

Ser

Glu

Leu

Met

Ile

240

Ile

Cys

Pro

Cys

Thr

320

Phe

Val

Arg

Asp

Met

400

Thr

Gln

Asn

Phe

Arg

480

Gly

Gly

Leu

Ile

Val
560
Gly

Val

Phe
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231

-continued

232

Glu

Thr

625

Met

Gly

Asn

Ser

Arg

705

Gln

Leu

Leu

Asp

785

Cys

Ala

Ser

Glu

Pro

865

Asp

Ser

Arg

Glu

Ala
945
Ser

Lys

Asp

Gly

610

Asp

Asn

Asn

Met

Val

690

Cys

Leu

Gly

Asp

Phe

770

Pro

Pro

Val

Ser

Tyr

850

Ser

Glu

Asp

Lys

Glu

930

Arg

Ser

Ser

Asp

595

Phe

Gly

Gly

Asn

Ser

675

Gln

Leu

Thr

Tyr

Val

755

Gly

Tyr

His

Gln

Ser

835

Gly

Thr

Trp

Glu

His

915

Arg

Val

Asn

Phe

Val
995

Val

Gln

Arg

Gly

660

Asn

Pro

Ala

Asn

Ser

740

Ser

Arg

Lys

Ile

Thr

820

Ser

Phe

Cys

Asp

Asp

900

Ala

Leu

Ala

Asp

Ser
980

Leu

<210> SEQ ID NO

Leu

Leu

Leu

645

Gly

Gly

Val

Leu

Ala

725

Arg

Asp

Arg

Arg

Leu

805

Ser

Thr

Tyr

Ser

Glu

885

Ser

Lys

Val

Ala

Ser
965

Arg

Ala

55

Asp

Ile

630

Glu

Val

Asp

Ser

Thr

710

Glu

Val

Asn

Lys

Asn

790

Asp

Tyr

Leu

Asp

Ile

870

Arg

Asp

Ala

Arg

Gly

950

Asp

Tyr

Tyr

600 605

Lys Pro Gln Ile Phe Thr Tyr Phe Asp
615 620

Glu Leu Ala Leu Gln Val Val Gly Leu
635

Asp Ala Arg Asn Ile Ala Met Arg Ile
650 655

Ala Gly Ala Gln Gly Ala Met Ala Gly
665 670

Val Gly Met Glu Ser Ala Ala Ala Asp
680 685

Pro Pro Thr Asp His Glu Asp Val Val
695 700

Asp Ile Pro Gly Gly Arg Ile Ala Asn
715

Gly Gln Thr Met Val His Leu Ala Ser
730 735

Leu Val Ala Leu Val Ala Arg Gly Ala
745 750

Gly Gly Phe Thr Pro Leu His Phe Ala
760 765

Ile Ala Lys Lys Leu Leu Arg Cys Asn
775 780

Arg Ile Gly Glu Thr Val Phe Asp Val
795

Leu Leu Val Gly Pro Gln Gly Met Pro
810 815

Thr Pro Asp Tyr His Arg Gln Arg Arg
825 830

Ala Ser Ile Ala Ser Ile Gln Asp Ser
840 845

His Gly Met Ile Ser Asn Leu Ser His
855 860

Arg Ser Ser Thr Ser Gln Phe Asp Ala
875

Asp Glu Glu Asp Gly Asp Phe Asp Asp
890 895

Asp Asp Ser Asp Ala Leu Phe Met Ser
905 910

Lys Ser Val Glu Ser Pro Leu Ser Glu
920 925

His Ile Glu Ala Glu Asp Gln Ala Val
935 940

Ile Val Ser Ser Asn Val Pro Asp Val
955

His Val Arg Ser Asp Thr Ser Thr Glu
970 975

Phe Asp Arg Thr Leu Ser Met Ala Ser
985 990

Ile Tyr
1000

Asp

Lys

640

Val

Gly

Ser

Leu

Trp

720

Ile

Arg

Ala

Ala

Ala

800

Met

Ser

Arg

Ile

Glu

880

Asp

Val

Glu

Glu

Val
960

Asn

Trp
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234

-continued
<211> LENGTH: 772
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 55
atgtctggac cttccaccct cgccacggga ctgcacccte tcecccacaga gaccccaaag 60
ttccecacca acatcatgga ccgattctec ctcaagggta aggttgcecte cgtcaccgge 120
tcctegtcag gtateggeta ctgcgtggece gaggectacyg cccaggcecegyg tgccgacgtyg 180
gecatctggt acaactccca cccegecgac gcaaaggcetg agcacctege taagacctac 240
ggcgtcaagyg ccaaggccta caagtgccct gtcaccgacg cegecgecgt ggagtccacce 300
atccagcaga tcgagaagga ctttggcacc attgacatct tegtegccaa cgetggtgte 360
cectggaceg cceggecccat gatcgacgtg cecgacaaca aggagtggga caaggtcate 420
aacctggatc tcaacggtgc ctactactge gecaagtacyg ccggccagat cttcaagaag 480
aagggcaagg gatccttcat cttcaccgece tecatgteeg gecacattgt caacatccce 540
cagatgcagg cctgctacaa cgccgccaag gecgetcetge tgcacctgte tcegatcgetg 600
geegtegagt gggecggett tgcccgatge aacacagtcet ceectggeta catggccacce 660
gagatcteceg actttgtccee caaggagacce aaggagaagt ggtggcaget cattcccatg 720
ggccgagagyg gagaccccte cgagetctag cctacctcta ccttgectet ga 772
<210> SEQ ID NO 56
<211> LENGTH: 200
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 56
cacaaatatt cttgatttac tttggttttg cecctattegg aaattttatt gatatctaat 60
agaagtatta aagtaaaaat gtactaatac ttaattgtaa tgtcatcaga aataacattt 120
gaggaaaata tttcaaacct aattgatata tatattagag atgtcccget tctctgteat 180
taatatattc aagcaatcga 200
<210> SEQ ID NO 57
<211> LENGTH: 840
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 57
atgaagttca ccteegetac tctectegee cttgecgece ttgtegttge cgacaacgece 60
gttgtctete agatcaacga tggeccagatce caggctecte cegetggtgg tgagggtgece 120
aagcecegece ctgctectte tggagetgece ceeggtgece ceggtgetgyg tgcteccgge 180
getggtgete ceggegetgg tgccectgge getggegagyg gtgctaagec ctetggaget 240
geeeceggty ceccecggege tggtgetece ggtgetggtyg agggtgcetaa gecttetgge 300

ggtgccceeyg gtgctggege tectggtget ggegagggtg ctaageccte tggtggtgec 360

cctggtgece ceggegetgg tgcteeeggt getggtgagg gtgctaagee ctetggtggt 420

gececeeggty cccceggege tggtgagggt gecaagecct ceggetetge teeeggtget 480

cctggegety gtgagggtge caagecctee ggetetgete ceggtgetcee tggegetggt 540
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236

-continued
gagggtgcca agccectetgg ctetgetece ggtgetectyg gtgctggtga gggtgccaag 600
cectetgget ctgcetecegg tgctectgga getggtgcag gtgctaagece ctcecegetgga 660
ggtgagcacce ccgetgctga ggccactggt gtegtcacte agatccacga cggcecagatce 720
caggctcceeg agcagaccca geccceceget gecggecctyg ccecaggctaa cggtgetgece 780
acccteggtyg cccagategt tgccggtgtt gtegecegetyg ceggtgtege tetcettcetaa 840
<210> SEQ ID NO 58
<211> LENGTH: 1542
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 58
atggccgaca acaagcectct gtgcacgatt accacgcceg aaccgtcacce caagegtcga 60
aagatctctyg ccgaggagaa agaaaagatg cgacttgaaa aggaacagat caagaagcag 120
aaagaggaag agcgagagca gcttcgaaga cagaaggaag aagagaaaga gctactgaga 180
aagcagaaag aggaggagaa ggaacaactg aggaaacaga aggaggagga gaagagggct 240
aaagaggagg agagagggct agagagaggg agaaaacgac gacgagaaga ggaacgaaag 300
aaggctgceg aagagaagga gcttgagega gecaagattyg cagaggagaa ggctaagttg 360
gctgaagaga aggaggccaa gagacttgaa aaagaagctg aactcaagaa gaaggagcaa 420
gaacagactc gaatcatgtc tttctttaac aagaagacca aaaagaagac caagaaggaa 480
gctgttaaca gtgacaagtg tttggacttt gataaagact tcectaccctt ccacatcaaa 540
gataccgtgt gtatggcaga caagacggag tgtgaagtga tggatcagga tcctgttgac 600
tggctcaaca gtctcaacct ttctgatgac agcaacaccyg ccgaagcaga agaaccacct 660
gtteccegteca aaaccatcat tactcacatc cagaccgcetg ccactcetggg tcetcaatcect 720
gataattaca acggtactcc tttagacacg ctggtcaatg ctecttectag acgatacttg 780
cagttctatg gtgacgagcg acccgcatac ctgggcacgt actccaagag ctgctcgegt 840
gatctgttge agaaccctcet cttecaggtg cctggtttgg actacgagta cgacagtgag 900
gcagactggyg aagatgaagg agaagatatt gaagatgatg aaattagtgg agacgaggag 960
atggaggacg acgaaatggc cgactttgtg tgttctgatg atgccaagag tcccagcacce 1020
atgacttcaa aggtcacgac agcccaggaa cctgttgttg tcectggggctg ctcagatatg 1080
gttggtatga cttttggagg actgattgtc cagggggcaa ttgacccatt caaagactat 1140
tggactgttg caaaagttga gcagaagacc gatactaaga gtgacgtgac aatgactagt 1200
gcgacatcag cttcectggtac agctattaaa tctactacaa ccaaaaccga actcagecccyg 1260
tttgaagtcce tctccaaaac tetgtcacct tccccagegg ttgcttcage cacgaaacag 1320
tttctggetyg ctgccaagece tcagaagctce attgctggag acgacctgac tgctcecttttg 1380
aagcgagtag atggatccga cgataacaag acgctgttga ccgagcectgcet ttgtaagcag 1440
tatcceccagt acacacgcaa gatggtcacg gccaccattc agcactatge tgagcgacag 1500
ggtcctaaga gcgacaagcg gtgggttctg aaggatatct ag 1542

<210> SEQ ID NO 59
<211> LENGTH: 1944

<212> TYPE:

DNA

<213> ORGANISM: Yarrowia lipolytica
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-continued

<400> SEQUENCE: 59

atgagcttcc cccaacaagt aatagcgccg ggccaacggce tcaacgagct tctggaggec 60
atcaaacagg agttcgactc cgtgaccaac gaggcgtceg tctaccgget gcacaaggac 120
gagtttgacg tcaaggtgaa ccagcagacg tcagatctgg gccagattcg acagtcggtc 180
tacgagctag aaatggcgca ccgaaagatg aaggagcgct acgaggagga aatcatgegg 240
ctcaagagceg agctggaggce ccgaggtgga cccgctgcega accccgcaca ctcccageag 300
cagcaacagc agcaacagca acagcagcaa cagcagcagc agaaccagca ggcacaggac 360
caacaagcac gggccgcgca acaacaggca gcccagcagce aggccctcege ccagcagcag 420
gccgeccage agcaggctct ggcccaacag caggcccagg ctcaacagca ggcccaggcec 480
caggcccacc acatgggtgg tgtgccccct tcgcaaggac agccccegtce getgetgegt 540
ccatcatcca acgtgttcag cggcatcatg tccggtcage cceggcaccte ttcotetgget 600
cececeegecagg gacageccgg tcagccccag cctggtcage cccaacctgg tcaaccccag 660
cecctacteceg gctacgtggg tgctaacgge tacacgtcett cgccacataa cggacccccce 720
gtcatcageg caatggcctce geccaacagc aagaagcgac aggtgtcgac cccecgttcecc 780
ggcaaggcgt ctccccaggt ggccccccaa gagatgcaac agcagcagca acagcagggce 840
cctcecacage agcagcaacce tccccagcag cagcaacaga gcocccgaaga gatgggcaac 900
tacctgggeg acatggacat tgagcgggta cctccggage tcaaaaaaca aaaggccgac 960

tggtttgtcg tttacaacca gcgagcacca cggctgcectgg acgtggatat tgtgcagtcg 1020
ctggaccaca actctgtagt gtgctgtgtg cggttctecg ctgacggcaa gtacattgcece 1080
actggctgta accgatctgce ccagattttce gacgtgcaga ctggccagcet catctgececgg 1140
ctgcaggacg actcggtcga ccgagaaggc gacctgtaca tccggtccecgt gtgttteteg 1200
ccggacggta agtacctgge caccggegece gaggacaage agatccgagt gtgggacatt 1260
aaatctcaga gcatacggca cgtgttcact ggccacgagc aggacattta ctcecgctggac 1320
ttttcgecgaa acggccgaca cattgcectct ggctcectggeg accgcacagt ccgaatgtgg 1380
gatattgaga gcggccagtg tactctaacc ctgtcgatcg aggacggcegt caccacggtyg 1440
gccatctege ccgacggcaa gtttgtgget gcaggcaget tggacaagtce tgtgcgaatce 1500
tgggacacct ctaccggttt cctggttgag cgtctggagg cccctgatgg acacaaggac 1560
tcegtetata gtgtagcttt cacccccaac ggtatggatce ttgtttccgg ctegetggac 1620
aagacgatca agctgtggga gctgcagget cctcgaggea ttcaggccaa ccagcgagga 1680
ggcgtcectgeg tcaagacgct gtgtggacac aaggactttg ttctgagtgt ggccagcacy 1740
ctggatgggce agtggattct tteccggctcee aaggaccggg gtgtgcaatt ctgggaccct 1800
cgaacgggcce aggtgcaact catgctgcag ggtcatcgaa attcggtcat cagtgtggcet 1860
cctagtecca tgggegggtt gtttgctact ggaagtggag attgcaaggce tcgaatctgg 1920

cgatactttc ctgtcaacag ataa 1944

<210> SEQ ID NO 60

<211> LENGTH: 647

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 60

Met Ser Phe Pro Gln Gln Val Ile Ala Pro Gly Gln Arg Leu Asn Glu
1 5 10 15
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-continued

