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REGIOSPECIFIC TRIGLYCERIDE OILS AND BLENDS AND RELATED FOOD AND
NUTRITION APPLICATIONS
BACKGROUND

[0001] Oleaginous microorganisms have the ability to convert carbon substrates into oils,
including triacylglycerides (TAGs) and lipids, and accumulate these oils intracellularly. TAGs are
substantial components in food and nutrition. Human milk TAGs play an important role in infant
nutrition and development. These TAGs present challenges in formulating infant foods and
formulas that mimic the composition and functional properties of human milk. In particular, the
TAG structure impacts the digestion, absorption, and bioavailability of lipophilic micronutrients
and essential fatty acids that impact infant feeding and nutrition. The present invention is
directed to providing a high oleate-palmitate-oleate oil for use in food and human nutrition

applications.

CROSS-REFERENCE TO RELATED APPLICATIONS
[0002] This International Application claims the benefit of U.S. Provisional Application No.
63/595,229, filed on November 1, 2023.

SEQUENCE LISTING
[0003] The instant application contains a Sequence Listing XML which has been submitted
electronically in XML file format and is hereby incorporated by reference in its entirety. Said
Sequence Listing XML, created on October 30, 2024, is named 009919_00093_WO_SL.xml and
1s 535,010 bytes in size.

INCORPORATION BY REFERENCE
[0004] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] Various features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which

the principles of the invention are utilized, and the accompanying drawings of which:
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[0006] FIG. 1 illustrates two TAG species of the same molecular weight showing distinctive
daughter ion ratios. Panel A shows OOP and Panel B shows OPO.

[0007] FIG. 2 illustrates the mass spectra of OOP/OPO triglycerides from oil produced from
various strains of microalgae provided herein. Panel A shows CHK22, D552-1; Panel B shows
CHK?22, D552-3; Panel C shows CHK22, D552-4; Panel D shows the non-transgenic strain
CHK22.

[0008] FIG. 3, Panels A-C illustrate amino acid sequence alignments of LPAATSs described
herein. EcPIsC (SEQ ID NO: 22), OILPAAT2 (SEQ ID NO: 63), PmLPAAT?2 (SEQ ID NO: 24),
CosLPAAT?2 (SEQ ID NO: 64), CrLPAAT?2 (SEQ ID NO: 13), ChsLPAAT2 (SEQ ID NO: 14),
CiLPAAT2 (SEQ ID NO: 15), VaLPAAT?2 (SEQ ID NO: 21), VcLPAAT2 (SEQ ID NO: 20),
NoLPAT4 (SEQ ID NO: 17), NoLPAT3 (SEQ ID NO: 16), PmLPAAT1 (SEQ ID NO: 23),
S111848 (SEQ ID NO: 19), BnBAT2 (SEQ ID NO: 18), CrLPAAT1 (SEQ ID NO: 12), and
consensus (SEQ ID NO: 157).

[0009] FIG. 4 illustrates schematic diagrams showing the structural domains of LPAATS
described herein.

[0010] FIG. 5 is a bar graph showing the fatty acid composition at the sn-2 position for oils from
various strains, including strains that have been transformed with pCHK38S5.

[0011] FIG. 6 illustrates LC-MS results for oil from CHK22 and strain D552-3.

[0012] FIG. 7 illustrates TAG oils enriched in OPO and downstream TAG intermediates
generated through chemical conversion processes.

[0013] FIG. 8 illustrates an example diol produced from a TAG oil enriched in OPO.

[0014] FIG. 9 illustrates an overview of an example classical strain improvement strategy for the
generation of mutants derived from CHK22 (UTEX 1533).

[0015] FIG. 10 illustrates the strain improvement strategy of CHK22 to produce CHK100.
[0016] FIG. 11 illustrates the transmembrane domains of LPAATS disclosed herein.

[0017] FIG. 12 illustrates the health benefits of sn-2 palmitate in infants, reproduced from
Havlicekova et al. 2015.

[0018] FIG. 13 compares the LC-MS triacylglycerol TAG profiles of the algac OPO oil of an
aspect of the present disclosure and first generation of human milk fat substitute obtained by

enzymatically catalyzed transesterification of vegetable oils.

SUMMARY
[0019] In some embodiments, provided herein is a non-naturally occurring oil comprising: at

least 10 mg of ergosterol per 100 g of the oil; and a triacylglyceride (TAG) component, wherein

-
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at least 40% of TAGs in the TAG component are TAG species having a saturated fatty acid at the
sn-2 position, wherein at least 50% of the acyl chains in the TAG component are C18:1. The
saturated fatty acid can be C16:0. At least 50% of the TAGs in the TAG component can be TAG
species having a saturated fatty acid at the sn-2 position. At least 50% of the acyl chains in the
TAG component can be C18:1. The TAG species can comprise C18:1 at the sn-1 and sn-3
positions. The TAG species can comprise C16:0 at the sn-2 position. The TAG species can
comprise or consist of 1,3-dioleolyl-2-palmitoyl glycerol (OPO). At least 50% of the TAGs in the
TAG component can be C18:1 and at least 20% of the acyl chains in the TAG component can be
C16:0. At least 60% of the acyl chains in the TAG component can be C18:1 and at least 30% of
the acyl chains in the TAG component can be C16:0. In some embodiments 50-67% or 60-67%
of the acyl chains in the TAG component can be C18:1 and 20-33% of the acyl chains in the TAG
component can be C16:0. The oil can have an OP:00 m/z ratio of at least 1.6 as determined by
the abundance of DAG ions resulting from mass spectrometry fragmentation of the TAG
component in the oil. The oil can have an OP:00 m/z ratio of at least 2 as determined by the
abundance of DAG ions resulting from mass spectrometry fragmentation of the TAG component
in the oil. The oil can have an OP:O0 m/z ratio of at least 3 as determined by the abundance of
DAG ions resulting from mass spectrometry fragmentation of the TAG component in the oil. The
oil can have an OP:0O0 m/z ratio of at least 4 as determined by the abundance of DAG ions
resulting from mass spectrometry fragmentation of the TAG component in the oil. The oil can
comprise at least 50 mg of ergosterol per 100 g of the oil. The oil can comprise at least 100 mg of
ergosterol per 100 g of the oil. The oil can comprise 100-200 mg of ergosterol per 100 g of the
oil. The oil can further comprise no more than 5 mg of campesterol, no more than 5 mg of B-
sitosterol, or no more than 5 mg of stigmasterol per 100 g of the oil. For example, the oil can
comprise no more than 5 mg of campesterol per 100 g of the oil. In some embodiments, the oil
does not comprise campesterol. For example, the oil can comprise no more than 5 mg of
stigmasterol per 100 g of the oil. In some embodiments, the oil does not comprise stigmasterol.
For example, the oil can comprise no more than 5 mg of B-sitosterol per 100 g of the oil. In some
embodiments, the oil does not comprise B-sitosterol. The oil can further comprise one or more of
ergosta-5,9-dien-3-ol, (3f)-, 5.xi.-ergost-7-en-3p-ol, 9,19-cyclolanostan-3-ol,24-methylene-,(3p)-
, and ergosta-7,22-dien-3-ol, (3). The oil can comprise at least 1 mg of ergosta-5,9-dien-3-ol,
(3B)- per 100 g of the oil. The oil can comprise 1-50 mg of ergosta-5,9-dien-3-ol, (3p)- per 100 g
of the oil. The oil can comprise at least 15 mg of 5.xi.-ergost-7-en-3p-ol per 100 g of the oil. The

oil can comprise 1-50 mg of 5.xi.-ergost-7-en-3B-ol per 100 g of the oil. The oil can comprise at
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least 20 mg of 5.xi.-ergost-7-en-3p-ol per 100 g of the oil. The oil can comprise at least 5 mg of
9,19-cyclolanostan-3-ol,24-methylene-,(3p)- per 100 g of the oil. The oil can be an algal oil. The
oil can be a genetically modified algal oil. The oil can be produced from an algal cell. The oil can
be produced from a genetically modified algal cell. The oil can be produced from a Prototheca
cell.

[0020] Disclosed herein is a composition comprising the oil and one or more excipients. The
composition can be a nutritional supplement. The composition can be an infant formula. The
infant formula can comprise one or more of whey, casein, lactose, vitamin D, human milk
oligosaccharides (HMOs), vegetable oils, and antibodies. Non-limiting examples of vegetable
oils include soy oil, canola oil, sunflower oil, coconut oil, palm oil, and palm kernel oil. The
infant formula can comprise soy protein. Disclosed herein is a TAG polyol produced from the oil.
[0021] Disclosed herein is a method for producing a TAG polyol, the method comprising:
subjecting an oil described herein to epoxidation, thereby generating an epoxidized oil; and ring
opening the epoxidized oil in the presence of an alcohol, an acid, or hydrogen and a suitable
catalyst, thereby generating the TAG polyol. The epoxidized oil can be ring opened in the
presence of an alcohol. The epoxidized oil can be ring opened in the presence of hydrogen and a
suitable catalyst. The epoxidized oil can be ring opened in the presence of the acid. Disclosed
herein is a TAG polyol produced by a method described herein.

[0022] Disclosed herein is a method for producing a TAG polyol, the method comprising:
subjecting an oil described herein to hydroformylation, thereby generating a hydroformylated oil;
and reducing the hydroformylated oil in the presence of hydrogen and a suitable catalyst, thereby
generating the TAG polyol. Disclosed herein is a TAG polyol produced by a method described
herein.

[0023] Disclosed herein is a microalgal cell comprising an exogenous gene that encodes for an
enzyme having lysophosphatidic acid acyltransferase activity, wherein the cell produces an oil
comprising a TAG component, wherein at least 40% of TAGs in the TAG component can be TAG
species having a saturated fatty acid at the sn-2 position, wherein at least 50% of the acyl chains
in the TAG component can be C18:1. The enzyme can be a lysophosphatidic acid acyltransferase
(LPAAT). The enzyme can be an algal, higher plant or mammalian lysophosphatidic acid
acyltransferase (LPAAT).

[0024] In some embodiments, an enzyme disclosed herein can comprise a sequence motif
selected from any one of (I) NHXXXXD (or NHX4D); (II) (F/Y)XXR; (III) EGXR; and (IV)

Proline, wherein X is any amino acid.
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[0025] In some embodiments, the enzyme can comprise NHXXXXD (or NHX4D), wherein X is
any amino acid. In some embodiments, the enzyme can comprise a sequence with at least 70%, at
least 85%, or 100% sequence identity to any one of SEQ ID NO: 107-109.

[0026] In some embodiments, the enzyme can comprise (F/Y)XXR, wherein X is any amino
acid. In some embodiments, the enzyme can comprise a sequence with at least 60%, at least 75%,
at least 85%, or 100% sequence identity to any one of SEQ ID NO: 110-119.

[0027] In some embodiments, the enzyme can comprise EGXR, wherein X is any amino acid. In
some embodiments, the enzyme can comprise a sequence with at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 90%, or 100% sequence
identity to any one of SEQ ID NO: 120-134.

[0028] In some embodiments, the enzyme can comprise a sequence a sequence with a conserved
proline. In some embodiments, the enzyme can comprise a sequence with at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 90%, or 100% sequence
identity to any one of SEQ ID NO: 135-154.

[0029] The enzyme can be Chlamydomonas reinhardtii lysophosphatidic acid acyltransferase
(CrLPAAT1). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 12. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 2.

[0030] The enzyme can be Chlamydomonas incerta lysophosphatidic acid acyltransferase
(CiLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 15. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 10.

[0031] The enzyme can be Chlamydomonas schloesseri lysophosphatidic acid acyltransferase
(ChsLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 14. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 9.
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[0032] The enzyme can be Volvox africanus lysophosphatidic acid acyltransferase (VaLPAAT?2).
The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 21. The cell can comprise a sequence with at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 11.

[0033] The enzyme can be Nannochloropsis oceanica lysophosphatidic acid acyltransferase
(NoLPAT?3). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 16. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 7.

[0034] The enzyme can be Synechocystis sp. 1-acyl-sn-glycerol-3-phosphate acyltransferase
(SI11848). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 19. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 5.

[0035] The enzyme can be Chlamydomonas reinhardtii lysophosphatidic acid acyltransferase
(CrLPAAT2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 13. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 1.

[0036] The enzyme can be Escherichia coli 1-acyl-sn-glycerol-3-phosphate acyltransferase
(EcPl1sC). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 22. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 6.

[0037] The enzyme can be Volvox carteri lysophosphatidic acid acyltransferase (VcLPAAT?2).
The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%,

at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
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sequence identity to SEQ ID NO: 20. The cell can comprise a sequence with at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 8. The enzyme can comprise a sequence with at least 50%, at least 60%,
at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% sequence identity to SEQ ID NO: 40. The cell can comprise a sequence with
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 25.

[0038] The enzyme can be Brassica napus acyltransferase (BnBAT?2). The enzyme can comprise
a sequence with at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO:
18. The cell can comprise a sequence with at least 80%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 3. The
enzyme can be Nannochloropsis oceanica lysophosphatidic acid acyltransferase (NoLPAT4). The
enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 17. The cell can comprise a sequence with at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to
SEQ ID NO: 4.

[0039] The enzyme can be Astrephomene gubernaculifera lysophosphatidic acid acyltransferase
(AgLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 41. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 26.

[0040] The enzyme can be Edaphochlamys debaryana lysophosphatidic acid acyltransferase
(EALPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 42. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 27.

[0041] The enzyme can be Dunaliella salina lysophosphatidic acid acyltransferase (DsLPAAT?2).
The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%,

at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
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sequence identity to SEQ ID NO: 43. The cell can comprise a sequence with at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 28.

[0042] The enzyme can be Scenedesmus sp. lysophosphatidic acid acyltransferase (SceLPAAT2).
The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 44. The cell can comprise a sequence with at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 29.

[0043] The enzyme can be Micractinium conductrix lysophosphatidic acid acyltransferase
(McLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 45. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 30.

[0044] The enzyme can be Chlorella sorokiniana lysophosphatidic acid acyltransferase
(ChsoLPAAT2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 46. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 31.

[0045] The enzyme can be Chlorella variabilis lysophosphatidic acid acyltransferase
(ChvalLPAAT2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 47. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 32.

[0046] The enzyme can be Raphidocelis subcapitata lysophosphatidic acid acyltransferase
(RSLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 48. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 33.
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[0047] The enzyme can be Chlorella desiccata lysophosphatidic acid acyltransferase
(ChdeLPAAT2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 49. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 34.

[0048] The enzyme can be Auxenochlorella protothecoides lysophosphatidic acid acyltransferase
(ApLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 50. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 35.

[0049] The enzyme can be Chloropicon primus lysophosphatidic acid acyltransferase
(ChprPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 51. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 36.

[0050] The enzyme can be Homo sapiens lysophosphatidic acid acyltransferase (AGPAT1). The
enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 52. The cell can comprise a sequence with at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to
SEQ ID NO: 37.

[0051] The enzyme can be Chlamydomonas eustigma lysophosphatidic acid acyltransferase
(CeLPAAT2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 53. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 38.

[0052] The enzyme can be a Pedinophyceae lysophosphatidic acid acyltransferase (PedLPAAT?2).
The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%,

at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
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sequence identity to SEQ ID NO: 54. The cell can comprise a sequence with at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 39. The cell can comprise a sequence with at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to
SEQ ID NO: 59. The cell can comprise a sequence with at least 80%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO:
50. The cell can comprise a sequence with at least 80%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 61. The cell
can comprise a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 62.

[0053] The enzyme can be Volvox reticuliferus lysophosphatidic acid acyltransferase
(VrLPAAT2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 55. The cell can comprise a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98 %, at least 99%, or 100%
sequence identity to SEQ ID NO: 57. The enzyme can be Chlorella vulgaris lysophosphatidic
acid acyltransferase (ChvuLPAAT2). The enzyme can comprise a sequence with at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 56. The cell can comprise a
sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% sequence identity to SEQ ID NO: 58.

[0054] The enzyme can be Volvulina compacta lysophosphatidic acid acyltransferase
(VcomLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: §3. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 65.

[0055] The enzyme can be Vitreochlamys sp. CL-2021 lysophosphatidic acid acyltransferase
(VitrLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 84. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 66.

-10-
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[0056] The enzyme can be Colemanosphaera charkowiensis lysophosphatidic acid
acyltransferase (CchaLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% sequence identity to SEQ ID NO: 85. The cell can comprise a
sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% sequence identity to SEQ ID NO: 67.

[0057] The enzyme can be Pleodorina japonica lysophosphatidic acid acyltransferase
(PjapLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 86. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 68.

[0058] The enzyme can be Volvulina boldii lysophosphatidic acid acyltransferase
(VbolLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: §7. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 69.

[0059] The enzyme can be Pandorina morum lysophosphatidic acid acyltransferase
(PmorLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: §8. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 70.

[0060] The enzyme can be Volvox carteri f. weismannia lysophosphatidic acid acyltransferase
(VcarfLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 89. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 71.

[0061] The enzyme can be Eudorina cylindrica lysophosphatidic acid acyltransferase
(EcylLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
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99%, or 100% sequence identity to SEQ ID NO: 90. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 72.

[0062] The enzyme can be Gonium multicoccum lysophosphatidic acid acyltransferase
(GmulLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 91. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 73.

[0063] The enzyme can be Gonium viridistellatum lysophosphatidic acid acyltransferase
(GvirLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 92. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 74.

[0064] The enzyme can be Volvox ferrisii lysophosphatidic acid acyltransferase (VierLPAAT?2).
The enzyme can comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 93. The cell can comprise a sequence with at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 75.

[0065] The enzyme can be Vitreochlamys aulata lysophosphatidic acid acyltransferase
(VaulLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 94. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 76.

[0066] The enzyme can be Chlamydomonas sp. CCAC2762_B lysophosphatidic acid
acyltransferase (Ch_CCAC2762_LPAAT?2). The enzyme can comprise a sequence with at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 95. The cell can
comprise a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 77.
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[0067] The enzyme can be Dunaliella salina lysophosphatidic acid acyltransferase
(DsalLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 96. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 78.

[0068] The enzyme can be Microglena sp. YARC lysophosphatidic acid acyltransferase
(MyarcLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 97. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 79.

[0069] The enzyme can be Chlamydomonas sp. UWO_241 lysophosphatidic acid acyltransferase
(CuwoLPAAT2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 98. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 80.

[0070] The enzyme can be Chlamydomonas moewusii lysophosphatidic acid acyltransferase
(CmoeLLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 99. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 81.

[0071] The enzyme can be Oophila amblystomatis lysophosphatidic acid acyltransferase
(OambLPAAT?2). The enzyme can comprise a sequence with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to SEQ ID NO: 100. The cell can comprise a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 82.

[0072] The exogenous gene can be codon-optimized for expression in a Prototheca strain. In
some embodiments, the cell does not comprise an exogenous glycerol-3-phosphate

acyltransferase (GPAT1). The cell can be from a Prototheca base strain. The cell can be from the
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Prototheca moriformis base strain UTEX 1533. The cell can be derived from a classically
improved strain from Prototheca moriformis base strain UTEX 1533. The cell can be from a non-
genetically modified Prototheca base strain that produces an oil having a fatty acid profile of at
least 50% oleic acid. The cell can be from a non-genetically modified Prototheca base strain that
produces an oil having a fatty acid profile of at least 30% palmitic acid. The Prototheca base
strain can be Prototheca wickerhamii. The Prototheca base strain can be Prototheca moriformis.
The microalgal cell can produce at least 60% lipid by dry cell weight. The microalgal cell can
produce at least 50% lipid by dry cell weight. The oil can comprise a triacylglyceride (TAG)
component, wherein at least 40% of TAGs in the TAG component can be TAG species having a
saturated fatty acid at the sn-2 position, wherein at least 50% of the acyl chains in the TAG
component can be C18:1. The oil can comprise at least 10 mg of ergosterol per 100 g of the oil.
The saturated fatty acid can be C16:0. At least 50% of the TAGs in the TAG component can be
TAG species having a saturated fatty acid at the sn-2 position. At least 50% of the acyl chains in
the TAG component can be C18:1. The TAG species can comprise C18:1 at the sn-1 and sn-3
positions. The TAG species can comprise C16:0 at the sn-2 position. The TAG species can
comprise or consist of 1,3-dioleolyl-2-palmitoyl glycerol (OPO). At least 50% of the acyl chains
in the TAG component can be C18:1 and at least 20% of the acyl chains in the TAG component
can be C16:0. At least 60% of the acyl chains in the TAG component can be C18:1 and at least
30% of the acyl chains in the TAG component can be C16:0. In some embodiments 50-67% or
60-67% of the acyl chains in the TAG component can be C18:1 and 20-33% of the acyl chains in
the TAG component can be C16:0. The oil can have an OP:00 m/z ratio of at least 1.6 as
determined by the abundance of DAG ions resulting from mass spectrometry fragmentation of
the TAG component in the oil. The oil can have an OP:00 m/z ratio of at least 2 as determined
by the abundance of DAG ions resulting from mass spectrometry fragmentation of the TAG
component in the oil. The oil can have an OP:00 m/z ratio of at least 3 as determined by the
abundance of DAG ions resulting from mass spectrometry fragmentation of the TAG component
in the oil. The oil can comprise at least 50 mg of ergosterol per 100 g of the oil. The oil can
comprise at least 100 mg of ergosterol per 100 g of the oil. The oil can further comprise one or
more of 5.xi.-ergost-7-en-3p-ol, 9,19-cyclolanostan-3-ol,24-methylene-,(3)-, and ergosta-7,22-
dien-3-ol, (3B). The oil can comprise at least 20 mg of 5.xi.-ergost-7-en-33-ol per 100 g of the
oil. The oil can comprise at least 5 mg of 9,19-cyclolanostan-3-ol,24-methylene-,(3p)- per 100 g

of the oil. The oil can be an algal oil. The oil can be a genetically modified algal oil. The oil can
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be produced from an algal cell. The oil can be produced from a genetically modified algal cell.
The oil can be produced from a Prototheca cell.

[0073] Disclosed herein is a method of producing a non-naturally occurring oil, the method
comprising cultivating a microalgal cell in a culture medium, wherein the oil comprises a TAG
component, wherein at least 40% of TAG species in the TAG component have a saturated fatty
acid at the sn-2 position, wherein at least 50% of the acyl chains in the TAG component can be
C18:1. The method can further comprise isolating the oil composition from the culture medium.
The method can further comprise expressing in the microalgal cell an exogenous enzyme having
lysophosphatidic acid acyltransferase activity. The microalgal cell can be a microalgal cell
described herein. The oil can comprise a triacylglyceride (TAG) component, wherein at least
40% of the TAGs in the TAG component can be TAG species having a saturated fatty acid at the
sn-2 position, wherein at least 50% of the acyl chains in the TAG component can be C18:1. The
oil can comprise at least 10 mg of ergosterol per 100 g of the oil. The saturated fatty acid can be
C16:0. At least 50% of the TAGs in the TAG component can be TAG species having a saturated
fatty acid at the sn-2 position. At least 50% of the acyl chains in the TAG component can be
C18:1. The TAG species can comprise C18:1 at the sn-1 and sn-3 positions. The TAG species can
comprise C16:0 at the sn-2 position. The TAG species can comprise or consist of 1,3-dioleolyl-2-
palmitoyl glycerol (OPO). At least 50% of the acyl chains in the TAG component can be C18:1
and at least 20% of the acyl chains in the TAG component can be C16:0. At least 60% of the acyl
chains in the TAG component can be C18:1 and at least 30% of the acyl chains in the TAG
component can be C16:0. 50-67% or 60-67% of the acyl chains in the TAG component can be
C18:1 and 20-33% of the acyl chains in the TAG component can be C16:0. The oil can have an
OP:00 m/z ratio of at least 1.6 as determined by abundance of DAG ions resulting from mass
spectrometry fragmentation of the TAG component in the oil. The oil can have an OP:00 m/z
ratio of at least 2 as determined by the abundance of DAG ions resulting from mass spectrometry
fragmentation of the TAG component in the oil. The oil can have an OP:0O0 m/z ratio of at least
3 as determined by the abundance of DAG ions resulting from mass spectrometry fragmentation
of the TAG component in the oil. The oil can comprise at least 50 mg of ergosterol per 100 g of
the oil. The oil can comprise at least 100 mg of ergosterol per 100 g of the oil. The oil can further
comprise one or more of 5.xi.-ergost-7-en-3p-ol, 9,19-cyclolanostan-3-ol,24-methylene-,(3p)-,
and ergosta-7,22-dien-3-ol, (3p). The oil can comprise at least 20 mg of 5.xi.-ergost-7-en-3-ol
per 100 g of the oil. The oil can comprise at least 5 mg of 9,19-cyclolanostan-3-o0l,24-methylene-

,(3B)- per 100 g of the oil. The oil can be an algal oil. The oil can be a genetically modified algal
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oil. The oil can be produced from an algal cell. The oil can be produced from a genetically
modified algal cell. The oil can be produced from a Prototheca cell.

[0074] Traditionally, microalgae have been known for producing long-chain polyunsaturated
fatty acids (LC-PUFAs) like docosahexaenoic (DHA) or eicosapentaenoic (EPA) acids,
commonly used in infant nutrition, supplements, and foods for humans and animals. There is a
need in the industry to optimize the fatty acid composition and triacylglycerol structure of the oil
produced by microalgae; thereby expanding the potential applications of microalgae oil beyond
LC-PUFAs, tailoring them for specific nutritional or physiochemical properties. Specifically,
aspects of the instant application contain oil derived from microalgae which is enriched with
saturated fatty acid at the sn-2 position, and in particular, palmitate.

[0075] In some embodiments, provided herein is a non-naturally occurring oil comprising: at
least 10 mg of ergosterol per 100 g of the oil; and a triacylglyceride (TAG) component, wherein
at least 40% of TAGs in the TAG component are TAG species having a saturated fatty acid at the
sn-2 position, wherein at least 50% of the acyl chains in the TAG component are C18:1. The oil
can be an algal oil. The oil can be a genetically modified algal oil. The oil can be produced from
an algal cell. The oil can be produced from a genetically modified algal cell. The oil can be
produced from a Prototheca cell.

[0076] Disclosed herein is a composition comprising the oil and one or more excipients. The
composition can be a food product. The composition can be a food or beverage. Further, the
composition can be a nutritional supplement. More specifically, the composition can be an infant
formula.

[0077] Disclosed herein is a composition comprising the oil and one or more excipients. The
composition can be a nutritional supplement. The composition can be an infant formula. The
infant formula can comprise one or more of whey, casein, lactose, vitamin D, human milk
oligosaccharides (HMOs), vegetable oils, and antibodies. Non-limiting examples of vegetable
oils include soy oil, canola oil, sunflower oil, coconut oil, palm oil, and palm kernel oil. The
infant formula can comprise soy protein.

[0078] The oil can be an algal oil. The oil can be a genetically modified algal oil. The oil can be
produced from an algal cell. The oil can be produced from a genetically modified algal cell. The

oil can be produced from a Prototheca cell.

DETAILED DESCRIPTION
[0079] Provided herein are oil compositions comprising TAGs enriched in 1,3-dioleoyl-2-

palmitoylglycerol (OPO), methods of making, formulations, and applications thereof. Oil
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compositions provided herein can be produced by a genetically modified microorganism
provided herein, such as a microalgal cell provided herein. Further provided are methods of
producing and cultivating microorganisms that produce the oil compositions provided herein.
Further provided herein are bioreactors comprising a non-naturally occurring microorganism

provided herein that has been modified to produce the oil compositions provided herein.

Definitions

[0080] As used herein, the term “microbial oil” refers to an oil produced or extracted from a
microorganism (microbe), e.g., an oleaginous, single-celled, eukaryotic, or prokaryotic
microorganism, including but not limited to, microalgae, yeast, bacteria, and fungi.

[0081] As used herein, the term “triacylglycerol”, “triglyceride”, or “TAG” refers to esters
between glycerol and three fatty acids.

[0082] As used herein, the term “OPO” or “1,3-dioleoyl-2-palmitoylglycerol” refers to a TAG
species having a palmitate (C16:0) at the sn-2 position of the TAG and oleate (C18:1) at the sn-/
and sn-3 positions of the TAG.

[0083] As used herein, the term “OOP” or “1,2-dioleoyl-3-palmitoylglycerol” refers to a TAG
species having a palmitate (C16:0) at the sn-3 position of the TAG and oleate (C18:1) at the sn-/
and sn-2 positions of the TAG.

[0084] As used herein, the term “polyol” refers to triglycerols or fatty acid alcohols comprising
hydroxyl functional groups. As used herein, the term “polyol derived from a TAG oil” generally
refers to a polyol obtained from chemical conversion of a TAG oil, e.g., via epoxidation and ring
opening, ozonolysis, and reduction, or hydroformylation and reduction.

[0085] As used herein, the term *“polyurethane”, “PU”, or “urethane” refers to a class of
polymers comprised of carbamate (urethane) linkages formed between a polyol and an isocyanate
moiety.

[0086] As used herein, the term “high oleic” can refer to greater than 60% oleic acid, greater than
70% oleic acid, greater than 80% oleic acid, or greater than 90% oleic acid.

[0087] As used herein, the term “about” refers to and can be £10% of the value provided.

[0088] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Although any methods and materials similar or equivalent to those described herein can
also be used in the practice or testing of the present teachings, some exemplary methods and

materials are described herein.
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Human Breast Milk

[0089] Human breast milk is the primary source of nutrition for newborn babies. Breast milk is
comprised of fat, protein, carbohydrates, and various vitamins and minerals necessary to support
healthy growth and development. Breast milk also contains factors that are important for
protecting the infant against infection and inflammation, while also contributing to healthy
development of the immune system and gut microbiome.

[0090] Breast milk contains about 3-55% fat, and 98% of which is in the form of TAGs
containing more than 200 types of different fatty acids. Breast milk contains about 17-25%
palmitic acid and 70-75% of which is uniquely distributed in the stereotypically numbered 2 (sn-
2) position of TAGs, while unsaturated fatty acids, such as oleic acid and linoleic acid, are mostly
distributed in the sn-1 and sn-3 positions. The high content of palmitic acid in the sn-2 position
may contribute to enhanced absorption of calcium and essential fats in the infant gut, and overall
digestive health. A key TAG in human breast milk is 1,3-dioleoyl-2-palmitoylglycerol, also
referred to as sn-2 palmitate, oleic-palmitic-oleic, or OPO. OPO is found in human breast milk,
but is generally absent in bovine milk.

[0091] Given the complex nature of human breast milk, infant formula manufacturers have
struggled to recapitulate even a fraction of the features present in this remarkable, natural food.
Some attention has been paid to achieving the relative proportions of desired fatty acids in infant
formulas to recapitulate the components of breast milk. Products have also been created that
recapitulate TAGs enriched in OPO that can be combined with other fat fractions to mimic
human breast milk. Human milk fat substitute (HMFES) is a class of structured lipids that is
widely used as an ingredient in infant formulas. Like human milk fat, HMFS is characterized by
the enrichment of palmitoyl (C16:0) groups specifically at the middle (sn-2 or ) position on the
glycerol backbone. However, no single-source fat substitute delivers all the demonstrated
benefits of the natural product.

[0092] Although the fat used in most infant formulas is derived from plants, many plants esterify
saturated fatty acids to the sn-1 and sn-3 positions, and exclude palmitic acid in the sn-2 position.
In contrast, engineered oilseed crops and/or oleaginous microorganisms can be used to
accumulate high levels of TAGs enriched in saturated fatty acid in the sn-2 position, such as
OPO. These alternative sources of TAGs may thereby better mimic the stereoisomeric structure
of human milk fat and provide improved sources of HMFS for infant nutrition.

[0093] Infant formulas produced with vegetable oils or dairy products have similar fat content to

fatty acids in human milk while presenting different lipid structures. For instance, while about
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70% of palmitic acid is esterified at the sn-2 position of the TAGs in human milk; in comparison,
vegetable oils and other mammalian (e.g., cow, sheep, and goat) milk have only about 5-20% and
about 30-40% respectively, of the total palmitic acid esterified at the sn-2 position. As a result,
the lipid components used in most infant formulas originating from plants or derived from dairy
products have the majority of palmitic acid esterified at the sn-1/3 positions.

[0094] Human milk fat substitutes are a class of structured lipids developed to mimic the TAG
distribution of human breast milk and obtained by altering the composition, structure and
distribution of fatty acids attached to the glycerol backbone. The inventors of the instant
application found that the oils disclosed in this application, including the TAG oils derived from
microalgae enriched in OPO, can be used as a human milk fat substitute composed of structured
TAGs enriched in palmitic acid at the sn-2 position. The strain may be derived from classical
strain improvement or genetic modification.

[0095] In one aspect, the algal-derived OPO enriched TAG oil is manufactured from microalgae
derived from classical strain improvement. In another aspect, the algal-derived OPO enriched
TAG oils are manufactured from a genetically-modified microalgae. The microalgae strain may
be selected from, without limitation, P. moriformis. The OPO oil may be included as a partial
replacement for vegetable oils in conventional infant nutrition products such as infant formulas,
follow-on formulas and pediatric supplements intended for infants born at term or for premature
infants. For example, Figure 13 compares the LC-MS triacylglycerol TAG profiles of the algae
OPO oil of an aspect of the present disclosure and first generation of human milk fat substitute
obtained by enzymatically catalyzed transesterification of vegetable oils. As can be seen from
Figure 13, the amount of OPO in the OPO oil of the present disclosure significantly exceeds that

of the commercially available vegetable derived alternatives.

[0096] The natural occurrence of palmitic acid in the sn-2 position of triglycerides is associated
with crucial biological functions in infants, as depicted in Figure 12 (adapted from Havlicekova
et al., 2016, Beta-palmitate - a natural component of human milk in supplemental milk formulas.
Nutr J. 15:28. doi: 10.1186/512937-016-0145-1). Human milk triglycerides are intrinsically
structured to optimize the absorption of fatty acids, primarily due to the presence of palmitic acid
in the sn-2 position. Achieving quantitative absorption of essential milk nutrients is of
paramount importance for the healthy development of infants, as lipids constitute the primary
source of energy during infancy and play pivotal roles in various developmental processes.
Moreover, the absorption of critical micronutrients, such as calcium, is intricately linked to the

absorption of palmitic acid.
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[0097] When triglycerides provided to infants contain palmitic acid esterified in the external
positions of the triglyceride molecules, the liberated palmitic acid, as a consequence of lipolytic
enzyme action, tends to form insoluble salts through its interaction with calcium. The
accumulation of these insoluble salts within the infant’s gastrointestinal tract (GI tract) can
significantly influence the development of the microbiome and result in discomfort for the infant,
characterized by the formation of firmer stools. This disruption in microbiome development
caused by an excessive presence of insoluble palmitic acid salts within the GI tract can
potentially trigger inflammation and immune-related issues. By formulating infant nutrition
products with an oil source that contains palmitic acid in the sn-2 position, such as algae-derived
OPO oil, it is feasible to replicate the nutritional advantages associated with naturally occurring

sn-2 palmitate in human milk when compared to conventional alternatives.

TAG Biosynthesis

[0098] Lysophosphatidic acid acyltransferase (LPAAT), a type of membrane-bound o-
acyltransferase (MBOAT) encoded by a multigene family, is a rate-limiting enzyme in the
Kennedy pathway in higher plants. The Kennedy pathway turns glycerol-3-phosphate into TAG
using glycerol-3-phosphate acyltransferase (GPAT), LPAAT, phosphatidic acid phosphatase
(PAP), and diacylglycerol acyltransferase (DGAT). In this pathway, LPAAT controls the
production of phosphatidic acid (PA), a key intermediate.

[0099] LPAAT genes are present in both prokaryotes and eukaryotes. In mammals, LPAATSs have
been characterized as the 1-acylglycerol-3-phophate O-acyltransferase (AGPAT) family. For
example, a Homo sapiens AGPAT gene is AGPATI. AGPAT1 localizes to the endoplasmic
reticulum. In some embodiments, the amino acid sequence of AGPAT1 is SEQ ID NO: 52. In
some embodiments, AGPAT' is expressed in a cell by transformation with a plasmid comprising
a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% sequence identity to SEQ ID NO: 37. Plants also often have several
LPAAT genes; for example, Arabidopsis thaliana has 5 LPAAT genes. In most microalgae and
higher plants, TAG biosynthesis occurs both in the chloroplast and endoplasmic reticulum (ER),
and the substrate preference for LPAAT enzymes is usually oleoyl-CoA. Among other
eukaryotes, however, including animals and fungi, the main organelle for TAG biosynthesis is the
endoplasmic reticulum (ER), and once again, the substrate preference for LPAAT enzymes is
usually oleoyl-CoA.

[0100] The enzyme having lysophosphatidic acid acyltransferase activity can comprise four

catalytic motifs: (I) NHXXXXD (or NHX4D); (II) (F/Y)XXR; (III) EGXR; and (IV) Proline,
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wherein X is any amino acid. Motif I can comprise a conserved NHXXXXD (or NHX4D)
sequence in which the residue following histidine (H) is usually hydrophilic, whereas the residue
preceding aspartic acid (D) is almost always hydrophobic. Motif II can comprise a (F/Y)XXR
sequence, in which the first residue is either phenylalanine (F) or tyrosine (Y) followed by two
residues and a conserved arginine (R). The residue that precedes this R can be hydrophilic,
whereas the residue that precedes this hydrophilic residue can be hydrophobic. Motif I1I can
comprise a conserved EGXR sequence. Motif IV can comprise a conserved proline (P). An
enzyme described herein can comprise a sequence with one, two, three, or four of these catalytic
motifs. A cell described herein can comprise an exogenous gene comprising a sequence that
encodes for an enzyme with one, two, three, or four of these catalytic motifs.

[0101] In some embodiments, an enzyme can comprise a sequence with at least 70%, at least
85%, or 100% sequence identity to any one of SEQ ID NO: 107-109. In some embodiments, a
cell can comprise an exogenous gene comprising a sequence that encodes for an enzyme with at
least 70%, at least 85%, or 100% sequence identity to any one of SEQ ID NO: 107-109.

[0102] In some embodiments, an enzyme can comprise a sequence with at least 60%, at least
75%, at least 85%, or 100% sequence identity to any one of SEQ ID NO: 110-119. In some
embodiments, a cell can comprise an exogenous gene comprising a sequence that encodes for an
enzyme with at least 60%, at least 75%, at least 85%, or 100% sequence identity to any one of
SEQ ID NO: 110-119.

[0103] In some embodiments, an enzyme can comprise EGHR or EGTR. In some embodiments,
an enzyme can comprise a sequence with at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 90%, or 100% sequence identity to any one of SEQ
ID NO: 120-134. In some embodiments, a cell can comprise an exogenous gene comprising a
sequence that encodes for an enzyme with at least 50%, at least 55%, at least 60%, at least 65%,
at least 70%, at least 75%, at least 80%, at least 90%, or 100% sequence identity to any one of
SEQ ID NO: 120-134.

[0104] In some embodiments, an enzyme described herein can comprise catalytic motif IV: a
conserved proline. In some embodiments, an enzyme described herein can comprise a third
domain having a sequence with a conserved proline. In some embodiments, an enzyme can
comprise a sequence with at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 90%, or 100% sequence identity to any one of SEQ ID NO: 135-154. In some

embodiments, a cell can comprise an exogenous gene comprising a sequence that encodes for an
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enzyme with at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 90%, or 100% sequence identity to any one of SEQ ID NO: 135-154.

[0105] Chlamydomonas reinhardtii, a unicellular green algae, comprises two LPAAT genes:
CrLPAAT1 and CrLPAAT?2. The chlorophyte specific CrLPAAT2 enzyme localizes to ER
membranes. Unlike canonical ER-located LPAATs, however, CrLPAAT?2 prefers palmitoyl-CoA
over oleoyl-CoA as the acyl donor substrate. In some embodiments, the amino acid sequence of
CrLPAAT1 is SEQ ID NO: 12. In some embodiments, CrLPAAT1 is expressed in a cell by
transformation with a plasmid comprising a sequence with at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID
NO: 2. In some embodiments, the amino acid sequence of CrLPAAT2 is SEQ ID NO: 13. In
some embodiments, CrLPAAT? is expressed in cells by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 10. Related species
Chlamydomonas schloesseri, Chlamydomonas incerta, and Chlamydomonas eustigma have
similar genes — ChsLPAAT2, CiLPAAT2, and CeLPAAT?2, respectively. In some embodiments, the
amino acid sequence of ChsLPAAT?2 is SEQ ID NO: 14. In some embodiments, ChsLPAAT]I is
expressed in a cell by transformation with a plasmid comprising a sequence with at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 9. In some embodiments, the amino acid sequence of CiLPAAT?2 is SEQ
ID NO: 15. In some embodiments, CiLPAAT1 is expressed in a cell by transformation with a
plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 10. In some
embodiments, the amino acid sequence of CeLPAAT?2 is SEQ ID NO: 53. In some embodiments,
CeLLPAAT?2 is expressed in a cell by transformation with a plasmid comprising a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 38.

[0106] The marine microalgae genus Nannochloropsis has 4 LPAAT genes. Two of these genes,
NoLPAT3 and NoLPAT4, are critical for TAG biosynthesis. NoLPAT3 and NoLPAT4 are typically
found around the perimeter of lipid droplets, although these two genes are unrelated to other lipid
droplet-associated proteins. The location of NoLPAT3 and NoLPAT4 on the perimeter of lipid
droplets enhances the accumulation of TAG, particularly during nutrient deprivation. In some
embodiments, the amino acid sequence of NoLPAT3 is SEQ ID NO: 16. In some embodiments,

NoLPAT3 is expressed in a cell by transformation with a plasmid comprising a sequence with at
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least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 7. In some embodiments, the amino acid sequence of
NoLPAT4 is SEQ ID NO 17. In some embodiments, is expressed in a cell by transformation with
a plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 4.

[0107] In the oilseed rape Brassica napus, one of the LPAAT genes involved in TAG
biosynthesis is BnBAT2. BnBAT? is a prokaryotic-type LPAAT gene. In some embodiments, the
amino acid sequence of BnBAT?2 is SEQ ID NO: 18. In some embodiments, BnBAT?2 is
expressed in a cell by transformation with a plasmid comprising a sequence with at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 3.

[0108] The cyanobacteria Synechocystis sp. LPAAT gene is referred to as SI[1848. S111848
incorporates C18:0 and C18:1 in the sn-2 position, and is the major LPAAT specific to C16:0 in
Synechocystis sp. In some embodiments, the amino acid sequence of S111848 is SEQ ID NO: 19.
In some embodiments, S111848 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 5.

[0109] Species of green algae such as Volvox carteri, Volvox africanus, and Volvox reticuliferus
also have similar LPAAT genes - VcLPAAT2, VaLPAAT2, and VrLPAAT?2, respectively. In some
embodiments, the amino acid sequence of VcLPAAT?2 is SEQ ID NO: 20, or SEQ ID NO: 40. In
some embodiments, VCLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 8 or SEQ ID NO: 25. In some
embodiments, the amino acid sequence of VaLPAAT?2 is SEQ ID NO: 21. In some embodiments,
VaLLPAAT? is expressed in a cell by transformation with a plasmid comprising a sequence with at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 11. In some embodiments, the amino acid sequence of
VILPAAT?2 is SEQ ID NO: 55. In some embodiments, VILPAAT? is expressed in a cell by
transformation with a plasmid comprising a sequence with at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID
NO: 57.

[0110] The LPAAT genes in Escherichia coli are referred to as PlsC genes. In E. coli, the EcPlsC

mutant strain is characterized by a deficiency of LPAAT activity. The strain is also temperature-
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sensitive, unable to grow at 42 °C. In some embodiments, the amino acid sequence of EcPlsC is
SEQ ID NO: 22. In some embodiments, EcPIsC is expressed in a cell by transformation with a
plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 6.

[0111] The LPAATS of the microalgae Prototheca moriformis display a strong preference for the
insertion of unsaturated fatty acids at the sn-2 position, rarely inserting saturates. In some
embodiments, the amino acid sequence of PmLPAAT1 is SEQ ID NO: 23. In some
embodiments, the amino acid sequence of PmLPAAT?2 is SEQ ID NO: 24.

[0112] Species of green algae such as Chlorella sorokiniana, Chlorella variabilis, Chlorella
desiccata, and Chlorella vulgaris also have similar LPAAT genes — ChsoLPAAT?2,
ChvaLPAAT2, ChdeLPAAT?2, and ChvuLPAAT?2, respectively. In some embodiments, the amino
acid sequence of ChsoLPAAT?2 is SEQ ID NO: 46. In some embodiments, ChsoLPAAT?2 is
expressed in a cell by transformation with a plasmid comprising a sequence with at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 31. In some embodiments, the amino acid sequence of ChvaLPAAT?2 is
SEQ ID NO: 47. In some embodiments, ChvaLPAAT?2 is expressed in a cell by transformation
with a plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 32. In some
embodiments, the amino acid sequence of ChdeLPAAT?2 is SEQ ID NO: 49. In some
embodiments, ChdeLPAAT?2 is expressed in a cell by transformation with a plasmid comprising
a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% sequence identity to SEQ ID NO: 34. In some embodiments, the amino
acid sequence of ChvuLPAAT?2 is SEQ ID NO: 56. In some embodiments, ChvuLPAAT?2 is
expressed in a cell by transformation with a plasmid comprising a sequence with at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence
identity to SEQ ID NO: 58.

[0113] The multicellular green algae Astrephomene gubernaculifera comprises an LPAAT gene
referred to as AgLPAAT2. In some embodiments, the amino acid sequence of AgLPAAT?2 is SEQ
ID NO: 41. In some embodiments, AgLPAAT?2 is expressed in a cell by transformation with a
plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 26.

[0114] The green algae Edaphochlamys debaryana comprises an LPAAT gene referred to as
EdLPAAT2. In some embodiments, the amino acid sequence of EALPAAT?2 is SEQ ID NO: 42. In
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some embodiments, EALPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 27.

[0115] The unicellular green algae Dunaliella salina comprises an LPAAT gene referred to as
DsLPAAT2. In some embodiments, the amino acid sequence of DSLPAAT?2 is SEQ ID NO: 43. In
some embodiments, DsSLPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 28.

[0116] The colonial green algae Scenedesmus sp. comprises an LPAAT gene referred to as
SceLPAAT?. In some embodiments, the amino acid sequence of SceLPAAT2 is SEQ ID NO: 44.
In some embodiments, SceLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 29.

[0117] The colonial green algae Volvulina compacta comprises an LPAAT gene referred to as
VeomLPAAT?2. In some embodiments, the amino acid sequence of VcomLPAAT?2 is SEQ ID NO:
83. In some embodiments, VcomLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 65.

[0118] The colonial green algae Pleodorina japonica comprises an LPAAT gene referred to as
PjapLPAAT2. In some embodiments, the amino acid sequence of PjapLPAAT?2 is SEQ ID NO:
86. In some embodiments, PjapLPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 68.

[0119] The colonial green algae Volvulina boldii comprises an LPAAT gene referred to as
VbolLPAAT2. In some embodiments, the amino acid sequence of VbolLPAAT?2 is SEQ ID NO:
87. In some embodiments, VbolLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 69.

[0120] The colonial green algae Gonium multicoccum comprises an LPAAT gene referred to as
GmulLPAAT?2. In some embodiments, the amino acid sequence of GmulLPAAT?2 is SEQ ID NO:
91. In some embodiments, GmulLPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 73.
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[0121] The colonial green algae Gonium viridistellatum comprises a LPAAT gene referred to as
GvirLPAAT2. In some embodiments, the amino acid sequence of GvirLPAAT?2 is SEQ ID NO:
92. In some embodiments, GvirLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 74.

[0122] The unicellular green algae Micractinium conductrix comprises a LPAAT gene referred to
as McLPAAT?2. In some embodiments, the amino acid sequence of McLPAAT?2 is SEQ ID NO:
45. In some embodiments, McLPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 30.

[0123] The unicellular green algae Dunaliella salina comprises an LPAAT gene referred to as
DsalLPAAT2. In some embodiments, the amino acid sequence of DsalLPAAT?2 is SEQ ID NO:
96. In some embodiments, DsalLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 78.

[0124] The microalgae Raphidocelis subcapita comprises an LPAAT gene referred to as
RsLPAAT2. In some embodiments, the amino acid sequence of RsSLPAAT? is SEQ ID NO: 48. In
some embodiments, RSLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 33.

[0125] The heterotrophic green algae Auxenochlorella protothecoides comprises an LPAAT gene
referred to as ApLPAAT2. In some embodiments, the amino acid sequence of ApLPAAT?2 is SEQ
ID NO: 50. In some embodiments, ApLPAAT?2 is expressed in a cell by transformation with a
plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 35.

[0126] The green algae Chloropicon primus comprises a LPAAT gene referred to as
ChprLPAAT2. In some embodiments, the amino acid sequence of ChprLPAAT?2 is SEQ ID NO:
51. In some embodiments, ChprLPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 36.

[0127] The green algae class Pedinophyceae comprises an LPAAT gene referred to as
PedLPAAT?. In some embodiments, the amino acid sequence of PedLPAAT?2 is SEQ ID NO: 54.

In some embodiments, PedLPAAT2 is expressed in a cell by transformation with a plasmid

26-



WO 2025/096830 PCT/US2024/053965

comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 39. In some embodiments,
PedLPAAT? is expressed in a cell by transformation with a plasmid comprising a sequence with
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to SEQ ID NO: 59. In some embodiments, PedLPAAT?2 is expressed in
a cell by transformation with a plasmid comprising a sequence with at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to
SEQ ID NO: 60. In some embodiments, PedLPAAT? is expressed in a cell by transformation
with a plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 61. In some
embodiments, PedLPAAT? is expressed in a cell by transformation with a plasmid comprising a
sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% sequence identity to SEQ ID NO: 62.

[0128] The green algae Vitreochlamys sp. CL-2021 comprises an LPAAT gene referred to as
VitrLPAAT?2. In some embodiments, the amino acid sequence of VitrLPAAT?2 is SEQ ID NO: 84.
In some embodiments, VitrLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 66.

[0129] The green algae Colemanosphaera charkowiensis comprises an LPAAT gene referred to
as CchaLPAAT?2. In some embodiments, the amino acid sequence of CchaLPAAT2 is SEQ 1D
NO: 85. In some embodiments, CchaLPAAT? is expressed in a cell by transformation with a
plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 67.

[0130] The green algae Volvulina boldii comprises an LPAAT gene referred to as VholLPAAT2. In
some embodiments, the amino acid sequence of VbolLPAAT?2 is SEQ ID NO: 87. In some
embodiments, VbolLPAAT? is expressed in a cell by transformation with a plasmid comprising a
sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% sequence identity to SEQ ID NO: 69.

[0131] The green algae Pandorina morum comprises an LPAAT gene referred to as
PmorLPAAT2. In some embodiments, the amino acid sequence of PmorLPAAT? is SEQ ID NO:
88. In some embodiments, PmorLPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 70.
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[0132] The green algae Volvox carteri f. weismannia comprises an LPAAT gene referred to as
VearfLPAAT2. In some embodiments, the amino acid sequence of VcarfLPAAT?2 is SEQ ID NO:
89. In some embodiments, VcarfLPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 71.

[0133] The green algae Eudorina cylindrica comprises an LPAAT gene referred to as
EcylLPAAT?2. In some embodiments, the amino acid sequence of EcyILPAAT?2 is SEQ ID NO:
90. In some embodiments, EcylLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 72.

[0134] The green algae Volvox ferrisii comprises an LPAAT gene referred to as VferLPAATZ2. In
some embodiments, the amino acid sequence of VierLPAAT?2 is SEQ ID NO: 93. In some
embodiments, VferLPAAT?2 is expressed in a cell by transformation with a plasmid comprising a
sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% sequence identity to SEQ ID NO: 75.

[0135] The green algae Vitreochlamys aulata comprises an LPAAT gene referred to as
VaulLPAAT2. In some embodiments, the amino acid sequence of VaulLPAAT?2 is SEQ ID NO:
94. In some embodiments, VaulLPAAT? is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 76.

[0136] The green algae Chlamydomonas sp. CCAC2762_B comprises a LPAAT gene referred to
as Ch_CCAC2762_LPAAT2. In some embodiments, the amino acid sequence of
Ch_CCAC2762_LPAAT2 is SEQ ID NO: 95. In some embodiments, Ch_CCAC2762_LPAAT2
is expressed in a cell by transformation with a plasmid comprising a sequence with at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 77.

[0137] The green algae Microglena sp. YARC comprises a LPAAT gene referred to as
MyarcLPAAT?2. In some embodiments, the amino acid sequence of MyarcLPAAT2 is SEQ ID
NO: 97. In some embodiments, MyarcLPAAT? is expressed in a cell by transformation with a
plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 79.

[0138] The green algae Chlamydomonas sp. UWO_241 comprises a LPAAT gene referred to as
CuwoLPAAT2. In some embodiments, the amino acid sequence of CuwoLPAAT?2 is SEQ ID NO:
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98. In some embodiments, CuwoLPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 80.

[0139] The green algae Chlamydomonas moewusii comprises an LPAAT gene referred to as
CmoeLPAAT?2. In some embodiments, the amino acid sequence of CmoeLPAAT?2 is SEQ ID NO:
99. In some embodiments, CmoeLPAAT?2 is expressed in a cell by transformation with a plasmid
comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 81.

[0140] The green algae Oophila amblystomatis comprises an LPAAT gene referred to as
OambLPAAT?2. In some embodiments, the amino acid sequence of OambLPAAT?2 is SEQ ID NO:
100. In some embodiments, OambLPAAT?2 is expressed in a cell by transformation with a
plasmid comprising a sequence with at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to SEQ ID NO: 82.

[0141] The green algae Edaphochlamys debaryana_SRR13719274 comprises an LPAAT gene
referred to as EALPAAT2. In some embodiments, the amino acid sequence of EAdLPAAT2
(Edaphochlamys debaryana_SRR13719274) is SEQ ID NO: 101.

[0142] The colonial green algae Volvulina steinii comprises an LPAAT gene referred to as
VsteLPAAT2. In some embodiments, the amino acid sequence of VsteLPAAT?2 is SEQ ID NO:
102.

[0143] The colonial green algae Gonium octonarium comprises an LPAAT gene referred to as
GoctLPAAT2. In some embodiments, the amino acid sequence of GoctLPAAT?2 is SEQ ID NO:
103.

[0144] The unicellular green algae Chlamydomonas nivalis comprises an LPAAT gene referred to
as CnivLPAAT2. In some embodiments, the amino acid sequence of CnivLPAAT?2 is SEQ ID NO:
104.

[0145] The green algae Pycnococcus provasolii comprises an LPAAT gene referred to as
PproLPAAT?2. In some embodiments, the amino acid sequence of PproLPAAT?2 is SEQ ID NO:
10s.

[0146] The green algae Bathycoccus prasinos comprises an LPAAT gene referred to as
BpraLPAAT?2. In some embodiments, the amino acid sequence of GoctLPAAT?2 is SEQ ID NO:
106.

[0147] CrLPAAT1-ACST* is a Chlamydomonas reinhardtii LPAAT with a total of 30 amino
acids (aa 12-41; CST signal) removed from CtLPAAT1. BnBAT2-ACST* is a Brassica napus
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LPAAT with a total of 86 amino acids (aa 2-87) removed from BnBAT2. In some embodiments,
the amino acid sequence of CrLPAAT1-ACST* is SEQ ID NO: 155. In some embodiments, the
amino acid sequence of BnBAT2-ACST* is SEQ ID NO: 156.

TAG Oils of the Disclosure

[0148] Provided herein are TAG oil compositions having TAG species with a saturated fatty acid
at the sn-2 position. In some embodiments, the TAG species is OPO.

[0149] The complexity and physical properties of an oil can be evaluated by the fatty acid profile
of the TAG component of an oil and the TAG profile. The fatty acid profile is a measure of fatty
acid composition and can be determined by subjecting an oil to transesterification to generate
fatty acid methyl esters (FAMEs) and subsequently quantitating fatty acid type by Gas
Chromatography equipped with a Flame Ionization Detector (GC/FID). Accordingly, the fatty
acid content of a TAG oil provided herein can be determined by GC/FID. Since TAGs comprise
three fatty acids arrayed along the glycerol backbone in the triglyceride molecule, the number of
possible distinct regioisomers of TAGs can be defined by the number of fatty acid species in the
oil raised to the third power.

[0150] The genetic expression of an enzyme described herein can be modulated to enrich for
OPO production. Expression of a gene described herein can be modulated singly or in
combination with expression of one or more enzymes described herein, to enrich for OPO
production. The genetic expression of an enzyme described herein can be modulated to enhance
LPAAT activity. Expression of a gene described herein can be modulated singly or in
combination with the expression of one or more enzymes described herein, to enhance LPAAT
activity. In some embodiments, a cell described herein is modified to express an exogenous gene
to enhance LPAAT activity. In some embodiments, a cell described herein is modified to delete
an endogenous gene to enhance LPAAT activity.

[0151] Provided herein are methods of genetically modifying and cultivating a cell to enrich for
production of an oil provided herein. Further provided herein are cells that are genetically
modified to enrich for production of an oil described herein. A cell provided herein can contain
recombinant nucleic acids operable to increase the expression of a gene described herein to
enhance LPAAT activity. Further, a cell provided herein can exclude endogenous nucleic acids
operable to decrease the expression of a gene described herein to enhance LPAAT activity. In
some embodiments, a microalgal cell is modified to enrich for the production of an oil provided

herein.
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[0152] Oil compositions provided herein are produced by a microorganism, such as a microalgal
cell. As such, an oil composition produced therefrom may comprise one or more sterol
components that are characteristic of an algal oil. The amount of a sterol component in an oil can
be determined on a weight-by-weight basis, e.g., mg of a sterol per 100 g of the oil. Sterol
composition (i.e., a sterol profile) can be determined by mass spectrometry, for example, gas
chromatography-mass spectrometry (GC-MS); liquid chromatography-mass spectrometry (LC-
MS); tandem mass spectrometry (MS/MS), and coupled liquid and gas chromatography with
subsequent flame ionization detection (LC-GC-FID). An example sterol profile as determined by
GC/MS analysis of TMS esters of the non-saponifiable fraction of the RBD oil produced from
CHK?22 is shown in Table 26. Cholestan-3-o0l(3a,5b) was used as an internal standard (ISTD).
Table 26: CHK22 RBD Oil Sterol Profile

Sterol Name mg/100g % wiw

Cholestan-3-ol (3a,5b) ISTD #* [STD ** ##* ISTD **
Ergosta-7,22-dien-3-ol, (33,22E)-, TMS derivative 9.288 0.009
Unknown 2 107.521 0.108
Ergosterol, TMS derivative 124.381 0.124
Unknown 69.057 0.069
Unknown 35.660 0.036
5.Xi.-Ergost-7-en-3B-ol, TMS derivative 120.417 0.120
Unknown 10.601 0.011
9,19-Cyclolanostan-3-ol, 24-methylene-,(3B)-, O-TMS 5.366 0.005

[0153] In some embodiments, the oil contains a positive amount of ergosta-7,22-dien-3-ol,
(3B,22E)-. In some embodiments, the amount of ergosta-7,22-dien-3-ol, (33,22E)- in an oil
provided herein is at least 2 mg, at least 5 mg, or at least § mg, or at least 9 mg per 100 g of the
oil. In some embodiments, the amount of ergosta-7,22-dien-3-ol, (33,22E)- in an oil is 1-100 mg,
2-30 mg, 3-20 mg, or 5-15 mg per 100 g of the oil.

[0154] In some embodiments, the oil contains a positive amount of ergosterol. In some
embodiments, the amount of ergosterol in an oil provided herein is at least 50 mg, at least 100
mg, or at least 125 mg per 100 g of the oil. In some embodiments, the amount of ergosterol in an
oil provided herein is at least 10 mg, at least 20 mg, at least 30 mg, at least 40 mg, at least 50 mg,
at least 60 mg, at least 70 mg, at least 80 mg, at least 90 mg, at least 100 mg, at least 110 mg, at
least 120 mg, at least 130 mg, at least 140 mg, at least 150 mg, at least 160 mg, at least 170 mg,
at least 180 mg, at least 190 mg, or at least 200 mg per 100 g of the oil. In some embodiments,
the amount of ergosterol in an oil is 10-50 mg, 50-100 mg, 100-150 mg, 150-200 mg, 10-100 mg,
100-200 mg, 100-2000 mg, or 10-200 mg per 100 g of the oil.
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[0155] In some embodiments, the oil contains a positive amount of campesterol, a positive
amount of P-sitosterol, or a positive amount of stigmasterol. In some embodiments, the amount
of campesterol, B-sitosterol, or stigmasterol is no more than 5 mg per 100 g of the oil. In some
embodiments, the oil does not contain campesterol. In some embodiments, the amount of
campesterol in an oil provided herein is no more than 5 mg of campesterol per 100 g of the oil. In
some embodiments, the oil does not contain stigmasterol. In some embodiments, the amount of
stigmasterol in an oil is no more than 5 mg per 100 g of the oil. In some embodiments, the oil
does not contain B-sitosterol. In some embodiments, the amount of B-sitosterol in an oil is no
more than 5 mg per 100 g of the oil.

[0156] In some embodiments, the oil contains a positive amount of ergosta-5,8-dien-3-ol, (3f)-.
In some embodiments, the amount of ergosta-5,8-dien-3-ol, (3p)- is at least 1 mg per 100 g of the
oil. In some embodiments, the amount of ergosta-5,8-dien-3-ol, (3p)- is at least 1 mg, at least 2
mg, at least 3 mg, at least 4 mg, at least 5 mg, at least 6 mg, at least 7 mg, at least 8 mg, at least 9
mg, at least 10 mg, at least 15 mg, at least 20 mg, at least 25 mg, at least 30 mg, at least 35 mg, at
least 40 mg, at least 45 mg, or at least 50 mg per 100 g of the oil. In some embodiments, the
amount of ergosta-5,8-dien-3-ol, (3B)- is 1-5 mg, 10-20 mg, 50-100 mg, 100-150 mg, 150-200
mg, 1-50 mg, 20-100 mg, 100-200 mg, or 20-200 mg per 100 g of the oil.