240

Leu

Ser

Gln

Met

65

Leu

Gln

Gln

Gln

145

Gln

Ser

Gln

Pro

Tyr

225

Thr

Gln

Gln

Met

305

Trp

Ile

Ser

Ile

Ser
385

Pro

Glu

Leu

Val

Thr

50

Ala

Lys

Ser

Gln

Ala

130

Ala

Ala

Leu

Pro

Gln

210

Val

Ile

Pro

Gln

Gln

290

Asp

Phe

Val

Ala

Phe

370

Val

Asp

Trp

Gln

Glu

Tyr

35

Ser

His

Ser

Gln

Asn

115

Ala

Leu

His

Leu

Gly

195

Pro

Gly

Ser

Val

Gln

275

Gln

Ile

Val

Gln

Asp

355

Asp

Asp

Gly

Asp

Asp

Ala

Arg

Asp

Arg

Glu

Gln

100

Gln

Gln

Ala

His

Arg

180

Thr

Gly

Ala

Ala

Pro

260

Gln

Gln

Glu

Val

Ser

340

Gly

Val

Arg

Lys

Ile
420

Ile

Ile

Leu

Leu

Lys

Leu

85

Gln

Gln

Gln

Gln

Met

165

Pro

Ser

Gln

Asn

Met

245

Gly

Gln

Gln

Arg

Tyr

325

Leu

Lys

Gln

Glu

Tyr
405

Lys

Tyr

Lys

His

Gly

Met

70

Glu

Gln

Ala

Gln

Gln

150

Gly

Ser

Ser

Pro

Gly

230

Ala

Lys

Gln

Ser

Val

310

Asn

Asp

Tyr

Thr

Gly
390
Leu

Ser

Ser

Gln

Lys

Gln

55

Lys

Ala

Gln

Gln

Ala

135

Gln

Gly

Ser

Leu

Gln

215

Tyr

Ser

Ala

Gln

Pro

295

Pro

Gln

His

Ile

Gly

375

Asp

Ala

Gln

Leu

Glu

Asp

40

Ile

Glu

Arg

Gln

Asp

120

Leu

Ala

Val

Asn

Ala

200

Pro

Thr

Pro

Ser

Gly

280

Glu

Pro

Arg

Asn

Ala

360

Gln

Leu

Thr

Ser

Asp

Phe

25

Glu

Arg

Arg

Gly

Gln

105

Gln

Ala

Gln

Pro

Val

185

Pro

Gly

Ser

Asn

Pro

265

Pro

Glu

Glu

Ala

Ser

345

Thr

Leu

Tyr

Gly

Ile
425

Phe

Asp

Phe

Gln

Tyr

Gly

Gln

Gln

Gln

Ala

Pro

170

Phe

Pro

Gln

Ser

Ser

250

Gln

Pro

Met

Leu

Pro

330

Val

Gly

Ile

Ile

Ala
410

Arg

Ser

Ser

Asp

Ser

Glu

75

Pro

Gln

Ala

Gln

Gln

155

Ser

Ser

Gln

Pro

Pro

235

Lys

Val

Gln

Gly

Lys

315

Arg

Val

Cys

Cys

Arg

395

Glu

His

Arg

Val

Val

Val

60

Glu

Ala

Gln

Arg

Gln

140

Gln

Gln

Gly

Gly

Gln

220

His

Lys

Ala

Gln

Asn

300

Lys

Leu

Cys

Asn

Arg

380

Ser

Asp

Val

Asn

Thr

Lys

45

Tyr

Glu

Ala

Gln

Ala

125

Ala

Gln

Gly

Ile

Gln

205

Pro

Asn

Arg

Pro

Gln

285

Tyr

Gln

Leu

Cys

Arg

365

Leu

Val

Lys

Phe

Gly

Asn

30

Val

Glu

Ile

Asn

Gln

110

Ala

Ala

Ala

Gln

Met

190

Pro

Tyr

Gly

Gln

Gln

270

Gln

Leu

Lys

Asp

Val

350

Ser

Gln

Cys

Gln

Thr
430

Arg

Glu

Asn

Leu

Met

Pro

95

Gln

Gln

Gln

Gln

Pro

175

Ser

Gly

Ser

Pro

Val

255

Glu

Pro

Gly

Ala

Val

335

Arg

Ala

Asp

Phe

Ile
415

Gly

His

Ala

Gln

Glu

Arg

80

Ala

Gln

Gln

Gln

Ala

160

Pro

Gly

Gln

Gly

Pro

240

Ser

Met

Pro

Asp

Asp

320

Asp

Phe

Gln

Asp

Ser
400
Arg

His

Ile
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435 440 445

Ala Ser Gly Ser Gly Asp Arg Thr Val Arg Met Trp Asp Ile Glu Ser
450 455 460

Gly Gln Cys Thr Leu Thr Leu Ser Ile Glu Asp Gly Val Thr Thr Val
465 470 475 480

Ala Ile Ser Pro Asp Gly Lys Phe Val Ala Ala Gly Ser Leu Asp Lys
485 490 495

Ser Val Arg Ile Trp Asp Thr Ser Thr Gly Phe Leu Val Glu Arg Leu
500 505 510

Glu Ala Pro Asp Gly His Lys Asp Ser Val Tyr Ser Val Ala Phe Thr
515 520 525

Pro Asn Gly Met Asp Leu Val Ser Gly Ser Leu Asp Lys Thr Ile Lys
530 535 540

Leu Trp Glu Leu Gln Ala Pro Arg Gly Ile Gln Ala Asn Gln Arg Gly
545 550 555 560

Gly Val Cys Val Lys Thr Leu Cys Gly His Lys Asp Phe Val Leu Ser
565 570 575

Val Ala Ser Thr Leu Asp Gly Gln Trp Ile Leu Ser Gly Ser Lys Asp
580 585 590

Arg Gly Val Gln Phe Trp Asp Pro Arg Thr Gly Gln Val Gln Leu Met
595 600 605

Leu Gln Gly His Arg Asn Ser Val Ile Ser Val Ala Pro Ser Pro Met
610 615 620

Gly Gly Leu Phe Ala Thr Gly Ser Gly Asp Cys Lys Ala Arg Ile Trp
625 630 635 640

Arg Tyr Phe Pro Val Asn Arg
645

<210> SEQ ID NO 61

<211> LENGTH: 900

<212> TYPE: DNA

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 61

atgtctatca agcgagaaga gtectttact cccacceceg aggacctggg atctcecectg 60
acagctgatt ctectggete teccgagtcet ggagacaage gaaagaagga tctcactcetg 120
ccecttectyg ctggtgetet tecccctega aagagagcta agacagagaa cgaaaaggag 180
cagagacgca tcgageggat catgcgaaac cggcaggegg cacatgegte tcgagagaag 240
aagcgacgac atttggagga cctggagaag aagtgctegg agttgtegte cgaaaacaac 300
gatctacace accaggtgac tgagtccaag aagaccaaca tgcacctcat ggaacaacac 360
tactcgetgg tggccaaget geagcagete tegtegeteg tcaacatgge caagtcettece 420
ggagctttgg ccggegttga tgtccccgac atgagcegatg tgtctatgge ccccaagttg 480
gagatgccca ccgeggetee ttcccagece atgggteteg ccagegegeco caccctette 540
aaccacgata atgagaccgt cgtccccgac tctectattg tgaagaccga ggaagtcgac 600
tctacaaact ttctecteca cacggagtee tectecccee cegaactage tgagagcact 660
ggctcagget cgccategte gactctgtee tgcgacgaaa ctgattatet tgtggaccgg 720
gegegtcate cagcagtgat gactgtcgea actactgacce agcagcegteg gcacaagatt 780
tcattttcat caaggacgag ccecgttgacg acgagettgg actgcatgga ctgtceggatg 840

acttcaccct gtttgaagac aacaagcage ctgcccagea cgactttatt getgatctag 900
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<210> SEQ ID NO 62

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Yarrowia lipolytica

PRT

<400> SEQUENCE:

Met

1

Gly

Lys

Pro

Glu

65

Lys

Ser

Asn

Gln

Gly

145

Glu

Pro

Ile

Glu

Pro

225

Ala

Arg

Leu

Ser

Ser

Ser

Arg

Arg

50

Arg

Arg

Glu

Met

Leu

130

Val

Met

Thr

Val

Ser

210

Ser

Arg

His

Asp

Ser
290

Ile

Pro

Lys

35

Lys

Ile

Arg

Asn

His

115

Ser

Asp

Pro

Leu

Lys

195

Ser

Ser

His

Lys

Cys

275

Leu

Lys

Leu

20

Lys

Arg

Met

His

Asn

100

Leu

Ser

Val

Thr

Phe

180

Thr

Ser

Thr

Pro

Ile

260

Met

Pro

299

62

Arg

Thr

Asp

Ala

Arg

Leu

85

Asp

Met

Leu

Pro

Ala

165

Asn

Glu

Pro

Leu

Ala

245

Ser

Asp

Ser

<210> SEQ ID NO 63

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE:

atgcgccaaa agctgeogtt caacccgete cagtegette tecegegaat ctttgtgegg

ggcaaaaaac acgatgcgeg cagccgetgg gaaatgcegee agatgaaaga caagcatgtg

gecatggeca aggctgacgg attccggtet cgagccgegt acaagctaca ggaactcegac

738

63

Glu Glu

Ala Asp

Leu Thr

Lys Thr
55

Asn Arg
70

Glu Asp

Leu His

Glu Gln

Val Asn

135

Asp Met
150

Ala Pro

His Asp

Glu Val

Pro Glu

215

Ser Cys
230

Val Met
Phe Ser

Cys Arg

Thr Thr
295

Ser

Ser

Leu

40

Glu

Gln

Leu

His

His

120

Met

Ser

Ser

Asn

Asp

200

Leu

Asp

Thr

Ser

Met

280

Leu

Phe

Pro

25

Pro

Asn

Ala

Glu

Gln

105

Tyr

Ala

Asp

Gln

Glu

185

Ser

Ala

Glu

Val

Arg

265

Thr

Leu

Thr

10

Gly

Leu

Glu

Ala

Lys

90

Val

Ser

Lys

Val

Pro

170

Thr

Thr

Glu

Thr

Ala

250

Thr

Ser

Leu

Pro

Ser

Pro

Lys

His

75

Lys

Thr

Leu

Ser

Ser

155

Met

Val

Asn

Ser

Asp

235

Thr

Ser

Pro

Ile

Thr

Pro

Ala

Glu

60

Ala

Cys

Glu

Val

Ser

140

Met

Gly

Val

Phe

Thr

220

Tyr

Thr

Pro

Cys

Pro

Glu

Gly

45

Gln

Ser

Ser

Ser

Ala

125

Gly

Ala

Leu

Pro

Leu

205

Gly

Leu

Asp

Leu

Leu
285

Glu

Ser

30

Ala

Arg

Arg

Glu

Lys

110

Lys

Ala

Pro

Ala

Asp

190

Leu

Ser

Val

Gln

Thr

270

Lys

Asp

15

Gly

Leu

Arg

Glu

Leu

95

Lys

Leu

Leu

Lys

Ser

175

Ser

His

Gly

Asp

Gln

255

Thr

Thr

Leu

Asp

Pro

Ile

Lys

80

Ser

Thr

Gln

Ala

Leu

160

Ala

Pro

Thr

Ser

Arg

240

Arg

Ser

Thr

60

120

180
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tccatgttee

gcatggagte

atccttectt

gaaacacaaa

aaggactctg

cttggcagta

atagtgctta

attaatgacc

gccagtattyg

gcagaaggga

<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Arg Gln Lys

1

Ile

Arg

Arg

Leu

65

Ala

Ile

Ile

Gly

145

Leu

Tyr

Glu

Ala

Ser
225

Ala

Phe

Gln

Ser

50

Phe

Trp

Gly

Gln

Leu

130

Ala

Gly

Pro

His

Asn
210

Glu

Glu

Val

Met

35

Arg

Lys

Ser

Val

Gly

115

Ala

Ile

Ser

Val

Gly

195

Val

Gly

Gly

Arg

20

Lys

Ala

Pro

Gln

Asp

100

Asn

Val

Gly

Ile

Asp

180

Phe

Ser

Arg

Lys

ggctgttcaa
aagtggctge
gecattectee
acgagctcaa
gtggcgccat
ttaacagcaa
gtgacatgtyg
catactatag
tgagtgaagg
agccataa
SEQ ID NO 64

LENGTH:

TYPE :
ORGANISM: Yarrowia lipolytica

245

64

Leu

Gly

Asp

Ala

Gly

Val

85

Ile

Phe

Ser

Thr

Asn

165

Ile

Phe

Gly

Lys

Pro
245

<210> SEQ ID NO 65

<211> LENGTH:

1590

Pro

Lys

Lys

Tyr

Met

70

Ala

Leu

Leu

Ala

Ala

150

Ser

Val

Gln

Ile

Arg
230

Phe

Lys

His

Lys

55

Thr

Ala

Pro

Ser

Met

135

Pro

Asn

Leu

Arg

Ala
215

Ile

geceggeaty
tcagcgagtyg
tccaggagtyg
acgtgtgetyg
aggcactgcet
cagcaacgaa
cgaaacgtta

gatggccaat

aaggaagcgc

Asn

His

Val

Leu

Val

Gln

Cys

Lys

120

Gly

Pro

Ser

Ser

Thr
200

Val

Gly

acggtggtgg

cggcctggag

tccageatce

geegtetegy

cctecgtett

ccccaatttyg

ccccaggaac

gtttceggea

attgggtgtg

Pro

Asp

25

Ala

Gln

Val

Arg

Ile

105

Glu

Val

Ser

Asn

Asp

185

Ile

Arg

Cys

Leu

10

Ala

Met

Glu

Asp

Val

90

Pro

Thr

Pro

Tyr

Glu

170

Met

Asn

Asp

Gly

Gln

Arg

Ala

Leu

Leu

75

Arg

Pro

Gln

Lys

Leu

155

Pro

Cys

Asp

His

Ala
235

atttgggett

gcagagttat

agggaaattt

cgatgggagt

atctggacac

gcgacgacta

acggattttt

tagctgtgag

gtgcagccag

Ser

Ser

Lys

Asp

60

Gly

Pro

Pro

Asn

Asp

140

Asp

Gln

Glu

Pro

Ala
220

Ala

Leu

Arg

Ala

45

Ser

Phe

Gly

Gly

Glu

125

Lys

Thr

Phe

Thr

Tyr

205

Ala

Ser

Leu

Trp

30

Asp

Met

Ala

Gly

Val

110

Leu

Asp

Glu

Gly

Leu

190

Tyr

Ser

Phe

tgcgccegge
tggagtggat
cctgtecaaa
tcccaaggac
tgaacgcgag
cceggtagat
tcaaagaact
ggaccatgcet

cttecgatgty

Pro

15

Glu

Gly

Phe

Pro

Arg

95

Ser

Lys

Ser

Arg

Asp

175

Pro

Arg

Ile

Asp

Arg

Met

Phe

Arg

Gly

80

Val

Ser

Arg

Gly

Glu

160

Asp

Gln

Met

Val

Val
240

240

300

360

420

480

540

600

660

720

738
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-continued
<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica
<400> SEQUENCE: 65
atgttttaca ccaagcccga cccggtggtt gattattcee gectcaagga catggacatg 60
tatcctgagt acgacaatgg ccagaacatg ggetttteca acatgaacat gaccgatcett 120
tacgacggceg gtcttaacat gtegtegatg gegcaacceg tggegttgaa ccagatggge 180
agcatgggece ccatgggete tttaagtaac atgeccatgg gttttgtgte ccagaaccag 240
cctcaaacte aggctcagge ccaggeccag agecagaacce agaatcagaa ccagaaccag 300
aaccagaacc agcctcagaa tcacaacacce catgttatga gegataacca caaccatacce 360
cacaccaaca atactcacaa caccaacgtc acccacaaca cccectcecat gggtggtcac 420
acaacctetyg tcgggggeca cgacaccaat gacteggece atgttggggg tcacgcecage 480
aatgtcacat ccccgacccee ggcaaccect gectecacat cttecgtace cgcaaccteg 540
cctcagatte cctteacggt cgegecacce gecaccgtcag gcaaatatgt gaccgatgac 600
gagcgatgge aggcactggt cgaccgagac cccgaggcetg acggegectt catctactge 660
gtcaccagca ccaaggtgta ctgccggecce acgtgetegg ceeggetege getgeggtec 720
aacattgtgt attttgacac catgaaggag gctgtggeeg ceggctacceg ccectgecga 780
cggtgcaace ccgacgtgag cgagatgaac tcgcagegac gegecgtggg cteegtgtgt 840
aacctcatce actcgetgga geccgacaag gtgccacgtg tcaagaaget agecgagtcece 900
gtcggectca cgetetggea ctttcacegt ctettcaage ggtacacggyg cctcacgect 960

cgacagtaca tcactgagtt ccacaagcga aagcgccttg ggctgccgca gttgcaagtce 1020
agcaaggtgg taaccaagaa gagctatgag cgacagcage gtcgccaggyg cagcaacggt 1080
tccacgecce agcagtcectcece ccaagtegge gectcettege cagecggega ggtggaggece 1140
atcaagcteg agaccccegt cgaaaccgte cagecgctat actacgacag caacggegtg 1200
actcacaacg ctgccaacgt cggggctcac agctccaatg tcactcacaa cactagccat 1260
gtcggaagca acgcaacctce cgccacgagce tccattgcca ctectettte caacacaacy 1320
tcaccecgaca cctegacgcece ggcccaggac tceggcataca tcattgccca cggttccaac 1380
gccagcaacg ccgctectgt ggttgctecg gggcectgceca ceggctetgg cgacaactgg 1440
atcaagacgg agccctcgat ggattttatg ccteggtacg agccgeggta cgaccagtcet 1500
atctccattg acgcccccat gtttattcecct gatggtaacg agtatcatca caacggggag 1560
atgttgggtg acatgtgggg gactctctaa 1590
<210> SEQ ID NO 66

<211> LENGTH: 529

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 66

Met Phe Tyr Thr Lys Pro Asp Pro Val Val Asp Tyr Ser Arg Leu Lys
1 5 10 15

Asp Met Asp Met Tyr Pro Glu Tyr Asp Asn Gly Gln Asn Met Gly Phe
20 25 30

Ser Asn Met Asn Met Thr Asp Leu Tyr Asp Gly Gly Leu Asn Met Ser
35 40 45

Ser Met Ala Gln Pro Val Ala Leu Asn Gln Met Gly Ser Met Gly Pro
50 55 60
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Met