[0157] In some embodiments, the oil contains a positive amount of 5.xi.-ergost-7-en-3f-ol. In
some embodiments, the amount of 5.xi.-ergost-7-en-3p-ol is at least 15 mg per 100 g of the oil.
In some embodiments the amount of 5.xi.-ergost-7-en-3B-ol is at least 20 mg per 100 g of the oil.
In some embodiments, the amount of 5.xi.-ergost-7-en-3B-ol is at least 1 mg, at least 2 mg, at
least 3 mg, at least 4 mg, at least 5 mg, at least 10 mg, at least 15 mg, at least 20 mg, at least 25
mg, at least 30 mg, at least 35 mg, at least 40 mg, at least 45 mg, at least 50 mg, at least 60 mg, at
least 70 mg, at least 80 mg, at least 90 mg, at least 100 mg, at least 110 mg, at least 120 mg, at
least 130 mg, at least 140 mg, at least 150 mg, at least 160 mg, at least 170 mg, at least 180 mg,
at least 190 mg, or at least 200 mg per 100 g of the oil. In some embodiments, the amount of
5.xi.-ergost-7-en-3p-ol is 1-50 mg, 20-50 mg, 50-100 mg, 100-150 mg, 150-200 mg, 20-100 mg,
100-2000 mg, or 20-200 mg per 100 g of the oil.

[0158] In some embodiments, the oil contains a positive amount of 9,19-cyclolanostan-3-ol,24-
methylene-,(3B)-. In some embodiments, the amount of 9,19-cyclolanostan-3-ol,24-methylene-
,(3B)- is at least 5 mg per 100 g of the oil. In some embodiments, the amount of 9,19-
cyclolanostan-3-ol,24-methylene-,(3f)- is at least 1 mg, at least 2 mg, at least 3 mg, at least 4 mg,

at least 5 mg, at least 10 mg, at least 15 mg, at least 20 mg, at least 25 mg, at least 30 mg, at least
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35 mg, at least 40 mg, at least 45 mg, or at least 50 mg per 100 g of the oil. In some
embodiments, the amount of 9,19-cyclolanostan-3-o0l,24-methylene-,(3p)- is 5-10 mg, 10-20 mg,
20-30 mg, 30-40 mg, 40-50 mg, 5-25 mg, 25-50 mg, or 5-50 mg of per 100 g of the oil.

[0159] TAG profile analysis of oil compositions provided herein can be conducted using liquid
chromatography-mass spectrometry (LC-MS). TAG oils provided herein can be extracted from
cells into a solution of 3:1 toluene/2-propanol (v/v) by means of mechanical disruption using
ceramic beads and vigorous agitation. Filtered extracts can then be injected in an LC mass
spectrometer for profiling.

[0160] Chromatographic separation of TAG regioisomers cannot be achieved by the LCMS
method described. Instead, qualitative assessment of the regiospecificity of a predominant TAG
species can be performed based on the abundance of diacylglycerol (DAG) ions resulting from
fragmentation of the TAG species (FIG. 1). In LC-APCI-MS analyses of TAGs, the loss of the
fatty acid at the sn-1 and sn-3 positions are energetically more favorable compared to the sn-2
position, which results in a greater abundance of the DAG ions formed from those fragments. In
the case of an OOP regioisomer, an approximate 1:1 ratio of the OP DAG ion (m/z 577) and OO
DAG ion (m/z 603) can be observed, as shown in FIG. 1, Panel A. In the case of the OPO
regioisomer, a greater abundance of the OP DAG ion (m/z 577) can be observed, as shown in
FIG. 1, Panel B.

[0161] FIG. 1 demonstrates that TAG species of the same molecular weight show distinctive
daughter ion ratios. The two TAG species, OOP and OPO in Panel A and Panel B, respectively,
have identical mass/charge (m/z) ratios for the parent ion (859), but as illustrated, the molecules
fragment very differently due to the effects of differing collision energies. Low energy collisions
eliminate fatty acyl groups from the sn-1 or sn-3 position with greater frequency due to the
relative inaccessibility of the acyl group at the sn-2 position. In the case of OOP, as shown in
Panel A, low energy collisions result in daughter ions with m/z of 577 (OP) and 603 (OO), while
less frequent high energy collisions result in the elimination of O from the sn-2 position also
results in a daughter ion of m/z 577, OP. As a consequence, the resulting mass spectra of the
daughter ions are the sum of all these fragments. The peak at 577 (OP) results from the more
frequent elimination of O at sn-/ and the less frequent elimination of O at sn-2. Hence, the 577
fragment is roughly 1.5-2x the height of the 603 fragment (OO) resulting from the more frequent
elimination of P at the sn-3 position. Alternatively, and as shown in Panel B, the OPO TAG
species shows very different daughter ion ratios as the products of low energy collisions PO and

OP have the same m/z of 577, while the daughter ion of the less frequently generated, high
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energy collision representing OO has a m/z of 603. For this TAG species, the 577 peak height,
resulting from the summation of the low energy derived PO and OP daughter ions, is
substantially greater than that for the 603 fragment, which requires much higher energy to
generate.

[0162] In some embodiments, the oil can have an OP:00 m/z ratio as determined by the
abundance of DAG ions resulting from mass spectrometry fragmentation of the TAG component
in the oil. In some embodiments, the oil can have an OP:O0 m/z ratio of at least 1.6 as
determined by the abundance of DAG ions resulting from mass spectrometry fragmentation of
the TAG component in the oil. In some embodiments, the oil can have an OP:00 m/z ratio of at
least 1.6, at least 1.7, at least 1.8, at least 1.9, at least 2.0, at least 2.1, at least 2.2, at least 2.3 at
least 2.4 at least 2.5, at least 2.6, at least 2.7, at least 2.8, at least 2.9, at least 3.0, at least 3.1, at
least 3.2, at least 3.3, at least 3.4, at least 3.5, at least 3.6, at least 3.6, at least 3.7, at least 3.8, at
least 3.9, at least 4.0, at least 4.1, at least 4.2, at least 4.3, at least 4.4, at least 4.5, at least 4.6, at
least 4.7, at least 4.8, at least 4.9, or at least 5.0 as determined by abundance of DAG ions
resulting from mass spectrometry fragmentation of the TAG component in the oil.

[0163] TAG regiospecificity can further be determined by a porcine pancreatic lipase assay. This
method can be used to determine the identity of the sn-2 fatty acid of a TAG by incubating the
TAG with porcine pancreatic lipase. The lipase reaction results in deacylation of the fatty acids at
the sn-1 and sn-3 positions. The remaining sn-2-monoacylglycerols (MAGs) can then be isolated
and identified by solid phase extraction followed by a direct transesterification method and
analysis of fatty acid composition by GC/FID (gas chromatography/flame ionization detection).
[0164] Oil compositions provided herein can include a TAG component in which at least 40% of
TAGs in the TAG component are TAG species having a saturated fatty acid at the sn-2 position.
In some embodiments, at least about 50% of the TAGs in the TAG component is a TAG species
having a saturated fatty acid at the sn-2 position. In some embodiments, about 40%, about 41%,
about 42%, about 43%, about 44%, about 45%, about 46%, about 47%, about 48%, about 49%,
about 50%, about 51%, about 52%, about 53%, about 54%, about 55%, about 56%, about 57%,
about 58%, about 59%, or about 60% of the TAGs in the TAG component is a TAG species
having a saturated fatty acid at the sn-2 position. In some embodiments, 40-45%, 45-50%, 50-
55%, 55-60%, 40-50%, 50-60%, or 40-60% of the TAGs in the TAG component are TAG species
having a saturated fatty acid at the sn-2 position. In some embodiments, the saturated fatty acid at

the sn-2 position is palmitate.
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[0165] Oil compositions provided herein can include a TAG component in which at least some of
the acyl chains of the TAG component are C18:1. In some embodiments, at least about 50% of
the acyl chains in the TAG component are C18:1. In some embodiments, at least about 50%, at
least about 51%, at least about 52%, at least about 53%, at least about 54%, at least about 55%, at
least about 56%, at least about 57%, at least about 58%, at least about 59%, at least about 60%, at
least about 61%, at least about 62%, at least about 63%, at least about 64%, at least about 65%, at
least about 66%, at least about 67%, at least about 68%, at least about 69%, or at least about 70%
of the acyl chains in the TAG component are C18:1. In some embodiments, at least about 50-
55%, at least about 55-60%, at least about 60-65%, at least about 60-67%, at least about 65-70%,
at least about 50-60%, at least about 50-67%, at least about 60-70%, or at least about 50-70% of
the acyl chains in the TAG component are C18:1.

Microbial Oils

[0166] In some embodiments, an oil provided herein is obtained from a genetically modified
microorganism, for example, microalgae, oleaginous yeast, or oleaginous bacteria. In some
embodiments, the genetically modified microorganism is a genetically modified Prototheca sp.
strain. In some embodiments, a genetically modified microorganism comprises an exogenous
gene or exogenous nucleotides. Alternatively, or additionally, a genetically modified
microorganism does not comprise an endogenous gene or endogenous nucleotides. Genetic
modification methods described herein can be used to confer enriched oleic acid and/or OPO
TAG production in a microorganism.

[0167] An oil provided herein can be obtained from microalgae, oleaginous yeast, or oleaginous
bacteria. In some embodiments, the microorganism is a modified Prototheca sp. strain. A non-
genetically modified Prototheca sp. strain can be produced by classical strain improvement
strategies. A genetically modified Prototheca sp. strain can be produced by the over expression
of endogenous/exogenous genes and/or deletion of an endogenous gene in the microorganism. In
some embodiments, a microorganism provided herein is a genetically modified Prototheca sp.
strain produced by classical strain improvement strategies to optimize for enriched oleic acid
production (e.g., at least 50% oleic acid) and enriched OPO production (e.g., at least 70% OPO).
In some embodiments, a microorganism provided herein is a genetically modified Prototheca sp.
strain produced by classical strain improvement strategies to optimize for enriched palmitic acid
production (e.g., at least 30% palmitic acid) and enriched OPO production (e.g., at least 70%
OPO).
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[0168] An oil provided herein can be produced from a Prototheca cell. The oil produced can be
from a UTEX 1533 Prototheca strain cell. The oil produced can be from a cell of a strain that
does not express an exogenous thioesterase.

[0169] In some embodiments, an oil provided herein is produced by microalgae. In some
embodiments, the microalgae is a species of a genus selected from the group consisting of:
Chlorella sp., Pseudochlorella sp., Heterochlorella sp., Prototheca sp., Arthrospira sp., Euglena
sp., Nannochloropsis sp., Phaeodactylum sp., Chlamydomonas sp., Scenedesmus sp.,
Ostreococcus sp., Selenastrum sp., Haematococcus sp., Nitzschia, Dunaliella, Navicula sp.,
Trebouxia sp., Pseudotrebouxia sp., Vavicula sp., Bracteococcus sp., Gomphonema sp.,
Watanabea sp., Botryococcus sp., Tetraselmis sp., and Isochrysis sp. In some embodiments, the
microalgae is Prototheca sp. In some embodiments, the microalgae are P. moriformis. In some

embodiments, the microalgae is P. wickerhamii.

Genetic Engineering and Classical Strain Improvement

[0170] Production of TAGs oils having particular phenotypes can be achieved by genetic and
non-genetic modification techniques of microorganisms. While genetic engineering techniques
can be used to target phenotypes elicited in a host oleaginous microbe, classical strain
improvement, and other non-genetic engineering techniques can be employed to further enhance
these phenotypes. Similarly, classical strain improvement or other non-genetic engineering
techniques can be employed to enhance certain phenotypes that have been selected by genetic
engineering techniques. Phenotypes can include the elaboration of a particular fatty acid profile,
a particular TAG profile, yield on carbon, growth productivity, volumetric oil accumulation (e.g.,
g oil/L culture), oil productivity (e.g., g oil/L culture day), and oil as a percent dry cell weight
(DCW) as a measure of strain performance.

[0171] In some embodiments, a microalgal cell provided herein produces at least 50% lipid by
dry cell weight. In some embodiments, a microalgal cell provided herein produces at least 60%
lipid by dry cell weight.

[0172] For example, a microorganism that has been non-genetically modified to confer a first
phenotype (e.g., enriched oleic acid production) can be genetically modified to confer a second
phenotype (e.g., enriched OPO production). The resulting microorganism can then confer both
the first and second phenotype (e.g., enriched oleic acid and OPO production).

[0173] Microorganisms provided herein can be produced by classical strain improvement
strategies to select microorganisms having a desired phenotype, e.g., high oleic oil production.

Classical strain improvement (also called “mutation breeding”) involves exposing organisms to
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chemicals or radiation to generate mutants with desirable traits. Ultraviolet (UV) light can be
used to introduce random mutations within a microorganism’s nuclear genome. Chemical
mutagens include compounds that inhibit or disrupt the biosynthetic processes of a
microorganism, e.g., antibiotics, antifungals, or carcinogens. Non-limiting examples of chemical
mutagens include ICR-191, ethyl methanesulfonate (EMS), and 4-nitroquinoline-1-oxide (4-
NQO). Non-limiting examples of chemical mutagens also include acridine mutagens, amino acid
analogs, fatty acid biosynthesis inhibitors, cholesterol biosynthetic inhibitors, mTOR inhibitors,
and membrane solubilizing agents. Combinations of chemical mutagens can also be used
simultaneously to induce mutagenesis. Following mutagenesis, selective or enrichment agents
can be used to select or enrich strains of interest. Non-limiting examples of enrichment agents
include L-canavanine, cerulenin, triparanol, clomiphene, clomiphene citrate, clotrimazole,
terfenadine, fluphenazine, AZD8055, BASF 13-338, cafenstrole, clomiphene, PF-042110, and
phenethyl alcohol.

[0174] Microorganisms provided herein having enhanced or altered lysophosphatidic acid
acyltransferase activity can be produced by genetic engineering techniques, such as genetic
recombination. Enhancement of lysophosphatidic acid acyltransferase activity can be achieved
by enhancing the expression of an exogenous gene and/or reducing the expression of an
endogenous gene in the microorganism. Enhancement of gene expression can be through
overexpression of an endogenous gene in a microorganism or expression of an exogenous gene.
Reduction of gene expression can be through deletion or removal of an endogenous gene in a
microorganism.

[0175] For example, a non-naturally occurring microorganism provided herein can be genetically
modified to enhance or alter lysophosphatidic acid acyltransferase activity in the microorganism.
Enhancement or alteration of lysophosphatidic acid acyltransferase activity can be achieved by
enhancing the expression of an exogenous LPAAT gene and/or reducing the expression of an
endogenous LPAAT gene in the microorganism.

[0176] Methods provided herein include classical strain improvement and/or genetic engineering
methods to improve strain productivity, carbon yield, oleic acid content, and OPO content.
Glucose consumption rate can be a highly predictive indicator of lipid titer. As such, the glucose

consumption rate can be used as an enrichment tool in the mutant selection process.

Polyol Applications and End Products
[0177] Oils described herein can be used as substrates in chemistries used to produce polyols, for

example, hydroformylation/reduction or epoxidation and ring opening. Oleic acid moieties at the

-37-



WO 2025/096830 PCT/US2024/053965

sn-1 and sn-3 position, when subjected to the aforementioned chemistries, will result in diols,
that, when formulated with one or more excipients for a variety of applications, including but not
limited to, process oils (e.g., for tires), waxes, lubricants, other polyols, macrodiols, other
polyesterdiols, can be used to create polyurethane products, e.g., hard foams, soft foams, cast
polyurethanes, thermoplastic polyurethanes (TPUs), elastomers, adhesives, coatings, laminates,
films, and dispersions. Polyurethane products can be used to construct aerospace, automotive,
medical, electronic, building and construction goods; sporting goods or recreational equipment,
e.g., skis, snowboards, sidewalls, boating equipment, kayaks; and other consumer goods, e.g.,
industrial containers, coolers, mattresses, leather goods, apparel, footwear, mannequins, and
phone cases. These polyurethane applications can serve as sustainable alternatives to petroleum-
based, non-renewable materials, such as acrylonitrile butadiene styrene (ABS), ultra-high
molecular weight polyethylene (UHMWPE), or high density polyethylene (HDPE).

[0178] Oils provided herein can have improved production efficiency and a TAG composition
that is enhanced for improved control of urethane chemistry. These characteristics of microbial
oil can result in a greater degree of hydroxyl group (-OH) uniformity relative to oils with greater
TAG heterogeneity (hence, lower purity) and/or diversity (e.g., oilseed or plant derived oils).
Polyols derived from oils provided herein highly enriched in single, hydroxylated TAG species,
can be preferable in generating polymers, including in instances where physical properties of a
polymer can be compromised by molecular impurities, such as non-hydroxylated fatty acids or
randomness in the regioselective insertion of fatty acid moieties on the glycerol backbone that
may be present in oils having a more diverse or heterogeneous TAG profile.

[0179] Polyols described herein can be particularly useful for producing polyurethane materials.
For example, oils provided herein can have relatively low TAG diversity, low fatty acid diversity,
and the fatty acids present in the oils may be hydroxylated fatty acids. A higher ratio of
hydroxylated fatty acids to non-hydroxylated fatty acids can allow for increased chemical
reactivity. Oils having low TAG diversity and a high proportion of hydroxylated fatty acids can
be especially desirable in the production of polyurethanes because hydroxylated fatty acids can
participate in crosslinking reactions with isocyanates. Thus, polyols generated from highly
hydroxylated fatty acids comprising the oil can yield polyurethane materials having superior

properties.

Polyol Production
[0180] The hydroxyl group functionality of polyols can be introduced via a chemical conversion

of a triglyceride oil. This conversion typically involves the presence of a double bond on an acyl
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moiety of the fatty acid, which can then be converted to incorporate one or more hydroxyl groups
using several different chemistries including, for example, epoxidation/ring opening, ozonolysis,
and hydroformylation and reduction.

[0181] Epoxidation and subsequent ring opening across the carbon-carbon double bonds of an
acyl chain can be carried out using a variety of reagents including, for example, water, hydrogen,
methanol, ethanol, propanol, isopropanol, or polyols. Ring opening can be facilitated by a
reaction with an alcohol, including, for example, B-substituted alcohols. Ring opening of
epoxidized oil can also be effected through the use of a hydrogenation catalyst, such as nickel, to
create a hydroxyl moiety.

[0182] Hydroformylation with synthesis gas (syngas) can be carried out using rhodium or cobalt
catalysts to form the aldehyde at the olefinic group. The aldehyde can subsequently undergo
reduction to an alcohol in the presence of hydrogen and a nickel catalyst to generate the polyol.
[0183] The hydroformylation chemistry results in the preservation of fatty acid length and the
formation of primary hydroxyl group moieties. Primary hydroxyl group functionalities can be
desirable in some PU applications due to increased reactivity compared to secondary hydroxyl
group moieties. Hydroxyl groups introduced to olefinic groups in the acyl chain can participate in
subsequent downstream chemistries, i.e., a reaction with an isocyanate moiety to form a urethane
linkage or a reaction with methyl esters to form polyesters. Saturated fatty acids which do not
contain double bonds cannot participate in crosslinking reactions with isocyanates. Hence,
saturated fatty acids can compromise the structural integrity and degrade performance of the
polymer produced therefrom.

[0184] In some embodiments, a polyol provided herein contains a substantial proportion of
primary hydroxyl groups. In some embodiments, a polyol provided herein contains secondary
hydroxyl groups. In some embodiments, a polyol provided herein can be modified to increase the
proportion of primary hydroxyl groups.

[0185] Derivatives of TAG oils provided herein can be starting materials for producing polyols.
Non-limiting examples of these TAG derivatives include fatty acids, fatty acid methyl esters,
fatty acid ethyl esters, hydroxylated fatty acids, hydroxylated fatty methyl esters, and
hydroxylated fatty ethyl esters. Non-limiting examples of polyols include polyester diols,
polyether diols, hydrogenated polyols, hydroformylated polyols, and epoxidized, ring opened
polyols. Alternatively, TAG oils provided herein, without further chemical modification, can be

directly used as starting materials for generating polyols.
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[0186] Fatty acid methyl esters (FAMESs) can be generated through ester chemistry. For example,
the TAG can be cleaved through transesterification into FAMEs and glycerol. In turn, FAMEs
can be subjected to epoxidation and ring opening, for example, to create FAMEs of alcohols.
Alternatively, polyols can first be generated from a TAG through epoxidation and ring opening,
for example, followed by transesterification, into FAMEs of alcohols and glycerol. Glycerol and
potassium methoxide catalysts can be removed by washing with water.

[0187] Catalysts, including potassium methoxide (KOCH3), 1,5,7-triazabicyclo[4.4.0]dec-5-ene
(TBD), Titanium(IV) isopropoxide (TIP), dibutyltin dilaurate (DBTDL),
tris(pentafluorophenyl)borane (BCF), and potassium tert-butoxide, among others, can be utilized
to re-esterify ester groups to alcohol moieties. The dual functionality of alcohol FAMESs can be
used to create polymer networks using only the methyl esters of the alcohol. Due to the polarity
of the molecules (ester on one end and alcohol at the other end), the resulting polymer networks
can elongate in a linear, unidirectional manner, and terminate in a single hydroxyl group.

[0188] Polymer networks can also be elongated in a bi-directional manner by incorporation of a
diol, such as low molecular weight diols or the polyols provided herein. Non-limiting examples
of diols include propylene glycol, alkyl diols, 1,4-butanediol, 1,3-propanediol, and 1,6-
hexanediol. In some embodiments, diols can be produced using microbial hosts.

[0189] Hyperbranched polyols can be prepared to achieve a range of properties, such as
molecular weight, viscosity, branching, and reactivity. For example, hyperbranched polyols can
combine with isocyanates, ionogenic molecules, or hydrophobic compounds to produce higher
order polyols.

[0190] In some embodiments, TAG oils described herein can be utilized to create materials for
polymer applications. As shown in FIG. 7, TAG oils enriched in OPO can undergo chemical
conversion to create oils containing functional groups, such as epoxy, ethoxy, methoxy, or
hydroxy. Possible modifications of OPO include (from left to right): hydroformylation and
reduction, resulting in a diol; epoxidation, resulting in the di-epoxy; and epoxidation followed by
ring opening (e.g., with ethanol), resulting in a diol. TAGs enriched in OPO can allow for a
variety of chemistries to be deployed around the carbon-carbon double bond of the oleic
moieties, which can thereby produce numerous varieties of monomers for use as chain extenders
in polymer chemistry applications.

[0191] In some embodiments, strains producing OPO enriched TAGs such as those described
herein can be useful substrates for additional genetic modifications with a delta-12 fatty acid

desaturase (FAH12). Upregulation of FAH12 expression in such an OPO accumulating strain can
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increase ricinoleic acid production, thereby increasing levels of ricinoleic acid incorporated into
TAGs containing oleic acid. As a consequence, such strains can thereby produce diols, similar to

those described in FIG. 7, but in vivo without requiring additional chemical modifications. Non-

limiting examples of oleate 12-hydroxylases include the Lesquerella fendleri FAH12, Ricinus

communis FAH12, or Claviceps purpurea FAH12. An example of such a diol is shown in FIG.

8.

EXAMPLES

Example 1: Expressing Chlamydomonas reinhardtii (CrLPAAT?2) in P. moriformis strain

CHK22.

[0192] The microalgae Prototheca moriformis strain CHK22 (UTEX 1533) obtained from the

University of Texas at Austin Culture Collection of Algae produces a fatty acid ratio of

oleate:palmitate of roughly 2:1, which can be suitable for OPO production. However, the P.

moriformis lysophosphatidic acid acyltransferases (LPAATs) exhibit a strong preference for the

insertion of unsaturated fatty acids over saturated fatty acids at the sn-2 position. In this example,

heterologous LPAAT genes were tested to identify genes that can efficiently direct palmitate (a

saturated fatty acid) to the sn-2 position of TAGs produced by the microalgae.
[0193] The C. reinhardtii CrLPAAT2 was introduced into a P. moriformis strain CHK22. The

expression construct pCHK385 contained 5" and 3" homology arms to permit targeted integration

of CrLPAAT? into the genome and is shown in Table 1.

Table 1: Integrative sequences for the transformation of P. moriformis with pCHK385 encoding

CrLPAAT2.
SEQID
Sequence
NO: d
1 getettecgettgecegeacectegttgatetgggageectgegeageeccttaaatcatctcagtcaggttictatgttcaactgagectaaaggg

ctttcgtcacgegeacgagcacacgtatatcggetacgeagtetctcagaageggtagaacagttcgeaageectegteggtegaaaacttgeg
ccagtactattgaattaaattaaatgatcgaatgagacgcegaaacttttgcagaatgecactgagtttgeccagagaatgggagtggcgecatte
accatcegectgtgeacggectgattegecgagacgatgaatggegagaccagggageggcettgegagececcgageceggtageaggaataac
ggtcgacaatcttectgtecaattactggcaaccattagaaagagecggagegegttgaaattctgcaatcgagtaatttttecgatgeggegggce
ctgetgaaccectaaggetecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtetcaageacaaaccecagecttagttt
cgagactttgggagatagcggcagatatctagtttggcattttgtatattaattaagtctcgcaatggagegetetgatgeggtgcagegtegget
geagcacctggcagtggcgctggggtegecctategeteggegectggteagetggeteeegectectgeggegeged CTTTCTTGCGC
TATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAA|
CACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCT|
CCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTAC|
CAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGA”H
CGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACAIA
TGectgctgeaggcctteetgticetgetggeeggcticgecgecaagatcagegectecatgacgaacgagacgtecgaccgeeceectggtgeactt
cacccccaacaagggctggatgaacgaccccaacggcectgtggtacgacgagaaggacgcecaagtggceacctgtacticcagtacaacccgaa
cgacaccgtctgggggacgcecctigtictggggecacgcecacgteegacgacctgaccaactgggaggaccageccatcgecatcgececgaag
cgecaacgactceggcegcecttcteeggcetecatggrggrggactacaacaacacctecggcticttcaacgacacceatcgacecgegecagegctge
gtggccatctggacctacaacaccccggagrccgaggageagtacatctectacagectggacggeggctacaccttcaccgagtaccagaaga
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SEQID
NO:

Sequence

acceegtgetggecgecaactecacceagticcgegacecgaaggictictggtacgagececteccagaagtggatecatgaccgeggecaagtecce
aggactacaagatcgagatctactcctccgacgacctgaagtectggaagcetggagtecgegticgecaacgagggcttcctcggctaccagtacg
agtgccccggectgatcgaggtecccaccgageaggaccecageaagtectactgggtgatgticatcteccatcaaccccggegecccggecggc
ggcteettcaaccagtacttcgtcggeagcttcaacggeacceacttcgaggecttcgacaaccagteccgegtggtggacticggeaaggactact
acgcecectgeagaccticttcaacaccegacccgacctacgggagegecctgggeatcgegtgggectecaactgggagtacteegecttegtgeeca
ccaacccctggegcetectecatgteectegtgegeaagticteectcaacaccgagtaccaggecaacccggagacggagetgatcaacctgaagg
ccgagcecegatcctgaacatcageaacgecggeccctggagecggticgeccaccaacaccacgttgacgaaggecaacagctacaacgtcgacct
gtccaacagceaccggceaccectggagttcgagetggtgtacgecgtcaacaccacccagacgatctccaagtecgtgticgeggacctcteectctgg
ttcaagggcectggaggacccecgaggagtaccteegeatgggcticgaggtgiccgegtectecticttectggaccgegggaacageaaggtgaag
ticgtgaaggagaacccctacttcaccaaccgeatgagegtgaacaaccageccttcaagagcegagaacgacctgtectactacaaggigtacgg
cttgctggaccagaacatcctggagcetgtacticaacgacggcegacgtcgtgtccaccaacacctacttcatgaccaccgggaacgccctgggctec
gtgaacatgacgacgggggtggacaacctgtictacatcgacaagttccaggtgcgegaggtcaagigactTAAGACGCCCGCGCGG
CGCACCTGACCTGTTCTCTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCAT
GCGTGCATGATCGTCTCTGGCGCCCCGCCGCGCGETTTGTCGCCCTCGCGGGCGCCGCGGCC
GCGGGGGCGCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAG
GCGTTGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCC
ATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAAC
GTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCA
CAACCGGTgcagcagcagcetcggatagtatcgacacactctggacgetggtegtgtgatggacigtigecgecacacttgetgectigacctgt
gaatatccctgecgcttttatcaaacagecteagtgtgtitgatcttgigigtacgegctttigegagtigetagetgcetigigctatitgegaataccaccce
cagcatccccttecctegtitcatategetigeatecccaaccgeaacttatctacgetgitcctgctatecctecagegetgetectgetectgeteactgecee
fcgeacagcctiggtttgggctecgectgtatictectggtactgeaaccigtaaaccageactgeaatgctgatgecacgggaagtagtgggalggga
acacaaatggacctaggaaataacaatca|GGCCGA CAGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCC! CTGI
GCCGGCAGGTCGTTGCTGCTGCTGGTTAGTGATTCCGCAACCCTGATTTIGGCGTCTTA TTTTGGCI
GTGGCAAACGCTGGCGCCCGCGAGCCGGGCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGA]
WTCCAAGGGAGGCAAGAGCGCCCGGGTCAGTTGAAGGGCTTTACGCGCAAGGTACAGCCGCTC
TGCAAGGCTGCGTGGTGGAATTGGACGTGCAGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAG(
GGACAAAGCACCGGTGTATCAGGTCCGTGTCATCCACTCTAAAGAGCTCGACTACGACCTACTGAT|
GGCCCTAGATTCITCATCAAAAACGCCTGAGACACTTGCCCAGGATTGAAACTCCCTGAAGGGACQ
UCCAGGGGCCCTGAGTTGTTCCTTCCCCCCGTGGCGAGCTGCCAGCCAGGCTGTACCTGTGAT(
GAGGCTGGCGGGAAAATAGGCTICGTGTGCTCAGGTCATGGGAGGTGCAGGACAGCTCA TGAAA|
CGCCAACAATCGCACAATTCATGTCAAGCTAATCAGCTATTTCCTCTTCACGAGCTGTAATTGTC Cd
UAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTACGGGCCCTTCCCTCAACCCTAGGTATGCGQ
GCATGCGGTCGCCGCGCAACTCGCGCGAGGGCCGAGGGTITGGGACGGGCCGTCCCGAAATGC
UWGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAATTITATGCAATGGACTGCTCTGCAAAA TI‘C71
GGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGATITCGTAATCATTCGTCCTGATGGGGAG(
TACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCAGCGTCCACTTTTGTGCACACATTCCAT
TCGTGCCCAAGACATTTCATIGTGGTGCGAAGCGTCCCCAGTTACGCTCACCTGTTTCCCGACC TC|
CTTACTGTTCTGTCGACAGAGCGGGCCCACAGGCCGGTCGCA GCdA TGtcegtgetgacgaagtggetggge
ctgeectecttectgtictecegtgttegtgtictactggtecctgeccatettcgecatectgtaccgeatecgettcgectecctgggeaagegeaacgac
atgctggactgggececgegecciggiggectacticegegtgaccctgctecaggegggegageacaccctgtacaagggeggeccctgecigtac
citgtgcaaccaccgctectgggecgacticttcatcgacgectacctgaccgagggecgegecgecctgatgtececgcetggetggtgtacticgigtic
ceegtgttctgeacctectgeatgatectgaagggeategigetgitcaagegeggceaccategecgacaaggaggecttcaacgectggetggace
agaccctgggctectececacgtgeceggectgetggtgtaceecgagggecaccgcetecaccaageecgecteectgecectgaagegeggeatg
clgeactacgeceacteccgeaagcetgeccgtgeagategtggigaccegeggeaaggacgaggtgctgteccgagaagteccagieegigeactte
ggceegeacctgegigaccacctictecaaggtgetgaagtccgecgactaccccaacttcgaggccticttcaccgacctecaggcecacctgggact
cctgetgggecgecacctacggectggaggaccigaagaacgtgecccgctictcecatgeccggeccecaggectactectactectectecargtg
gglgeageaactggegateaccctggigtcecatectggigticgegggegtgtgetacggcteciggegeggectggeegeegeectggeegeecacg
ggegeegeccageaggtggtggccctggtgctggecgectgggtgggctectecgtgetgegetecttectg TAGttaattaageageageageteg
gatagtatcgacacactctggacgcetggtegtoteatggactgttoccgccacacttgetgccttgacctgtgaatatccetgecgettttatcaaacagect
cagtgtgttteatcttgtgtotacgegcttttgcgagttgctagetgettgtgctatttgcgaataccacceccageateccecttecctegtttcatatcgetteca
tcccaaccgeaacttatetacgetgtectgetateectcagegetgetectgetectgetcactgecectegeacagecettggtttggectecgectgtattet
cctggtactgcaacctgtaaaccageactgeaatgetgatgcacgggaagtagtgggatgggaacacaaatggaagegtetgegtgttgggagetgg
agtcgtgggcttgacgacggegetgeagetettgecaggatgtgectggegtgegegttcacgtegtggetgagaaatatggegacgaaacgttg
acggetgggoccggegggctgtggatgecatacgeattgggtacgeggecattggatgggattggtaggcttatggagggataatagagttttt
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SEQ ID

NO: Sequence

gteggatccaacgceatgttgatgcagtageccggtgtgetgaaagtatggaaggatggtgcattggetattcacatgegetgeccacecctttteg
caggaaatgtgccggcategttggtgcaccgatggggaaaatcgacgttegaccactacatgaaaatgtatacctectgaagatgcageaactg
cgggtgcgaaacggataacggtttggtaggtgtatgtcgcageatgtgctggattttgegggcaacteccectgecacggeccattgcaggtgte
atgttgactggaggatacgaactttcggccgtcaaattcccagaggaggaccecctetgggecgacattgtgeccactgetettecgettgetgttt
cctgtgtgaaattgt

[0194] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO3: CrLPAAT2:CvNR::3’DAO1b.
Proceeding in the 5' to 3’ direction, the bold, lowercase sequences represent genomic DNA from
CHK22 that permit targeted integration at the DAO1b locus via homologous recombination.

The C. reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene
(conferring the ability of CHK22 to metabolize sucrose) is indicated by the boxed uppercase text.
The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics, while
the coding region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is
indicated by uppercase underlined text followed by a linker, indicated by lowercase, bold italics.
The P. moriformis PmAMTO3 promoter, indicated by the boxed, italicized text, drives the
expression of the CrLPAAT2. The initiator ATG and terminator TGA codons of the CrLPAAT2 are
indicated by uppercase, bold italics, while the remainder of the gene is indicated in bold italics.
The C. vulgaris nitrate reductase 3'-UTR is indicated by lowercase underlined text followed by
the CHK22 DAO1b genomic region indicated by bold, lowercase text.

[0195] Strain Growth and Transformation

[0196] Unless indicated otherwise, strains described herein were grown in a 50-mL conical tube
formats with shaking at 200 rpm at 28 °C for 96 hours for lipid production. Culture supernatants
were harvested via centrifugation and washed once with MilliQ water. The resulting cellular
pellet was lyophilized to dryness and subjected to direct transesterification to generate fatty acid
methyl esters (FAME:s) for subsequent quantitation and characterization by gas chromatography-
flame ionization detection (GC/FID).

[0197] Strains utilized for transformation were grown in a vegetative growth medium for 24
hours prior to transformation. Cells were pelleted by centrifugation, resuspended in culture
medium, and then re-centrifuged. The resulting cell pellet was re-suspended in culture medium
and 5 x 107 cells plated to the appropriate selection medium and allowed to dry in a sterile
biosafety cabinet. Transformants of CHK22 were generated via particle bombardment of
previously plated cells using gold nanoparticles. Primary transformants were selected for ability

to grow on plates containing sucrose as the sole carbon source. Transformants were grown in a
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lipid production medium and their resulting biomass was processed as previously described for
fatty acid analysis.

[0198] LCMS Analytical Method

[0199] TAG profile analysis was conducted using LCMS. TAGs were extracted from cells into a
solution of 3:1 toluene/2-propanol (v/v), by means of mechanical disruption using ceramic beads
and vigorous agitation. The filtered extracts were then injected into an Agilent 1290 Infinity II
UHPLC system coupled to a 6470B triple quadrupole mass spectrometer and APCI ionization
source.

[0200] LCMS Determination of Regioisomers

[0201] A qualitative assessment of the regiospecificity of a predominant TAG species of the
resulting oil was performed based on the abundance of DAG ions resulting from fragmentation of

the TAG species (FIG. 1).

Example 2: Determination of the sn-2 fatty acid profile following digestion with pancreatic
porcine lipase.

[0202] The fatty acid composition at the sn-2 position was determined after incubating the TAGs
with porcine pancreatic lipase. The lipase reaction results in deacylation of the TAG at the sn-/
and sn-3 positions, thereby leaving sn-2-MAGs. The sn-2-MAGs were then isolated using
Agilent Bond Elut NH2 propyl solid phase extraction (SPE) cartridges and subjected to fatty acid
composition analysis by gas chromatography using a direct transesterification method.

[0203] Mass spectra and DAG ion ratios for the non-transgenic strain CHK22 and CHK22
transformed with pCHK385 (D552-1, D552-3, and D552-4) are shown in FIG. 2 and Table 2.
FIG. 2 shows mass spectrum of OOP/OPO triglyceride. While regioisomers are not
chromatographically separated by this analytical method, the higher ratio of m/z 577 (OP) to m/z
603 (OO) suggests a greater abundance of the OPO regioisomer compared to that of CHK22.
Table 2: Screen of primary transformants of CHK22 with pCHK385.

FAME Profiles TAG Profile
Samol miz 577/603
AP c12:0 | €140 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3alpha | C20:0 | C20:1 :

(OP:00)
PSS goa | 120 | 2215 | 286 | 592 | st | 057 | 019 | 013 3.19
PZCHK385 003 | 112 | 2148 | 327 | 6196 | 991 0.58 028 | 0.13 1.57
PEIS | 004 | 137 | 2700 | 253 | 5551 | a6 | 0e2 | 047 | 010 335
PRI 004 | 124 | 2205 | 278 | som | 1266 | 059 | 018 | 014 345
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FAME Profiles TAG Profile
1 77
Sample | 150 | c14:0 | c16:0 | C18:0 | C18:1 | C18:2 | C18:3alpha | C20:0 | c20:1 | V25771603
(OP:00)
CHK22 003 | 121 | 2675 | 340 | 5941 | 7.11 0.52 028 | 0.10 1.54
Control

[0204] Table 2 shows the fatty acid/TAG profiles of four primary transformants of CHK22
transformed with pCHK385. P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization GC/FID.
TAG analysis was conducted using the LCMS method as described above.

[0205] The fatty acid composition at the sn-2 position of the transgenic lines CHK22, D552; 1, 3,
and 4 were further determined after incubating the TAGs with porcine pancreatic lipase. The
results are shown in Table 3.

Table 3: Determination of the percentage of palmitate at sn-2 position following digestion with

pancreatic porcine lipase, for the primary transformants of CHK22 with pCHK385.

C16:0 | C18:0 | C18:1 | C18:2
Purified Tag Prep 1 22.69 3.07 | 59.63 | 11.02
Purified Tag Prep 2 2273 3.11 | 59.59 | 10.87
sn2 Mag Eluate Prep 1 42.33 0.68 | 46.52 | 6.46
sn2 Mag Eluate Prep 2 41.83 0.60 | 46.84 | 6.64
Purified Tag Prep 1 28.42 240 | 54.63 | 10.63
CHK?22 expressing Purified Tag Prep 2 28.63 240 | 54.71 | 10.29
CrLPAAT2 sn2 Mag Eluate Prep 1 53.11 045 | 36.61 | 593
sn2 Mag Eluate Prep 2 53.42 043 | 36.76 | 5.64
Purified Tag Prep 1 22,52 | 25.67 | 59.02 | 12.19
Purified Tag Prep 2 22.84 272 | 59.05 | 11.74
sn2 Mag Eluate Prep 1 43.68 0.63 | 44.58 | 6.52
sn2 Mag Eluate Prep 2 43.72 0.67 | 43.89 | 651
Purified Tag Prep 1 27.68 343 | 6022 | 5.24
CHK? Purified Tag Prep 2 26.66 3.33 | 60.16 | 6.51
sn2 Mag Eluate Prep 1 9.50 148 | 75.65 | 6.79
sn2 Mag Eluate Prep 2 4.15 0.69 | 82.94 | 8.29
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[0206] In Table 3, P. moriformis base strain CHK22 is shown as a non-transgenic control. Strains
were grown for 120 hours, 200-mL culture in 1-L flask at 200 rpm at 28 °C in lipid production
medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMESs for subsequent quantitation and characterization by
GC/FID. The fatty acid composition at the sn-2 position was determined with the porcine
pancreatic lipase assay as described above. A corresponding bar graph showing the percentage of
palmitic acid at the sn-2 position for various strains that had been transformed with pCHK385 is
shown in FIG. 5. A graph showing LC-MS results for oil from CHK22 and strain D552-3 is
shown in FIG. 6, showing that D552-3 has a similar molecular signature to CHK22, but that the

amounts of palmitic acid in the sn-2 position had significantly increased.

Example 3: Expressing C. reinhardtii LPAAT1 (CrLPAATTI) in P. moriformis strain CHK22.
[0207] C. reinhardtii CrLPAATI was introduced into a P, moriformis strain CHK22. The
expression construct pCHK391 contained 5' and 3’ homology arms to permit targeted integration
of CrLPAAT] into the genome and is shown in Table 4.

Table 4: Integrative sequences for the transformation of P. moriformis with pCHK391 encoding

CrLPAAT].

SEQ ID
Sequence
NO: 4
2 getetteegettgeccgeacectegttgatetgggagecetgegeagecccttaaatcatetcagteaggtttetatgttcaactgagectaaaggge

tttcgtcacgegceacgageacacgtatatcggetacgeagtetctcagaageggtagaacagttegeaagecctegteggtegaaaacttgegee
agtactattgaattaaattaaatgatcgaatgagacgegaaacttttgcagaatgecactgagtttgeccagagaatgggagtggcgecatteace
atccgectgtgeacggectgattcgecgagacgatgaatggegagaccagggageggcettgegagecccgagecggtageaggaataacggte
gacaatcttcctgtecaattactggcaaccattagaaagageeggagegegttgaaattctgcaategagtaatttttcgatgeggegggectget
gaaccctaaggetecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtetcaagcacaaaccccagecttagtttcgaga
ctttgggagatageggcagatatctagtttggeattttgtatattaattaagtctcgcaatggagegetetgatgeggtgeagegteggetgeagea
cctggeagtggegetggggtegeectategeteggegeetggteagetggetecegectectgeggegegedCTTTCTTGCGCTATGA]
CACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA|
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGC|
GAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA|
[TATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCG
CTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACA]A TGectgctgeaggcect
tectgttcctgetggeeggcticgecegecaagatcagcegcectecatgacgaacgagacgtcegaccgecccctggtgeacticacccccaacaaggyg
ctggatgaacgaccccaacggcectgiggtacgacgagaaggacgccaagiggceacctgtacticcagtacaacccgaacgacaccgicrggggga
cgeccttgtictggggecacgecacgtecgacgacctgaccaactgggaggaccagcececatcgecatcgeccegaagegeaacgactccggegec
tictccggcteeatggtggtggactacaacaacacctecggcticticaacgacacceatcgacccgegeeagegetgegtggecatctggaccetacaa
cacccecggagtecgaggagcagtacatctectacagectggacggceggctacaccttcaccgagtaccagaagaaccccgtgctggecgecaact
ccacccagttccgegacccgaaggtctictggtacgagecctcccagaagtggatcatgaccgeggecaagtcccaggactacaagatcgagatct
actcctecgacgacctgaagtectggaagcetggagtecgegticgecaacgagggcticctcggcetaccagtacgagtgecccggectgatcgaggt
cceecaccgageaggaccccagceaagtectactgggigatgttcatctecatcaaccecggegecccggecggeggcetecttcaaccagtacttegicg
geagcttcaacggceacccacttcgaggcecticgacaaccagtecegegtggtggacticggecaaggactactacgecctgecagaccticttcaacacc
gacccgacctacgggagcgecctgggceatcgegigggectccaactgggagtactcegecticgtgcccaccaacccectggegctecteecatgteect
cgtgegceaagttctecectcaacaccgagtaccaggcecaacccggagacggagcetgarcaacctgaaggecgagecgatcctgaacatcageaacg
ccggeeectggagecggticgecaccaacaccacgtigacgaaggcecaacagcetacaacgicgacctgtccaacageaccggeaccctggagtic
gagctggtgtacgcecgtecaacaccacccagacgatctccaagtecgtgticgeggacctctecctctggticaagggectggaggacccecgaggagt
acctccgeatgggcticgaggtgtccgegtectccticticciggaccgegggaacagcaaggtgaagticgtgaaggagaacccctacticaccaac
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SEQ ID

NO: Sequence

cgeatgagcegtgaacaaccageccticaagagegagaacgacctgtectactacaaggigtacggcetigetggaccagaacatcctggagcetgtact
fcaacgacggcegacgicgigtccaccaacacctacttcatgaccaccgggaacgcecectgggctecgtgaacatgacgacgggggtggacaacctgt
tctacatcgacaagttccaggtgcgcgaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCTCTCG
AGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCTGGCG
CCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCGCGGGGGCGCATTGAAATTGTT
GCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATG
ACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCG
CGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCC
TGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGTgcagcagcagctcggatagtatcga
cacactctggacgcetggicgtgtgatggacigttgccgecacactigctgectigaccigigaatatccctgecgcetittatcaaacagcecteagigigtttg
aftctigigigtacgegcttitgegagtigctageigetigigetatttgegaataccacccccageatccccticcctegtttcatatcgetigeateccaaccg
caacttatctacgctgtectgcetateccteagegcetgetectgetectgeteactgeccctegeacagecttggtttgggctecgectgtatictectggtact
geaaccigtaaaccageactgcaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatcaGGCCGA ( 1
AGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGC TGGTTAI
GTGATTCCGCAACCCTGATTTTGGCGTCTTATTTTGGCGTGGCAAACGCTGGCGC CCGCGAGCCGG|
GCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGGTCA
GTTGAAGGGCTITACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGA CGTGC|
AGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCA GGTCCGTGTC|
ATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATTCTTCATCAAAAACGCCTGA GA|
CACTTGCCCAGGATTGAAACTCCCTGAAGGGACCA CCAGGGGCCCTGAGTTGTTCCTTCCCCCCGﬂ
GGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGC TTCGTGTGCTCA|
GGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCA
GCTATTTCCTCTTCACGAGCTGTAATTIGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTA
CGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCC
AGGGTTTGGGACGGGCCGTCCCGAAATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAA
TTTATGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGAT|
TTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCA
GCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACATTTCA TTGTGGTGCGAAGCGTCCCCA|
GTTACGCTCACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCA CAGGCCGGTCG{
CAGC( ]A TGgcecgeaagtecteectggeccaggecgecategagegeaageccegtgetgetgegeccccagetcaacgtgeccegeatgtee
ggceatcaccgecectgeccatggagegecgeeccctgecegtggeceecteccecteccgecaageccgagetgeccgeeegcetecgecctggtgigee
acgcecegecgecgecteegigeecctgeccaacteegacteegecceccageccaacgtgetgetggecaagatccgegecatcatgticticgectgg
fecttectgetgtecctgeccctgticgigaccatgatggigatggeccecctggtgeiggecticgacaagtaccgecgectggeccageacttegigaa
caacctgtgggcectgegectecaccgecccctictacaaggtgaccateateggecgegagaacctgeccceccccgacaagecegtggtgtacgtyg
gecaaccaccagitccticetggacatctactecctgticcacctecagegecccticaagttcatctccaagacctecaacticctgatecccatcatcgg
ctggtccatgttcctgacgggecacgtgatgatcaaccgegiggaccgecgcteccagetecaagigectecageagigecgegacctgetggeegag
ggcegecceegtgcetgticticeccgagggeacceegcetecctggactgeaagatggegggcticaagaagggcegectictcegtggecgecaaggcgg
gegtggaggtggtgcccatcaccetgetgggeacgggcteectgatgecctecggeaaggagteecagetccgececggecaggtgacceategtggt
geacaaggccctgecccccaacaagaacgeecgaccagctctgegacgecgeeegeecaggecgtggectectecctgecccecgagetggtgggct
ccgegaccgagatggeccccgacgageag TAGttaattaageageageagetcggatagtatcgacacactetggacgetggtegtgtgatggact
gtteccgccacacttgctgccttgacctgtgaatatccctgecgettttatcaaacagectcagtgtgtttgatcttgtgtotacgcgcttttgcgagttgctaget
gcttgtectatttgcgaataccacecccageatceecticectegtttcatatcgettgcatcccaaccgeaacttatctacgctgtectgctatcectcagegcet
getectgetectgetcactgecectegeacagecttggtttgggoctccgectgtattetectggtactgcaacctgtaaaccageactgeaatgetgatgcacg
ggaagtagtgggatgggaacacaaatggaagegtetgegtgttgggagetggagtegtgggettgacgacggegetgcagcetettgeaggatgtge
ctggegtgegegtteacgtegtggetgagaaatatggegacgaaacgttgacggetggggcecggegggetgtggatgecatacgeattgggtac
geggecattggatgggattggtaggettatggagggataatagagtttttgteggatccaacgcatgttgatgcagtageecggtgtgetgaaagt
atggaaggatggtgcattggctattcacatgegetgeccaccecttttecgeaggaaatgtgecggeategttggtgcaccgatggggaaaategac
gttcgaccactacatgaaaatgtatacctctgaagatgcagcaactgegggtgegaaacggataacggtitggtaggtgtatgtegeageatgtg
ctggattttgcgggcaactecccctgecacggeccattgeaggtgteatgttgactggaggatacgaactttcggecgtcaaattecccagaggagg
accecctetgggecgacattgtgeccactgetettecgettgetgtitectgtgtgaaattgt

[0208] The construct can be written as

5’DAO1b::CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO3: CrLPAATI:CvNR::3’DAO1b.
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Proceeding in the 5’ to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the DAO1b locus via homologous recombination,

the C. reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene
(conferring the ability of CHK22 to metabolize sucrose) is indicated by boxed, uppercase text.
The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while
the coding region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is
indicated by uppercase underlined text followed by a linker, indicated by lowercase, bold italics.
The P. moriformis PmAMTO03 promoter, indicated by the boxed italicized text, drives the
expression of the CrLPAAT . The initiator ATG and terminator TGA codons of the CrLPAAT] are
indicated in uppercase, bold italics, while the remainder of the gene is indicated in bold italics.
The C. vulgaris nitrate reductase 3'-UTR is indicated by lowercase, underlined text followed by
the CHK22 DAO1b genomic region indicated by bold, lowercase text.

[0209] Table 5 shows the fatty acid/TAG profiles of four primary transformants of CHK22
transformed with pCHK391. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 5: Screen of primary transformants of CHK22 with pCHK391.

FAME Profiles TAG Profile
Sample m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 alpha | C20:0 | C20:1 (OP:00)
pCHK391 0.04 0.72 | 2049 | 2.38 | 59.35 | 14.38 0.78 0.27 0.26 1.52
-1
pCHK391 0.04 0.71 | 2025 | 2.30 | 59.33 | 14.75 0.73 0.26 0.26 1.52
2
pCHK391 0.04 0.71 | 20.05 | 2.27 | 59.36 | 14.90 0.77 0.26 0.26 148
-3
pCHK391 0.03 1.08 | 2460 | 293 | 59.71 | 9.39 0.55 0.29 0.15 1.59
4
CHK22 0.03 1.21 | 2675 | 3.40 | 5941 | 7.11 0.52 0.28 0.10 1.54
Control

Example 4: Expressing Brassica napus BnBAT2 in P. moriformis strain CHK22.
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[0210] B. napus BnBAT2 was introduced into a P. moriformis strain CHK22. The expression

construct pCHK384 contained 5’ and 3’ homology arms to permit targeted integration of BnBAT2

into the genome and is shown in Table 6.

Table 6: Integrative sequences for the transformation of P. moriformis with pPCHK384 encoding

BnBAT2.

SEQ ID
NO:

Sequence

3

getetteegettgeccgeaccectegttgatetgggageeetgegeagecccttaaatcatetcagtecaggtttetatgttcaactgagectaaaggge
tttcgtcacgegeacgageacacgtatatcggetacgeagtetetcagaageggtagaacagttegeaagecctegteggtegaaaacttgegee
agtactattgaattaaattaaatgatcgaatgagacgcgaaacttttgcagaatgcecactgagtttgcccagagaatgggagtggegecatteace
atcegectgtgeacggectgattcgecgagacgatgaatggegagaccagggageggettgegagececgagecggtageaggaataacggte
gacaatcttcctgtecaattactggcaaccattagaaagagecggagegegttgaaattetgcaatcgagtaatttttcgatgeggegggectget
gaaccctaaggetecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtctcaagecacaaacceccagecttagtttcgaga
ctttgggagatagceggcagatatctagtttggcattttgtatattaattaagtctegeaatggagegetetgatge, cagcgteggetgcagea
cctggcagtggcgctggggtcgccctatcgctcggcgcctggtcagctggctcccgcctcctgcggcgch(jCTTTCTTGCGCTATGA
CACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA|
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGC|
IGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA|
TATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCG]
CTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACA]A TGectgctgeaggect
tcctgttectgetggecggceticgecgecaagatcagegectecatgacgaacgagacgiccgaccgecccctggtgeacttcacceccaacaaggs
ctggatgaacgaccccaacggcecetgtggtacgacgagaaggacgccaagitggeacctgtacticcagtacaacccgaacgacaccgictggggga
cgeecttgtictggggecacgecacgtecgacgacctgaccaactgggaggaccagcececatcgecatcgeccegaagegeaacgacteeggegec
tictccggctecatggtggtggactacaacaacacctecggcticticaacgacaccatcgacccgegeecagegetgegtggecatctggacctacaa
caccccggagtccgaggagceagtacatctectacagectggacggeggctacaccttcaccgagtaccagaagaaccccgtgctggecgecaact
ccacccagttccgegacccgaaggtctictggtacgagcecctceccagaagtggarcatgaccgeggecaagtccecaggactacaagatcgagatct
actecteccgacgacctgaagtectggaagctggagteecgegticgecaacgagggcticcteggetaccagtacgagtgececggectgatcgaggt
cceecaccgageaggaccccageaagtectactgggtgatgticatcteccatcaaccceggegecccggecggceggcrecttcaaccagtacttcgteg
geagcttcaacggcacccacticgaggccttcgacaaccagteccegegtggtggacticggecaaggactactacgcecctgecagaccticticaacacc
gacccgacctacgggagcegecctgggeatcgegtgggcecteccaactgggagtacicegecticgtgeccaccaacccectggegctectceatgteect
cgtgegeaagtictcectcaacaccgagtaccaggecaacccggagacggagctgatcaacctgaaggecgagecgatcctgaacatcageaacg
ccggceecectggagecggticgecaccaacaccacgtigacgaaggcecaacagctacaacgtcgacctgtccaacageaccggeaccctggagtic
gagctggtgtacgccgtcaacaccacccagacgatctccaagtccgtgticgecggaccictcectetggticaagggectggaggaccecgaggagt
acctecgceatgggcttcgaggtgtecegegtrectecticttectggaccgegggaacageaaggigaagticgtgaaggagaaccectacttcaccaac
cgeatgagcgtgaacaaccagcececttcaagagegagaacgacctgtcctactacaaggtgtacggctigetggaccagaacatcctggagcetgtact
fcaacgacggcegacgicgtgtccaccaacacctacttcatgaccaccgggaacgccectgggctecgtgaacatgacgacgggggrggacaacctgt
tctacatcgacaagttccaggtgcgcgaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCTCTCG
AGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCTGGCG
CCCCCCCCCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCCCCGGGGCGCATTGAAATTGTT
GCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATG
ACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCG
CGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCC
TGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGTgcagcagceageteggatagtatcga
cacactctggacgcetggicgtgtgatggacigttgccgecacactigctgectigaccigtgaatatccctgecgcetittatcaaacagcecteagigigittg
atctigtgigtacgegcttitgegagtigctageigetigigetattigegaataccacceccageatccccticcctegtttcatatcgetigeateccaaccg
caacttatctacgctgtectgcetateccteagegcetgetectgetectgeteactgeccctegeacagecttggtttgggctecgectgtatictectggtact
geaaccigtaaaccageactgeaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatcaGGCCGA ( 1
AGGACGCGCGTCAAAGGTGCTGGTCGTGTA TGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTA|
GIGATTCCGCAACCCTGATTTIGGCGICITTATITIGGCGTGGCAAACGCTGGCGC CCGCGAGCCGG|
GCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGG TCA|
GITTGAAGGGCTITACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGA CGTGC|
AGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCA GGTCCGTGTC|
ATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATICTTCATCAAAAACGCCTGA GA|
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SEQ ID

NO: Sequence

CACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTTGTTCCTTCCC CCCG]1
GGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGC TTCGTGTGCTCA|
GGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCA
GCTATTTCCTCTTCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTA
CGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCC
AGGGTTTGGGACGGGCCGTCCCGAAATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAA
TTTATGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGAT]
TTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCA
GCGTCCACTTTTIGTGCACACATTCCATTICGTGCCCAAGACATTTCA TTGTGGTGCGAAGCGTCCCCA|
GITACGCTCACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCACAGGC CGGTCd
CAGC CIA TGgacgtggectecgeeegeggegigtecteccacceecectactactecaageccatetgetecteecagtectecctgatecgeate
cceatctecaagggcetgcetgettcgeccgetectecaacctgateacctecctgeacgecgecteecgeggegigacecgeegeaccteeggegigea
glggtgctaccgctecatccgcttcgaccecttcaaggigaacgacaagaactcccgeaccgigaccgtgegetecegaccigtecggegeegecacce
ccegagtecacctaccecgageccgagatecaagctgtecteccgectgegeggceatctgettctgectggiggegggceatctccgecategtgcetgate
gtgcigatgatcatcggecacccecttegtgetgetgttcgaccgetaccgecgeaagttccaccacticatcgecaagcetgigggectecatetccatcta
ccectictacaagaccgacatccagggeciggagaacctgecctecteegacaccecctgegtgtacgigtecaaccaccagitecticetggacatcta
caccclgcelgtcectgggecagitectacaagticatctccaagacgggcealcticgigatccccglgateggeigggecatgitcecatgalgggcglgglg
ccectgaagcegceatggacccecgceteccaggtggactgectgaagegetgeatggagetggigaagaagggcegcectecgtgticticttccecgagg
geaccegeteccaaggacggecgectgggecccticaagaagggegecttcaccatcgecgecaagacgggegigeecgiggtgeccatcaccectg
atgggceacgggeaagateatgeccacgggceteegagggceatcctgaaccacggegacgtgegegigateatccacaageccatctacggcetecaa
ggccgacglgetgtgegaggaggceccgeaacaagatcgecgagtecatgaacctgetgtcc TAGttaattaagcageageageteggatagtateg

acacactctggacgctggtegtgtgatggactgttgecgecacacttgetgecttgacctgtgaatatecctgecgettttatcaaacagectcagtgtgtttga
fettgtgtgtacgegettitgcgagttgctagetgcttgtgctatttgcgaataccacceccageatecccttecctegtttcatatcgettgeatcccaaccgeaa

cttatctacgcetgtcctgctatcectcagegetectectectectgctecactgeccctcgeacagecttggtiteggctecgectgtattctectggtactgcaac
ctgtaaaccagcactgcaatgctgatgcacgggaagtagtgggategeaacacaaatggaagegtetgegtgttgggagetggagtegtggacttgac
gacggcegcetgcagetettgcaggatgtgectggegtgegegtteacgtegtggetgagaaatatggegacgaaacgttgacggetggggeeggc

gggctgtggatgccatacgeattgggtacgeggecattggatgggattggtaggcttatggagggataatagagtttttgtcggatccaacgeatg
ttgatgcagtagcccggtgtgctgaaagtatggaaggatggtgcattggetattcacatgegetgeccaccecttttcgcaggaaatgtgceggea

tegttggtgcaccgatggggaaaatcgacgttcgaccactacatgaaaatgtatacctctgaagatgecageaactgegggtgegaaacggataa

cggtttggtaggtgtatgtcgcagcatgtgetggattttgegggcaacteccectgecacggeccattgcaggtgteatgttgactggaggatacga
actttcggecgtcaaatteccagaggaggaccececctetgggecgacattgtgeccactgetetteegettgetgtticctgtgtgaaattgt

[0211] The construct can be written as
5S’DAO1b:CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO3: BnBAT2:CyNR::3’DAO1b. Proceeding
in the 5’ to 3' direction, bold, lowercase sequences represent genomic DNA from CHK?22 that
permit targeted integration at the DAO1b locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is indicated by
uppercase underlined text followed by a linker, indicated by lowercase, bold italics. The P.
moriformis PmAMTO3 promoter, indicated by boxed italicized text, drives the expression of the
BnBAT2. The initiator ATG and terminator TGA codons of the BnBAT?2 are indicated by

uppercase, bold italics, while the remainder of the gene is indicated by bold italics. The C.
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vulgaris nitrate reductase 3'-UTR is indicated by lowercase underlined text followed by the

CHK22 DAO1b genomic region indicated by bold, lowercase text.