65

Pro

Asn

Met

Asn

Gly

145

Asn

Pro

Ser

Arg

Lys

225

Asn

Arg

Arg

Asp

Leu

305

Arg

Gln

Gln

Thr

385

Thr

Asn

Ala

Gln

Ala

465

Ile

Gly

Gln

Gln

Ser

Val

130

Gly

Val

Ala

Gly

Asp

210

Val

Ile

Pro

Arg

Lys

290

Trp

Gln

Leu

Arg

Gly

370

Pro

His

Thr

Thr

Asp
450

Pro

Lys

Ser

Thr

Asn

Asp

115

Thr

His

Thr

Thr

Lys

195

Pro

Tyr

Val

Cys

Ala

275

Val

His

Tyr

Gln

Arg

355

Ala

Val

Asn

Ser

Pro

435

Ser

Val

Thr

Leu

Gln

Gln

100

Asn

His

Asp

Ser

Ser

180

Tyr

Glu

Cys

Tyr

Arg

260

Val

Pro

Phe

Ile

Val

340

Gln

Ser

Glu

Ala

His

420

Leu

Ala

Val

Glu

Ser

Ala

85

Asn

His

Asn

Thr

Pro

165

Pro

Val

Ala

Arg

Phe

245

Arg

Gly

Arg

His

Thr

325

Ser

Gly

Ser

Thr

Ala

405

Val

Ser

Tyr

Ala

Pro

Asn

70

Gln

Gln

Asn

Thr

Asn

150

Thr

Gln

Thr

Asp

Pro

230

Asp

Cys

Ser

Val

Arg

310

Glu

Lys

Ser

Pro

Val

390

Asn

Gly

Asn

Ile

Pro
470

Ser

Met

Ala

Asn

His

Pro

135

Asp

Pro

Ile

Asp

Gly

215

Thr

Thr

Asn

Val

Lys

295

Leu

Phe

Val

Asn

Ala

375

Gln

Val

Ser

Thr

Ile
455

Gly

Met

Pro

Gln

Gln

Thr

120

Ser

Ser

Ala

Pro

Asp

200

Ala

Cys

Met

Pro

Cys

280

Lys

Phe

His

Val

Gly

360

Gly

Pro

Gly

Asn

Thr
440
Ala

Pro

Asp

Met

Ala

Pro

105

His

Met

Ala

Thr

Phe

185

Glu

Phe

Ser

Lys

Asp

265

Asn

Leu

Lys

Lys

Thr

345

Ser

Glu

Leu

Ala

Ala

425

Ser

His

Ala

Phe

Gly

Gln

90

Gln

Thr

Gly

His

Pro

170

Thr

Arg

Ile

Ala

Glu

250

Val

Leu

Ala

Arg

Arg

330

Lys

Thr

Val

Tyr

His

410

Thr

Pro

Gly

Thr

Met

Phe

75

Ser

Asn

Asn

Gly

Val

155

Ala

Val

Trp

Tyr

Arg

235

Ala

Ser

Ile

Glu

Tyr

315

Lys

Lys

Pro

Glu

Tyr

395

Ser

Ser

Asp

Ser

Gly
475

Pro

Val

Gln

His

Asn

His

140

Gly

Ser

Ala

Gln

Cys

220

Leu

Val

Glu

His

Ser

300

Thr

Arg

Ser

Gln

Ala

380

Asp

Ser

Ala

Thr

Asn
460

Ser

Arg

Ser

Asn

Asn

Thr

125

Thr

Gly

Thr

Pro

Ala

205

Val

Ala

Ala

Met

Ser

285

Val

Gly

Leu

Tyr

Gln

365

Ile

Ser

Asn

Thr

Ser
445
Ala

Gly

Tyr

Gln

Gln

Thr

110

His

Thr

His

Ser

Pro

190

Leu

Thr

Leu

Ala

Asn

270

Leu

Gly

Leu

Gly

Glu

350

Ser

Lys

Asn

Val

Ser

430

Thr

Ser

Asp

Glu

Asn

Asn

95

His

Asn

Ser

Ala

Ser

175

Ala

Val

Ser

Arg

Gly

255

Ser

Glu

Leu

Thr

Leu

335

Arg

Pro

Leu

Gly

Thr

415

Ser

Pro

Asn

Asn

Pro

Gln

80

Gln

Val

Thr

Val

Ser

160

Val

Pro

Asp

Thr

Ser

240

Tyr

Gln

Pro

Thr

Pro

320

Pro

Gln

Gln

Glu

Val

400

His

Ile

Ala

Ala

Trp
480

Arg
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485

490

495

Tyr Asp Gln Ser Ile Ser Ile Asp Ala Pro Met Phe Ile Pro Asp Gly

500

505

510

Asn Glu Tyr His His Asn Gly Glu Met Leu Gly Asp Met Trp Gly Thr

515

<210> SEQ ID NO 67
<211> LENGTH: 1709
<212> TYPE: DNA

520

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 67

atgatttectyg ctattegtee

accgecttee gggectacte

tgctgtgega cggatttegt

acctgttett gecteggeaa

ttcaagcage agcagcagca

taacccecgeyg gcaaccatac

cacactgcaa cccactaaaa

ccgagetcat ccccgagaac

cegtecategyg cgaggtcatce

tcgtetggga gggatcegte

tccecgacct ccagaagcag

gtettttetyg getectgete

cecgetgactyg ggectetega

gcceccecccac ccteccacccece

agtctcagtt caccaaggct

cctacgagga ttccatgaac

gaaacctttt caaggacgga

ctaacttege ctetetgete

tctacctcac catccacget

ttgttggtte tgctctctec

ceggtectet ccacggecga

ccaagattgyg ctctgatgte

aggccggteg agtegtecce

acaccgccca gcgagagtte

tttccaccat ctacgaggtt

cctggeccaa tgtggactee

agtcttacta cactgttecte

tcatggaccyg agcttacggt

acgctgaget cgttggecte

<210> SEQ ID NO 68
<211> LENGTH: 465

cgcegttega

tacccaggat

tgcgtcagee

aagtttttce

taaaatatgg

gagatggcag

agaaacacga

gtcgagaaga

ctcgaccagyg

ctcgacceeyg

ctcecccacy

accggcgaga

gecgagatcee

atggctcage

tacgagaagg

ctcattgeca

aagattgttg

ggctttggcg

gaccacgagg

tctececttec

gctaaccagg

accaaggagg

ggttacggac

gecctegage

geccccaagg

cactceggty

tteggtgttt

gcteccateyg

aagctctaa

tcetteegtte

gtgagtattt

tgattgcaac

gaatgcatgt

aatgtgttgt

tcataacaat

ctaacaaata

tcaagaagct

cttacggtygyg

aggagggtat

ccectggegy

tcceccactga

ccaagcatgt

tcggtattge

gtgttaacaa

agctceccegt

gctecattga

acaacaagga

gaggtaacgt

tctetetgte

aggtccttga

acattgagaa

acgccgttet

acatgcccga

ttctcaccga

tcctecteca

cccgagetat

agcgacccaa

525

gtgttgccce

cttttcttte

agccttagge

gacacgtcga

gtgcagaagt

tgcaattgag

gggtcttaag

ccgaaaggag

tatgcgaggt

ccgattecga

aaaggagcect

tgctcaggte

tgaggagcte

cgtcaacget

gaaggagtac

cattgcttet

caactctctt

gttcattgag

ctctgeccac

cgectggtete

gtggattcte

gtacctctgg

ccgaaagace

ctacgacctce

gcacggcaag

gtactacggt

cggtgtectyg

gtecttetet

tatggccaac

atcaattggt

cccatttteg

atgtggtget

cgacattaca

caatacaaac

gagcgatteg

aagggtaaca

attaagggtc

ggtctgacta

ctceccecgagy

aagggtctgt

atcgaccgat

ctggagteeg

tggcagtaca

cgaatctacce

gactactctg

cttetgegac

accaccaagc

aacggtcttyg

gagatgaagt

gataccctta

gatcctcgat

ttccacctey

accaagaacc

ctcactgage

ccccagetea

accgagaagt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1709
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-continued

254

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Pro

Lys

Lys

Asp

65

Gly

Ile

Pro

Thr

Glu

145

Leu

Glu

Tyr

Pro

Ile

225

Ser

Leu

Leu

Asn

305

Ser

Lys

Thr

Pro

Pro
385

Ile

Met

Glu

Leu

50

Gln

Ser

Pro

Leu

Asp

130

Ile

His

Ser

Trp

Val

210

Val

Leu

Tyr

Thr

Ser

290

Gln

Asp

Ala

Asp

Asp

370

Lys

Ser

Ala

Arg

Arg

Ala

Val

Asp

Pro

115

Ala

Pro

Pro

Gln

Gln

195

Ile

Gly

Leu

Leu

Thr

275

Ala

Glu

Val

Gly

Pro
355

Tyr

Val

Ala

Asn

20

Phe

Lys

Tyr

Leu

Leu

100

Glu

Gln

Lys

Met

Phe

180

Tyr

Ala

Ser

Gly

Thr

260

Lys

Gly

Val

Thr

Arg
340
Arg

Asp

Leu

Yarrowia lipolytica

68

Ile Arg Pro Ala Val Arg Ser Ser Val Arg Val
Thr Ala Phe Arg Ala Tyr Ser Thr Gln Asp Gly

25 30
Ala Glu Leu Ile Pro Glu Asn Val Glu Lys Ile
Glu Lys Gly Asn Thr Val Ile Gly Glu Val Ile
55 60

Gly Gly Met Arg Gly Ile Lys Gly Leu Val Trp
70 75

Asp Pro Glu Glu Gly Ile Arg Phe Arg Gly Leu
85 90 95

Gln Lys Gln Leu Pro His Ala Pro Gly Gly Lys
105 110

Gly Leu Phe Trp Leu Leu Leu Thr Gly Glu Ile
120 125

Val Lys Gly Leu Ser Ala Asp Trp Ala Ser Arg
135 140

His Val Glu Glu Leu Ile Asp Arg Cys Pro Pro
150 155

Ala Gln Leu Gly Ile Ala Val Asn Ala Leu Glu
165 170 175

Thr Lys Ala Tyr Glu Lys Gly Val Asn Lys Lys
185 190

Thr Tyr Glu Asp Ser Met Asn Leu Ile Ala Lys
200 205

Ser Arg Ile Tyr Arg Asn Leu Phe Lys Asp Gly
215 220

Ile Asp Asn Ser Leu Asp Tyr Ser Ala Asn Phe
230 235

Phe Gly Asp Asn Lys Glu Phe Ile Glu Leu Leu
245 250 255

Ile His Ala Asp His Glu Gly Gly Asn Val Ser
265 270

Leu Val Gly Ser Ala Leu Ser Ser Pro Phe Leu
280 285

Leu Asn Gly Leu Ala Gly Pro Leu His Gly Arg
295 300

Leu Glu Trp Ile Leu Glu Met Lys Ser Lys Ile
310 315

Lys Glu Asp Ile Glu Lys Tyr Leu Trp Asp Thr
325 330 335

Val Val Pro Gly Tyr Gly His Ala Val Leu Arg
345 350

Tyr Thr Ala Gln Arg Glu Phe Ala Leu Glu His
360 365

Leu Phe His Leu Val Ser Thr Ile Tyr Glu Val
375 380

Thr Glu His Gly Lys Thr Lys Asn Pro Trp Pro
390 395

Ala

Leu

Lys

Leu

Glu

80

Thr

Glu

Pro

Ala

Thr

160

Ser

Glu

Leu

Lys

Ala

240

Arg

Ala

Ser

Ala

Gly

320

Leu

Lys

Met

Ala

Asn
400
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256

Gln

Leu

Pro

Leu
465

<210>
<211>
<212>
<213>

<400>

Asp

Ser

Pro

Lys
450

Ser

Tyr

Gln

435

Ser

His Ser Gly Val Leu

405

Tyr Thr Val Leu Phe

420

Leu Ile Met Asp Arg

440

Phe Ser Thr Glu Lys

SEQ ID NO 69
LENGTH: 7270
TYPE: DNA

ORGANISM: Yarrowia lipolytica

SEQUENCE: 69

atgcgactge aattgaggac

cgtggecacy

cctegecage

tcecettggty

tgtccacaca

agttatcaac

aacgaccaaa

gtaatacatt

cagtatcacc

atttacgcca

aataccacca

agtgttacta

ttcagtacga

catggccacc

cgtcgaggtg

cgtggctgag

tccectgete

cggagetgec

aaaggtcceg

caccaacctce

gcagggtctg

aggaggagga

ccaggtcgag

ceggeatttyg

tcgagattgt

ggctggccag

cggatatgte

cttettggag

acagccgagyg

acaagaaact

gaccccaaca

gccaagcect

aaggtgagta

aagggtcgaa

cttacacgte

tattttccac

ccgacatgat

cttgeecace

acccaggtec

aaatgggect

cccgaagatce

cceggaggaa

cgatteggeg

ccegagtege

atgagatctc

tgtatccegt

gtgtcegtgt

gagaaggcta

aagggtattc

ggagagatce

gaggtgcage

tcggtteage

cagaccttca

tctgcaggta

ctgaatccte

455

actaacacgt

cgtcacgatg

aacccagtat

ttcacaaagg

caaaagtcaa

tttgacgttt

aaagggtcga

caattgttag

ttgtgtcteg

attgtgattt

ttcageggec

tcatcgctaa

acgagacctt

tcgetgecaa

ccaacaacaa

tcgatgeegt

tagcggecte

tgggagacaa

ggtcetggaac

ccgaggagge

agcagattgg

gaaaggttga

ceggetegec

ttctggectga

gacggcatca

ctgccatgga

ccgttgaata

gtcttcaggt

Leu Gln Tyr
410

Gly Val Ser
425

Ala Tyr Gly

Tyr Ala Glu

cggtttttea
ggccagacga
ggcttcagga
tctegectet
ggagtttgtg
agactgtata
aaacggacac
acaaacacgg
gatctgatca
tcggattete
tcteggegeyg
caacggtatt
tggcgacgag
cgcecgactac
caactacgec
gtgggecgga
tccecegcaag
aatttcttcect
cggagtggac
gtacaccaag
attccecegtyg
gegagaggag
catcttcatt
tcagtacgge
aaagattatt
gaaggctgee
tetgtattee

cgaacatcect

Tyr Gly Leu
Arg Ala Ile
430

Ala Pro Ile
445

Leu Val Gly
460

ggtgagtaaa
gcacattcte
tcttcaacge
catttetttyg
gettetcacyg
acaggcggec
aaaagctgga
ctgtteggte
taatctgatc
cagaccgage
attcgecact
gecgcagtaa
cgagcaatct
attagaatgg
aacgtcgage
tggggccatyg
attgtcttca
accattgtgg
gaggttgtgg
ggctgcacca

atgatcaagg
gacttcgagg
atgcagcttyg
aacaatattt
gaggaggctc
gtgcgacteg
catgaggacyg

accaccgaga

Thr Glu
415

Gly Val

Glu Arg

Leu Lys

cgacggtgge
gecgecacaa
cagatgtgge
gactcaatte
gaggtcatac
gcagtgcaac
aaacaagagt
ccaaaaccac
tcaagatgaa
agattccage
ttcecccaacy
aggagatccg
cgttcacegt
ccgatcagta
tgattgtcga
ccagtgaaaa
teggeectee
cccageacge
ttgacaagag
ccggteccaa
cttecgaggy
ctgcttacca
caggcaatge
cactgtttygyg
ctgtgactgt
gtaagettgt
acaagttcta

tggtcaccgyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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-continued
tgtcaacctg cccgectgecee agcttcagat cgccatgggt atccceccteg atcgaatcaa 1740
ggacattcgt ctettttacg gtgttaaccce tcacaccacc actccaattg atttcgactt 1800
ctegggegag gatgetgata agacacageg acgtcccegte ceeccgaggte acaccactge 1860
ttgccgaatc acatccgagg accctggaga gggtttcaag cecctccggag gtactatgcea 1920
cgagctcaac ttccgatccect cgtccaacgt gtggggttac ttctecegttg gtaaccaggg 1980
aggtatccat tcgttctecgg attcgcagtt tggtcacatc ttcgectteg gtgagaaccg 2040
aagtgcgtct cgaaagcaca tggttgttgce tttgaaggaa ctatctattce gaggtgactt 2100
ccgaaccace gtcgagtacce tcatcaaget getggagaca cceggactteg aggacaacac 2160
catcaccacc ggctggctgg atgagcttat ctccaacaag ctgactgccg agcgacccga 2220
ctegttecte getgttgttt gtggtgctge taccaaggcce catcgagctt ccgaggactce 2280
tattgccacc tacatggctt cgctagagaa gggccaggtc cctgctcgag acattctcaa 2340
gaccctttte ccecgttgact tcatctacga gggccagcgg tacaagttca ccgccacccyg 2400
gtcgtctgag gactcttaca cgctgttcat caacggttet cgatgcgaca ttggagttag 2460
acctctttet gacggtggta ttectgtgtcet tgtaggtggg agatcccaca atgtctactg 2520
gaaggaggag gttggagcca cgcgactgtc tgttgactcc aagacctgcec ttctcgaggt 2580
ggagaacgac cccactcagce ttcgatctcecce ctctececcggt aagcectggtta agttecctggt 2640
cgagaacggce gaccacgtgce gagccaacca gecctatgece gagattgagyg tcatgaagat 2700
gtacatgact ctcactgctc aggaggacgg tattgtccag ctgatgaagc agcccggtte 2760
caccatcgag gctggcgaca tectcecggtat cttggcectt gatgatcctt ccaaggtcaa 2820
gcatgccaag ccctttgagg gccagcttece cgagcttgga ccccccactce tcagcecggtaa 2880
caagcctcat cagcgatacg agcactgcca gaacgtgcectce cataacattce tgettggttt 2940
cgataaccag gtggtgatga agtccactct tcaggagatg gttggtctgce tccgaaaccce 3000
tgagcttect tatctccagt gggctcatca ggtgtcttet ctgcacacce gaatgagegce 3060
caagctggat gctactcttg ctggtctcat tgacaaggcc aagcagcgag gtggcgagtt 3120
tcetgecaag cagcttcectge gagcececttga gaaggaggcg agctctggeg aggtcgatgce 3180
gctettecag caaactcecttg ctectetgtt tgaccttget cgagagtacce aggacggtcet 3240
tgctatccac gagcttcagg ttgctgcagg ccttectgcag gectactacg actctgaggce 3300
ccggttetge ggacccaacg tacgtgacga ggatgtcatt ctcaagcttce gagaggagaa 3360
ccgagattct cttcgaaagg ttgtgatgge ccagctgtet cattctcgag teggagccaa 3420
gaacaacctt gtgctggcce ttctcgatga atacaaggtg gcecgaccagg ctggcaccga 3480
ctctectgece teccaacgtge acgttgcaaa gtacttgcega cctgtgctge gaaagattgt 3540
ggagctggaa tctcgagcett ctgccaaggt atctctgaaa gceccgagaga ttctcatceca 3600
gtgcgctetyg cectctectaa aggagcgaac tgaccagctt gagcacattce tgcgatctte 3660
tgtcgtegag tectcgatacyg gagaggttgg tctggagcac cgaactcccce gagccgatat 3720
tctcaaggag gttgtcgact ccaagtacat tgtctttgat gtgcttgcce agttctttgce 3780
ccacgatgat ccctggatcg tecttgetge cctggagetg tacatccgac gagcttgcaa 3840
ggcctactee atcctggaca tcaactacca ccaggactceg gacctgecctce ccgtcatcete 3900
gtggcgattt agactgccta ccatgtegtce tgctttgtac aactcagtag tgtcecttetgg 3960
ctccaaaacc cccacttecece ccteggtgte tcgagctgat teccgtcectceeg acttttegta 4020
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-continued
caccgttgag cgagactctg ctecccgeteg aaccggageg attgttgceg tgcctcatct 4080
ggatgatctyg gaggatgctce tgactcgtgt tctggagaac ctgcccaaac ggggcgcetgg 4140
tcttgecate tetgttggtyg ctagcaacaa gagtgccget gettcectgcte gtgacgetgce 4200
tgctgctgee gettcateeg ttgacactgg cctgtccaac atttgcaacg ttatgattgg 4260
tcgggttgat gagtctgatg acgacgacac tctgattgecce cgaatctcecce aggtcattga 4320
ggactttaag gaggactttg aggcctgttc tctgcgacga atcaccttct cctteggcaa 4380
ctcccgaggt acttatccca agtatttcac gttecgagge cccgcatacg aggaggaccce 4440
cactatccga cacattgagc ctgctcectgge ctteccagetg gagctcecgcecce gtcectgtecaa 4500
cttcgacatc aagcctgtec acaccgacaa ccgaaacatc cacgtgtacg aggctactgg 4560
caagaacgct gcttceccgaca ageggttctt cacccgaggt atcgtacgac ctggtcegtcet 4620
tcgagagaac atccccacct cggagtatct catttccgag gectgaccgge tcatgagcega 4680
tattttggac gctctagagg tgattggaac caccaactcg gatctcaacc acattttcat 4740
caacttctca geccgtcectttg ctetgaagce cgaggaggtt gaagctgcect ttggeggttt 4800
cctggagecga tttggccgac gtcectgtggceg acttcgagtce accggtgceg agatccgaat 4860
gatggtatcc gaccccgaaa ctggctcetge tttcectcectg cgagcaatga tcaacaacgt 4920
ctctggttac gttgtgcagt ctgagctgta cgctgaggcce aagaacgaca agggccagtg 4980
gattttcaag tctctgggca agcccggctce catgcacatg cggtctatca acactcecta 5040
ccecaccaag gagtggetge agcccaageg gtacaaggece catctgatgg gtaccaccta 5100
ctgctatgac ttccccgage tgttcecgaca gtccattgag tcggactgga agaagtatga 5160
cggcaaggct cccgacgatce tcatgacttg caacgagcetg attctcgatg aggactcectgg 5220
cgagetgcag gaggtgaacce gagagcccgg cgccaacaac gteggtatgg ttgegtggaa 5280
gtttgaggcc aagacccccg agtacccteg aggccgatcet ttcatcegtgg tggccaacga 5340
tatcaccttc cagattggtt cgtttggcce tgctgaggac cagttcttcet tcaaggtgac 5400
ggagctggcet cgaaagctcg gtattceccteg aatctatctg tetgccaact ctggtgeteg 5460
aatcggcatt gctgacgagce tcegttggcaa gtacaaggtt gegtggaacg acgagactga 5520
ccectecaag ggcttcaagt acctttactt cacccctgag tetcettgcca cectcaagece 5580
cgacactgtt gtcaccactg agattgagga ggagggtccc aacggcgtgg agaagcgtca 5640
tgtgatcgac tacattgtcg gagagaagga cggtctcgga gtcgagtgtce tgcggggcetce 5700
tggtctcatt gcaggcgcca cttctcecgage ctacaaggat atcttcacte tcactcettgt 5760
cacctgtcga tccgttggta teggtgectta ccttgttegt cttggtcaac gagccatcca 5820
gattgagggc cagcccatca ttcectcactgg tgccceccgec atcaacaagce tgcttggteg 5880
agaggtctac tcttccaact tgcagcttgg tggtactcag atcatgtaca acaacggtgt 5940
gtctcatcetg actgcccgag atgatctcaa cggtgtccac aagatcatgc agtggctgtce 6000
atacatccct gettectcecgag gtecttecagt gectgttete cctcacaaga ccgatgtgtg 6060
ggatcgagac gtgacgttce agectgteccg aggcgagcag tacgatgtta gatggcttat 6120
ttectggecga actctcgagg atggtgcttt cgagtctggt ctcectttgaca aggactcettt 6180
ccaggagact ctgtctggcect gggccaaggg tgttgttgtt ggtcgagcte gtcecttggegg 6240
cattcccectte ggtgtcattg gtgtcgagac tgcgaccgtc gacaatacta cccctgccga 6300
tceecgecaac ccggactceta ttgagatgag cacctctgaa geccggccagg tttggtacce 6360
caactcggcce ttcaagacct ctcaggccat caacgacttc aaccatggtg aggcgcttcece 6420
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-continued
tctcatgatt cttgctaact ggcgaggctt ttetggtggt cagcgagaca tgtacaatga 6480
ggttctcaag tacggatctt tcattgttga tgctctggtt gactacaagc agcccatcat 6540
ggtgtacatc ccteccaccg gtgagcectgeg aggtggttet tgggttgtgg ttgacccecac 6600
catcaactcg gacatgatgg agatgtacgc tgacgtcgag tctcgaggtg gtgtgctgga 6660
geecgaggga atggtceggta tcaagtaccg acgagacaag ctactggaca ccatggeteg 6720
tctggatcce gagtactecct ctectcaagaa gcagcttgag gagtctcceg attctgagga 6780
gctcaaggte aagctcagcg tgcgagagaa gtctctcatg cccatctacce agcagatctce 6840
cgtgcagttt gccgacttge atgaccgagce tggccgaatg gaggccaagg gtgtcattcg 6900
tgaggctett gtgtggaagg atgctcegtcg attcecttette tggcgaatce gacgacgatt 6960
agtcgaggag tacctcatta ccaagatcaa tagcattctg ccctcecttgca ctcecggcttga 7020
gtgtctggcet cgaatcaagt cgtggaagcc tgccactctt gatcagggcet ctgaccgggyg 7080
tgttgccgag tggtttgacg agaactctga tgccgtcetet getcgactca gegagctcaa 7140
gaaggacgct tctgcccagt cgtttgette tcaactgaga aaggaccgac agggtactct 7200
ccagggcatg aagcaggctc tecgcttetcet ttetgaggct gagcgggctg agctgctcaa 7260
ggggttgtga 7270