[0212] Table 7 shows the fatty acid/TAG profiles of four primary transformants of CHK22

transformed with pCHK384. P. moriformis base strain CHK22 is shown as a non-transgenic

control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in lipid

production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct

transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 7: Screen of primary transformants of CHK22 with pCHK384.

FAME Profiles TAG Profile
I 77
Sample | 150 | c14:0 | C16:0 | C18:0 | C18:1 | €182 | C18:3alpha | €200 | c20:1 | 2377003
(OP:00)
pCHK384 | 0.04 | 0.65 | 1944 | 2.43 | 60.06 | 14.75 0.79 027 | 028 153
1
pCHK384 | 0.03 | 097 | 23.19 | 2.91 | 60.48 | 10.10 0.58 028 | 0.18 1.57
2
pCHK384 | 0.04 | 0.65 | 19.62 | 2.48 | 59.53 | 15.02 0.79 027 | 029 1.45
3
pCHK384 | 0.04 | 0.65 | 1935 | 2.40 | 59.82 | 15.07 0.79 027 | 029 152
4
CHK22 ) 003 | 121 | 2675 | 340 | 5041 | 7.11 0.52 028 | 0.10 1.54
Control

Example 5: Expressing Nannochloropsis NoLPAT4 in P. moriformis strain CHK22.
[0213] Nannochloropsis NoLPAT4 was introduced into a P, moriformis strain CHK22. The

expression construct pCHK386 contained 5' and 3’ homology arms to permit targeted integration

of NoLPAT4 into the genome and is shown in Table 8.

Table 8: Integrative sequences for the transformation of P. moriformis with pCHK386 encoding

NoLPAT4.
SEQ ID
Sequence
NO: d
4 getettecgettgeccgeacectegttgatetgggageectgegeagececttaaatcatetcagtecaggtttctatgttcaactgagectaaaggge

tttcgtcacgegecacgageacacgtatatcggctacgeagtctctcagaageggtagaacagttcgcaagecctegteggtcgaaaacttgegee
agtactattgaattaaattaaatgatcgaatgagacgegaaactttigcagaatgecactgagtttgeccagagaatgggagtggcgecatteace
atccgectgtgeacggectgattcgecgagacgatgaatggegagaccagggageggcettgegagecccgagecggtageaggaataacggte
gacaatcttcctgtecaattactggcaaccattagaaagageeggagegegttgaaattctgcaategagtaatttttcgatgeggegggectget
gaaccctaaggetecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtetcaagcacaaaccccagecttagtttcgaga
ctttgggagatageggcagatatctagtttggeattttgtatattaattaagtctcgcaatggagegetetgatgeggtgeagegteggetgeagea
cctggeagtggegetggggtegecctategeteggegeetggteagetggetecegectectgeggegegedCTTTCTTGCGCTATGA]
|CACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA|
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SEQID
NO:

Sequence

[TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGC
GAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA
TATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCG
CTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACMA TGctgctgeaggect
fectgttcetgetggecggceticgecgecaagatcagegectecatgacgaacgagacgtecgacegeeccctggtgeacttcacceccaacaaggg
ctggatgaacgaccccaacggectgtggtacgacgagaaggacgcecaagtggeacctgtacticcagtacaacccgaacgacaccgtctggggga
cgeccttgttctggggecacgecacgteccgacgacctgaccaactgggaggaccageccatcgecatcgecccgaagegeaacgactccggegec
ttictceggcetecatggtggtggactacaacaacacctecggcticticaacgacaccatcgacccgegecagegcetgegtggecatctggacctacaa
caccceggagtecgaggagceagtacatctectacagectggacggeggcetacaccttcaccgagtaccagaagaaccecgtgetggecgecaact
ccacceagticegegacccgaaggtctictggtacgageccteccagaagtggatcatgacegeggecaagteccaggactacaagatcgagatct
actcctecgacgacctgaagtectggaagetggagteegegticgecaacgagggcticctcggcetaccagtacgagtgecccggectgatcgaggt
ccececaccgagceaggaccecageaagtectactgggtgatgticatctecatcaaccecggegecceggecggeggctecttcaaccagtacttegteg
geagcttcaacggeacccacttcgaggcecttcgacaaccagtecegegtggtggacticggeaaggactactacgecctgeagaccticttcaacacce
gacccgacctacgggagcegecctgggeatrcgegtgggectecaactgggagtactcegecticgtgeccaccaaccectggegctectecatgteect
cgtgegeaagtictcectcaacaccgagtaccaggecaacccggagacggagctgatcaacctgaaggecgagecgatcctgaacatcageaacg
ccggceecectggagecggticgecaccaacaccacgtigacgaaggcecaacagctacaacgtecgacctgtccaacageaccggeaccctggagtic
gagctggtgtacgcecgtecaacaccacccagacgatctccaagtecgtgttcgeggaccteteectetggticaagggectggaggaccecgaggagt
acctcegeatgggcttcgaggtgtecgegtectecticttcetggacegegggaacageaaggtgaagticgtgaaggagaaccectacticaccaac
cgeatgagegtgaacaaccagcccttcaagagcegagaacgacctgtcctactacaaggtgtacggctigetggaccagaacatcctggagctgtact
fcaacgacggcgacgtcgtgtccaccaacacctacttcatgaccaccgggaacgccctgggctecgtgaacatgacgacgggggtggacaacctgt
tctacatcgacaagttccaggtgegegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCTCTCG
AGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCTGGCG
CCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCGCGGGGGCGCATTGAAATTGTT
GCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATG
ACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCG
CGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCC
TGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGTgcagcagceagcteggatagtatcga
cacactctggacgcetggicgtgtgatggacigttgeccgecacactigetgectigaccigtgaatatcectgecgcetittatcaaacagecteagigigittg
atctigtgigtacgegcttitgegagtigcetagergetigigctatttgegaataccacceccageatecccticcctegtttcatatcgetigeateccaaccg
caacttatctacgctgtectgctateccteagegctgctectgetectgeteactgeccctegeacagecttggttigggctecgectgtatictectggtact
geaacclgtaaaccagcactgcaalgcetgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatcaGGCCGA C
UGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTA|
GTGATTCCGCAACCCTGATTTTGGCGTCTTATITTIGGCGTGGCAAACGCTGGCGCCCGCGAGCCGE
GCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGGTCA]
GTTGAAGGGCTITACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGA CGTGC|
UGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCAGGTCCGTGT(
ATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATICTTCATCAAAAACGCCTGA GA|
CACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTTGTTCCTTCCC CCCG71
GGCGAGCTGCCAGCCAGGCTIGTACCTGTGATCGAGGCTGGCGGGAAAATAGGC TTCGTGTGCTCA|
GGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCA
GCTATITCCTCTICACGAGCIGTAATTIGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTICGTGTA
CGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCC
AGGGTTTGGGACGGGCCGTCCCGAAATGCAGTIGCACCCGGATGCGTGGCACCTTTTTTGCGATAA
TTTATGCAATGGACTGCTCTGCAAAATTCTGGCTICTGTCGCCAACCCTAGGATCAGCGGCGTAGGAT)
ITTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCA
GCGTCCACTTTTGTGCACACATTCCATTICGTGCCCAAGACATTTCA TTGTGGTGCGAAGCGTCCCCA|
GTTACGCTCACCIGTTITCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCA CAGGCCGGTCG{
CAGC( ]A TGtceggeecegecgacgecegeggecccgeecgegtgteccgacaccateateggegeeceegaccgecaccacgtgggectgac
catectggtegecctgetgetgtecgectteigetictgegagticticatgetgeecgiggecatggecctgetgecegtgeceggeacceaccteeegeaa
getgetgegeegcetgggagggectggiggecaagacctggetgiccticggeggetggetgeiggagaacgigggeggegtgaagetgatectgacg
ggegactccatcctgeccggegaccgegtgcetgatectgtccaaccaccgeaccegeatcgactggatgticctglggigetgggecgeecgeticga
cctgcetgtectectaccgegtgatectgaagicctecctgegeaccttceectggiggggcetggggeatgicecigtgecigttccecttcatccaccgegg
ctccaacaaccgegacgecgacctgacccgeatcgageacatctgecagtaccigtecgagcetgggegtgeccaacteectgatectgticcecgag
ggceaccgacctgteecagtccaaccagaagegegaccgegactacgecctggecaagaacctgeceatetaccacaacgtgetgeacccecgcte
cggegecticategecteectgaccegeceatgegecceeacctggacgecgiggtggaccigaccateggetacgiggactacacccccggegagegce

-32-




WO 2025/096830 PCT/US2024/053965

SEQID
NO:

Sequence

cceteegagcetgicectgetgaagggecgectgeccecacgaggtgeacateaacatgaagegetgggacatcaagaccacceccctgetgegegag
aacccctecgaccgegecgageagttectgegegagiecttcgaccgeaaggaggecctgetgaccgectictactccaacaacaccgacacctecg
geggeggectgaageagacctecteectgetggtgtectectectecteccecttcteccaactectecgeccecctgggceticeectecttctecteceeccte

gaccitcegtggcectectectacaacgageccgigtacgigeacaacgceccactggacctacggeaagggcectgetgggeacgggeatcgecatgge
cctegtgetgatgetggectgetgectgeccgecegtggectictgeggctactccategtggigticctgcetgticgigaccgtgaacteegigigggagsgsg
cttcgacaccctggagetgaacctggecgigtggtggggcggecaggegggcecagaccaageaggag TAGttaattaageageageagetcgga
tagtatcgacacactctggacgctggtegteteatggactgttgccgecacacttgctgecttgacctgtgaatatecctgecgcttttatcaaacagectcagt
gtgtttgatettgtgtetacgegettttgegagttgctagetgettgtgctatttgegaataccacccccageateccectteectegtttcatatcgettgeateeca
accgcaacttatctacgetgtectgetatcectcagegetgetectgetectgeteactgeeectcgeacagecettggtttggocteegectgtattetectggt

actgcaacctgtaaaccagcactgcaatgetgatgcacgggaagtagtgggatgggaacacaaatggaagegtetgegtgttgggagetggagtegtg
ggcttgacgacggegetgeagetettgeaggatgtgectggegtgegegttcacgtegtggetgagaaatatggegacgaaacgttgacggetgg
ggceggegggcetgtggatgecatacgeattgggtacgeggecattggatgggattggtaggettatggagggataatagagtttttgteggateca
acgcatgttgatgcagtageccggtgtgctgaaagtatggaaggatggtgcattggetattcacatgegetgeccacceccttttcgcaggaaatgt

gecggeatcegttggtgcaccgatggggaaaatcgacgttcgaccactacatgaaaatgtatacctetgaagatgcageaactgegggtgegaaa
cggataacggtttggtaggtgtatgtegecageatgtgetggattttgegggcaacteecectgecacggeccattgcaggtgtcatgttgactggag
gatacgaactttcggccgtcaaattcccagaggaggaccecctetgggecgacattgtgeccactgetetteegettgetgtttectgtgtgaaattg

t

[0214] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CvyNR:PmAMTO03: NoLPAT4:CvNR::3’DAOIb.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK22 that permit targeted integration at the DAO1b locus via homologous recombination,
the C. reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene
(conferring the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text.
The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while
the coding region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is
indicated by uppercase underlined text followed by a linker, indicated by lowercase, bold italics.
The P. moriformis PmAMTO03 promoter, indicated by the boxed italicized text, drives the
expression of the NoLPAT4. The initiator ATG and terminator TGA codons of the NoLPAT4 are
indicated by uppercase, bold italics, while the remainder of the gene is indicated by bold italics.
The C. vulgaris nitrate reductase 3'-UTR is indicated by lowercase underlined text followed by
the CHK22 DAO1b genomic region indicated by bold, lowercase text.

[0215] Table 9 shows the fatty acid/TAG profiles of four primary transformants of CHK22
transformed with pCHK386. P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 9: Screen of primary transformants of CHK22 with pCHK?386.
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FAME Profiles TAG Profile
Sampl m/z 577/603
AP 012:0 | €14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3alpha | C20:0 | C20:1 z

(OP:00)

pCHK386 | 0.03 | 1.18 | 21.97 | 322 | 61.19 | 10.16 0.60 028 | 0.13 1.50
1
pCHK386 | 0.04 | 1.18 | 20.89 | 3.36 | 61.46 | 10.84 0.57 027 | 0.13 1.46
2
pCHK386 | 0.04 | 1.15 | 2068 | 3.57 | 61.62 | 10.74 0.59 028 | 0.13 1.55
3
pCHK386 | 0.04 | 1.18 | 20.80 | 3.48 | 61.42 | 10.86 0.58 027 | 0.13 1.53
4
CHK2Z 1 03 | 121 | 2675 | 340 | 5941 | 7.11 0.52 028 | 0.10 1.54
Control

Example 6: Expressing Synechocystis sp SI11848 in P. moriformis strain CHK22.

[0216] Synechocystis sp Sll1848 was introduced into a P, moriformis strain CHK22. The

expression construct pCHK387 contained 5' and 3’ homology arms to permit targeted integration

of S111848 into the genome and is shown in Table 10.

Table 10: Integrative sequences for the transformation of P. moriformis with pCHK387 encoding
Synechocystis sp SII1848.

SEQ ID
NO:

Sequence

5

getetteegettgecegeacectegttgatetgggageeetgegeagecccttaaatcatetcagteaggtttetatgttcaactgagectaaaggge
tttegtcacgegcacgageacacgtatatcggctacgeagtctectcagaageggtagaacagttcgcaagecctegteggtcgaaaacttgegee
agtactattgaattaaattaaatgatcgaatgagacgcgaaacttttgcagaatgecactgagtttgeccagagaatgggagtggcgecatteace
atcegectgtgeacggectgattegecgagacgatgaatggegagaccagggageggettgegagecccgagecggtageaggaataacggte
gacaatcttcectgtecaattactggcaaccattagaaagageeggagegegtigaaattetgecaategagtaatttttegatgeggegggectget
gaaccctaaggetecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtetcaagecacaaaccccagecttagtttcgaga
ctttgggagatageggcagatatctagtttggeattttgtatattaattaagtctcgcaatggagegetetgatge, cagcgteggetgcagea
cctggcagtggcgctggggtcgccctatcgctcggcgcctggtcagctggctcccgcctcctgcggcgcgcJCTTTCTTGCGCTATGA
CACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA|
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGC|
IGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA
TATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCG
CTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACA]ATGctgctgcaggcct
fcetgticetgetggecggcttcgecgecaagatcagegectecatgacgaacgagacgtecgaccgeceectggtgeacticacceecadacaaggg
ctggatgaacgaccccaacggcectgtggtacgacgagaaggacgccaagiggeacctgtacticcagtacaaccegaacgacaccgrcrggggga
cgececttgttctggggecacgecacgteccgacgacctgaccaactgggaggaccageccatcgecatcgecccgaagegeaacgactccggegec
tictccggctecatggtggitggactacaacaacacctecggcticticaacgacaccatcgacccgegecagegetgegtggecatctggaccracaa
caccceggagtecgaggagceagtacatctecctacagectggacggeggctacaccticaccgagtaccagaagaaccccgtgetggecgecaact
ccacccagticegegaccegaaggtctictggtacgagecctceccagaagtggateatgaccgeggecaagicccaggactacaagatcgagatct
actcctecgacgacctgaagtectggaagetggagtecgegticgecaacgagggcticctcggctaccagtacgagtgecccggectgategaggt
cceecaccgageaggaccccagcaagtectactgggigatgticatctccatcaaccccggegecccggecggeggcetecttcaaccagtacticgicg
geagcttcaacggceaccceacttcgaggecticgacaaccagtceecgegtggiggacttcggeaaggactactacgecctgeagaccttcticaacacc
gacccgacctacgggagcegecectgggeatcgegtgggectecaactgggagtacteegecticgtgeccaccaaccectggegctectecatgteect
cgtgegeaagtictcectcaacaccgagtaccaggecaacccggagacggagctgatcaacctgaaggecgagecgatcctgaacatcageaacg
ccggecectggagecggticgeccaccaacaccacgtigacgaaggcecaacagctacaacgtcgaccigiccaacagecaccggeaccctggagric
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SEQID
NO:

Sequence

gagctggtgtacgecgtecaacaccacccagacgatctccaagtecgtgticgeggaccteteectetggticaagggectggaggaccecgaggagt
acctcegeatgggcttcgaggtgtccgegtectecticticctggaccgegggaacageaaggtgaagticgtgaaggagaaccectacticaccaac
cgeatgagegtgaacaaccageccttcaagagegagaacgacctgtectactacaaggtgtacggctigetggaccagaacatcctggagcetgtact
tcaacgacggcegacgtegtgtecaccaacacctacttcatgaccaccgggaacgceectgggctecgtgaacatgacgacgggggtggacaacctgt
tetacatcgacaagttccaggtgegegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCTCTCG
AGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCTGGCG
CCCCGCCCGCCCGGTTTCTCGCCCTCGCGCGCCCCGCCGCCCCGCGGGCGCATTGAAATTGTT
GCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATG
ACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCG
CGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCC
TGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGTgcagcagceageteggatagtatega
cacactctggacgcetggicgtgtgatggacigttgccgecacactigetgectigaccigtgaatatcectgecgcetittatcaaacagecteagigigitty
atctigtgtgtacgegcttitgcgagtigcetageigetigtgctatitgcgaataccacccccageatecccttccctegtttcatatcgetigeateccaaccg
caacttafctacgctgtcctgctateccteagegctgetectgctecigeteactgeccctegeacagectiggttigggceteccgecigtatictectggtact
caacclgtaaaccagcactgcaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatcaGGCCGA C
AWGGACGCGCGTCAAAGGTGCTGGTICGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGC TGGTTA|
GTGATTCCGCAACCCTGATTTTGGCGTCTTATITTIGGCGTGGCAAACGCTGGCGCCCGCGAGCCGE
GCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGGTCA]
GTTGAAGGGCTITACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGA CGTGC|
AGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCA GGTCCGTGTCI
ATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATTCTTCATCAAAAA CGCCTGAGA|
CACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTTGTTCCTTCCCCCCGT]
GGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGC TTCGTGTGCTCA|
GGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCA
GCTATITCCTCTICACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTICGTGTA
CGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCC
AGGGTTTGGGACGGGCCGTCCCGAAATGCAGTIGCACCCGGATGCGTGGCACCTTTTTTGCGATAA
TTTATGCAATGGACTGCTCTGCAAAATTICTGGCICTGTCGCCAACCCTAGGATCAGCGGCGTAGGAT]
ITTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCA
GCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACATTTCATTGTGGTGCGAAGCGTCCCCA|
GTTACGCTCACCIGTITCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCACAGGC CGGTCd
CAGC( ]A TGgactccgagatcaaccaccgeggeggectgtecgeeccecgeececgegagacctecctgaacctggecctgtacegeggectg
aagtggggeglggtgcgeccectgetgeacggecigttccaggeecaggigtacggeecaggagcetggtgeccaccegeggeeccgecctggtggtgt
ccaaccacgectectacttcgacceccccttectgtectgegecatggeccgecceegtggecticatggecaaggaggagcetgttcaacgigeecctge
tgggeeccgecatccgectgtacggegectaccecgigaagegeggeteccggegaccgeggegecctgegegecgecectgaccgecclgggegac
ggcetggctggtgggcegtgttcctggagggeacccgeaccaaggacggecgeatccaccageccaagetgggegecgeceatgatcgecgecaagg
cceaggtgeccateatceccgtgteectgggeggegtggageagatcttccagececggeteccectggececacceecgigeccctgaccatecgeate
ggeaaggceceatcgeccceccegtgaagaaccgeaageecgagetggaggecegtgaccaaggectgecaggeccagatecacgagatgetggac
ctgggecgegac TAGttaattaagecageageagetcggatagtategacacactcetggacgetggtegtgteatggactgttgecgecacacttgetge

cttgacctgtgaatatecctgeegettttatcaaacagecteagtgtgtttgatettgtotgtacgegettttgcgagttgctagetgettgtgctatttgecgaatac
cacceccageateeccttecctegtttcatatcgettgeatcecaaccgeaacttatctacgetgtectgetatecctcagegetgetectgetectgetcactg

acacaaatggaagegtetgegtgttgggagetggagtegtgggcttgacgacggegetgeagetcttgecaggatgtgectggegtgegegttecacg
tcgtggctgagaaatatggegacgaaacgttgacggetggggcecggegggetgtggatgecatacgeattgggtacgeggecattggatgggat
tggtaggcttatggagggataatagagtttttgtcggatccaacgcatgttgatgcagtageecggtgtgetgaaagtatggaaggatggtgcatt
ggctattcacatgegetgeccaceccttttcgeaggaaatgtgecggeategttggtgcacegatggggaaaategacgttecgaccactacatgaa
aatgtatacctctgaagatgcagcaactgegggtgegaaacggataacggtttggtaggtgtatgtecgeageatgtgctggattttgegggcaact
cceectgecacggeccattgeaggtgteatgttgactggaggatacgaacttteggecgtecaaatteccagaggaggacceectetgggecgaca
ttgtgeccactgetcttecgettgetgtitectgtgtgaaattgt

[0217] The construct can be written as

5S’DAO1b:CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO3:51/1848:CvNR::3’DAOI1b. Proceeding
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in the 5" to 3' direction, bold, lowercase sequences represent genomic DNA from CHK?22 that
permit targeted integration at the DAO1Db locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is indicated by
uppercase underlined text followed by a linker, indicated by lowercase, bold italics. The P.
moriformis PmAMTO3 promoter, indicated by the boxed italicized text, drives the expression of
the SI/1848. The initiator ATG and terminator TGA codons of the S///848 are indicated by
uppercase, bold italics, while the remainder of the gene is indicated by bold italics. The C.
vulgaris nitrate reductase 3'-UTR is indicated by lowercase underlined text followed by the
CHK22 DAOI1b genomic region indicated by bold, lowercase text.

[0218] Table 11 shows the fatty acid/TAG profiles of four primary transformants of CHK22
transformed with pCHK387. P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 11: Screen of primary transformants of CHK22 with pCHK387.

FAME Profiles TAG Profile m/z
Sample 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 alpha | C20:0 | C20:1 (OP:00)

pCHK387 | 0.03 0.81 19.20 | 2.44 | 60.34 | 14.56 0.76 0.27 0.23 1.60
-1
pCHK387 | 0.00 0.24 | 1685 | 574 | 63.56 | 4.63 2.04 0.07 0.18 1.60
2
pCHK387 | 0.04 0.73 17.67 | 2.02 | 5843 | 18.37 0.84 0.22 0.25 1.50
-3
pCHK387 | 0.04 0.83 1940 | 243 | 60.13 | 14.54 0.74 0.27 0.23 1.55
4
CHK22 0.03 1.21 | 2675 | 3.40 | 5941 | 7.11 0.52 0.28 0.10 1.54
Control

Example 7: Expressing Escherichia coli EcPlsC in P. moriformis strain CHK22.
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[0219] The E. coli EcPlsC was introduced into a P. moriformis strain CHK22. The expression

construct pCHK388 contained 5’ and 3' homology arms to permit targeted integration of EcPIsC

into the genome and is shown in Table 12.

Table 12: Integrative sequences for the transformation of P. moriformis with pCHK388 encoding

Escherichia coli EcPIsC.

SEQ ID
NO:

Sequence

6

getetteegettgeccgeaccectegttgatetgggageeetgegeagecccttaaatcatetcagtecaggtttetatgttcaactgagectaaaggge
tttcgtcacgegeacgageacacgtatatcggetacgeagtetetcagaageggtagaacagttegeaagecctegteggtegaaaacttgegee
agtactattgaattaaattaaatgatcgaatgagacgcgaaacttttgcagaatgcecactgagtttgcccagagaatgggagtggegecatteace
atcegectgtgeacggectgattcgecgagacgatgaatggegagaccagggageggettgegagececgagecggtageaggaataacggte
gacaatcttcctgtecaattactggcaaccattagaaagagecggagegegttgaaattetgcaatcgagtaatttttcgatgeggegggectget
gaaccctaaggetecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtctcaagecacaaacceccagecttagtttcgaga
ctttgggagatagceggcagatatctagtttggcattttgtatattaattaagtctegeaatggagegetetgatge, cagcgteggetgcagea
cctggcagtggcgctggggtcgccctatcgctcggcgcctggtcagctggctcccgcctcctgcggcgch(jCTTTCTTGCGCTATGA
CACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA|
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGC|
IGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA|
TATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCG]
CTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACA]A TGectgctgeaggect
tcctgttectgetggecggceticgecgecaagatcagegectecatgacgaacgagacgiccgaccgecccctggtgeacttcacceccaacaaggs
ctggatgaacgaccccaacggcecetgtggtacgacgagaaggacgccaagitggeacctgtacticcagtacaacccgaacgacaccgictggggga
cgeecttgtictggggecacgecacgtecgacgacctgaccaactgggaggaccagcececatcgecatcgeccegaagegeaacgacteeggegec
tictccggctecatggtggtggactacaacaacacctecggcticticaacgacaccatcgacccgegeecagegetgegtggecatctggacctacaa
caccccggagtccgaggagceagtacatctectacagectggacggeggctacaccttcaccgagtaccagaagaaccccgtgctggecgecaact
ccacccagttccgegacccgaaggtctictggtacgagcecctceccagaagtggarcatgaccgeggecaagtccecaggactacaagatcgagatct
actecteccgacgacctgaagtectggaagctggagteecgegticgecaacgagggcticcteggetaccagtacgagtgececggectgatcgaggt
cceecaccgageaggaccccageaagtectactgggtgatgticatcteccatcaaccceggegecccggecggceggcrecttcaaccagtacttcgteg
geagcttcaacggcacccacticgaggccttcgacaaccagteccegegtggtggacticggecaaggactactacgcecctgecagaccticticaacacc
gacccgacctacgggagcegecctgggeatcgegtgggcecteccaactgggagtacicegecticgtgeccaccaacccectggegctectceatgteect
cgtgegeaagtictcectcaacaccgagtaccaggecaacccggagacggagctgatcaacctgaaggecgagecgatcctgaacatcageaacg
ccggceecectggagecggticgecaccaacaccacgtigacgaaggcecaacagctacaacgtcgacctgtccaacageaccggeaccctggagtic
gagctggtgtacgccgtcaacaccacccagacgatctccaagtccgtgticgecggaccictcectetggticaagggectggaggaccecgaggagt
acctecgceatgggcttcgaggtgtecegegtrectecticttectggaccgegggaacageaaggigaagticgtgaaggagaaccectacttcaccaac
cgeatgagcgtgaacaaccagcececttcaagagegagaacgacctgtcctactacaaggtgtacggctigetggaccagaacatcctggagcetgtact
fcaacgacggcegacgicgtgtccaccaacacctacttcatgaccaccgggaacgccectgggctecgtgaacatgacgacgggggrggacaacctgt
tctacatcgacaagttccaggtgcgcgaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCTCTCG
AGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCTGGCG
CCCCCCCCCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCCCCGGGGCGCATTGAAATTGTT
GCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATG
ACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCG
CGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCC
TGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGTgcagcagceageteggatagtatcga
cacactctggacgcetggicgtgtgatggacigttgccgecacactigctgectigaccigtgaatatccctgecgcetittatcaaacagcecteagigigittg
atctigtgigtacgegcttitgegagtigctageigetigigetattigegaataccacceccageatccccticcctegtttcatatcgetigeateccaaccg
caacttatctacgctgtectgcetateccteagegcetgetectgetectgeteactgeccctegeacagecttggtttgggctecgectgtatictectggtact
geaaccigtaaaccageactgeaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatcaGGCCGA ( 1
AGGACGCGCGTCAAAGGTGCTGGTCGTGTA TGCCCTGGCCGGCAGGTCGTTGCTGCTGCTGGTTA|
GIGATTCCGCAACCCTGATTTIGGCGICITTATITIGGCGTGGCAAACGCTGGCGC CCGCGAGCCGG|
GCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGG TCA|
GITTGAAGGGCTITACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGA CGTGC|
AGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCA GGTCCGTGTC|
ATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATICTTCATCAAAAACGCCTGA GA|
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SEQID
NO:

Sequence

CACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTTGTICCTTCCCCCCGI|
GGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATA GGCTTCGTGTGCTCA|
GGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCA
GCTATTTCCTCTTCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTA
CGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCC

AGGGTTTGGGACGGGCCGTCCCGAAATGCAGTIGCACCCGGATGCGTGGCACCTTTITTGCGATAA
TTTATGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGAT]
TTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCA
GCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACATTTCATTGTGGTGCGAAGCGTCCCCA]
GITACGCTCACCTIGTTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCA CAGGCCGGTCd
CAGC CIA TGctgtacatcttccgectgatcatcaccgitgatctactecatectggtgtgegigticggctecatetactgectgtictccccccgeaacce
ccaagceacgtegecaccttcggecacatgttcggecgectggeecccctgttcggectgaaggtggagigecgeaageccaccgacgecgagiccta
cggeaacgcecalctacatcgecaaccaccagaacaactacgacatggigaccgectecaacategtgeagececccaccgigacegigggeaaga
agtccctgcetgtggatteccticticggecagcetctactggetgacgggeaaccigeigatcgaccgeaacaaccgeaccaaggeccacggeaccatce
geegaggtggicaaccacttcaagaagegecgeatctecatctggatgticecccgagggeaccegetecegeggecggggectgetgeecticaaga
cgggcegcecttccacgecgecategecgegggegtgeccateateecegtgtgegigtecaccacctecaacaagatcaacctgaaccgectgeacaa
cggcectggtgategtggagatgcetgecceccatcgacgiglcccagtacggeaaggaccaggigegegagcetggecgececactgecgcetecatcatg

gagcagaagatcgecgagetggacaaggaggiggecgagegegaggecgegggcaaggtg TAGttaattaageageageageteggatagtat
cgacacactctggacgctgetcgtgtegatggactgttgccgccacacttgetgecttgacctgtgaatatecctgecgettitatcaaacagectcagtgtottt
gatcttgtototacgcgcttttecgagttoctagetecttgtectatttec gaataccacccccageatccecttecctegtttcatatcgcttgcatcccaaccg

caacttatctacgctgtectgctatcectcagegetgetectgetectgetecactgecectegeacagecttggtttggocteccgectgtattetectggtactge
aacctgtaaaccagceactgcaatgetgatgcacgggaagtagtgggatgggaacacaaatggaagegtetgegtgttgggagetggagtegtgggctt
gacgacggcegcetgeagcetcttgcaggatgtgectggegtgegegttcacgtegtggctgagaaatatggcgacgaaacgttgacggetggggce

ggcegggctgtggatgccatacgcattgggtacgeggecattggatgggattggtaggcttatggagggataatagagtttttgtcggatccaacge
atgttgatgcagtageccggtgtgctgaaagtatggaaggatggtgcattggetattcacatgegetgeccaccecttttcgecaggaaatgtgecg

geatcgttggtgcaccgatggggaaaatcgacgttcgaccactacatgaaaatgtatacctetgaagatgcageaactgegggtgcgaaacgga
taacggtttggtaggtgtatgtcgcageatgtgctggattttgegggcaactecccctgecacggeccattgeaggtgteatgttgactggaggata
cgaacttteggecgtcaaattceccagaggaggaccecctetgggecgacattgtgeccactgetettecgettgetgtttectgtgtgaaattgt

[0220] The construct can be written as

5’DAO1b::CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO3: EcPlsC:CvNR::3’ DAOI1b. Proceeding
in the 5" to 3' direction, bold, lowercase sequences represent genomic DNA from CHK?22 that
permit targeted integration at the DAO1Db locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is indicated by
uppercase underlined text followed by a linker, indicated by lowercase, bold italics. The P.
moriformis PmAMTO3 promoter, indicated by the boxed italicized text, drives the expression of
the EcPlsC. The initiator ATG and terminator TGA codons of the EcPlsC are indicated by
uppercase, bold italics, while the remainder of the gene is indicated by bold italics. The C.
vulgaris nitrate reductase 3'-UTR is indicated by lowercase underlined text followed by the

CHK22 DAOI1b genomic region indicated by bold, lowercase text.
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[0221] Table 13 shows the fatty acid/TAG profiles of four primary transformants of CHK22
transformed with pCHK388. P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 13: Screen of primary transformants of CHK22 with pCHK388.

FAME Profiles TAG Profile
Sample C12: | C14: | Cl16: | C18: | C18: | C18: C18:3 alpha C20: | C20: m/z 577/603
0 0 0 0 1 2 = 0 1 (OP:00)
pCHK388 0.03 1.19 24.48 3.30 60.71 8.20 0.53 0.27 0.11 1.55
-1
pCHK388 0.04 1.23 21.52 2.79 59.05 | 13.08 0.64 0.22 0.13 1.52
2
pCHK388 0.04 1.20 21.59 2.81 5943 | 12.62 0.62 0.22 0.13 1.54
-3
pCHK388 0.03 1.18 23.32 3.24 60.90 9.14 0.55 0.28 0.12 1.59
4
CHK22 0.03 1.21 26.75 3.40 59.41 7.11 0.52 0.28 0.10 1.54
Control

Example 8: Expressing Nannochloropsis NoLPAT3 in P. moriformis strain CHK22.

[0222] The Nannochloropsis NoLPAT3 was introduced into a P. moriformis strain CHK22. The
expression construct pCHK453 contained 5' and 3’ homology arms to permit targeted integration
of NoLPAT3 into the genome and is shown in Table 14.

Table 14: Integrative sequences for the transformation of P. moriformis with pCHK453

encoding Nannochloropsis NoLPAT3.

SEQID
Sequence
NO: q
7 cectecaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggeacggetetacacegtegagtacgecatgagge

ggtgatggctgtgteggttgecacttegtecagagacggeaagtegtecatectetgegtgtgtggcgegacgetgcageagteectetgeageag
atgagcgtgactttggccatttcacgeactegagtgtacacaatcecatttttcttaaagceaaatgactgetgattgaccagatactgtaacgetgatt
tegetecagatcgcacagatagegaccatgttgetgegtetgaaaatetggattecgaattegaccectggegetecatecatgecaacagatggega
cacttgttacaattcctgtcacccatcggeatggageaggtecacttagattcccgatcacccacgeacatetegetaatagteattegttegtgtett
cgatcaatctcaagtgagtgtgcatggatcttggttgacgatgcggtatgggtttgcgecgetggetgcagggtetgeccaaggeaagetaaccca
gctectetecccgacaatactetegecaggeaaagecggteacttgecttccagattgccaataaactcaattatggectetgtcatgecatecatgg

gtctgatgaatggtcacgctegtgtectgaccgticeccagectetggegteccctgecccgeccaccageccacgecgegeggcagtegetgeca

aggetgteteggagetacdCCGCTCCCGTCTGGTCCTCACGTTCGTGTACGGCCTGGATCCCGGAAAGT)

GCGGATGCACGTGGTGTTGCCCCGCCATTGGCGCCCACGTTTCAAAGTCCCCGGCCAGAAAT)

GCACAGGACCGGCCCGGCTCGCACAGGCCATGACGAATGCCCAGATTTCGACAGCAAAACA

ATCTGGAATAATCGCAACCATTCGCGTTTTGAACGAAACGAAAAGACGCTGTTTAGCACGTTT]
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SEQID
NO:

Sequence

CCGATATCGTGGGGGCCGAAGCATGATTGGGGGGAGGAAAGCGTGGCCCCAAGGTAGCCCA|
TTCTGTGCCACACGCCGACGAGGACCAATCCCCGGCATCAGCCTTCATCGACGGCTGCGCCG]
CACATATAAAGCCGGACGCCTTCCCGACACGTTCAAACAGTTTTATTTCCTCCACTTCCTGAA|
TCAAACAAATCTTCAAGGAAGATCCTGCTCTTGAGCAACTCGTlAT Gttcgegtictacttectgacggectgea
teteectgaagggegtgticggegicteeeectectacaacggectgggectgacgecccagatgggetgggacaactggaacacgttcgectgegac
gictccgagceagcetgetgeiggacacggecgaccgceatctccgacctgggectgaaggacatgggctacaagtacatcatcctggacgactgcetggt
ccteeggecgegactecgacggcttectggtegecgacgageagaagticcccaacggeatgggecacgtegecgaccacctgeacaacaactect
fcetgttcggeatgtactectecgegggegagtacacgtgegecggcetacceccggeteectgggeecgegaggaggaggacgeeeagticticgegaa
caaccgegtggactaccigaagtacgacaactgctacaacaagggccagticggeacgeecgagatcicctaccaccgctacaaggecatgteega
cgeectgaacaagacgggcecgececcatctictacteectgtgeaactggggecaggacctgacctictactggggceiccggeategegaactectgge
geatgtcecggegacgtcacggeggagticacgcegeeeccgacteccgcetgecectgegacggegacgagtacgactgeaagtacgecggcttceact
gctecatcatgaacatcectgaacaaggecgecceeatgggecagaacgegggegicggeggctggaacgacciggacaacctggaggtcggegt
cggceaacctgacggacgacgaggagaaggcgceactictceatgigggeeatggtgaagtcccccctgatcatcggegegaacgtgaacaacctga
aggcctectectactecatctacteccaggegteegteategecatcaaccaggactccaacggceatcccegecacgegegiciggegetactacgtgt
ccgacacggacgagtacggecagggegagatcecagatgtggiccggeccectggacaacggegaccaggtegtggegetgetgaacggcggcic
cgtgtccegeeccatgaacacgaccctggaggagatcticticgactccaacctgggctecaagaagcetgacctecacctgggacatctacgacctgt
gggcegaaccgcegicgacaactccacggcegtecgecatectgggeegeaacaagaccgecaccggeatcctgtacaacgecacegageagtecta
caaggacggcctgtccaagaacgacaccegcectgticggecagaagatcggctcectgteececaacgegatectgaacacgaccgteeecgece
acggceatcgegttctaccgectgegeccctectccTGATACAACTTATTACGTATTCTGACCGGCGCTGATGTGGC
GCGGACGCCCTCGTACTCTTTCAGACTTTACTCTTGAGGAATTGAACCTTTCTCGCTTGCTGGC
ATGTAAACATTGGCGCAATTAATTGTGTGATGAAGAAAGGGTGGCACAAGATGGATCGCGAA
TGTACGAGATCGACAACGATGGTGATTGTTATGAGGGGCCAAACCTGGCTCAATCTTGTCGC
ATGTCCGGCGCAATGTGATCCAGCGGCGTGACTCTCGCAACCTGGTAGTGTGTGCGCACCGG
GTCGCTTTGATTAAAACTGATCGCATTGCCATCCCGTCAACTCACAAGCCTACTCTAGCTCCC
ATTGCGCACTCGGGCGCCCGGCTCGATCAATGTTCTGAGCGGAGGGCGAAGCGTCAGGAAAT
CGTCTCGGCAGCTGGAAGCGCATGGAATGCGGAGCGGAGATCGAATCAICTGAAGAATGGGAG]
GCAGGTGCTGCTGATTACGAGTGTGGAAAAGAAAGGGGGCAGAGAGCCGTCCTCAGATCCGACCA
CTATGCAGGTAGCCGCTCGCCCGTGCCCGCCTGGCTGAATATTGACACATGCCCA TCAAGGCAGG\
CAGGCATTTCTGTGCATGCACCAAACCCATAATCTTCGAAAACACACAGCATGTACCAACGCACGCG)
TAAAAGTTGGGGTGCTGCCAGTGCGTCATGCCAGGCATGATGTGCTCCTGCACATCGGCCATGAT(
TCCTCCATCGTCTCGGGCGTCTCCGGCGCCTGGTCCGGGAGCCGTTCCGCCAGATACCCAGACGO
CACCTCCGACCTCACGGGGTACTTTTCGAGCGACTGTCGGTAGTCGACGATCGCGTCCACCA TGGA|
GTAGCCGAGGCGCCGGAACTGGCGTGACGGAGGGAGAACAGGGGGGGTTGATGATCACACGCCA|
GTCTCACAACGCATGTAAGACCCGTTGGATTATGAGTATAATCATGCATTACTA GTTGGGTGAGCGC]
CAGGCATAAGGCACACCGACGTCGATGGCACGAGCAACTCCCGCATCATATTTCCTATTGTCCTAAC
GCCAAGCCGGTCACCACCCGCATGCTCGTACTACAGCGCACGCACCGCTTCGTGATCCA CCGGGﬂ
GAACGTAGTCCTCGACGGAAACATCTGGTTCGGGCCTCCTGCTTGCACTCCCGCCCATGCCGACAA
CCTTTCTGCTGTTACCACGACCCACAATGCAACGCGACACGACCGTGTGGGACTGATCGGTTCACT|
GCACCTGCATGCAATTGTCACAAGCGCTTACTCCAATIGTATICGTITIGTTITCTGGGAGCA GTTGCﬂ
CGACCGCCCGCGTCCCGCAGGCAGCGATGA CGTGTGCGTGGCCTGGGTGTTTCGTCGAAAGGCd
UGCAACCCTAAATCGCAGGCGATCCGGAGATTGGGATCTGATCCGAGTTTGGACCAGATCCGCCC
GATGCGGCACGGGAACTGCATCGACTCGGCGCGGAACCCAGCTTTCGTAAATGCCAGATTGGTGT
CCGATACCTGGATTTGCCATCAGCGAAACAAGACTTCAGCAGCGAGCGTA TTTGGCGGGCGTGCTA|
CCAGGGTTGCATACATTGCCCATTTCTGTCTGGACCGCTITACTGGCGCAGAGGGTGAGTTGA TGG|
GGTTGGCAGGCATCGAAACGCGCGTGCATGGTGTGCGTGTCTGTTTTCGGCTGCACGAATTCAATA]
GICGGATGGGCGACGGTAGAATIGGGTIGTIGGCGCTCGCGTGCATGCCTCGCCCCGTCGGGTIGT(
WTGACCGGGACTGGAATCCCCCCTCGCGACCATCTTGCTAACGCTCCCGACTCTCCCGACCGCG(
GCAGGATAGACTCTTGTTCAACCAATCGA CA|ATGtggggcctgc tgtggaagcacatgaccctgegectgetgticgtgteeg
tgtgectggigaccicctecatcggegegaacatgatggecctggecctgttectggtgateccgeccectictecccgeteectgtacegecgectggigtee
cagtgegtggcectgeatgtggatcgacgecctgteectgetgetgeceggeaccaacatccacategecgecgactecgacatgecegacggeatea
ccgegggeategiggtggecaaccaccagtacgagggegactggiggttcatgctgatggtggeccgcttecigggectgeacggeaacgigaagat
catcgtgegegagggcectgaagaagateccectgetgggetggcetggtgegectggtggagtaccecttcatctectectectggtecctgicecgeace
aacctgtteggectgetgegcetecticaacgecgacgacttececgtgcetgetgttccagttccecgagggegaccgeatecgacgecaaggigegeca
geagtccctggecticgecgecaaggageagegeccecacctgetgeacgtgetgetgececgeaccacgggcttcaacacctgeatcgaggecectg
cgeacclcccacceccccgigltacgacatgaccatcgecatccccggeaccacgggecagecctectectectectectectectececctecgecgec
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SEQID
NO:

Sequence

geegeegeegecteceectecgegggegeegeegeegeegeegeegecgectecaacacctecaccaacccectectecaacceeccctectectect
ccaccgacaccteeceecgecgecgeegecgeegeegeecgeegacgeegeegecgeegagteccacgacgectecctgttcecacaccttectgegett
ctgecaacggegagggeccecgegacgigeacatccgectgaagegetactecctgaacgacgtgetggecgacccceactggetggacaccaagt
gggcecgagaaggaccgegtgetgacctacttctcecgecacgectgettcecegecccectgeccceecacatggecaacggeggeggctecacce
agacccacggeggeeggggeggeceeecgeggeceegegggcteceacgeegtggigggegecgegggeaacgeccagtacctgegctecttcaa
cteccgeaagttcaaggcecgagaccitecticetggecctggeecgectgetgetgacceecectgtgectgeccctgetgetgetgatggectgecccectg
atgacccigtacgtgigegtgiccaccgigegecgctggetgggegaggagatcgigtictcccecggeggeegggagggeggecgggagggcgac
geeglgtacgagiccgigaactggtecgtgtgattaattaagecageageagetcggatagtatcgacacactetggacgetggtegtotgatggactgtt
ccgecacacttgetgecttgaccetgtgaatateectgecgettttatcaaacagectcagtgtgtttgatettgtgtgtacgegettttgegagttgctagetgett
gtoctatttecgaataccacccccageatececcttceetegtttcatatcgcttgcatcccaaccgcaacttatctacgctetectgctatcectcagegctecte
ctgctectgetcactgccectegeacagecttggtttggoctccgectgtattetectggtactgcaacctgtaaaccageact
agtagtgggatgggaacacaaatggaggecggeccgegictcgaacagagegeggeggecgeatcgatacctgeaggacagegecatgecacgee
ctttgatggcttcaagtacgattacggtgttggattgtgtatitgttgegtagtgtgcatggtitagaataatacacttgatttettgetcacggeaatet
cggcettgtecgecaggttcaaccecatttecggagtctcaggteagecgegeaatgaccagecgetacttcaaggacttgecacgacaacgecgaggt
gagctatgtttaggacttgattggaaattgtegtcgacgcatattcgegetecgegacageacccaageaaaatgtecaagtgegtteccgatttgegt
ccgeaggtegatgttgtgategteggegecggatecgeeggtetgtectgegettacgagetgaccaageaccctgacgtecgggtacgegaget
gagattcgattagacataaattgaagattaaacccgtagaaaaatttgatggtcgcgaaactgtgetegattgcaagaaattgatcgtectecact
ccgeaggtegecatcatcgageagggegttgcteccggeggeggegectggcetggggggacagetgttetcggecatgtgtgtacgtagaaggat
gaatttcagctggttttcgttgcacagetgtitgtgcatgatttgtttcagactattgttgaatgtttttagatticttaggatgcatgatttgtctgeatg

cgact

[0223] The construct can be written as 5 Thi4::PmHXT1v2:ScMELI:PmPGK:CvNR:PmSAD2-
2:NoLPAT3:CvNR::3 Thi4. Proceeding in the 5’ to 3' direction, bold, lowercase sequences
represent genomic DNA from strain CHK?22 that permit targeted integration at the 7hi4 locus via
homologous recombination. The P. moriformis hexose transporter 1 (HXT1 v2) promoter driving
expression of the S. carlbergensis melibiase (ScMELI) is indicated by the boxed uppercase text.
The initiator ATG and terminator TAA for ScMEL] are indicated in uppercase, bold italics while
the coding region is indicated in lowercase italics. P. moriformis phosphoglucokinase (PGK) 3'-
UTR is indicated by uppercase underlined text followed by a stearoyl ACP desaturase-2 (SAD2-
2) promoter from P. moriformis, indicated by the boxed italicized text, driving the expression of
NoLPAT3. The initiator ATG and terminator TGA codons of NoLPAT3 are indicated in uppercase,
bold italics, while the remainder of the gene is indicated in bold italics. The C. vulgaris nitrate
reductase 3-UTR is indicated by lowercase underlined text followed by the P. moriformis Thi4 3'
flanking region indicated by bold, lowercase text.

[0224] Table 15 shows the fatty acid/TAG profiles of four primary transformants of CHK22
transformed with pCHK453. P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMESs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 15: Screen of primary transformants of CHK22 with pCHK453.
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FAME Profiles TAG Profile
I 77
Sample | 150 | c14:0 | C16:0 | C18:0 | C18:1 | €182 | C18:3 alpha | €200 | c20:1 | 2377003
(OP:00)
pCHK453 | 003 | 120 | 2634 | 337 | 6029 | 6.78 0.48 026 | 0.10 1.49
1
pCHK453 | 0.03 | 124 | 2648 | 3.48 | 60.05 | 6.75 0.49 026 | 0.09 1.60
2
pCHK453 | 0.03 | 120 | 2628 | 3.07 | 6033 | 7.0 0.47 024 | 007 1.57
3
pCHK453 | 0.03 | 1.28 | 2677 | 3.37 | 59.81 | 6.77 0.49 025 | 007 1.51
4
CHK2Z 003 | 121 | 2675 | 340 | 5941 | 7.11 0.52 028 | 0.10 1.54
Control

Example 9: Expressing Volvox carteri LPAAT2 (VcLPAAT?2) in P. moriformis strain

CHK22.

[0225] V. carteri VcLPAAT2 was introduced into a P. moriformis strain CHK22. The expression

construct pCHK785 contained 5’ and 3' homology arms to permit targeted integration of

VeLPAAT? into the genome and is shown in Table 16.

Table 16: Integrative sequences for the transformation of P. moriformis with pCHK785
encoding VcLPAAT2.

SEQID
Sequence
NO: d
8 getetteegettgeecgeaccectegttgatetgggageeetgegeagecccttaaatcatetcagteaggtttetatgttcaactgagectaaaggge

tttegtcacgegecacgageacacgtatatcggctacgeagtctetcagaageggtagaacagttcgcaagecctegteggtcgaaaacttgegee
agtactattgaattaaattaaatgatcgaatgagacgcgaaacttttgcagaatgecactgagtttgcccagagaatgggagtggegecattcace
atccgectgtgcacggectgattcgecgagacgatgaatggegagaccagggageggcettgegagececgagecggtagecaggaataacggte
gacaatcttcctgtecaattactggcaaccattagaaagagecggagegegttgaaattetgcaatcgagtaatttttcgatgeggegggectget
gaaccctaaggetecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtctcaagecacaaacceccagecttagtttcgaga
ctttgggagatagceggcagatatctagtttggcattttgtatattaattaagtctegeaatggagegetetgatge, cagcgteggetgcagea
cctggcagtggcgctggggtcgccctatcgctcggcgcctggtcagctggctcccgcctcctgcggcgch(jCTTTCTTGCGCTATGA
CACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA|
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGC|
IGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA|
TATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCG]
CTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACA]ATGctgctgcaggcct
fcetgtteetgetggeceggcticgeegecaagatcagegcectecatgacgaacgagacgtecgaccgecccctggtgeacttcacceecaacaaggg
ctggatgaacgaccccaacggcecetgtggtacgacgagaaggacgccaagitggeacctgtacttccagtacaacccgaacgacaccgictggggga
cgeecttgtictggggecacgecacgtecgacgacctgaccaactgggaggaccagcececatcgecatcgecccgaagegeaacgacteeggegec
tictccggctecatggtggtggactacaacaacacctecggcticticaacgacaccatcgacccgegeecagegetgegtggecatctggacctacaa
cacccecggagtccgaggagceagtacatctectacagectggacggeggctacaccttcaccgagtaccagaagaacccecgtgctggecgecaact
ccacccagticegegaccegaaggtctictggtacgagecctcccagaagtggateatgaccgeggecaagitcccaggactacaagatcgagatct
actcctecgacgacctgaagtectggaagetggagtceegegticgecaacgagggcticctcggctaccagtacgagtgecceggectgatcgaggt
cceecaccgageaggaccccageaagtectactgggtgatgticatcteccatcaacceeggegecccggecggeggcrtecttcaaccagtacttcgteg
geagcttcaacggcacccacticgaggccttcgacaaccagteccgegtggtggacticggecaaggactactacgcecctgecagacctictticaacacc
gacccgacctacgggagegeccigggeatcgegtgggcecteccaactgggagtactcegecticgtgeccaccaacccectggegctectceatgteect
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SEQID
NO:

Sequence

cgtgegeaagtictcectcaacaccgagtaccaggecaacceggagacggagctgatcaacctgaaggecgagecgatcctgaacatcageaacg
ccggceecectggageceggticgecaccaacaccacgtigacgaaggecaacagctacaacgtcgacctgtccaacageaccggeaccctggagtic
gagctggtgtacgcecgtcaacaccacccagacgatctccaagtecgtgticgeggaccicteectetggticaagggectggaggacceegaggagt
acctecgceatgggcttcgaggtgtcegegtectecticttcctggaccgegggaacageaaggigaagticgtgaaggagaaccectacttcaccaac
cgeatgagcgtgaacaaccagccecttcaagagcegagaacgacctgtcctactacaaggtgtacggctigetggaccagaacatcctggagctgtact
tcaacgacggcegacgtegtgtccaccaacacctacttcatgaccaccgggaacgecectgggerccgtgaacatgacgacgggggtggacaacctgt
tctacatcgacaagttccaggtgcgcgaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCTCTCG
AGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCTGGCG
CCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCGCGGGGGCGCATTGAAATTGTT
GCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATG
ACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCG
CGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCC
TGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGTgcagecagceagctcggatagtatcga
cacactctggacgcetggicgtgtgatggacigttgeccgecacactigctgectigaccigigaatatcectgecgcetittatcaaacagcecteagigigittg
aftctigigigtacgegcttitgegagtigctageigetigigetatttgecgaataccacccccageatccccticcctegtttcatatcgetigeateccaaccg
caacttatctacgctgtectgctateccteagegcetgetectgetectgeteactgeccctegeacagecttggtttgggctecgectgtatictectggtact
geaaccigtaaaccageactgeaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatcaGGCCGA ( 1
AWGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGC TGGTTAI
GTGATTCCGCAACCCTGATTTTGGCGTCTTATTTIGGCGTGGCAAACGCTGGCGC CCGCGAGCCGG|
GCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGG TCA|
GTTGAAGGGCTITACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGA CGTGC|
AGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCA GGTCCGTGTC|
ATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATTCTTCATCAAAAACGCCTGA GA|
CACTTGCCCAGGATTGAAACTCCCTGAAGGGACCA CCAGGGGCCCTGAGTTGTTCCTTCCCCCCGﬂ
GGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGC TTCGTGTGCTCA|
GGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCA
GCTATTTCCTCTTCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTA
CGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCC
AGGGTTTGGGACGGGCCGTCCCGAAATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAA
TTTATGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGAT]
TTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCA
GCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACATTTCA TTGTGGTGCGAAGCGTCCCCA|
GTTACGCTCACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCACAGGC CGGTCd
CAGC( ]A TGtctgtgeegtcgaaggegctctecctgectagcticctgttcagegtattcgtcetictactggteecticctetetitgcaattatctaccge
afccgtttcgctaacgtcggeaagegeaacgacatgctegactgglggalggtglititcgegtticctgtgtictgeacgiccgtictgatectgeggggta
fegtgctgtttaagcgeggacatatcgecgacaaggagttgetgaagtcggacgceggiggtegigatggtegigatggtigtggecaccgiegtgeagg
cglttaacgtctggceiggacgeaacgcttcgaaagtccaccgtecctggectgetegigtacceggagggceceaccgtagectgaagecgegeagect
geeectcaageggggaatgttgeacttegcetttcagecgecacctagecgtgeaactggtgatcacgegtggtaaggaagaggteatgtctgagaag
acgtgcteegegeggtggggecgeaccctigtcaccaactactcaaaggtgtgegecgggggecgetggggeggggtaatcaagecaacggatttc
gactcgttcgacgcctitticaacgagattcaaaccacgtgggacgcectgetggeagcitctectaccaccageccatcgegggigicccccggetgtee
ctgaaggacgegeacgagtacgactacccgecectecatgegetggetgeaactgggegtgaccctectttcgategtgatectegeggecgtecictac
ggeagtigggicgtgctgegegegggegigetatcactgggctectcggttacccaacaggcggicgtggtcctcggggecgccggLgLctggcigg
gectgtegetgetecgeagcettettaTAGttaattaageageageagetcggatagtategacacactetggacgetggtegtgteatggactgttgecge
cacacttgctgecttgacctgtgaatatccctgecgettttatcaaacagectcagtgtgtttgatettgtgtgtacgegcttttgcgagttgctagetgettgtact
atttgcgaataccacccccageateccectteectegtttcatatcgettgecatcccaaccgeaacttatctacgetgtectgetateccteagegetgetectget
cctgetcactgeccectegeacagecttggtttogoctccgectgtattctcctggtactgcaacctgtaaaccageactgecaatgctgatgcacgggaagtag
teggatgggaacacaaatggaagegtetgegtgttgggagetggagtegtgggcttgacgacggegetgeagetettgeaggatgtgectggegtg
cgegttcacgtegtggcetgagaaatatggegacgaaacgttgacggetggggecggegggetgtggatgecatacgcattgggtacgeggecat
tggatgggattggtaggcttatggagggataatagagtttttgtcggatccaacgcatgttgatgcagtageccggtgtgctgaaagtatggaagg
atggtgcattggctattcacatgegetgeccaccccttttecgeaggaaatgtgecggeategttggtgcaccgatggggaaaatcgacgttegace
actacatgaaaatgtatacctctgaagatgcagceaactgegggtgcgaaacggataacggtttggtaggtgtatgtcgcageatgtgctggatttt
gegggcaacteccectgecacggeccattgeaggtgteatgttgactggaggatacgaacttteggecgtcaaattecccagaggaggacceeccte

tgggccgacattgtgeccactgetettecgettgetgtttectgtgtgaaattgt
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[0226] The construct can be written as

S’DAOI1b::CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO3: Ve LPAAT2:CvNR::3’DAO1b.

PCT/US2024/053965

Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from

CHK?22 that permit targeted integration at the DAO1b locus via homologous recombination,

the C. reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene

(conferring the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text.

The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while

the coding region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is

indicated by uppercase underlined text followed by a linker, indicated by lowercase, bold italics.

The P. moriformis PmAMTO03 promoter, indicated by the boxed italicized text, drives the
expression of the VeLPAAT?2. The initiator ATG and terminator TGA codons of the VcLPAAT?2 are

indicated by uppercase, bold italics, while the remainder of the gene is indicated by bold italics.

The C. vulgaris nitrate reductase 3'-UTR is indicated by lowercase underlined text followed by

the CHK22 DAO1b genomic region indicated by bold, lowercase text.

[0227] Table 17 shows the fatty acid/TAG profiles of seven primary transformants of CHK22

transformed with pCHK785. The P. moriformis base strain CHK22 is shown as a non-transgenic

control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in the lipid

production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct

transesterification to generate FAMEs for subsequent quantitation and characterization by

GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 17: Screen of primary transformants of CHK22 with pCHK?785.

FAME Profiles TAG Profile
Sampl n/z 577/603
P C12:0 | €140 | C16:0 | C18:0 | C18:1 | C18:2 | Cl8:3alpha | C20:0 | c20:1 | T
(OP:00)
pCHK785 | 006 | 1.60 | 2148 | 3.63 | 57.66 | 1296 |  0.56 030 | 023 155
1
pZCHK785 006 | 1.68 | 2457 | 376 | 5508 | 9.7 0.42 0.16 | 2.02 1.58
Pg)CHmSS 005 | 1.61 | 2561 | 2.89 | 56.40 | 8.4 0.43 029 | 1.80 151
HK7
PRHRTS | 007 | 178 | 2251 | 373 | 5375 | 1169 | 046 033 | 288 155
pSCHK785 0.08 | 1.99 | 24.84 | 329 | 5355 | 10.28 0.46 024 | 269 151
PEHETS | 006 | 177 | 2564 | 332 | 5568 | 990 | 048 | onn | 13 1.52
PAHRTS | 004 | 152 | 2533 | 3.06 | 5860 | 897 0.47 027 | 025 1.58
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CHK?22
Control

0.04 1.52 | 2643 | 2.97 | 58.76 | 7.88 0.44 0.25 0.23 1.53

Example 10: Expressing Chlamdomonase schloesseri LPAAT2 (ChsLPAAT2) in P.

moriformis strain CHK22.

[0228] C. schloesseri ChsLPAAT2 was introduced into a P, moriformis strain CHK22. The

expression construct pCHK786 contained 5' and 3’ homology arms to permit targeted integration

of ChsLPAAT?2 into the genome and is shown in Table 18.

Table 18: Integrative sequences for the transformation of P. moriformis with pCHK786
encoding ChsLPAAT?2.