<210> SEQ ID NO 70
<211> LENGTH: 2266

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 70

Met Arg Leu Gln Leu Arg Thr Leu

1

Ser Gly Ser

His Lys Gly

35

Ser Thr Pro Asp Val

20

Leu Ala Ser His Phe

40

Ala

Thr

65

Lys

Glu

Ala

Gly

145

Ala

Lys

Asp

Ile

Lys

50

Val

Glu

Arg

Asn

Gly

130

Ala

Ser

Ile

Lys

Pro

Pro

Ile

Ile

Ala

Ala

115

Thr

Glu

Glu

Val

Ile
195

Trp

Ser

Asn

Arg

Ile

100

Asp

Asn

Arg

Asn

Phe

180

Ser

Ser

Lys Val

Lys Val
70

Ser Val
85

Ser Phe

Tyr Ile

Asn Asn

Phe Gly

150
Pro Leu
165
Ile Gly

Ser Thr

Gly Thr

Lys

55

Leu

Arg

Thr

Arg

Asn

135

Val

Leu

Pro

Ile

Gly

Glu

Ile

Lys

Val

Met

120

Tyr

Asp

Pro

Pro

Val

200

Val

Yarrowia lipolytica

Thr

Ala

25

Phe

Phe

Ala

Trp

Met

105

Ala

Ala

Ala

Glu

Gly
185

Ala

Asp

Arg

10

Pro

Gly

Val

Asn

Ala

90

Ala

Asp

Asn

Val

Ser
170
Ala

Gln

Glu

Arg

Leu

Leu

Ala

Asn

75

Tyr

Thr

Gln

Val

Trp

155

Leu

Ala

His

Val

Phe Phe Ser

Val Asp Pro

30

Asn Ser Val

45

Met Ala
15

Asn Ile

His Thr

Ser

Gly

Glu

Pro

Tyr

Glu

140

Ala

Ala

Met

Ala

Val

His

Ile

Thr

Glu

Val

125

Leu

Gly

Ala

Arg

Lys

205

Val

Gly

Ala

Phe

Asp

110

Glu

Ile

Trp

Ser

Ser

190

Val

Asp

Gly

Ala

Gly

95

Leu

Val

Val

Gly

Pro

175

Leu

Pro

Lys

His

Val

80

Asp

Ala

Pro

Asp

His

160

Arg

Gly

Cys

Ser
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-continued

264

Thr
225

Thr

Glu

Arg

305

Ser

Ile

Met

Ala

Phe

385

Met

Gly

Asn

Ala

Cys

465

Gly

Tyr

Gln

Lys

Arg

545

Glu

Lys

Ala

Met

Thr
625

210

Asn

Gly

Met

Glu

Ile

290

His

Leu

Glu

Glu

Gly

370

Leu

Val

Ile

Pro

Asp

450

Arg

Thr

Phe

Phe

His

530

Thr

Asp

Leu

Ala

Ala
610

Leu

Leu

Pro

Ile

Arg

275

Pro

Leu

Phe

Glu

Lys

355

Thr

Glu

Thr

Pro

His

435

Lys

Ile

Met

Ser

Gly

515

Met

Thr

Asn

Thr

Thr
595

Ser

Phe

Val

Lys

Lys

260

Glu

Gly

Glu

Gly

Ala

340

Ala

Val

Leu

Gly

Leu

420

Thr

Thr

Thr

His

Val

500

His

Val

Val

Thr

Ala
580
Lys

Leu

Pro

Ser

Gln

245

Ala

Glu

Ser

Val

Arg

325

Pro

Ala

Glu

Asn

Val

405

Asp

Thr

Gln

Ser

Glu

485

Gly

Ile

Val

Glu

Ile

565

Glu

Ala

Glu

Val

Val

230

Gly

Ser

Asp

Pro

Gln

310

Asp

Val

Val

Tyr

Pro

390

Asn

Arg

Thr

Arg

Glu

470

Leu

Asn

Phe

Ala

Tyr

550

Thr

Arg

His

Lys

Asp
630

215 220

Ser Glu Glu Val Tyr Thr Lys Gly Cys
235

Leu Glu Lys Ala Lys Gln Ile Gly Phe
250 255

Glu Gly Gly Gly Gly Lys Gly Ile Arg
265 270

Phe Glu Ala Ala Tyr His Gln Val Glu
280 285

Ile Phe Ile Met Gln Leu Ala Gly Asn
295 300

Leu Leu Ala Asp Gln Tyr Gly Asn Asn
315

Cys Ser Val Gln Arg Arg His Gln Lys
330 335

Thr Val Ala Gly Gln Gln Thr Phe Thr
345 350

Arg Leu Gly Lys Leu Val Gly Tyr Val
360 365

Leu Tyr Ser His Glu Asp Asp Lys Phe
375 380

Arg Leu Gln Val Glu His Pro Thr Thr
395

Leu Pro Ala Ala Gln Leu Gln Ile Ala
410 415

Ile Lys Asp Ile Arg Leu Phe Tyr Gly
425 430

Pro Ile Asp Phe Asp Phe Ser Gly Glu
440 445

Arg Pro Val Pro Arg Gly His Thr Thr
455 460

Asp Pro Gly Glu Gly Phe Lys Pro Ser
475

Asn Phe Arg Ser Ser Ser Asn Val Trp
490 495

Gln Gly Gly Ile His Ser Phe Ser Asp
505 510

Ala Phe Gly Glu Asn Arg Ser Ala Ser
520 525

Leu Lys Glu Leu Ser Ile Arg Gly Asp
535 540

Leu Ile Lys Leu Leu Glu Thr Pro Asp
555

Thr Gly Trp Leu Asp Glu Leu Ile Ser
570 575

Pro Asp Ser Phe Leu Ala Val Val Cys
585 590

Arg Ala Ser Glu Asp Ser Ile Ala Thr
600 605

Gly Gln Val Pro Ala Arg Asp Ile Leu
615 620

Phe Ile Tyr Glu Gly Gln Arg Tyr Lys
635

Thr

240

Pro

Lys

Gly

Ala

Ile

320

Ile

Ala

Ser

Tyr

Glu

400

Met

Val

Asp

Ala

Gly

480

Gly

Ser

Arg

Phe

Phe

560

Asn

Gly

Tyr

Lys

Phe
640
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266

Thr

Ser

Cys

Gly

Glu

705

Lys

Ala

Asp

Gly

His

785

Leu

Leu

Thr

Leu

Lys

865

Gly

Ala

Leu

Leu

Arg

945

Arg

Ser

Asp

Asn

Arg

Ala

Arg

Leu

Ala

690

Asn

Phe

Glu

Gly

Asp

770

Ala

Ser

His

Leu

Gln

850

Leu

Gly

Ser

Phe

Gln

930

Phe

Glu

His

Glu

Val

1010

Glu

1025

Glu

1040

Thr

Cys

Val

675

Thr

Asp

Leu

Ile

Ile

755

Ile

Lys

Gly

Asn

Gln

835

Trp

Asp

Glu

Ser

Asp

915

Val

Cys

Glu

Ser

Tyr
995

Arg

Asp

660

Gly

Arg

Pro

Val

Glu

740

Val

Leu

Pro

Asn

Ile

820

Glu

Ala

Ala

Phe

Gly

900

Leu

Ala

Gly

Asn

Arg

980

Lys

Ser

645

Ile

Gly

Leu

Thr

Glu

725

Val

Gln

Gly

Phe

Lys

805

Leu

Met

His

Thr

Pro

885

Glu

Ala

Ala

Pro

Arg

965

Val

Val

Ser

Gly

Arg

Ser

Gln

710

Asn

Met

Leu

Ile

Glu

790

Pro

Leu

Val

Gln

Leu

870

Ala

Val

Arg

Gly

Asn

950

Asp

Gly

Ala

Glu Asp Ser Tyr Thr Leu Phe Ile Asn Gly
650 655

Val Arg Pro Leu Ser Asp Gly Gly Ile Leu
665 670

Ser His Asn Val Tyr Trp Lys Glu Glu Val
680 685

Val Asp Ser Lys Thr Cys Leu Leu Glu Val
695 700

Leu Arg Ser Pro Ser Pro Gly Lys Leu Val
715 720

Gly Asp His Val Arg Ala Asn Gln Pro Tyr
730 735

Lys Met Tyr Met Thr Leu Thr Ala Gln Glu
745 750

Met Lys Gln Pro Gly Ser Thr Ile Glu Ala
760 765

Leu Ala Leu Asp Asp Pro Ser Lys Val Lys
775 780

Gly Gln Leu Pro Glu Leu Gly Pro Pro Thr
795 800

His Gln Arg Tyr Glu His Cys Gln Asn Val
810 815

Gly Phe Asp Asn Gln Val Val Met Lys Ser
825 830

Gly Leu Leu Arg Asn Pro Glu Leu Pro Tyr
840 845

Val Ser Ser Leu His Thr Arg Met Ser Ala
855 860

Ala Gly Leu Ile Asp Lys Ala Lys Gln Arg
875 880

Lys Gln Leu Leu Arg Ala Leu Glu Lys Glu
890 895

Asp Ala Leu Phe Gln Gln Thr Leu Ala Pro
905 910

Glu Tyr Gln Asp Gly Leu Ala Ile His Glu
920 925

Leu Leu Gln Ala Tyr Tyr Asp Ser Glu Ala
935 940

Val Arg Asp Glu Asp Val Ile Leu Lys Leu
955 960

Ser Leu Arg Lys Val Val Met Ala Gln Leu
970 975

Ala Lys Asn Asn Leu Val Leu Ala Leu Leu
985 990

Asp Gln Ala Gly Thr Asp Ser Pro Ala Ser
1000 1005

His Val Ala Lys Tyr Leu Arg Pro Val Leu Arg Lys Ile

1015 1020

Leu Glu Ser Arg Ala Ser Ala Lys Val Ser Leu Lys Ala

1030 1035

Ile Leu Ile Gln Cys Ala Leu Pro Ser Leu Lys Glu Arg

1045 1050
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Thr

Arg

Ile

Leu

Ala

Leu

Ser

Ser

Ser

Asp

Leu

Pro

Lys

Ser

Gly

Ile

Ser

Tyr

Pro

Leu

Asn

Ser

Leu

Asp

Thr

Phe

Asp
1055

Tyr
1070

Leu
1085

Ala
1100

Leu
1115

Asp
1130

Trp
1145

Val
1160

Arg
1175

Ser
1190

Asp
1205

Lys
1220

Ser
1235

Ser
1250

Arg
1265

Ser
1280

Leu
1295

Pro
1310

Thr
1325

Ala
1340

Arg
1355

Asp
1370

Arg
1385

Arg
1400

Thr
1415

Phe
1430

Leu

Gln

Gly

Lys

Gln

Glu

Ile

Arg

Val

Ala

Ala

Asp

Arg

Ala

Val

Val

Gln

Arg

Lys

Ile

Arg

Asn

Lys

Glu

Leu

Asn

Ala

Glu

Leu

Glu

Glu

Phe

Leu

Asn

Phe

Ser

Asp

Pro

Leu

Gly

Ala

Asp

Asp

Val

Arg

Tyr

Arg

Leu

Ile

Arg

Asn

Met

Ser

Leu

Arg

Glu

Val

Val

Phe

Tyr

Tyr

Arg

Ser

Ser

Ala

Glu

Ala

Ala

Thr

Glu

Ile

Ile

Phe

His

Ser

His

Phe

Ile

Ser

Asp

Lys

Phe

His

Gly

Val

Ala

Ile

His

Leu

Gly

Val

Arg

Asp

Gly

Ser

Gly

Ser

Glu

Thr

Thr

Ile

Asn

Val

Phe

Pro

Asp

Leu

Pro

Gly

Ile
1060

Leu
1075

Asp
1090

His
1105

Arg
1120

Gln
1135

Pro
1150

Ser
1165

Ser
1180

Thr
1195

Ala
1210

Leu
1225

Ala
1240

Leu
1255

Asp
1270

Asp
1285

Phe
1300

Phe
1315

Glu
1330

Phe
1345

Tyr
1360

Thr
1375

Thr
1390

Ile
1405

Asn
1420

Glu
1435

Arg

Leu

Glu

Ser

Asp

Arg

Asp

Thr

Lys

Asp

Gly

Leu

Ala

Arg

Ser

Asp

Phe

Ser

Arg

Pro

Asp

Glu

Arg

Ser

Leu

His

Glu

Arg

Arg

His

Lys

Asp

Ala

Ser

Met

Thr

Phe

Ala

Thr

Ile

Asp

Asn

Asp

Lys

Phe

Gly

Ala

Ile

Ala

Gly

Glu

Asp

Ile

Val

Leu

Ser

Arg

Tyr

Pro

Cys

Asp

Ser

Pro

Ser

Ile

Arg

Ser

Ala

Ile

Asp

Glu

Gly

Pro

Leu

Lys

Thr

Ile

Tyr

Ala

Phe

Glu

Trp

Ser

Thr

Ile

Trp

Lys

Leu

Ser

Thr

Tyr

Val

Val

Val

Ala

Cys

Thr

Asp

Asn

Ala

Ala

Pro

Gly

Val

Leu

Leu

Ile

Ala

Arg

Val
1065

Pro
1080

Val
1095

Ile
1110

Ala
1125

Pro
1140

Ala
1155

Ser
1170

Thr
1185

Ala
1200

Leu
1215

Gly
1230

Ala
1245

Asn
1260

Leu
1275

Phe
1290

Ser
1305

Tyr
1320

Phe
1335

Val
1350

Lys
1365

Arg
1380

Ile
1395

Glu
1410

Asn
1425

Ala
1440

Leu

Val Glu Ser

Arg

Phe

Val

Tyr

Pro

Leu

Pro

Val

Val

Glu

Ala

Ala

Val

Ile

Glu

Arg

Glu

Gln

His

Asn

Pro

Ser

Val

Phe

Phe

Arg

Ala

Asp

Leu

Ser

Val

Tyr

Ser

Glu

Pro

Asn

Ser

Ala

Met

Ala

Ala

Gly

Glu

Leu

Thr

Ala

Gly

Glu

Ile

Ser

Gly

Val

Asp

Val

Ala

Ile

Ile

Asn

Val

Arg

His

Leu

Asn

Ala

Ile

Arg

Cys

Thr

Asp

Glu

Asp

Ala

Arg

Ala

Gly

Ala

Gly

Thr
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Gly

Ala

Trp

Ser

Arg

Pro

Asp

Leu

Gly

Thr

Asp

Phe

Arg

Asp

Asp

Leu

Glu

Ile

Ser

Phe

Tyr

Pro

Arg

Met

Asn

1445

Ala
1460

Phe
1475

Gln
1490

Ile
1505

Ile
1520

Tyr
1535

Glu
1550

Gly
1565

Asp
1580

Ala
1595

Pro
1610

Ile
1625

Phe
1640

Ile
1655

Glu
1670

Pro
1685

Ala
1700

Glu
1715

Val
1730

Gly
1745

Thr
1760

Leu
1775

Ile
1790

Glu
1805

Tyr
1820

Gly
1835

Glu

Pro

Ser

Phe

Asn

Lys

Leu

Lys

Glu

Asn

Glu

Thr

Phe

Tyr

Leu

Ser

Thr

Gly

Gly

Leu

Leu

Val

Ile

Val

Asn

Val

Ile

Leu

Glu

Lys

Thr

Ala

Phe

Ala

Asp

Asn

Tyr

Phe

Lys

Leu

Val

Lys

Leu

Pro

Glu

Ile

Thr

Arg

Leu

Tyr

Asn

His

Arg

Arg

Leu

Ser

Pro

His

Arg

Pro

Ser

Val

Pro

Gln

Val

Ser

Gly

Gly

Lys

Asn

Lys

Ala

Leu

Leu

Thr

Ser

Gly

Lys

Met

Ala

Tyr

Leu

Tyr

Leu

Gln

Asp

Gly

Gly

Arg

Ile

Thr

Ala

Lys

Phe

Pro

Gly

Asp

Gly

Val

Gly

Gly

Ser

Val

Ile

1450

Met
1465

Met
1480

Ala
1495

Gly
1510

Pro
1525

Met
1540

Ser
1555

Asp
1570

Glu
1585

Met
1600

Gly
1615

Gly
1630

Glu
1645

Asn
1660

Tyr
1675

Lys
1690

Asp
1705

Val
1720

Gly
1735

Ala
1750

Thr
1765

Gln
1780

Ala
1795

Asn
1810

Ser
1825

Met
1840

Val

Ile

Glu

Lys

Thr

Gly

Ile

Leu

Leu

Val

Arg

Ser

Leu

Ser

Lys

Tyr

Thr

Glu

Leu

Thr

Cys

Arg

Pro

Leu

Gln

Ser

Asn

Ala

Pro

Lys

Thr

Glu

Met

Gln

Ala

Ser

Phe

Ala

Gly

Val

Leu

Val

Lys

Gly

Ser

Arg

Ala

Ala

Gln

Leu

Trp

Asp

Asn

Lys

Gly

Glu

Thr

Ser

Thr

Glu

Trp

Phe

Gly

Arg

Ala

Ala

Tyr

Val

Arg

Val

Arg

Ser

Ile

Ile

Leu

Thr

Leu

Pro

Val

Asn

Ser

Trp

Tyr

Asp

Cys

Val

Lys

Ile

Pro

Lys

Arg

Trp

Phe

Thr

His

Glu

Ala

Val

Gln

Asn

Gly

Ala

Ser

1455

Glu
1470

Ser
1485

Asp
1500

Met
1515

Leu
1530

Cys
1545

Trp
1560

Asn
1575

Asn
1590

Phe
1605

Val
1620

Ala
1635

Leu
1650

Ile
1665

Asn
1680

Thr
1695

Thr
1710

Val
1725

Cys
1740

Tyr
1755

Gly
1770

Ile
1785

Lys
1800

Gly
1815

Arg
1830

Tyr
1845

Thr

Gly

Lys

His

Gln

Tyr

Lys

Glu

Arg

Glu

Val

Glu

Gly

Gly

Asp

Pro

Glu

Ile

Leu

Lys

Ile

Glu

Leu

Thr

Asp

Ile

Gly

Tyr

Gly

Met

Pro

Asp

Lys

Leu

Glu

Ala

Ala

Asp

Ile

Ile

Glu

Glu

Ile

Asp

Arg

Asp

Gly

Gly

Leu

Gln

Asp

Pro

Ser

Val

Gln

Arg

Lys

Phe

Tyr

Ile

Pro

Lys

Asn

Gln

Pro

Ala

Thr

Ser

Glu

Tyr

Gly

Ile

Ala

Gln

Gly

Ile

Leu

Ala
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Ser

Trp

Asp

Phe

Ser

Gly

Asn

Ser

Lys

Pro

Arg

Asp

Pro

Thr

Arg

Arg

Tyr

Glu

Ile

Ala

Trp

Leu

Ser

Pro

Phe

Lys

Arg
1850

Asp
1865

Val
1880

Glu
1895

Gly
1910

Ile
1925

Thr
1940

Thr
1955

Thr
1970

Leu
1985

Asp
2000

Ala
2015

Thr
2030

Ile
2045

Gly
2060

Arg
2075

Ser
2090

Leu
2105

Tyr
2120

Gly
2135

Lys
2150

Val
2165

Cys
2180

Ala
2195

Asp
2210

Lys
2225

Gly

Arg

Arg

Ser

Trp

Pro

Thr

Ser

Ser

Met

Met

Leu

Gly

Asn

Gly

Asp

Ser

Lys

Gln

Arg

Asp

Glu

Thr

Thr

Glu

Asp

Leu

Asp

Trp

Gly

Ala

Phe

Pro

Glu

Gln

Ile

Tyr

Val

Glu

Ser

Val

Lys

Leu

Val

Gln

Met

Ala

Glu

Arg

Leu

Asn

Ala

Pro

Val

Leu

Leu

Lys

Gly

Ala

Ala

Ala

Leu

Asn

Asp

Leu

Asp

Leu

Leu

Lys

Lys

Ile

Glu

Arg

Tyr

Leu

Asp

Ser

Ser

Val

Thr

Ile

Phe

Gly

Val

Asp

Gly

Ile

Ala

Glu

Tyr

Arg

Met

Glu

Leu

Lys

Leu

Ser

Ala

Arg

Leu

Glu

Gln

Asp

Ala

Pro
1855

Phe
1870

Ser
1885

Asp
1900

Val
1915

Ile
1930

Pro
1945

Gln
1960

Asn
1975

Asn
1990

Val
2005

Lys
2020

Gly
2035

Met
2050

Pro
2065

Asp
2080

Gln
2095

Ser
2110

Val
2125

Lys
2140

Phe
2155

Ile
2170

Cys
2185

Gly
2200

Ala
2215

Gln
2230

Val

Gln

Gly

Lys

Val

Gly

Ala

Val

Asp

Trp

Leu

Gln

Gly

Glu

Glu

Thr

Leu

Val

Gln

Gly

Phe

Thr

Leu

Ser

Val

Ser

Leu

Pro

Arg

Asp

Val

Val

Asn

Trp

Phe

Arg

Lys

Pro

Ser

Met

Gly

Met

Glu

Arg

Phe

Val

Phe

Lys

Ala

Asp

Ser

Phe

Pro

Val

Thr

Ser

Gly

Glu

Pro

Tyr

Asn

Gly

Tyr

Ile

Trp

Tyr

Met

Ala

Glu

Glu

Ala

Ile

Trp

Ile

Arg

Arg

Ala

Ala

His

Arg

Leu

Phe

Arg

Thr

Asp

Pro

His

Phe

Gly

Met

Val

Ala

Val

Arg

Ser

Lys

Asp

Arg

Arg

Asn

Ile

Gly

Arg

Ser

Lys
1860

Gly
1875

Glu
1890

Gln
1905

Ala
1920

Ala
1935

Ser
1950

Asn
1965

Gly
1980

Ser
1995

Ser
2010

Val
2025

Val
2040

Asp
2055

Gly
2070

Leu
2085

Pro
2100

Ser
2115

Leu
2130

Glu
2145

Ile
2160

Ser
2175

Lys
2190

Val
2205

Leu
2220

Gln
2235

Thr

Glu

Asp

Glu

Arg

Thr

Ile

Ser

Glu

Gly

Phe

Tyr

Val

Val

Ile

Asp

Asp

Leu

His

Ala

Arg

Ile

Ser

Ala

Ser

Leu

Asp

Gln

Gly

Thr

Leu

Val

Glu

Ala

Ala

Gly

Ile

Ile

Asp

Glu

Lys

Pro

Ser

Met

Asp

Leu

Arg

Leu

Trp

Glu

Glu

Arg

Val

Tyr

Ala

Leu

Gly

Asp

Met

Phe

Leu

Gln

Val

Pro

Pro

Ser

Tyr

Glu

Glu

Pro

Arg

Val

Arg

Pro

Lys

Trp

Leu

Lys
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Asp Arg Gln Gly Thr Leu

2240

2245

2250

Leu Ser Glu Ala Glu Arg Ala Glu Leu Leu Lys Gly Leu

2255

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 71
H: 1134
DNA

2260

<213> ORGANISM: Yarrowia lipolyt

<400> SEQUENCE: 71

atgtggggaa
aggtccaaca
acggaacgcec
tactttgagt
cgatttatce
ttgtgtacge
atcagagacc
actctgttte
gagtatccce
aaggagcggyg
tttaccgega
cggatetggy
ggttacgaga
ggaagagagt
gaagatgaaa
acagaagggyg
cctgaggegt
ccatgtggac
tgtceettgt
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

gttcacatge

tgagcgacaa

tgccttacge

cegtgettga

accagtacaa

ttgtgggete

gaacagctcet

catacctgtt

atctggtgga

tcatcaagac

tccacttgge

gecatgegtta

tgcteggtet

accteggage

aggaagcggt

agacggaaga

ccagagegtyg

actttttetyg

gtecggcaggg

D NO 72
H: 377
PRT

attcgetggt

tacgacaatc

tggggccgca

acagcatctce

ggaggagetg

caagactcte

accgggggtyg

tgtgcgctac

gtacgacgaa

gtttgtgaac

gattttctac

tgtatttgga

gctgatttte

getgetggaa

tgtgccgaaa

caagatcgat

cactctgtgt

ttgggactgt

tgtgagagag

ica

gaatctgatce

aaaaagccga

gaaatcatce

gtcacgttte

gagacggcgt

ggagaagagt

gtgagacggt

atgggcaagt

gatgagcctyg

aagtttgaca

gtctacgget

caccgactygg

geceggttty

aagagcgtgg

aagaagtcgt

ctggaggacc

ctgtcataca

atttccgaat

cagaacttgt

ISM: Yarrowia lipolytica

<400> SEQUENCE: 72

Met Trp Gly
1

Gln Leu His
Pro Ile Arg
35

Ala Ala Glu
50

Val Leu Glu
65

Arg Phe Ile

Ala Tyr Leu

Ser Ser His Ala Phe

Thr Arg Ser Asn Met

20

Pro Lys Pro Ile Arg

40

Ile Ile Arg Ala Asn

55

Gln His Leu Val Thr

70

His Gln Tyr Lys Glu

85

Gly Leu Cys Thr Leu

Ala

Ser

25

Thr

Gln

Phe

Glu

Val

Gly

10

Asp

Glu

Lys

Leu

Leu

90

Gly

Glu

Asn

Arg

Asp

Gln

75

Glu

Ser

2265

tgacactaca
tccgacccaa
gagccaacca
tgcagaaatg
ccaagtttge
acaccaatct
ttggctacgt
tgcgcgecaa
tgcccagece
agttcacgge
cgtactacca
acaagaatga
ccacgtcatt
agaaagaggc
caattccgtt
ctcgacaget
ttagtgcgee
gggtgagaga

tgcctatcag

Ser Asp Leu

Thr Thr Ile
30

Leu Pro Tyr
45

His Tyr Phe
60
Lys Trp Lys

Thr Ala Ser

Lys Thr Leu

Gln Gly Met Lys Gln Ala Leu Ala Ser

actacacacc
accgatcegyg
gaaagaccac
gaagggagta
atatctcggt
catgtacact
getttecaac
actgatgege
ggaaacatgg
getggagggy
gctcagtaag
gectegaate
tgtgcagacyg
aggggagaag
cattgaggat
caagttcatt
ggcatgtacg
gaagcccgag

ataa

Thr Leu
15

Lys Lys

Ala Gly

Glu Ser

Gly Val
80

Lys Phe
95

Gly Glu

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1134
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100 105 110