SEQ ID
NO:

Sequence

9

gctettecgettgeccgeacectegttgatetgggagecctgegeagececcttaaatcatetcagtcaggtttctatgttcaactgagectaaaggge
tttcgtcacgegeacgageacacgtatatcggctacgeagtctctcagaageggtagaacagttcgcaagecctegteggtcgaaaacttgegee
agtactattgaattaaattaaatgatcgaatgagacgcgaaacttttgcagaatgcecactgagtttgcccagagaatgggagtggegecatteace
atccgectgtgcacggectgattcgecgagacgatgaatggegagaccagggageggcettgegagececgagecggtagcaggaataacggte
gacaatcttcctgtecaattactggcaaccattagaaagagecggagegegttgaaattetgcaatcgagtaatttttcgatgeggegggectget
gaaccctaaggctecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtectcaageacaaacceccagecttagtttcgaga
ctttgggagatagceggcagatatctagtttggeattttgtatattaattaagtctcgcaatggagegetetgatgeggtgecagegteggetgeagea
cctggcagtggcgctggggtcgccctatcgctcggcgcctggtcagctggctcccgcctcctgcggcgcgcc[CTTTCTTGCGCTATGA\
CACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA|
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGC|
IGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA|
TATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCG
CTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACAM TGectgctgeaggect
fcetgticetgetggecggcettcgecgecaagatcagegecteecatgacgaacgagacgteegaccgeccecectggtgeacttcacceccaacaaggg
ctggatgaacgacccecaacggcectgtggtacgacgagaaggacgccaagtggeacctgtacticcagtacaacccgaacgacaccgrctggggga
cgececettgtictggggecacgcecacgteegacgacctgaccaactgggaggaccagceccatcgecatcgeccegaagcegeaacgactccggcgec
ftctecggcetecatggtrggtggactacaacaacacctecggceticticaacgacaccatcgacccgegecagegctgegtggecatctggacctacaa
caccceggagtecgaggagceagtacatctectacagectggacggeggctacaccticaccgagtaccagaagaaccccgtgcetggecgecaact
ccacccagttcegegaccegaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtecccaggactacaagatcgagatct
actectecgacgacctgaagtectggaagcetggagtcegegticgeccaacgagggcticctcggctaccagtacgagtgecccggectgatcgaggt
ccecaccgageaggaccccageaagtectactgggtgatgticatcteccatcaaccecggegeceeggecggeggctecticaaccagtacttegteg
geagcttcaacggceacccacttcgaggcecttcgacaaccagteceegegtggtggacticggeaaggactactacgecctgeagaccticttcaacacce
gacccgacctacgggagegecectgggeatcgegtgggcectecaactgggagtactccgecttcgtgeccaccaaccectggegctectecatgteect
cgtgegceaagtictccctcaacaccgagtaccaggcecaacccggagacggagctgatcaacctgaaggecgagecgatcctgaacatcagecaacg
cecggeeectggagecggticgecaccaacaccacgtigacgaaggcecaacagcetacaacgtcgacctgiccaacageaccggeaccctggagric
gagctggtgtacgceegteaacaccacceagacgatctecaagitccgtgticgeggaccicteectetggticaagggectggaggacceegaggagt
acctecegeatgggcttcgaggtgtccgegtectecticticetggaccgegggaacageaaggtgaagticgtgaaggagaacccectacticaccaac
cgeatgagegtgaacaaccageccttcaagagegagaacgacctgtectactacaaggtgtacggcttgctggaccagaacatcctggagcetgtact
fcaacgacggcgacgtcgtgtccaccaacacctacticatgaccaccgggaacgceectgggcerccgtgaacatgacgacgggggtggacaacctgt
tetacatcgacaagttccaggtgegegaggteaagtgact TAAGACGCCCGCGCGGCGCACCTGACCTGTTCTCTCG
AGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCTGGCG
CCCCGCCGCCCGGTTTCTCGCCCTCGCGCGCCGCCGCCGCCCCGCGGGCGCATTGAAATTGTT
GCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATG
ACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCG
CGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCC
TGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGTgcagcageageteggatagtatega
cacactctggacgcetggicgtgtgatggactgttgeccgecacactigetgectigaccigtgaatateectgecgetittatcaaacagecteagigigitty
atctigtgtgtacgegcttitgcgagtigetagetgetigtgctatitgcgaataccacccccageatecccttccctegtttcatatcgettgeateccaaccg
caacttatctacgcigtcctgctatcccteagegcetgetectgetectgeteactgeccctegeacagectiggtttgggctccgecigtatictcctggtact
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SEQID
NO:

Sequence

geaacctgtaaaccageactgceaatgctgatgeac, gggaagtagtgggatgggaacacaaatggacctaggaaataacaatca|GGC CGA C|

AGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGC TGGTTAI

GTGATTCCGCAACCCTGATTTTGGCGTCTTATTTTGGCGTGGCAAA CGCTGGCGCCCGCGAGCCGG|
GCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGG TCA|

GTTGAAGGGCTITACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGA CGTGC|

AWGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCA GGTCCGTGTC|
ATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATTCTTCATCAAAAACGCCTGA GA|

CACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTTGTTCCTTCCC CCCGZ1
GGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGC TTCGTGTGCTCA|
GGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCA
GCTATTTCCTCTTCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTA
CGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCC

AGGGTTTGGGACGGGCCGTCCCGAAATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAA
TTTATGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGAT|
TTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCA
GCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACATTTCA TTGTGGTGCGAAGCGTCCCCA|
GTTACGCTCACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCACAGGC CGGTCG{
CAGC( ]A TGtcggcgctaacgaaacttctgggtetgecgtocticctgttttcagictttgtitictactggtecctacccatctitgecatetictaccgta
fcegcettcgectegetgggeaagegeaacgacatgetggactgggeccgcetecctegtggggtictttcgggigacgctitigeaggeaggegaacag
gglcigtacaagggaggcccttgectataccigtgeaaccaccgctctigggecgactictitgtcgacgectacctaacggagggtegegetgecctg
atgagccgctggcetigigtacttegtgttcceggigtictgtacctegigeatgatcctgaagggtatagicctgtttaagegegggaccatcgeggacaa
ggaggcgtttaacgectggetggaccggaccctgggigactcteacgicectggectectggtetacceggagggacaceggageaccaagcectace
fcgcetgeccttgaagegaggceatgetgeactacgegeattcecggaagcetgecagitccaggicategteacgegeggeaaagacgaggteatgtecg
agaaaggccagtecgtteacttcggecgeacctgegteacgacctictccaaggtectcaagecagecgactacccgaactitgaggcectititcgecg
acctecaggcetacctgggacgectgetgggeagecacctacggectgaaggaccigaagggegigecgegctictegatgecctetecccaggcetta

cacgtacagcegccaagacctgggeacageaactggegatcacgcetegigtcgategtggitttgeggecgteigttacggcetectggegtggecttge

cgeagcecctegetgecacgggtgetgegeaacaggiccgeggecageaacageaacageaacageaacagegecgacggegecteagetectct
gggggatgggecgagggicgeggegeecaggecgggggacgeciccagigggacgggggegactgggggcggigggiggegeigecceigice

ctggaggtggtcacggtectictggetgegtgggteggaggcagegtgctecaggtecttcctg TAGttaattaagcageageageteggatagtatega
cacactctggacgctggtegtotgatggactgtteccgccacactigctgecttgacctgtgaatatccctgecgcettttatcaaacagectcagtgtotttgat
cttgtgtotacgegettttgcgagttgctagetgettgtgctatttgcgaataccacceccageatecececttecectegtttcatatcgettgeatcccaaccgeaa
cttatctacgctgtectgctatcectecagegetgcetectgetectgetcactgeceetcgeacagecttggtttegggctecgectgtattetectggtactgeaac
ctgtaaaccageactgeaatgetgatgeacgggaagtagtgggatgggaacacaaatggaagegtetgegtgttgggagetggagtegtggacttgac
gacggcegetgeagetcttgeaggatgtgectggegtgegegttecacgtegtggetgagaaatatggegacgaaacgttgacggetggggeegge
gggctgtggatgccatacgeattgggtacgeggecattggatgggattggtaggettatggagggataatagagtttttgtcggatccaacgeatg
ttgatgcagtageccggtgtgetgaaagtatggaaggatggtgcattggetattcacatgegetgeccaccecttttcgeaggaaatgtgecggea
tegttggtgcaccgatggggaaaatcgacgttcgaccactacatgaaaatgtatacctctgaagatgcageaactgegggtgegaaacggataa
cggtttggtaggtgtatgtcgcageatgtgctggattttgcgggcaacteccectgecacggeccattgcaggtgtcatgttgactggaggatacga
acttteggecgtcaaatteccagaggaggaccececectetgggecgacattgtgeccactgetetteegettgetgtticetgtgtgaaattgt

[0229] The construct can be written as

S’DAOI1Db::CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO3: ChsLPAAT2:CvNR::3’ DAO1b.

Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from

CHK22 that permit targeted integration at the DAO1b locus via homologous recombination,

the C. reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene

(conferring the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text.

The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while

the coding region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is
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indicated by uppercase underlined text followed by a linker. The P. moriformis PmAMTO03
promoter, indicated by the boxed italicized text, drives the expression of the ChsLPAAT2. The
initiator ATG and terminator TGA codons of the ChsLPAAT? are indicated by uppercase, bold
italics, while the remainder of the gene is indicated by bold italics. The C. vulgaris nitrate
reductase 3'-UTR is indicated by lowercase underlined text followed by the CHK22 DAO1b
genomic region indicated by bold, lowercase text.

[0230] Table 19 shows the fatty acid/TAG profiles of six primary transformants of CHK22
transformed with pCHK786. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 19: Screen of primary transformants of CHK22 with pCHK786.

FAME Profiles TAG Profile
Sampl m/z 577/603
AP 012:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 alpha | C20:0 | C20:1 ?
(OP:00)
f’ICHKmG 006 | 1.64 | 2211 | 343 | 5743 | 12.61 0.55 032 | 026 1.56
pZCHK786 006 | 1.63 | 2158 | 3.52 | 5671 | 14.04 0.55 004 | 027 1.99
p3CHK786 0.06 | 1.80 | 2604 | 282 | 5577 | 9.53 0.57 007 | 161 150
HK7
I_’f 861 004 | 148 | 2514 | 293 | 5891 | 9.00 0.49 025 | 025 158
f’5CHK786 0.04 | 147 | 2492 | 310 | 59.00 | 8.98 0.48 029 | 027 1.50
pGCHK786 006 | 1.60 | 2173 | 335 | 57.88 | 12.90 0.55 004 | 031 1.60
CHK2Z | 04 | 152 | 2643 | 297 | 5876 | 7.88 0.44 025 | 023 1.53
Control

Example 11: Expressing Chlamydomonas incerta LPAAT2 (CiLPAAT2) in P. moriformis
strain CHK?22.

[0231] C. incerta CiLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK787 contained 5’ and 3’ homology arms to permit targeted integration of
CiLPAAT? into the genome and is shown in Table 20.

Table 20: Integrative sequences for the transformation of P. moriformis with pCHK787
encoding CiLPAAT?2.
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SEQID
NO:

Sequence

10

gctettecgettgeccgeacectegttgatetgggagecctgegeagececttaaatcatetcagtcaggtttctatgttcaactgagectaaaggge
tttcgtcacgegecacgageacacgtatatcggctacgeagtctctcagaageggtagaacagttcgcaagecctegteggtcgaaaacttgegee
agtactattgaattaaattaaatgatcgaatgagacgcgaaacttttgcagaatgcecactgagtttgcccagagaatgggagtggegecatteace
atccgectgtgcacggectgattcgecgagacgatgaatggegagaccagggageggcettgegagececgagecggtagecaggaataacggte
gacaatcttcctgtecaattactggcaaccattagaaagagecggagegegttgaaattetgcaatcgagtaatttttcgatgeggegggectget
gaaccctaaggetecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtetcaagcacaaaccccagecttagtttcgaga
ctttgggagatageggcagatatctagtttggeattttgtatattaattaagtctegcaatggagegetetgatgeggtgcagegteggetgeagea
cctggeagtggegetggggtegecctategeteggegeetggteagetggetecegectectgeggegegedCTTTCTTGCGCTATGA]
CACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA|
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGC|
GAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA
[TATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCG]
CTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACAJA TGectgctgeaggect
tcctgttectgetggecggcticgecgecaagatcagegcectecatgacgaacgagacgiccgaccgecccctggtgeacttcacccccaacaaggyg
ctggatgaacgaccccaacggcecetgtggtacgacgagaaggacgccaagtggcacctgtacticcagtacaacccgaacgacaccgrcrggggga
cgececettgtictggggecacgecacgteegacgacctgaccaactgggaggaccageccatcgeeatcgeeccegaagegeaacgactccggcegee
tictceggctecatggtggtggactacaacaacacctecggcticticaacgacaccatcgacccgegecagegcetgegtggecatctggacctacaa
caccccggagteccgaggagceagtacatctcctacagectggacggceggctacaccticaccgagtaccagaagaaccccgtgcetggecgecaact
ccacccagticcgegacccgaaggtctictggtacgagecctcccagaagtggatcatgaccgeggcecaagicccaggactacaagatcgagatct
actcctecgacgacctgaagtectggaagcetggagteegegticgecaacgagggcticcicggcetaccagtacgagtgecceggectgatcgaggt
ccececaccgageaggaccecageaagtectactgggtgatgticatcteccatcaaccecggegeceeggecggeggctecticaaccagtacttegteg
geagcttcaacggcacccacttcgaggcecticgacaaccagtcccgegtggtggacttcggeaaggactactacgcecctgeagaccticttcaacacc
gacccgacctacgggagcgecectgggceatcgegtgggectcecaactgggagtactcegecticgtgeccaccaacccectggegctecteecatgteect
cgtgegceaagttctecctcaacaccgagtaccaggceecaacceggagacggagcetgatcaacctgaaggecgagecgatcectgaacatcageaacg
ccggeeectggagecggticgecaccaacaccacgtigacgaaggcecaacagcetacaacgtcgacctgtccaacageaccggeaccctggagtic
gagctggtgtacgcecgtcaacaccacccagacgatctccaagtecgtgticgeggaccicteectetggticaagggectggaggacceegaggagt
acctecgceatgggcttcgaggtgtcegegtectecticttcctggaccgegggaacageaaggigaagticgtgaaggagaacccectacttcaccaac
cgeatgagcgtgaacaaccagccecttcaagagcegagaacgacctgtcctactacaaggtgracggctigetggaccagaacatcctggagctgtact
fcaacgacggcegacgicgigtccaccaacacctacttcatgaccaccgggaacgceectgggcetecgtgaacatgacgacgggggtggacaacctgt
tctacatcgacaagttccaggtgegegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCTCTCG
AGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCTGGCG
CCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCGCGGGGGCGCATTGAAATTGTT
GCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATG
ACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCG
CGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCC
TGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGTgcagecagceagctcggatagtatcga
cacactctggacgctggtegigtgatggactgtigecgecacactigetgectigacctgtgaatatecctgecgctittatcaaacagecteagtgigtitg
aftctigigigtacgegcttitgegagtigctageigcetigigetatttgecgaataccacccccageatccccticcctegtttcatatcgetigeateccaaccg
caacttatctacgctgtectgcetateccteagegcetgetectgetectgeteactgeccctegeacagecttggtttgggctecgectgtatictectggtact
geaaccigtaaaccageactgeaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatcaGGCCGA ( 1
WGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGC TGGTTAI
GTGATTCCGCAACCCTIGATTTTIGGCGTCITATTTIGGCGTIGGCAAACGCTGGCGC CCGCGAGCCGG|
GCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCCCGGG TCA|
GTTGAAGGGCTITACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGA CGTGC|
AGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCA GGTCCGTGTC|
WTCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATICTTCATCAAAAACGCCTGA GA|
CACTTGCCCAGGATTGAAACTCCCTGAAGGGACCA CCAGGGGCCCTGAGTTGTTCCTTCCCCCCGﬂ
GGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGC TTCGTGTGCTCA|
GGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCA
GCTATITTCCTCTTCACGAGCTGTAATTGTCCCAAAATTICTGGTCTACCGGGGGTGATCCTICGTGTA
CGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCC
AGGGTTTGGGACGGGCCGTCCCGAAATGCAGTTGCACCCGGATGCGTGGCACCTTTTTTGCGATAA
TTTATGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGAT|
TTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCA
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SEQID
NO:

Sequence

GCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACATTTCATTGTGGTGCGAAGCGTCCCCA|
GTTACGCTCACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCA CAGGCCGGTCd
CAGC( ]A TGtcggctctgacgaaacttctggggcticccagctitetgtictcagtgticgtgtittactggtecctgecgattttigecatectataccge
aftcgcttigegagectgggeaagegeaacgacatgctggactgggegegegegttagicgggtitttccgegtgacgcetgttacaggetggegagea
gagcctgtacaaagggggtecgigecictaccigigeaaccateggicgtgggctgactictitatcgacgectacctgacggagggccgggccgcege
tgatgtcgcggiggctegigtactitgtctttcctgtgtictgcacctectgeatggtettgaagggcategtectgticaagegeggtacaatcgeggacaa
ggaggccticaacgettggetcgaccggacccteggegacagcecatgigeecggectectggtetacecggagggacaccgetecaccaagectge
gtcactgecgcetecaagaggggeatgetgeactacgeteactececgeaagceteecggtgeaggteattatcacacggggtaaggacgaggtectgagt
gagaagicccaatcgglgeacticggecgeacctgegtgacgaccttitcgaaggitgatcaageccteggacticcccaacttcgaggcegiictitgee

gatctccaggeaacctgggacgegggctggacggecacctacggectgaaggacctcaagggcegteccecgatitcteccatgeccagecegeagge
gtacacgtactcaagcaagatgtgggcegeageaactggegateaccctittcageattccggtctttgeaggcegictgctacggtageiggegegicttg
getgeecgegetggetgecacgggtgecgceteaacaggtggicaccctegecttagetggetgggtgggaggcteggtegctgeggagetttctig TAGt
taattaagcagcagcagcetcggatagtatcgacacactctggacgetggtegtote
gecgcettttatcaaacagectcagtgtgttteatettgtgtgtacgcgcttttge gagttgctagctgcttgt,qctatttgc gaataccacccccagcatccccttc
cctegtttcatategettgeatecccaaccgeaacttatctacgetgtectgetatecctecagegetgetectgetectgetcactgecectegeacagecttggtt
tgggctecgectgtattetectggtactgcaacctgtaaaccageactgeaatgetgatgcacgggaagtagtgggatggeaacacaaatggaagegtet

gegtgttgggagetggagtegtgggcttgacgacggegetgeagetettgecaggatgtgeetggegtgegegttcacgtegtggetgagaaatatg
gegacgaaacgttgacggetggggecggegggetgtggatgecatacgeattgggtacgeggecattggatgggattggtaggcttatggaggg
ataatagagtttttgtcggatccaacgcatgttgatgcagtageccggtgtgctgaaagtatggaaggatggtgcattggctattcacatgegetge
ccaccccttttcgcaggaaatgtgecggeategttggtgcaccgatggggaaaatcgacgttcgaccactacatgaaaatgtatacctctgaagat
geagcaactgegggtgcgaaacggataacggtttggtaggtgtatgtcgcageatgtgetggattttgegggcaacteccectgecacggeccatt
geaggtgtcatgttgactggaggatacgaactttcggecgtcaaattecccagaggaggaccecctetgggecgacattgtgeccactgetettecg

cttgctgtttectgtgtgaaattgt

[0232] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO03: CiLPAAT2:CvNR::3’DAO1b.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK22 that permit targeted integration at the DAO1b locus via homologous recombination,

the C. reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene
(conferring the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text.
The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while
the coding region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is
indicated by uppercase underlined text followed by a linker, indicated by lowercase, bold italics.
The P. moriformis PmAMTO03 promoter, indicated by the boxed italicized text, drives the
expression of the CiLPAAT2. The initiator ATG and terminator TGA codons of the CiLPAAT?2 are
indicated in uppercase, bold italics, while the remainder of the gene is indicated in bold italics.
The C. vulgaris nitrate reductase 3'-UTR is indicated by lowercase underlined text followed by
the CHK22 DAO1b genomic region indicated by bold, lowercase text.

[0233] Table 21 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK787. P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in the lipid

production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
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transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 21: Screen of primary transformants of CHK22 with pCHK787.

FAME Profiles TAG Profile
Sample C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 alpha | C20:0 | C20:1 m/z 577/603
(OP:00)
?ICHK787 0.06 | 1.59 | 21.37 | 3.80 | 56.59 | 13.98 0.55 027 | 027 213
P2CHK787 005 | 155 | 2151 | 325 | 5793 | 1201 | o061 030 | 028 1.55
f’?)CHK787 006 | 156 | 2221 | 3.60 | 5726 | 1269 | 052 027 | 028 1.95
PRHETST | 004 | 146 | 2558 | 315 | 5881 | 853 | 046 | 026 | 025 1.59
?SCHK787 006 | 154 | 2136 | 3.69 | 5717 | 1354 | 053 029 | 030 221
P6CHK787 006 | 155 | 2240 | 3.84 | 5760 | 1216 | 051 003 | 029 2.04
pCHK787 | 005 | 165 | 23.19 | 3.06 | 57.86 | 11.70 | 056 004 | 026 1.53
HK22
¢ 004 | 152 | 2643 | 297 | 5876 | 7.8 0.44 025 | 023 1.53
Control

Example 12: Expressing Volvox africanus LPAAT2 (VaLPAAT2) in P. moriformis strain
CHK?22.

[0234] V. africanus VaLPAAT2 was introduced into a P. moriformis strain CHK22. The
expression construct pCHK788 contained 5’ and 3’ homology arms to permit targeted integration
of VaLPAAT? into the genome and is shown in Table 22.

Table 22: Integrative sequences for the transformation of P. moriformis with pCHK788
encoding VaLPAAT?2.

SEQID
Sequence
NO: d
11 getetteegettgeccgeaccectegttgatetgggagecetgegeagecccttaaatcatetcagtecaggtttetatgttcaactgagectaaaggge

tttcgtcacgegeacgageacacgtatatcggetacgeagtetctcagaageggtagaacagttegeaagecctegteggtegaaaacttgegee
agtactattgaattaaattaaatgatcgaatgagacgcgaaacttttgcagaatgcecactgagtttgcccagagaatgggagtggegecatteace
atccgectgtgcacggectgattcgecgagacgatgaatggegagaccagggageggcettgegagececgagecggtagecaggaataacggte
gacaatcttcctgtecaattactggeaaccattagaaagagecggagegegttgaaattetgcaatcgagtaatttttcgatgeggegggectget
gaaccctaaggetecggectatgtttaaggegatecaagatgeacgeggecccaggeacgtgtctcaagecacaaacceccagecttagtttcgaga
ctttgggagatagceggcagatatctagtttggcattttgtatattaattaagtctegeaatggagegetetgatge, cagcgteggetgcagea
cctggcagtggcgctggggtcgccctatcgctcggcgcctggtcagctggctcccgcctcctgcggcgcgcchTTTCTTGCGCTATGA
CACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA|
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGC|
IGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA|
[TATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCG]
CTAAGGGGGCGCCTCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTGTACA]ATGctgctgcaggcct
tcctgttectgetggecggceticgecgecaagatcagegcectecatgacgaacgagacgtccgaccgecccctggtgeacttcacccccaacaaggg
ctggatgaacgaccccaacggcecetgtggtacgacgagaaggacgccaagitggcacctgtacticcagtacaacccgaacgacaccgicrggggga
cgececettgtictggggecacgecacgteegacgacctgaccaactgggaggaccageccatcgecatcgeccegaagegeaacgactccggegec
tictccggcteeatggtggtggactacaacaacacctccggcticticaacgacaccatcgacccgegeecagegetgegtggecatctggacctacaa
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SEQID
NO:

Sequence

caccceggagtecgaggagceagtacatctectacagectggacggeggcetacaccttecaccgagtaccagaagaacceegtgetggecgecaact
ccacccagttcegegaccegaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtecccaggactacaagatcgagatct
actcctecgacgacctgaagtectggaagcetggagtecgegticgecaacgagggcticctcggctaccagtacgagtgecccggectgategaggt
ccececaccgageaggaccecageaagtectactgggtgatgticatctecatcaaccecggegecceggecggeggctecttcaaccagtacttegteg
geagcttcaacggeacccacttcgaggcecttcgacaaccagtecegegtggtggacticggeaaggactactacgecctgeagaccticttcaacacce
gacccgacctacgggagcegecctgggeatrcgegtgggectecaactgggagtactcegecticgtgeccaccaaccectggegctectecatgteect
cgtgegeaagtictcectcaacaccgagtaccaggecaacccggagacggagctgatcaacctgaaggecgagecgatcctgaacatcageaacg
ccggceecectggagecggticgecaccaacaccacgtigacgaaggcecaacagctacaacgtecgacctgtccaacageaccggceaccctggagtic
gagctggtgtacgecgtecaacaccacccagacgatctccaagtecgtgticgeggaccteteectetggticaagggectggaggaccecgaggagt
acctcegeatgggcttcgaggtgtecgegtectecticttcetggacegegggaacageaaggtgaagticgtgaaggagaaccectacticaccaac
cgeatgagcgtgaacaaccagcccttcaagagcegagaacgacctgtectactacaaggtgtacggctigetggaccagaacatcctggagctgtact
fcaacgacggcgacgtcgtgtccaccaacacctacttcatgaccaccgggaacgccctgggctecgtgaacatgacgacgggggtggacaacctgt
tctacatcgacaagttccaggtgegegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCTCTCG
AGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCTGGCG
CCCCGCCCCCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCCCCGGGGGCGCATTGAAATTGTT
GCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATG
ACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCG
CGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCC
TGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGTgcagcagceageteggatagtatega
cacactctggacgcetggiegtgtgatggactgttgeccgecacactigetgectigaccigtgaatatcectgecgcetittatcaaacagecteagigigitty
atctigtgigtacgegcttitgcgagtigctageigetigtgctatitgecgaataccacceccageatecccttcectegtttcatatcgetigeateccaaccg
caacttatctacgctgtectgctatcccteagegcetgetectgctectgcteactgecectegeacagectiggtttgggceteccgectgtattctectggtact
gcaacctgtaaaccageactgeaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatcaGGCCGA C
AGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTGC TGGTTA|
GTGATTCCGCAACCCTGATTTTGGCGTCTTATTITIGGCGTGGCAAA CGCTGGCGCCCGCGAGCCGG|
GCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGAGCGCC CGGGTCA|
GTTGAAGGGCTITACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGGTGGAATTGGA CGTGC|
AGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACCGGTGTATCA GGTCCGTGTC|
ATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGATICTTCATCAAAAACGCCTGA GA|
CACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAGGGGCCCTGAGTIGTTCCTICCC CCCGZ1
GGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGGCTGGCGGGAAAATAGGC TTCGTGTGCTCA|
GGTCATGGGAGGTGCAGGACAGCTCATGAAACGCCAACAATCGCACAATTCATGTCAAGCTAATCA
GCTATTTCCTCTTCACGAGCTGTAATTGTCCCAAAATTCTGGTCTACCGGGGGTGATCCTICGTGTA
CGGGCCCTTCCCTCAACCCTAGGTATGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCC
AGGGTTTGGGACGGGCCGTCCCGAAATGCAGTTIGCACCCGGATGCGTGGCACCTTTTTTGCGATAA]
TTTATGCAATGGACTGCTCTGCAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGAT|
TTCGTAATCATTCGTCCTGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCA
GCGTCCACTTTTGTGCACACATTCCATTCGTGCCCAAGACATTTCA TTGTGGTGCGAAGCGTCCCCA|
GTTACGCTCACCIGTTITCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCACAGGC CGGTCd
CAGC( ]A TGagcgteatccggaaggceccteagectgeccagcettcctgtictecgtgticgictictactggtecctecectictttgetattatetaccg
tatccgctteatcaacgteggeaagegeaacgacatgctggactgggegaaggcegcetggtegegtitticcatgicaccgtectcaageagggegaga
tgacgctgtaccgeggtggecgcetgictgtacctgtgecaaccaccgcetectgggecgactttttcatcgacacctacctgaccgagggtegigeegeget
catgtccegetggcetggtgtactttgtgticcecgicttttgecagceteggtaategicctecgtggeategtectgttcaagegeggecacatigegaataag
gaggcgtttaacgcatggctggatgtgacgctcggeaagtcgacagtccccggectectggigtacccagagggteaccgtagectgaageccacct
ccetgeeectgaaacgeggeatgcetgeacttcgectacteccggaagceteccggtecaaattategigacgegtggeaaggaagaggtgcicteccga
gaagactcigtcggegegcetggggeaggacactggiggteacctictcgeacgtecteaagecgtecgactacgattcgticgatgegttittcgatgac
afccagceataagtgggacgctigetggaagtecagetatgacaageccacggegggegigecagaactctecatgaagggggegeacgagtacga
ctacccccgeageatgtggtggcetgeaactgggeatgaccectaatgtcgategteatctigatcggggtgatgigggggicctgggtcgegetgegeac
gggectggecgtectcggggecgeacageaaccegtggticigtgegecgeggtetggatcggegectecatgetecgegecttetteTAGttaatta
agcagcagcagcetcggatagtatcgacacactctggacgctegtegtgtgatggactgttgccgecacacttgctgecttgacctgtgaatatccctgccge
ttttatcaaacagectcagtgtgtttgatettgtetotacgcgcttttgcgagttgctagetgcttgtectatttgcgaataccacccecageatcecctteccte
ttcatatcgettgcatcccaaccgeaacttatctacgetgtectgctatecctecagegetgctectgctectgetcactgeccctegeacagecttggtttgooct
cegecetgtattetectggtactgeaacctgtaaaccageactgeaatgetgatgecacgggaagtagtgggatgggaacacaaatggaagegtetgegtgtt
gggagctggagtegtgggettgacgacggegetgeagetettgeaggatgtgectggegtgegegttcacgtegtggetgagaaatatggegacg
aaacgttgacggctggooccggeggoctgtgoatgecatacgeatiggaotacgeggccattggatggoattggtagecttatggagasataata
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SEQ ID

NO: Sequence

gagtttttgtcggatccaacgcatgttgatgcagtageceggtgtgetgaaagtatggaaggatggtgcattggetattcacatgegetgeccacee
cttttcgcaggaaatgtgecggcategttggtgcaccgatggggaaaategacgttegaccactacatgaaaatgtatacctetgaagatgcage
aactgcgggtgcgaaacggataacggtttggtaggtgtatgtegcageatgtgctggattttgegggcaacteceectgecacggeccattgecagg
tgtcatgttgactggaggatacgaactttcggecgtcaaatteccagaggaggaccecctetgggecgacattgtgeccactgetettecgettget
gtttectgtgtgaaattgt

[0235] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO3: VaLPAAT2:CvNR::3’ DAOIb.
Proceeding in the 5’ to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK22 that permit targeted integration at the DAO1b locus via homologous recombination,

the C. reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene
(conferring the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text.
The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while
the coding region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR is
indicated by uppercase underlined text followed by a linker, indicated by lowercase, bold italics.
The P. moriformis PmAMTO03 promoter, indicated by the boxed italicized text, drives the
expression of the VaLPAAT?2. The initiator ATG and terminator TGA codons of the VaLPAAT2 are
indicated by uppercase, bold italics, while the remainder of the gene is indicated by bold italics.
The C. vulgaris nitrate reductase 3'-UTR is indicated by lowercase underlined text followed by
the CHK22 DAO1b genomic region indicated by bold, lowercase text.

[0236] Table 23 shows the fatty acid/TAG profiles of six primary transformants of CHK22
transformed with pCHK788. P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in the lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMES for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 23: Screen of primary transformants of CHK22 with pCHK788.

FAME Profiles TAG Profile
Sample | 150 | C14:0 | C16:0 | C18:0 | C18:1 | C182 | CI8:3alpha | C20:0 | C20:1 mgéf,?gg?
f’lCHKm 005 | 1.60 | 22.85 | 3.53 | 57.65 | 11.64 |  0.50 029 | 028 1.76
?2CHK788 005 | 1.55 | 21.80 | 370 | 57.40 | 1285 |  0.53 029 | 028 1.76
f’SCHKm 005 | 161 | 2372 | 319 | 5712 | 1172 | 054 0.04 | 039 1.96
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PRHRTSS | 006 | 162 | 2168 | 388 | s661 | 1371 | 055 | 003 | 031 1.96
f’SCHK788 005 | 1.58 | 2435 | 3.27 | 57.83 | 10.37 0.47 029 | 027 1.68
PEHETSS | 006 | 155 | 2186 | 361 | 5760 | 1288 | 052 | 004 | 031 1.86
T2 004 | sz | 2643 | 297 | 5876 | 788 | 044 | 025 | 023 1.53

[0237] As the transformants of CHK22 expressing CrLPAAT?2 produced the higher OP:OO ratio,

the percent identity (%) of all the amino acid sequences across the entire LPAAT protein was

compared against that of CrLPAAT?2. The results are shown in Table 24. The resulting phenotype
of expressing these LPAATs in CHK?22 is indicated with the m/z (577.5/603.5) OP:00 ratio; the
OP:0OO0 ratio shown in the rows of PmLPAAT1 or PmLPAAT? represents the analytical results of

the non-transgenic line CHK22.