Glu Tyr Thr Asn Leu Met Tyr Thr Ile Arg Asp Arg Thr Ala Leu Pro
115 120 125

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

Tyr Leu Phe Val Arg Tyr Met Gly Lys Leu Arg Ala Lys Leu Met Arg
145 150 155 160

Glu Tyr Pro His Leu Val Glu Tyr Asp Glu Asp Glu Pro Val Pro Ser
165 170 175

Pro Glu Thr Trp Lys Glu Arg Val Ile Lys Thr Phe Val Asn Lys Phe
180 185 190

Asp Lys Phe Thr Ala Leu Glu Gly Phe Thr Ala Ile His Leu Ala Ile
195 200 205

Phe Tyr Val Tyr Gly Ser Tyr Tyr Gln Leu Ser Lys Arg Ile Trp Gly
210 215 220

Met Arg Tyr Val Phe Gly His Arg Leu Asp Lys Asn Glu Pro Arg Ile
225 230 235 240

Gly Tyr Glu Met Leu Gly Leu Leu Ile Phe Ala Arg Phe Ala Thr Ser
245 250 255

Phe Val Gln Thr Gly Arg Glu Tyr Leu Gly Ala Leu Leu Glu Lys Ser
260 265 270

Val Glu Lys Glu Ala Gly Glu Lys Glu Asp Glu Lys Glu Ala Val Val
275 280 285

Pro Lys Lys Lys Ser Ser Ile Pro Phe Ile Glu Asp Thr Glu Gly Glu
290 295 300

Thr Glu Asp Lys Ile Asp Leu Glu Asp Pro Arg Gln Leu Lys Phe Ile
305 310 315 320

Pro Glu Ala Ser Arg Ala Cys Thr Leu Cys Leu Ser Tyr Ile Ser Ala
325 330 335

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

Glu Trp Val Arg Glu Lys Pro Glu Cys Pro Leu Cys Arg Gln Gly Val
355 360 365

Arg Glu Gln Asn Leu Leu Pro Ile Arg
370 375

<210> SEQ ID NO 73

<211> LENGTH: 2364

<212> TYPE: DNA

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 73

atgaccgaca aggactggga tcttgtctac aaggtccacg tttteggtge ctacaaggtt 60
acccgagetyg cctggectta cttecgaaag cagaagtacg gtcgagttat ctctacctet 120
tcegetgetyg gtetttacgg aaacttegge cagaccaact actecgetge caagetegece 180
ctggttggtt tcggtgagac tctegecaag gagggtgcca agtacaacat tacttccaac 240
gtcatcgete ctettgetge tteccgaatyg accgagacag tcatgeccga ggatatectce 300
aagctectca agectgagta cgttgttect ctggtegget acctcaccca cgactetgte 360
accgagtett atggtattta cgaggteggt getggttaca tggctaaaat ccgatgggag 420
cgaggcaacg gtgctgtttt caagggcgac gacacttteca ceccegtetge tattctgaag 480

cgatgggatg aggtcaccte ttttgagage cccacctacce ctaacggece tgctgactte 540
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ttcaaatacg

ttcaaggacc

cacctecttyg

gttgtcgatyg

cacggtgaga

aacaacgctyg

ctgatctttyg

ttccttaage

aactteggec

cttgctegag

actgccatga

atcgcaccca

gagactggtt

aacaccaaga

ttcgatgatg

gagaacatct

ggtggtCCCg

gacctcatte

gagggtgatg

ctcatcacta

ggtgagcagt

aaggctaagg

accaccacga

cgaggetetyg

gccaacaage

caggctgeca

getgetgtty

ggtaaggctce

cacgtettec

ttccagacca

ttccccaagy

ctgaggagtce
aggttgtcat
ctaagettygg
aaattaaggc
aggttgttca
gtattcteceyg
atgtccacct
agaagtacgg
aggccaacta
agggtgagaa
ctgettetgt
tcaccgtect
ctgettggat
agggtgtcac
gtaactccac
tcaacgtgee
gtatcctcaa
tttacaacct
atgacttcca
ccaactatgg
accttgaaat
tcatcgatgt
acaaggagac
gtggtttegg
ccectgeteg
tttaccgact
gtaactttga
tttacgatca
ctggtgagac
aggttgttga

atgctaagcet

<210> SEQ ID NO 74
<211> LENGTH: 787

<212> TYPE:

PRT

tgttaagcga

tgtcactgga

tgccaaggte

ccteggtggt

gaccgctatce

agacaagtct

caacggtact

cegtgteate

ctetgeegec

gtacaacatt

cttcactgag

gettgettee

cggacagact

ccccgaaatyg

ccatcccacce

tgatgaggag

caaggagggc

tggtcteggt

gaccgtgece

cgacttegtt

ccgacagtygyg

cgttgacaag

tggtgaggag

tggtaagtct

agctcctgac

ttetggtgat

ccgacctatt

gtttggtect

cctgaaggtt

gegaggtact

ctaa

cccgagaace cccagggace

geeggtgetyg gecattggeceg

gttgttaacg atttcggtaa

atcgcegteg ctgacaagaa

gacgcetteg gtgetgteca

ttcgccaaca tggatgatga

tactcecgtta ccaaggccge

aacaccacct caacttctgg

aaggctggta tccteggttt

cttgtcaaca ccattgccce

gagatgctceg agctcttcaa

gatcaggete ccgtcaccgg

cgatggcagc gagctggtgg

gttecgagaca gctgggctaa

actcccteeyg agtctactac

gttgaggaga ctgctctegt

gaacctttceg actacactta

gccaaggeta atgagctcaa

actttcggtyg ttatccctta

cctaacttca accctatgat

cctattecta ccaatgetac

ggcaaggetyg ccctecttgt

gttttectaca acgagtctte

accggtactyg accgtggege

ttcgttaagyg agatcaagat

tacaacccte ttcacatcga

ctccacggte tetgetettt

ttcaagaacyg ctaaggtccg

gagggctgga aggagggcaa

accgccatca gcaatgecge

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 74

Met Thr Asp Lys Asp Trp Asp Leu Val Tyr Lys Val His Val

1

5

10

Ala Tyr Lys Val Thr Arg Ala Ala Trp Pro Tyr Phe Arg Lys

20

25 30

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

35

40

45

caccgtetee
agcttactet
ccctcagaag
caacgtcatce
cgecegttgte
gatgtggcag
gtggccccac
tatctacggt
ctceccgaget
taacgctggt
gecegattte
tgatctgttt
taaggcctte
gatcgtcgac
tcagattett
tgctggtece
cacttaccga
gtatgtette
catgggtgge
gettetecac
attggagaac
cactgctacce
tctettecatce
tgccactget
ccaggaggac
cectgetttt
tggtgtctee
atttgetggt
caaggtcatt

cattgagcete

Phe Gly
15

Gln Lys

Gly Asn

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2364
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280

Phe

Gly

65

Glu

Gly

Ala

145

Arg

Pro

Asn

Thr

Lys

225

Asn

Phe

Lys

305

Phe

Gly

Gly

Asn

Ala

385

Ile

Gly

Gln

Glu

Asn

Gly

Glu

Ile

Asp

Tyr

Gly

130

Val

Trp

Ala

Pro

Gly

210

Leu

Val

Asn

Gly

Ser

290

His

Leu

Ile

Ile

Ile

370

Ser

Ala

Asp

Arg

Met
450

Ser

Gln

Thr

Ala

Ile

Leu

115

Ala

Phe

Asp

Asp

Gln

195

Ala

Gly

Asp

Val

Ala

275

Phe

Leu

Lys

Tyr

Leu

355

Leu

Val

Pro

Leu

Ala
435

Val

Thr

Thr

Leu

Pro

Leu

100

Thr

Gly

Lys

Glu

Phe

180

Gly

Gly

Ala

Glu

Ile

260

Val

Ala

Asn

Gln

Gly

340

Gly

Val

Phe

Ile

Phe
420
Gly

Arg

His

Asn

Ala

Leu

85

Lys

His

Tyr

Gly

Val

165

Phe

Pro

Ala

Lys

Ile

245

His

His

Asn

Gly

Lys

325

Asn

Phe

Asn

Thr

Thr

405

Glu

Gly

Asp

Pro

Tyr

Lys

70

Ala

Leu

Asp

Met

Asp

150

Thr

Lys

Thr

Gly

Val

230

Lys

Gly

Ala

Met

Thr

310

Tyr

Phe

Ser

Thr

Glu

390

Val

Thr

Lys

Ser

Thr

Ser

Glu

Ala

Leu

Ser

Ala

135

Asp

Ser

Tyr

Val

Ile

215

Val

Ala

Glu

Val

Asp

295

Tyr

Gly

Gly

Arg

Ile

375

Glu

Leu

Gly

Ala

Trp
455

Thr

Ala

Gly

Ser

Lys

Val

120

Lys

Thr

Phe

Ala

Ser

200

Gly

Val

Leu

Lys

Val

280

Asp

Ser

Arg

Gln

Ala

360

Ala

Met

Leu

Ser

Phe
440

Ala

Pro

Ala

Ala

Arg

Pro

105

Thr

Ile

Phe

Glu

Glu

185

Phe

Arg

Asn

Gly

Val

265

Asn

Glu

Val

Val

Ala

345

Leu

Pro

Leu

Ala

Ala
425
Asn

Lys

Ser

Lys

Lys

Met

90

Glu

Glu

Arg

Thr

Ser

170

Glu

Lys

Ala

Asp

Gly

250

Val

Asn

Met

Thr

Ile

330

Asn

Ala

Asn

Glu

Ser

410

Trp

Thr

Ile

Glu

Leu

Tyr

75

Thr

Tyr

Ser

Trp

Pro

155

Pro

Ser

Asp

Tyr

Phe

235

Ile

Gln

Ala

Trp

Lys

315

Asn

Tyr

Arg

Ala

Leu

395

Asp

Ile

Lys

Val

Ser

Ala

60

Asn

Glu

Val

Tyr

Glu

140

Ser

Thr

Val

Gln

Ser

220

Gly

Ala

Thr

Gly

Gln

300

Ala

Thr

Ser

Glu

Gly

380

Phe

Gln

Gly

Lys

Asp

460

Thr

Leu

Ile

Thr

Val

Gly

125

Arg

Ala

Tyr

Lys

Val

205

His

Asn

Val

Ala

Ile

285

Leu

Ala

Thr

Ala

Gly

365

Thr

Lys

Ala

Gln

Gly
445

Phe

Thr

Val

Thr

Val

Pro

110

Ile

Gly

Ile

Pro

Arg

190

Val

Leu

Pro

Ala

Ile

270

Leu

Ile

Trp

Ser

Ala

350

Glu

Ala

Pro

Pro

Thr
430
Val

Asp

Gln

Gly

Ser

Met

95

Leu

Tyr

Asn

Leu

Asn

175

Pro

Ile

Leu

Gln

Asp

255

Asp

Arg

Phe

Pro

Thr

335

Lys

Lys

Met

Asp

Val

415

Arg

Thr

Asp

Ile

Phe

Asn

80

Pro

Val

Glu

Gly

Lys

160

Gly

Glu

Val

Ala

Lys

240

Lys

Ala

Asp

Asp

His

320

Ser

Ala

Tyr

Thr

Phe

400

Thr

Trp

Pro

Gly

Leu
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465

Glu Asn Ile

Val Ala Gly

Phe Asp Tyr

515

Leu Gly Ala
530

Asp Phe Gln
545

Leu Ile Thr

Met Leu Leu

Pro Thr Asn

595

Asp Lys Gly
610

Lys Glu Thr
625

Arg Gly Ser

Ala Ala Thr

Lys Glu Ile

675

Gly Asp Tyr
690

Asn Phe Asp
705

Gly Lys Ala

Arg Phe Ala

Trp Lys Glu

755

Gly Thr Thr
770

Ala Lys Leu
785

<210> SEQ I
<211> LENGT.
<212> TYPE:

470

Phe Asn Val Pro Asp

485

Pro Gly Gly Pro Gly

500

Thr Tyr Thr Tyr Arg

520

Lys Ala Asn Glu Leu

535

Thr Val Pro Thr Phe
550

Thr Asn Tyr Gly Asp

565

His Gly Glu Gln Tyr

580

Ala Thr Leu Glu Asn

600

Lys Ala Ala Leu Leu

615

Gly Glu Glu Val Phe
630

Gly Gly Phe Gly Gly

645

Ala Ala Asn Lys Pro

660

Lys Ile Gln Glu Asp

680

Asn Pro Leu His Ile

695

Arg Pro Ile Leu His
710

Leu Tyr Asp Gln Phe

725

Gly His Val Phe Pro

740

Gly Asn Lys Val Ile

760

Ala Ile Ser Asn Ala

D NO 75
H: 2694
DNA

775

475

Glu Glu Val
490

Ile Leu Asn
505

Asp Leu Ile

Lys Tyr Val

Gly Val Ile

555

Phe Val Pro
570

Leu Glu Ile
585

Lys Ala Lys

Val Thr Ala

Tyr Asn Glu

635

Lys Ser Thr
650

Pro Ala Arg
665

Gln Ala Ala

Asp Pro Ala

Gly Leu Cys

715

Gly Pro Phe
730

Gly Glu Thr
745

Phe Gln Thr

Ala Ile Glu

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 75

atgctggett

caatcgecac

acgtgtggtt

gataccaaag

aaggcttetg

ctcgagttte

gttgtgccac

tagccgaggt

caacccaatce

cgacattaca

catcaaggct

agacacagac

atttcgacag

accacctcaa

acaaagccaa

gtgagtatcg

gegtttetac

ggaggaaaaa

tcaatgatcc

ctetgttgat

Glu Glu Thr
Lys Glu Gly
510

Leu Tyr Asn
525

Phe Glu Gly
540

Pro Tyr Met

Asn Phe Asn

Arg Gln Trp

590

Val Ile Asp
605

Thr Thr Thr
620

Ser Ser Leu

Gly Thr Asp

Ala Pro Asp
670

Ile Tyr Arg
685

Phe Ala Ala
700

Ser Phe Gly

Lys Asn Ala

Leu Lys Val
750

Lys Val Val
765

Leu Phe Pro
780

atggtgaaga
acacacacac
cgacaacgaa
cegecegegy

ttgttgtttyg

480

Ala Leu
495

Glu Pro

Leu Gly

Asp Asp

Gly Gly
560

Pro Met
575

Pro Ile

Val Val

Thr Asn

Phe Ile
640

Arg Gly
655

Phe Val

Leu Ser

Val Gly

Val Ser
720

Lys Val
735

Glu Gly

Glu Arg

Lys Asp

aagacaccga
acaagagtcyg
aggaccgaca
gaatgcggaa

cgacattgge

60

120

180

240

300
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tttgtgcegg tcccaaaatt acctcgacca accacacgge ggcaattgaa gacaatgcaa 360
attaaatagc acatactaac ccagcceccge cttgcacgat ctcectegcegac taccactaat 420
gectcectea acttggacte caaggtccga atgaacaact gggaggccaa caacttccte 480
aacttcaaga agcacaccga gaacgtccag attgtcaagg agcgactcaa ccgaccectg 540
acctacgcetyg agaagattct ctacggecat ctegacaage cccatgagca ggagattgte 600
cgaggtcagt cctacctcaa getgcgacce gatcgagecg cctgccagga tgccaccgece 660
cagatggcca ttctgecagtt catgtctgece ggtatccceca cegtecagac ccccaccace 720
gtecactgtyg accatcttat ccaggcccag gttggtggtyg agcaggatct tgctcgagece 780
atcgacatca acaaggaggt ctacaacttc cttggcaccyg cctecgccaa gtacgacatt 840
ggtttctgga aggccggatce cggtattatc caccagatca ttctcgagaa ctacgcctte 900
cceggtgece ttetecattgg ttecgactet cataccceca acgecggtgyg tceteggtatg 960
ctcgecateg gtgteggtgg tgccgatgte gtcgacgtca tggccggtet cecctgggag 1020
cttaaggccce ccaagattat cggtgtcaag ctgaccggta agctctctgg ctggacctcece 1080
cccaaggata ttatcctgaa ggtcgcetggt atcctcaccg tcaagggtgg aaccggtgcet 1140
atcgtcgagt acttcggtga tggtgtcgat aacctgtect gecactggtat gggaaccatc 1200
tgtaacatgg gtgccgagat tggtgctacc acctccacct teccccttcaa cgagcgaatg 1260
gccgactace ttaacgccac tggccgaaag gagattgceg actttgctcecg actttacaac 1320
cacttccectet ctgccgatga gggttgtgag tacgatcage tcatcgagat tgacctgaac 1380
acccttgage cttacgtcaa cggtccectte actcecccgatce ttgccacccece catctcecaag 1440
ctcaaggatg tcgccgtega gaacggatgg ccecttgagg tcaaggtcgg tcettatcgge 1500
tcttgcacca actcctctta cgaggatatg gagcgatcecg cctcecattge caaggacgcece 1560
atggcccacg gtcttaagtce caagtccatc tacaccgtca ccccecggtte cgagcagatce 1620
cgagccacca ttgagcgaga tggtcagctce cagaccttece tcgacttcecgg tggtatcgte 1680
cttgctaacg cttgtggcce ctgcattggt cagtgggacc gacgagacat caagaagggt 1740
gagaagaaca ccattgtctc ttcttacaac cgaaacttca ctggccgaaa cgattctaac 1800
cctgccacce acgctttegt cacctcectcecce gatctegteca cecgcetttege cattgetggt 1860
gacctccgat tcaaccctcet cactgactcecce ctgaaggatt ctgagggtaa ggagttcaag 1920
ctcaaggagce ccactggaaa gggtctgecce gaccgaggtt acgacccegyg catggacace 1980
taccaggctce ccccecgceecga ccgatctgcee gtcecgaggttg atgtttceccece cacttcecgac 2040
cgactccaga tcctcaagec cttcaagcect tgggacggca aggacggtat tgacatgecce 2100
atcctcatca agtctcttgg taagaccacc actgaccata tctctcagge cggtcecctgg 2160
cttaagtacc gaggccatct ccagaacatc tccaacaact acatgattgg agccatcaac 2220
gctgagaacyg aggaggccaa caacgtccga aaccagatca ctggcgagtg gggaggagtt 2280
ccecgagactg ccattgctta ccgagacaac ggtatccgat gggttgttgt cggaggtgat 2340
aacttcggtg agggttctte tcgagagcac gctgctettg agccccgatt ccteggtggt 2400
ttcgccatca tcaccaagte ttttgcccga attcacgaga ctaacctgaa gaagcagggt 2460
ctecctgeccee ttaacttegt caacggtgct gactacgaca agatccagcce ctccgataag 2520
atctccattce ttggtcttaa ggaccttgce ccecggcaaga acgtcaccat tgaggttacce 2580
cccaaggacg gtgccaagtyg gaccaccgag gtttctcaca cctacaactce tgagcagcetce 2640
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gagtggttca agtacggctc tgccctcaac aagatggctg cctccaagaa ataa 2694

<210> SEQ ID NO 76

<211> LENGTH: 779

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 76

Met Leu Ala Ser Arg Val Ser Ile Lys Ala Pro Arg Leu Ala Arg Ser
1 5 10 15

Leu Ala Thr Thr Thr Asn Ala Ser Leu Asn Leu Asp Ser Lys Val Arg
20 25 30

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

Glu Asn Val Gln Ile Val Lys Glu Arg Leu Asn Arg Pro Leu Thr Tyr
50 55 60

Ala Glu Lys Ile Leu Tyr Gly His Leu Asp Lys Pro His Glu Gln Glu
65 70 75 80

Ile Val Arg Gly Gln Ser Tyr Leu Lys Leu Arg Pro Asp Arg Ala Ala
85 90 95

Cys Gln Asp Ala Thr Ala Gln Met Ala Ile Leu Gln Phe Met Ser Ala
100 105 110

Gly Ile Pro Thr Val Gln Thr Pro Thr Thr Val His Cys Asp His Leu
115 120 125

Ile Gln Ala Gln Val Gly Gly Glu Gln Asp Leu Ala Arg Ala Ile Asp
130 135 140

Ile Asn Lys Glu Val Tyr Asn Phe Leu Gly Thr Ala Ser Ala Lys Tyr
145 150 155 160

Asp Ile Gly Phe Trp Lys Ala Gly Ser Gly Ile Ile His Gln Ile Ile
165 170 175

Leu Glu Asn Tyr Ala Phe Pro Gly Ala Leu Leu Ile Gly Ser Asp Ser
180 185 190

His Thr Pro Asn Ala Gly Gly Leu Gly Met Leu Ala Ile Gly Val Gly
195 200 205

Gly Ala Asp Val Val Asp Val Met Ala Gly Leu Pro Trp Glu Leu Lys
210 215 220

Ala Pro Lys Ile Ile Gly Val Lys Leu Thr Gly Lys Leu Ser Gly Trp
225 230 235 240

Thr Ser Pro Lys Asp Ile Ile Leu Lys Val Ala Gly Ile Leu Thr Val
245 250 255

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

Asn Leu Ser Cys Thr Gly Met Gly Thr Ile Cys Asn Met Gly Ala Glu
275 280 285

Ile Gly Ala Thr Thr Ser Thr Phe Pro Phe Asn Glu Arg Met Ala Asp
290 295 300

Tyr Leu Asn Ala Thr Gly Arg Lys Glu Ile Ala Asp Phe Ala Arg Leu
305 310 315 320

Tyr Asn His Phe Leu Ser Ala Asp Glu Gly Cys Glu Tyr Asp Gln Leu
325 330 335

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

Thr Pro Asp Leu Ala Thr Pro Ile Ser Lys Leu Lys Asp Val Ala Val
355 360 365
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Glu

Thr

385

Asp

Pro

Gln

Pro

Asn

465

Ser

Ala

Leu

Lys

Ala

545

Ser

Asp

Thr

Leu

Asn

625

Gly

Ala

Ser

Pro

705

Asp

Ser

Asn

370

Asn

Ala

Gly

Thr

Cys

450

Thr

Asn

Phe

Lys

Gly

530

Pro

Asp

Gly

Asp

Gln

610

Glu

Val

Val

Ala

Phe

690

Leu

Lys

Thr

Ser

Ala
770

Gly

Ser

Met

Ser

Phe

435

Ile

Ile

Pro

Ala

Asp

515

Leu

Pro

Arg

Ile

His

595

Asn

Glu

Pro

Val

Leu

675

Ala

Asn

Ile

Ile

His
755

Leu

Trp

Ser

Ala

Glu

420

Leu

Gly

Val

Ala

Ile

500

Ser

Pro

Ala

Leu

Asp

580

Ile

Ile

Ala

Glu

Gly

660

Glu

Arg

Phe

Ser

Glu
740

Thr

Asn

Pro

Tyr

His

405

Gln

Asp

Gln

Ser

Thr

485

Ala

Glu

Asp

Asp

Gln

565

Met

Ser

Ser

Asn

Thr

645

Gly

Pro

Ile

Val

Ile
725
Val

Tyr

Lys

Leu

Glu

390

Gly

Ile

Phe

Trp

Ser

470

His

Gly

Gly

Arg

Arg

550

Ile

Pro

Gln

Asn

Asn

630

Ala

Asp

Arg

His

Asn

710

Leu

Thr

Asn

Met

Glu

375

Asp

Leu

Arg

Gly

Asp

455

Tyr

Ala

Asp

Lys

Gly

535

Ser

Leu

Ile

Ala

Asn

615

Val

Ile

Asn

Phe

Glu

695

Gly

Gly

Pro

Ser

Ala
775

Val

Met

Lys

Ala

Gly

440

Arg

Asn

Phe

Leu

Glu

520

Tyr

Ala

Lys

Leu

Gly

600

Tyr

Arg

Ala

Phe

Leu

680

Thr

Ala

Leu

Lys

Glu
760

Ala

Lys

Glu

Ser

Thr

425

Ile

Arg

Arg

Val

Arg

505

Phe

Asp

Val

Pro

Ile

585

Pro

Met

Asn

Tyr

Gly

665

Gly

Asn

Asp

Lys

Asp

745

Gln

Ser

Val

Arg

Lys

410

Ile

Val

Asp

Asn

Thr

490

Phe

Lys

Pro

Glu

Phe

570

Lys

Trp

Ile

Gln

Arg

650

Glu

Gly

Leu

Tyr

Asp

730

Gly

Leu

Lys

Gly

Ser

395

Ser

Glu

Leu

Ile

Phe

475

Ser

Asn

Leu

Gly

Val

555

Lys

Ser

Leu

Gly

Ile

635

Asp

Gly

Phe

Lys

Asp

715

Leu

Ala

Glu

Lys

Leu

380

Ala

Ile

Arg

Ala

Lys

460

Thr

Pro

Pro

Lys

Met

540

Asp

Pro

Leu

Lys

Ala

620

Thr

Asn

Ser

Ala

Lys

700

Lys

Ala

Lys

Trp

Ile

Ser

Tyr

Asp

Asn

445

Lys

Gly

Asp

Leu

Glu

525

Asp

Val

Trp

Gly

Tyr

605

Ile

Gly

Gly

Ser

Ile

685

Gln

Ile

Pro

Trp

Phe
765

Gly

Ile

Thr

Gly

430

Ala

Gly

Arg

Leu

Thr

510

Pro

Thr

Ser

Asp

Lys

590

Arg

Asn

Glu

Ile

Arg

670

Ile

Gly

Gln

Gly

Thr
750

Lys

Ser

Ala

Val

415

Gln

Cys

Glu

Asn

Val

495

Asp

Thr

Tyr

Pro

Gly

575

Thr

Gly

Ala

Trp

Arg

655

Glu

Thr

Leu

Pro

Lys
735

Thr

Tyr

Cys

Lys

400

Thr

Leu

Gly

Lys

Asp

480

Thr

Ser

Gly

Gln

Thr

560

Lys

Thr

His

Glu

Gly

640

Trp

His

Lys

Leu

Ser

720

Asn

Glu

Gly
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<210> SEQ ID NO 77

<211> LENGTH: 1464

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 77

atggatctgg cgaaaatcac cgacggctte gtcaagecacg agacctegte gtegtectet
tcttgeteca ccaccaacac agggcccace ccagacttgt ctccagtgac gecctccaag
gaatgtgaga agcggccacg agaggacgac cctgaagagt cgcacgacac gagcgecgge
gccaacagca acaacaacgc tagegtgtcet ctcatgtcca ccccagagec caagtegteg
tctecccceg gactgtegea tttegeacac ctgatgcaaa agteggacac catgtaccga
cagaacctca actcggacca gtacatctac tcggacgagg agaaggagaa ccacaagact
tcgggcaage cccacaccee ccaggtgect catacgecct cecagtgtgece gacacaacaa
ccccaatatg catttattte acattccate acctegtace cgtegaacga gectcagatt
gacaacgcac ggctggegeg ccgaaaacga cgccgaacgt cteccacgga actegegetg
ctggagcagg agtttgecceg caaccagaag cctcccaage acattegegt cgacattgece
cgccgagteg acatgactga aaaggctgtg caggtgtggt tecagaacaa geggcagage
gtgcgaaaga gcatgaacaa gagcatgacc gatgacacct ctttegecga ctettegtte
getgaaacta cctttgacga gacagacggt aactccacat tcctgtccaa ttecaacgte
agcaccagcg taagcaacaa gtcaatcact tcttecatca cagacaacaa gtegeccectg
gcacagtcaa ccaccgccga ctetggtgee aacgccaacg ccaacgccaa cgecaacged
aacaacaaca ccgcatccac ttectecaca aacgactceg aaattgecate cgtegecccce
aaaacaaacyg gcagctcatt ctetgtttte gaagatacce cegagactce cgcgaaaaag
aaacccagtyg ctecgegact gtecatgegt ggtgggaagg ctactgttat ctacgecgge
aagcccaagg gtgtcacget gtecteggga agacgtettg gggtcectge cacaccctece
tctecegeca acaacaatct tggectggga ggetegecte tggecacate gtcetectatg
acccagegga ccgegtegea actgaaccag gcatctgeat cttetecect atceggetgtt
aagtccaagt cttttggaac tgccgaggaa agectggetg cgacgctcaa gaageggcett
cegtecatge actacgacct geccgtgace aacaagacgt cgtetgtgeg ccatggegtg
agctcteceg tggtegacge cggcageegt gaggecgagt gtatttccaa tctectetet
cttegaaacyg gaggacgatg gtaa

<210> SEQ ID NO 78

<211> LENGTH: 1548

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 78

atgttgcgag ccctgaatac cgtccagega ctttecagea cecgagecat gtccacctet
tccatttegt ctetgettaa gaaccccaat cttetgegaa accagggeta tgtcaatggt
cagtgggtct cctccaagac cggagacact ttcagegttg agaacccage cactggcegag

actctgggece aggtgeccga gttetetgte gecgaggeeg atgaggetgt ccagcacgca

cagactgect tcaagacctt caaacatacce actggacgag agcgatccaa gatgetgega

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1464

60

120

180

240

300
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aagtggtacg atctgatgca ggagaatgct ggtgatctgg ccaccctggt gactctggag 360
aacggtaagt ccctegetga cgccaaggge gagattgget acggagcatce tttettegag 420
tggttecteeg aggaagctce tcgaatctac ggagacatca ttcecatcege caaccccgece 480
aaccgaatct acacaatcaa gcagcccatce ggagtctgeg gaatcatcac cccctggaac 540
tteccectegyg ccatgatcac ccgaaagget getgetgetyg ttgetgetgyg ctgtaccatg 600
gtgatcaage ctggttccga aacctcectac tcectgcecttg ctetggetta cetggctgaa 660
caggccggcea tccctaaggg tgttgtcaac gtggtcacta ctaagaagaa cactcgaget 720
tttggtaacg ccctgtgcga gaacccgacce gtcaaaaagyg tttetttcac gggctccact 780
ggtgtcggaa agacccttat gggegcatceg gectccacte ttaagaaget gtectttgag 840
cteggtggea acgctecectt cattgtgttt gaggacgecyg atattgaccyg ggctgtcgac 900
ggagctattyg cgtccaagtt ccgaggcact ggccagacct gtgtctgtgce aaaccgaatt 960
tatgtgcacg agagcatcgc cgagaagttt gctgagcgaa tggcagccgt ggtcaaggac 1020
ttcaaggttg gaaacggtct cgaccctaac accacccatg gecctcecttat ccacgaggga 1080
gccaagggca agatccagga gcaggttgac gatgctgtca agaagggagg aaaggtactce 1140
attggaggct ccgacgcccece tgagatcgga aaggcctttt tccagectac cgtcatttcece 1200
ggggccaagt ctgatatgct gattgcctcecce gaggagacgt ttggtcccat tgctgccatce 1260
ttccecttta agaccgacge tgaggtcatt gagettgceca acaaggcaga ggtcggtcetg 1320
gccggctact tcectactccaa ggacgtgtac cgaatccaac aggttgccga ggctctcegag 1380
gtcggaatgg tcggtgttaa caccggtetg atgacggagt gtgctctgece ctttggeggt 1440
atcaaggagt ctggctttgg ccgagagggc tccaagtacg gectggatga ctacatggtg 1500
ctcaagacta ttgttgtgtc tggcgtcgag ccccacatte agecttaa 1548
<210> SEQ ID NO 79
<211> LENGTH: 627
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 79
atgtattcat tcgacttcaa ctttgacacg gcatatcecge cacagactga atattccaaa 60
caagacgact gtctgggata catgcccatce acgectectt acctggactyg gagctcgetg 120
acattcccege cggttgaata cgcacccatce gtcgataacyg tgctcccgga agaaccctceg 180
gagccctegyg acgtgtette ttcttcecgga gaagaaagece cctacttttt cgacgaatac 240
tgcaccatte cctetetggt cgaccagetce aaagaaaacce ccaacatttyg ggccatggca 300
aacaccgtca agaaaggagc ctacgtgtgt agecactgea ctaagcaggyg cacccccgte 360
aagttcaaaa ccatggtcga ctttgccacce cacctcegact cgcattctca tgaccgaage 420
tgcaaatgceg ccgacacaaa atgtccectgg tecattgtgg gettetctac tcgatcggaa 480
atgcgaagac acacaaactc ggtccatcga caaacaccct tcacatgcaa aatctgtgac 540
cgegggtttyg tacgagaaga ctctctcaaa cggcatgtca aactactceca catttctcece 600
ctcaaaacca gacgaaagag tacctga 627

<210> SEQ ID NO 80
<211> LENGTH: 1683

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 80

atgcaccacc acctcaacce caaggegete ttttetggtg agtatggegg acagaaatgg 60
acggaggaac gtggcagage cgattgacca gccacgcagg ccgaccaage cccattgagt 120
gagccattgg acgtecttgg cccgaataga cgetcetetee caggtttgec ggaaaaacga 180
getgttatat ccgaacgage tgtttgtgee caaaaaagcce cctactaacc cccaggecga 240
aaggagagca cctcteecca gacacaagece gegtecgget ceggageegt gtetcecagge 300
cgacctetgg attcegtecac caacgtcgaa gatgtggatg agettgacgg agacggcecag 360
aacatcatca tgggaattat cgcgcagetg cgacceggeg ctgatcetgte tcgaatcaca 420
ctteccacct tcattectega gegaaagtee atgctcgage gaatcacaaa ctcecctgecag 480
caccccacat atgtcattga ggcccacgece accaaggacce ccatgecageg gttcatccaa 540
gtggtaaagt ggtaccactc cggctggcac atcaccccca aggccgtcaa aaagecectg 600
aaccccatte tcggegagtt cttceacatge tactgggact acgacgacgg ttceccacgga 660
tactacatct ccgagcagac ctcccaccac cctcccaagt catectactt ttacatgatce 720
cctgagcaca acatccgagt cgacggtaca ctggetecca agtecegttt cctgggtaac 780
tcagctgett ctetcatgga gggegecace attctcaagt tectggacat tgtagatgece 840
aagggcgete ccgaggagta cgaaatcact tcgeccaatg cctacgeccg aggtattcete 900
tttgaacgge tcaagtacga gtactgegac cactcgatca tcaagtgtcee cgetctggac 960

ctgactctgg acctggactt caaggccaag ggcttcattt ccggtacata caatgccttce 1020
gagggccaga tcaagaagat ctccaccggce gaggcctttt acgatgttta tggaaagtgg 1080
gatgaaatca tcgagctcaa gaacctcaag accggcgaga agtcggtgcet gtttgacgtg 1140
actaaggcceg ccctgcacce tcccaaggtg cgacccateg ctgagcagge cgccaccgag 1200
tcecgacgac tgtgggagec cgtcaccgac gctcecttgceta agcgagacca caccgttget 1260
accgacgaaa agttcaagat tgaggacaaa cagcgaacgce tggccaagga gcgagaagag 1320
cacggcgtca agttcctgece caaactgttce aagcccgecce cecgctcecccecet ggacttcatt 1380
ctgtataagg atctgcacgg cactcccgaa gagatcacca aggagattct cagcatagtce 1440
cccattetge cecggccaaca gttcaccaag gactttgaaa tgtccggcga gaagaaatac 1500
aagctggaga agagcggcca ggccagcage gagactcage ccaccgccac gaccactgeg 1560
getgecceee aagcaggcge tgtccccaca acccectgeta acggccagac tceccectggece 1620
aagacttctg atcttcagga ggctcttccece accgaagagg acgagttcca cgacgcccag 1680
tag 1683
<210> SEQ ID NO 81

<211> LENGTH: 5510

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 81

atgacaagtg atgcgataaa cgccatggaa aacgacagta cgacggtggt agaggtggaa 60

acgacatttyg tgaacgataa cgtggtcegt ggettecteg atgttgcacyg tgatacgetg 120

ccagacgtce aaggactect tcecactggte caagtgecage tggtggegga tatctcaaga 180
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gagatgctygyg agggcgaaga agtgctggaa atcaccgatc cagagtcaca tggcgtcaaa 240
aataccgaag caggtgacga aacgaactca cgtgacccca tegtegette tgcgectget 300
accctggtte ctaacgagag cacattagag attcatgtca cgcccaagta caccaccaag 360
gacaagaaac gaggccgcaa aaagaccaag aaggacgaag attggttggt aacatgcttg 420
ggtgttgtte aactaggaaa cgtggaaacc agtgaccacg tgcttaccgce tttgaaacag 480
getetttegy tagecaaatt taacccgcga aatcgagtca gtgtctttte agtgaatcct 540
cacgtcactg ttaccaaaaa caatggtgtt tacagcattt ccatcacttt tggagtcttt 600
gcgaagectt ttgatggcca cgtcaaccct gagatccata tggcaggtca cctcaacatt 660
gtgaatgtca tccgacagtt cctgggcgta actaagataa aacagctaca taagaacgac 720
tatgtgactc ctgaatactt ctacgagtgc ctggaactca aggatgatac cgaggttgag 780
atcaacagag atcttcagcc ggaagggatg agatcaaaac ttttggatta ccagcttgaa 840
actgtggggt gggttctgga tagagaaaag ggagaatcge gtgagaagac gatagaggga 900
attccttcac catggaaacg gttcaggget catggtatca actggttggt tgattttgtg 960
ggtctcaaca ttggtcctga gaaggaggtg atggagattt tgacacgaga tacgaaacca 1020
acaactgagg accccgagat tcaagcagta tcacgtgacg cagattttaa ggctggatat 1080
ggacttattg ctgatgaaat gggtcttgga aagacagttg agctactagc tgtagtcctg 1140
aataacccca gacctgaatt tccaccgcaa acacactacg atctgtactce tgacagagac 1200
gtgttaccta ccaagacgac tctcatttta tgtcctgcca gtatcagtca acagtggatt 1260
gctgaggtta ctaaacatgce tcccagtectce tectgtettte tgtacactgg tcgagcaget 1320
ttggatgctc aaagagagaa ggaaggtact cccgataccg atattgaggt tggaattgac 1380
tcagatactg attcagaagg ccctcttgtt tcaaaacatg cacaatttct ctctcagttce 1440
gacattgtag tcacatccta tgaagttgca tctcgcgagg ttgccaacgc tctttacaac 1500
cctctgagag gtcecgtgtaac tcegcaccaag acgaagctaa agtcgaaaga tacccgagat 1560
gtcgatcteg tgcaagaccg gctttcececte caatctccac tgagtcaget tcagttetgg 1620
cgtgtgattc tggacgaggt tcagatggtg ggaaacacgg tctccaacgce agctgttgta 1680
gctegtatta tteccceccgagt gcatgcatgg ggagtcagtyg gtactcectat aaagaagggce 1740
atgcctgact tacttggcat gtgtgtgttt ttgagatgtg aacccggcga gttttatgga 1800
agaagtgatt gtgagtatac taaaggaaca gtcagagtgg catgtgacaa aaaaacaaaa 1860
aaccatatgg ctcaatgaag ggctacgact aacacagatg cgtataacta ctcttggcaa 1920
aacggatacc tcagcacaac tatgacagca tctggagtaa gtcatcaaaa acactgggag 1980
atgctcatgce ttgacaagcc tcggtttcga gacgttattc gtcaaatgtce tattcgacat 2040
actaagcgac aggtcagaga tcaactagta ttgcctectc aggaaagaca ccatgtgaga 2100
ctcagattca atctagtcga ggaagaaaac taccgacacc tgcgtgaagg tgttgagagt 2160
gcecgtcagtyg aggcagtgge tagttctecte atgagagaag agagggaagc tacacgtgag 2220
gcagctgtgg tggataggta tggcegttetg ccttcaagtg tcactccceccee tgtgagcaac 2280
agacctagag gcactttcaa catcggaggc tctaatcect atgctagtat catggcgaat 2340
atcaacaaca cagtcattga acctgaaatt gagattgatc ccagtatcac ttctagtgga 2400
gagggtgacg gccaacatgt ctacactacc tggtcgggtg ctgtagacac gtatggtggt 2460
gagtctageg gtacagctge tagtagcacc gatgctgacg gcgatgataa cgctcaatct 2520
cccacatctg atacagctag caacactgac atcaatgtta gtgctattcce cgatatagag 2580
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gtatccecega ctgccacccee tacagectcece accagatcec aaaatggaac ttcectgctect 2640
ccagcatctt ccgctcecctge ggatttaaca acagcaaccce tctcecttectg getgttacgg 2700
ttacgacaaa cctgctgcca tectcgagte ggttcectggta acaagaaggce tctcggaaac 2760
ggtattctte aaactgtcag tcacgtgctg gacgccatgt gcgaccaggce gctcacccag 2820
ctgctgaacg acgagcgaag tcectgtttgte gaagagctgg agaaggcacg agttcacgag 2880
ttcaacaaac aaccagacat tggactcaca gtgcttcagt cacgtgtttc tgaagtcgag 2940
gttcgaactyg gtgagatccg agatatggct gttgctgcgg ctacgcggta tgctatgaag 3000
aagaaggagg taatttccga gtggaagcgt attggtgagg ttgataacaa gcgcaagttg 3060
gaggagagtg atgacggtgc tgctaatgtt aagaaagtca aggtcgaaaa agaggagaag 3120
gaggaagaag tggcaaagga ggaggtttcc gaagatttta aaatggaggg aactgagaac 3180
aactccattt ttggagctcc aactgctttt ctgggctcetg attcggagtce tgagagcact 3240
ggtaagatgt ccaaaccatt acaaaagtac ctgaacaact ccgaggaact tcagacggag 3300
aaggagcgaa aacaggcttt tcetgcaccgg tacaggagct ggatggatct tatgcatcegg 3360
tactattttt tcattgctac ttttcatttc caagttggag aagcgtgagt atgacaaaga 3420
tttgtaatga cgtggtggtt ctactggggt catgagaggt catgagacat actaacacag 3480
taaaaaagtg gctgaggaga agaaagaaaa agaggatggg aaggacgatyg aagagaagga 3540
agatgaagag aaggaagaga ttgaggtcaa gaaagaggag gatgaaggga ccaagagtga 3600
cgagtgagta tagagatatc atgagtggca gaataacttg tgccattcge tectcttatg 3660
tatatgtgta ctaacacagt ctggaaacgc actattacac gctggcagaa caaatccgaa 3720
cccagctact tcaacgccect attgagagag tagaccaaga cgtgggtcga cttgaacggg 3780
ccaaggagct ggagatggtt cagatccctg ttgatacctt gactcgagat ctagtacagg 3840
cttctecttt ccttgaggca cgtgtttcgg gtctactega gatcatcaac caacagtcecg 3900
aatatcttga agaatggatg accagagttc gagagctgtt ggttgcacgt gacgagaagg 3960
acgtgaaaga aacagataag aagaagaata aaggagatgt cgagaaagtt gaaggcgaaa 4020
acactgatcc ttatgcttcect ggattagaca accaacaata tgcgtcggac taccttgatg 4080
ctatatcgta cctgctgcaa ctcagagatg aagctctcaa tgccaagact acggcectcag 4140
cagccgacaa gatccaagtt aacttgtggt accacaatga ctacgaagaa gagcttaccg 4200
atcttcaggt ggccctcaag gaagctectgg acgcttgtca tgtgagtcce actcecttggtg 4260
ccetcaaace tatcgttget getctgaaga cggactcetgg agcectgtttca ttgtcaattt 4320
acaacccgaa atggcctceccecce aagttgectgt ccaagctcaa tccgatcgtt aagacagtta 4380
cctcgacaac caaggcttgce agagacctgt tgtcagtegt tagaagctgt ttcaactcga 4440
aggttgtcta ttacaagcag ctgcagcaac tgtctgacaa tgtgagcagt ctggaggaac 4500
tcatcgagcce tggttatgtce acactggaac gcctgaacgce caaaataaac catctcgtac 4560
ctttaatcaa gcgtacaaag ggccgaatca catacttaca gagtctcaaa ggtgatgatg 4620
acacaactgg agtttccaac atgactggaa ttcataaaat gtgtgtcatc tgtcaggatg 4680
attatattat cgtgggatcc atcactgtct gtggccatta cttttgcaga aactgcctgg 4740
aagagtggtg gcagacacat aatacgtgtc caatgtgcaa gactgtattg tcccgcgacg 4800
atgtgttctce tttcacccaa caggacaagg aagacaagtc acgtgcaggt tetttegetg 4860
ctcggatcaa tcaagatgac gccattggag caatgtatgce geccagtgtceg gaggacactce 4920
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aacagttgat gagcaaacag agcatcaaga gtgcgtatgg cacaaagatt gaccacgtta 4980
tcaagtatat caagatgctc actcatcggg ctectggcac tcagattgte atcttttcete 5040
agtgggcaga gattctcaca ttgttagctt cagccctcac tgagaacaag attgcatacg 5100
cggagccgaa aacactgatg tetttettge aatcggaaga agtcacgtgt ttectettga 5160
acgcaaagtt ccagtccact ggcctgactc ttgtaaatgce cactcacgtce attctatgeg 5220
agcccattcect caacgctget cttgaggcte aggccatcag tcgaatccac cgaatgggcece 5280
agactcagac tacccacgtg actatcttca ctatggccga tactgttgaa gaagaggttce 5340
tgcgtettge tattaacaag cggttgaaaa gtatggacgg tgatgagacg tttgaggaga 5400
atgaatctcg acatgtgaca tcaggagtgg gtgcgctege caccgataaa tcecggagagg 5460
tggtcaaccg tcaggatatg tgggacgctt tgtttcccag tgacgggtaa 5510
20

What is claimed is:

1. A method of producing a lipid, lipid precursor, or
oleochemical comprising:

a) culturing a genetically modified yeast cell in a growth

medium; and

b) isolating said lipid, lipid precursor, or oleochemical,
wherein the dry weight of said genetically modified yeast
cell comprises greater than 60% wt/wt lipids, lipid precur-
sors, and oleochemicals; and
wherein said genetically modified yeast cell comprises (i) a
recombinant acyl-CoA:diacylglycerol acyltransferase 1
(DGA1) gene and a UGA2 succinate semialdehyde dehy-
drogenase (UGA2) gene comprising a mutation, wherein
said mutation results in a loss of function of succinate
semialdehyde dehydrogenase of 20% or more compared to
succinate semialdehyde dehydrogenase encoded by UGA2
without the mutation; or (ii) a recombinant acyl-CoA:dia-
cylglycerol acyltransferase 2 (DGA2) gene and a UGA2
succinate semialdehyde dehydrogenase (UGA2) gene com-
prising a mutation, wherein said mutation results in a loss of
function of succinate semialdehyde dehydrogenase of 20%
or more compared to succinate semialdehyde dehydroge-
nase encoded by UGA2 without the mutation.

2. The method of claim 1, wherein said growth medium
comprises a majority carbon source selected from the group
consisting of glucose, glycerol, xylose, fructose, mannose,
ribose, sucrose, and lignocellulosic biomass.

3. The method of claim 1, wherein said growth medium
comprises lignocellulosic biomass as the majority carbon
source.

4. The method of claim 1, wherein said growth medium
comprises cobalt, iron, magnesium, potassium, zinc, nickel,
molybdenum, manganese, copper, or boron.

5. The method of claim 1, wherein said growth medium
comprises 5.77x107> M to 1.73x10™* M cobalt, 0.001 M to
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0.003 M magnesium, 4.52x107> M to 1.35x10~* M potas-
sium, 4.05x107> M to 1.22x10™* zinc, 3.55x10™> M to
1.06x107* manganese, 9.07x107° M to 2.91x10™* boron,
3.76x10™ M to 1.10x10~> molybdenum, 2.28x10> M to
6.84%x107° nickel, 3.60x107°> M to 1.08x10™* iron, or 4.70x
107> M to 1.41x10~* copper.

6. The method of claim 1, wherein said genetically
modified yeast cell comprises a recombinant Lipid synthesis
regulator (MGA2) gene, a genetically modified Lipid syn-
thesis regulator (MGA2) gene, a recombinant Leucine Bio-
synthesis gene (LEU2), a genetically modified multifunc-
tional enzyme (MFEI) gene, a genetically modified PEX10
Transcription Factor (PEX10) gene or a recombinant AMP
Deaminase (AMPD) gene.

7. The method of claim 1, wherein said genetically
modified yeast cell comprises a genetically modified multi-
functional enzyme (MFE1) gene and a genetically modified
PEX10 Transcription Factor (PEX10) gene.

8. The method of claim 1, wherein said genetically
modified yeast cell comprises a recombinant Leucine Bio-
synthesis gene (LEU2), a genetically modified multifunc-
tional enzyme (MFEI) gene and a genetically modified
PEX10 Transcription Factor (PEX10) gene.

9. The method of claim 1, wherein said genetically
modified yeast cell comprises a genetically modified multi-
functional enzyme (MFEI) gene, a genetically modified
PEX10 Transcription Factor (PEX10) gene and a recombi-
nant AMP Deaminase (AMPD) gene.

10. The method of claim 1, wherein said genetically
modified yeast cell comprises a recombinant Leucine Bio-
synthesis gene (LEU2), a genetically modified multifunc-
tional enzyme (MFEI) gene, a genetically modified PEX10
Transcription Factor (PEX10) gene and a recombinant AMP
Deaminase (AMPD)) gene.
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