[0238] In some embodiments, a microalgal cell provided herein comprises an exogenous gene

that encodes for an LPAAT in Table 24. In some embodiments, the exogenous gene can comprise

a sequence with at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%,

at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to a LPAAT in

Table 24.
Table 24: OP:0O0 Ratio
. Identity | m/z (577.5/603.5)
Gene Name Organism GenBank ID (%) OP:00
CILPAAT2 Chlamydomonas XP_001699586.2 100.0 3.45
reinhardtii
CILPAAT2 Chlamydomonas incerta KAG2426747.1 89.8 2.21
ChsLPAAT2 Chiamydomonas KAG2454274.1 77.2 1.99
schloesseri
VaLPAAT2 Volvox africanus GIL63906.1 69.2 1.96
NoLPAT3 Nannochloropsis BAW99691.1 7.6 1.6
oceanica
SI11848 Synechocystis sp WP_010873224.1 17.7 1.60
CILPAATI Chiamydomonas XP_042921325.1 15.5 1.59
reinhardtii
EcPIsC Escherichia coli HBN6599230.1 10.5 1.59
VcLPAAT2_98847_V1 Volvox carteri_98847 XP_002957774.1 47.5 1.58
BnBAT2 Brasscia napus NP_001302928.1 14.1 1.57
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. Identity m/z (577.5/603.5)
Gene Name Organism GenBank ID (%) OP:00
Nannochloropsis
NoLPAT4 . BAW99690.1 11.2 1.55
oceanica
AtLPAAT2_ABG48392 Arabidopsis NP_567052.1 11.7
- thaliana_ABG48392 - ' ’
BnBATI1.13 Brasscia 11.7
. napus_ADC97478 NP_001302981.1 .
Brasscia
BnBATI1.5 napus_ADC97479 NP_001302955.1 10.5
CnLPAAT2 Cocos nucifera Q42670.1 14.4
CosLPAAT2 Coccomyxa XP_005647638.1 472
subellipsoidea
CuPSR23_LPAAT2-1 Cuphea PRS23 LG018472.1 12.2
CuPSR23_LPAAT3-1 Cuphea PRS23 LG018473.1 13.3
CuPSR23_LPAATX Cuphea PSR23 LG018471.1 16.2
Limnanthes
LaLPAAT?2 alba. AAC49185 Q42868.1 13.2
Mortierella
MaLPAAT?2 alpina_AED33305 XP_002501997.1 9.383
Micrommnia
MpLPAAT2 pusilla_XP_002501997 XP_002501997 .1 9.4
OILPAAT?2 Ostreococcus XP_001421357.1 32.8
lucimarinus
Saccharomyces
ScSLC1 .. NP_010231.1 13.2
cerevisiae
PmLPAATI1 Prototheca moriformis N/A 84 1.54
PmLPAAT2 Prototheca moriformis N/A 32.1 1.54

[0239] Table 25 shows the amino acid sequences of LPAATSs described in the Examples herein.

FIG. 3, Panels A-C illustrate amino acid sequence alignments of the amino acid sequences of
LPAATS described herein, including EcPIsC (SEQ ID NO: 22), OILPAAT2 (SEQ ID NO: 63),
PmLPAAT?2 (SEQ ID NO: 24), CosLPAAT2 (SEQ ID NO: 64), CrLPAAT?2 (SEQ ID NO: 13),
ChsLPAAT?2 (SEQ ID NO: 14), CiLPAAT?2 (SEQ ID NO: 15), VaLPAAT2 (SEQ ID NO: 21),

VcLPAAT?2 (SEQ ID NO: 20), NoLPAT4 (SEQ ID NO: 17), NoLPAT3 (SEQ ID NO: 16),
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PmLPAAT1 (SEQ ID NO: 23), S111848 (SEQ ID NO: 19), BnBAT2 (SEQ ID NO: 18), and
CrLPAAT1 (SEQ ID NO: 12). The consensus sequence is reflected in SEQ ID NO: 157.

[0240] In some embodiments, a microalgal cell provided herein comprises an exogenous gene

that encodes for an LPAAT in Table 25. In some embodiments, the exogenous gene can comprise

a sequence that encodes for an enzyme with at least 50%, at least 60%, at least 70%, at least

80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%

sequence identity to a LPAAT in Table 25. In some embodiments, the exogenous gene can

comprise a sequence that encodes for an enzyme with at least 50%, at least 60%, at least 70%, at

least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to any one of SEQ ID NO: 12-24, 63, and 64.
Table 25: LPAAT Amino Acid Sequences

SEQID
NO:

LPAAT

Sequence

12

CrLPAATI1

MARKSSLAQAAIERKPVLLRPQLNVPRMSGITALPMERRPLPVA
PSPSAKPELPARSALVCHAAAASVPLPNSDSAPQPNVLLAKIRAI
MFFAWSFLLSLPLFVTMMVMAPLVLAFDKYRRLAQHFVNNLW
ACASTAPFYKVTIGRENLPPPDKPVVYVANHQSFLDIYSLFHLQ
RPFKFISKTSNFLIPHIGWSMFLTGHVMINRVDRRSQLKCLQQCR
DLLAEGAPVLFFPEGTRSLDCKMAGFKKGAFSVAAKAGVEVVPI
TLLGTGSLMPSGKESQLRPGQVTIVVHKALPPNKNADQLCDAA
ROQAVASSLPPELVGSATEMAPDEQ

13

CrLPAAT2

MSVLTKWLGLPSFLESVFVFYWSLPIFAILYRIRFASLGKRNDML
DWARALVAYFRVTLLQAGEHTLYKGGPCLYLCNHRSWADFFID
AYLTEGRAALMSRWLVYFVFPVFCTSCMILKGIVLFKRGTIADK
EAFNAWLDQTLGSSHVPGLLVYPEGHRSTKPASLPLKRGMLHY
AHSRKLPVQIVVTRGKDEVLSEKSQSVHFGRTCVTTFSKVLKSA
DYPNFEAFFTDLQATWDSCWAATYGLEDLKNVPRFSMPGPQAY
SYSSSMWVQQLAITLVSILVFAGVCYGSWRGLAAALAATGAAQ
QVVALVLAAWVGSSVLRSFL

14

ChsLPAAT2

MSALTKLLGLPSFLFSVFVFYWSLPIFAIFYRIRFASLGKRNDML
DWARSLVGFFRVTLLQAGEQGLYKGGPCLYLCNHRSWADFFV
DAYLTEGRAALMSRWLVYFVFPVFECTSCMILKGIVLFKRGTIAD
KEAFNAWLDRTLGDSHVPGLLVYPEGHRSTKPTSLPLKRGMLH
YAHSRKLPVQVIVTRGKDEVMSEKGQSVHFGRTCVTTFSKVLK
PADYPNFEAFFADLQATWDACWAATYGLKDLKGVPRFSMPSPQ
AYTYSAKTWAQQLAITLVSIVVFAAVCYGSWRGLAAALAATGA
AQQVRGQQQQQQQQQRRRRLSSSGGWAEGRGAQAGGRLQWD
GGDWGRWVALPLSLEVVTVLLAAWVGGSVLRSFL

15

CiLPAAT2

MSALTKLLGLPSFLFSVFVFYWSLPIFAILYRIRFASLGKRNDML
DWARALVGFFRVTLLQAGEQSLYKGGPCLYLCNHRSWADFFID
AYLTEGRAALMSRWLVYFVFPVFCTSCMVLKGIVLFKRGTIAD
KEAFNAWLDRTLGDSHVPGLLVYPEGHRSTKPASLPLKRGMLH
YAHSRKLPVQVIITRGKDEVLSEKSQSVHFGRTCVTTFSKVIKPS
DFPNFEAFFADLQATWDAGWTATYGLKDLKGVPRESMPSPQAY
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SEQID
NO:

LPAAT

Sequence

TYSSKMWAQQLAITLFSIPVFAGVCYGSWRVLAAALAATGAAQ
QVVTLALAGWVGGSVLRSFL

16

NoLPAT3

MWGLLWKHMTLRLLFVSVCLVTSSIGANMMALALFLVIRPESR
SLYRRLVSQCVACMWIDALSLLLPGTNIHIAADSDMPDGITAGIV
VANHQYEGDWWFMLMVARFLGLHGNVKIIVREGLKKIPLLGW
LVRLVEYPFISSSWSLSRTNLFGLLRSFNADDFPVLLFQFPEGDRI
DAKVRQQSLAFAAKEQRPHLLHVLLPRTTGFNTCIEALRTSHPP
VYDMTIAIPGTTGQPSSSSSSSSPSAAAAAASPSAGAAAAAAAAS
NTSTNPSSNPPSSSSTDTSPAAAAAAAADAAAAESHDASLFHTFL
RFCNGEGPRDVHIRLKRYSLNDVLADPHWLDTKWAEKDRVLT
YFSRHACFPAPLPPHMANGGGSTQTHGGRGGPRGPAGSHAVVG
AAGNAQYLRSENSRKFKAETSFLALARLLLTPLCLPLLLLMACP
LMTLYVCVSTVRRWLGEEIVFSPGGREGGREGDAVYESVNWSV

17

NoLPAT4

MSGPADARGPARVSDTIIGAPDRHHVGLTILVALLLSAFCFCEFF
MLPVAMALLPVPGTTSRKLLRRWEGLVAKTWLSFGGWLLENV
GGVKLILTGDSILPGDRVLILSNHRTRIDWMFLWCWAARFDLLS
SYRVILKSSLRTFPWWGWGMSLCLFPFIHRGSNNRDADLTRIEHI
CQYLSELGVPNSLILFPEGTDLSQSNQKRDRDYALAKNLPIYHN
VLHPRSGAFIASLTAMRPHLDAVVDLTIGY VDYTPGERPSELSLL
KGRLPHEVHINMKRWDIKTTPLLRENPSDRAEQFLRESFDRKEA
LLTAFYSNNTDTSGGGLKQTSSLLVSSSSSPFSNSSAPLGFPSFSSP
STSVASSYNEPVYVHNAHWTYGKGLLGTGIAMALVLMLACCLP
AVAFCGYSIVVFLLFVTVNSVWEGFDTLELNLAVWWGGQAGQ
TKQE

18

BnBAT?2

MDVASARGVSSHPPYYSKPICSSQSSLIRIPISKGCCFARSSNLITS
LHAASRGVTRRTSGVQWCYRSIRFDPFKVNDKNSRTVTVRSDLS
GAATPESTYPEPEIKLSSRLRGICFCLVAGISAIVLIVLMIIGHPFVL
LFDRYRRKFHHFIAKLWASISIYPFYKTDIQGLENLPSSDTPCVYV
SNHQSFLDIYTLLSLGQSYKFISKTGIFVIPVIGWAMSMMGVVPL
KRMDPRSQVDCLKRCMELVKKGASVFFFPEGTRSKDGRLGPFK
KGAFTIAAKTGVPVVPITLMGTGKIMPTGSEGILNHGDVRVIIHK
PIYGSKADVLCEEARNKIAESMNLLS

19

S111848

MDSEINHRGGLSAPRPRETSLNLALYRGLKWGVVRPLLHGLFQ
AQVYGQELVPTRGPALVVSNHASYFDPPFLSCAMARPVAFMAK
EELFNVPLLGPAIRLYGAYPVKRGSGDRGALRAALTALGDGWL
VGVFLEGTRTKDGRIHQPKLGAAMIAAKAQVPIIPVSLGGVEQIF
QPGSPWPHPVPLTIRIGKAIAPPVKNRKPELEAVTKACQAQIHEM
LDLGRD

20

VcLPAAT2

MSVPSKALSLPSFLFSVFVFYWSLPLFAIIYRIRFANVGKRNDML
DWWMVFFAFPVFCTSVLILRGIVLFKRGHIADKELLKSDAVVV
MVVMVVATVVQAFNVWLDATLRKSTVPGLLVYPEGHRSLKPR
SLPLKRGMLHFAFSRHLAVQLVITRGKEEVMSEKTCSARWGRT
LVINYSKVCAGGRWGGVIKPTDFDSFDAFFNEIQTTWDACWQL
SYHQPIAGVPRLSLKDAHEYDYPPSMRWLQLGVTLLSIVILAAV
LYGSWVVLRAGVLSLGSSVTQQAVVVLGGAGGWLGLSLLRSFL

21

VaLPAAT2

MSVIRKALSLPSFLFSVFVFYWSLPFFAITYRIRFINVGKRNDMLD
WAKALVAFFHVTVLKQGEMTLYRGGRCLYLCNHRSWADFFID
TYLTEGRAALMSRWLVYFVFPVFCSSVIVLRGIVLFKRGHIANK
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SEQID
NO:

LPAAT

Sequence

EAFNAWLDVTLGKSTVPGLLVYPEGHRSLKPTSLPLKRGMLHF
AYSRKLPVQIIVTRGKEEVLSEKTLSARWGRTLV VTFSHVLKPSD
YDSFDAFFDDIQHKWDACWKSSYDKPTAGVPELSMKGAHEYD
YPRSMWWLQLGMTLMSIVILIGVMWGSWVALRTGLAVLGAAQ
QPVVLCAAVWIGASMLRAFF

22

EcPIsC

MLYIFRLITVIYSILVCVFEGSIY CLFSPRNPKHVATFGHMFGRLAP
LFGLKVECRKPTDAESYGNAIYIANHQNNYDMVTASNIVQPPTV
TVGKKSLLWIPFFGQLYWLTGNLLIDRNNRTKAHGTIAEVVNHF
KKRRISIWMFPEGTRSRGRGLLPFKTGAFHAAIAAGVPIIPVCVST
TSNKINLNRLHNGLVIVEMLPPIDVSQYGKDQVRELAAHCRSIM
EQKIAELDKEVAEREAAGKYV

23

PmLPAATI

MAREGLDSVETADGGAKPENGAGEDVREGRSSPSDEDEALPAE
LEGLYPPEAPIHGPVDAGFAERVMTLQAKHDLAGKGDALLKGT
LEETTQLRLRKGEAGSEAGPAGSGSLYELARSSPFIDLQHPIDAY
ELAKMVFLAPLFLFRALILLVLVASAYLSVMVMFHVLPAGAHG
LYPGRDALAQLLIHRCCPILLFLSGFYHIPIKGAENIQKAKEARSI
VIFNHLSYVDPAVLLCLMPLSGIAKAGVARIPFIGPLGVALRWLF
VERRGSSDRSNPHTLKGDPIDAIRARRADHSAPLLVMAPEATTK
AQQCLLKFRRGAFTSGCPVTPVLIRYRFRHFNPAWGLCRSTPLH
VYRLLVQPVNHVSLEVLPPYFPDEQETKDWTRFASNVRVRMAQ
ALQAPMVEQGIAEERRLLKAGVTTDLAGSRIIFRRKVAEQATSP
RKRD

24

PmLPAAT2

MTLAASIKLALRWPLFLLSMALLYWSVVVGSLGGYIKFLDLKSE
QRGDLFAWSVAIKQAFGIRVLRVGKRDVYRGKCMYLVSWGM
MAVVFPLFMIALRAMRAVLVFNRGQIPDKEKFNNWIDKELANT
PQTGLAVYPEGHRSVLSDSLPLKRGMLHYAYSRKMTVQCIICAN
KEAVLSEKYQVARWGQTVWAGYSDPINAADFDSFEAFMTTVQ
STWDTLWKEVYGADPTGLPDLEMDDPVLDTPAHLRYAVSASV
VLVDVVFFLVLWFGARFAIWATSPLGPLRGYLLFAAILTVVASF
VVYSEPENSVAYNARKHQRRAAADPNRVRATGASISDKPAGVA
PPTDLVAHSVKDVTGDSLLVDGELDSKKDA

63

OILPAAT2

MAPVFALSFQLSIFASTDGARVDRRARRSPGFEWGKFMTRSVAN
ARFKLAPGSGTLAREKRRTVWLCNHRAWSDFFLDIYLTEGRAFT
MSRMLVAYAFPLFMVPAMVCGVVFGFKRDAGDKEKLNAALD
AHFDAFGGEFAGMVCYPEGTRNVRENSMPLKRGMLRYAHSRK
MAVQCVCTARKERVFSSHLTCAERGLALPVYFAEVIHAEDYPDF
EDFYNEIRSRWDNAWSAANGVSAAEAESLPDYTPREHVVRCTP
RHDAVIVSSALLTVLGVALTWRACSKLL

64

CosLPAAT2

MGVLEKIQTLPAFFLGVFFLYWSLPLAALMNKVKFLKLAGKRN
DAYGWGVALQQLFGVTMLRLPGPQLANPCGPIFLSNHRSWAD
FYLDVVATEGNAQMLSRMAVALVFPMFMGAVCVIRSVILFQRG
RNHEKEAFNNMIDRKMAASPVDGLIVYPEGHRSTLRHSLPLKRG
MLNYAYIRKIPVQVIFCNAVLCLL

Example 13: Expressing Volvox carteri f. nagariensis LPAAT2 (VcLPAAT2 V2) in P.

moriformis strain CHK22.
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[0241] VcLPAAT2 V2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK967 contained 5’ and 3’ homology arms to permit targeted integration of
VeLPAAT?2 V2 into the genome and is shown in Table 27.

Table 27: Integrative sequences for the transformation of P. moriformis with pPCHK967

encoding VeLPAAT2 V2.

SEQID

NO: Nucleotide Sequence

25 getettecgettgeccgeacectegttgatctgggagecetgegeageeccttaaatcatetcagteaggtttetatgttcaactgagectaaagggetttegte

acgcgeacgagceacacgtatatcggetacgeagtetctcagaageggtagaacagttcgecaageectegteggtegaaaacttgegecagtactattgaat
taaattaaatgatcgaatgagacgcgaaacttttgecagaatgccactgagtttgcccagagaatgggagtggcgecattcaccatccgectgtgcacggect
gattcgecgagacgatgaatggegagaccagggageggcttgegagececgagecggtageaggaataacggtcgacaatcttcctgtccaattactgg
caaccattagaaagagccggagegegttgaaattctgcaatcgagtaatttttcgatgeggegggectgetgaaccctaaggetccggectatgtttaagge
gatccaagatgeacgeggeeccaggeacgtgtctcaageacaaaccecagecttagtttcgagactttgggagatageggeagatatctagtttggeatttt
gtatattaattaagtctcgcaatggagegetetgatgegatocagegteggctgecageacctggeagtgacgctggestegecctatcgeteggegectgg
tcagetggetceegeetectgeggege gcc|CTTTCTTGCGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCT|
GCGAGACGGCTTCCCGGCGCTGCATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTT(
GGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCC
GATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACT
TCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTT
TCAGTCACAACCCGCAAACTGTACA|ATGctgctgcag geetteetgttcetgetggeecggettcgecgecaagatcagegecte
catgacgaacgagacgtcegaccgeceectggtgeacttcacceccaacaagggetggatgaacgaceccaacggectgtggtacgacgagaaggac
gccaagtggeacctgtacttccagtacaacccgaacgacacegtetgggggacgeccttgttctgggaccacgecacgtecgacgacctgaccaactgg
gaggaccageccatcgecategecccgaagegeaacgactecggegectteteccggetecatggtggtggactacaacaacacctecggettettcaac
gacaccatcgacccgegecagegetgegtggecatctggacctacaacaccecggagtccgaggageagtacatetectacagectggacggeggcta
caccttcaccgagtaccagaagaaccecgtgetggecgecaactecaccecagttccgegaccegaaggtettetggtacgagececteccagaagtggat
catgaccgeggecaagtcccaggactacaagatcgagatctacteetcegacgacctgaagtectggaagetggagtecgegttcgecaacgagggctt
ccteggetaccagtacgagtgecccggectgatcgaggteeccaccgageaggaccecageaagtectactgggtgatgttcatetecatcaacceegge
geeeecggecggeggctecttcaaccagtacttegtcggeagettcaacggeacceacttcgaggecttcgacaaccagtecegegtggtggactteggea
aggactactacgeectgeagaccttcttcaacaccgacccgacctacgggagegeectgggeategegtgggectecaactgggagtacteegecttegt
geecaccaaccectggegetectecatgteectegtgegeaagtteteectcaacaccgagtaccaggecaacceggagacggagetgatcaacctgaa
ggeegageegatectgaacatcageaacgecggeecctggagecggticgecaccaacaccacgttgacgaaggecaacagcetacaacgtegacctgt
ccaacagcaccggceaccctggagttcgagetggtgtacgecgtcaacaccacccagacgatctccaagteegtgtticgeggacctetecctetggttcaa
gggectggaggacceccgaggagtacctecgeatgggettcgaggtgtecgegtectecttettcctggaccgegggaacageaaggtgaagttegtgaa
ggagaacccctacttcaccaaccgeatgagegtgaacaaccageccttcaagagegagaacgacctgtectactacaaggtgtacggettgetggacca
gaacatcctggagetgtacttcaacgacggegacgtegtgtccaccaacacctacttcatgaccaccgggaacgecctgggetecegtgaacatgacgacg
ggggtegacaacctgttctacatcgacaagttccaggtgcgegaggtcaagtgact TAAGACGCCCGCGCGGCGCACCTGACC
TGTTCTCTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATC
GTCTCTGGCGCCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCGCGGGGGCGCATT
GAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAG
GTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCC
AGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGCTTGCCATCGAATGTGAGCGG
GCGGGCCGCGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCC
CTGTAGCCTGAAGACCAGCAGGAGACGATCGGAAGCATCACAGCACAACCGGtgeageageageteg
gatagtatcgacacactctggacgetggtegtgtgatggactgttgecgecacacttgetgecttgacetgtgaatateectgecgettttatcaaacagecte
agtgtgtttgatcttgtgtgtacgegcttttgegagttgetagetgettgtgetatttgecgaataccacceccageateeccttcectegtttcatategettgeate
ccaaccgceaacttatctacgetgtectgetateectcagegetgetectgetectgetcactgeecctegeacagecettggtttgggetecgectgtattetect
ggtactgcaacctgtaaaccageactgcaatgetgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatc aaagctlﬁ 5G(]
ICGACAGGACGCGCGTCAAAGGTGCTGGTCGTGTATGCCCTGGCCGGCAGGTCGTTGCTGCTG
CTGGTTAGTGATTCCGCAACCCTGATTTTGGCGTCTTATTTTGGCGTGGCAAACGCTGGCGCC
CGCGAGCCGGGCCGGCGGCGATGCGGTGCCCCACGGCTGCCGGAATCCAAGGGAGGCAAGA
GCGCCCGGGTCAGTTGAAGGGCTTTACGCGCAAGGTACAGCCGCTCCTGCAAGGCTGCGTGG
TGGAATTGGACGTGCAGGTCCTGCTGAAGTTCCTCCACCGCCTCACCAGCGGACAAAGCACC
GGTGTATCAGGTCCGTGTCATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGCCCTAGA|
[TTCTTCATCAAAAACGCCTGAGACACTTGCCCAGGATTGAAACTCCCTGAAGGGACCACCAG]
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SEQID
NO:

Nucleotide Sequence

GGGCCCTGAGTTGTTCCTTCCCCCCGTGGCGAGCTGCCAGCCAGGCTGTACCTGTGATCGAGG
CTGGCGGGAAAATAGGCTTCGTGTGCTCAGGTCATGGGAGGTGCAGGACAGCTCATGAAACG
CCAACAATCGCACAATTCATGTCAAGCTAATCAGCTATTTCCTCTTCACGAGCTGTAATTGT(]
CCAAAATTCTGGTCTACCGGGGGTGATCCTTCGTGTACGGGCCCTTCCCTCAACCCTAGGTAT]
IGCGCGCATGCGGTCGCCGCGCAACTCGCGCGAGGGCCGAGGGTTTGGGACGGGCCGTCCCGA|
AATGCAGTTGCACCCGGATGCGTGGCACCTTTTITGCGATAATTTATGCAATGGACTGCTCTG
CAAAATTCTGGCTCTGTCGCCAACCCTAGGATCAGCGGCGTAGGATTTCGTAATCATTCGTC(
TGATGGGGAGCTACCGACTACCCTAATATCAGCCCGACTGCCTGACGCCAGCGTCCACTTTTG
[TGCACACATTCCATTCGTGCCCAAGACATTTCATTGTGGTGCGAAGCGTCCCCAGTTACGCTC]
ACCTGTTTCCCGACCTCCTTACTGTTCTGTCGACAGAGCGGGCCCACAGGCCGGTCGCAGCCG
IGTAC|ATGagcgtcccttcgaaggeectgtecctgeccetegtttetgttetetgtetttgtgttctactggtegetgeegetetttgegattatctacegtate
cgettcgecaacgteggeaagegeaacgacatgetggactgggcgaaggecctggtegettttttccgegtgacggtgctgaageagggegagatgtee
ctctaccgtggaggecgetgectgtacetetgtaaccatcgetectgggec gactttttcattgatacctacctcaccgagggecgegeggecectgatgteee
gatggatggtctttttcgectttecggtgttetgeacctetgtectcatectgegeggeategtectgticaagegaggecatatcgeggacaaggagacgge
gtecgetgeaacccattgaggaggctttcaacgtetggetecgacgegacectecgeaagtecacegtgeegggectectggtetacceggagggccateg
gteectcaageececgeteectgecgetgaagegeggaatgetgeacttegetttetetcgecaccetggetgtecaactgattatcacgegaggtaaggagg
aggtgatcaagccgacggatttcgactecttcgacgegtttttccaggaggtgcagacgacctgggacgectgetggeagetcagetaccaccageccac
ggagggegtgecgegectgagectcaaggatgegeacgagtacgactaccegeectegatgtggtggctgcaactgggegtecacectectgtegattgt
getectggeggeegtgetgtacggetectggctggtectgegegetggcatectgtecgetgggatctageggcacccaacagacgeategetacgtgage
gacgtcectgacctegatcaactgaccgecectccaggagttcatgggectgecgggegacgtggacceteccaggactacgetgacgtececgageggeg
catgacgetggtectggacctggtggtcggecggacggaggagagegegaagggctgttgccagaagaagegegeggtetttgagatctcecegetace
gegactacgeggeectgtgecacggagggctegeaggtgatgeacgecctggacggegtgatcacggacctgageaacgggacctgegactcgacgg
agtctgtggagegtatcagegeectgeecgetgaggeegteggggagacgggteteggagggcgegegacggctgctcaactacattagetttttcggca
cececgeteggegagggegegtggcaggcctgecgeacggtgatggaccgacgegetegegetgectecatectegacgageccttcacectggagga
ggtggctecgegeggtgggcgggctcccgaacggeaaggegeacggectggaggtggeccegagegagtgetaccgetacgeecgectgeeeegtgt
ggacgagcagggecgecagggeaccgaggtcaactgeategtecceggtectgeatgtgetgetecgeecatatccgeaccacgggegacttcececcaac
agtttacgaagacggtggtcagecctattctgaagaagggcgaccegetggtcgegggcaactactggggaatcgecgteggtggegecttcgecaagt
gttacgegteggtgattctcaaccgactegtecgegegggegagacgctggacctecggeaccectgecaagegggcttecgectegggtttggaaceg
cgeatcacctgttegtgaageageaccetggtgeggegacgtegetcgggegggtgecccgeectgegetgteggegeetgeecegeegg TGAcacg
ccegegeggegeacctgacctgttetctcgagggegectgttctgecttgegaaacaageecctggageatgegtgeatgategtetetggegeecegee
gegeggtttgtegeectecgegggegecgeggecgegggggegeattgaaattgttgcaaaccecacctgacagattgagggeccaggeaggaagecg
ttgagatggaggtacaggagtcaagtaactgaaagtttttatgataactaacaacaaagggtcgtttctggccagegaatgacaagaacaagattccacattt
cegtgtagaggcttgecatcgaatgtgagegggegggecgeggacccgacaaaacecttacgacgtggtaagaaaaacgtggegggeactgteeetgt
agcctgaagaccagcaggagacgatcggaageatcacageacaaccggtatcgatagegtetgegtgttgggagetggagtegtggecttgacgacgg
cgetgeagetettgecaggatgtecctggegtecgegttcacgtegtggctgagaaatatggegacgaaacgttgacggctggggecggegggctgtega
tgccatacgceattgggtacgeggecattggatgggattggtaggcttatggagggataatagagtttttgtcggatccaacgeatgttgatgecagtageecg
gtetectgaaagtatggaaggatggtgcattggctattcacatgegetgeecaccecttttcgecaggaaatgtgecggeategttggtgcaccgatggegaa
aatcgacgttcgaccactacatgaaaatgtatacctctgaagatgcagcaactgecgggtecgaaacggataacggtttggtaggtgtatgtcgecageatgtg
ctggattttgcgggcaactceccctgecacggeccattgecaggtgteatgtigactggaggatacgaactttcggecgtcaaattcccagaggaggaccce
ctetgggecgacattgtgcccactgetetteegettgetgtttectgtgtgaaattgt

[0242] The construct can be written as

S’DAOI1Db::CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO3: Ve LPAAT2 V2:PmPGH::3’ DAO1b.

Proceeding in the 37to 3/ direction the bold, lowercase sequences represent genomic DNA from

{CHEZZ that permit targeted infegration at the BAQOTD locus via homologous recombination,

the C. reinhardni B-tubulin promoter driving expression of the yeast sucrose invertase gene

{contferring the ability of CHKZ2Z o metabolize sucrose) is indicated by boxed uppercass Xt

The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while

the coding region is indicated 1 lowercase tlalics. The 2 moriformiz PePOGH 3-UTR is
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wdicated by uppercase underlined text that eoables amplification of the VeLPAATE V2 gene,
followed by a linker, indicaled by lowercase, bold italics, in which contains a € vidgaris nitrate
reductase 3-UTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized text,
drives the expression of the Vel PAATZ V2. The initiator ATG and terminator TG A codons of the
CrLPAAT2 V2 are indicated in uppercase, bold italics, while the romainder of the gene is
wchicated in bold dalics. The £ moriformis PmPGH 3-UTR 13 ndicated by lowercase underiined
text followed by the CHKZ22 DADGTH genomic reginn indicated by bold, Iowercase text.

[0243] Table 28 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHKO967. P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28°C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMES for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 28: Screen of primary transformants of CHK22 with pCHK967.

FAME Profiles TAG Profile
Sample | 150 | c14:0 | c16:0 | c1s:0 | c1s:1 | cis2 311138}1: C20:0 | C20:1 mfé:;/g?
fl’CHK967' 005 | 162 | 21.57 | 3.00 | 5833 | 1272 | o061 | 028 | 0.1 1.55
IZ’CHK967' 005 | 161 | 2449 | 275 | 5906 | 964 | 056 | 026 | 0.09 1.45
I;CHK%% 005 | 164 | 2282 | 3.13 [s883 | 1112 | 056 | 031 | 010 1.53
ZCHK967' 005 | 1.50 | 2240 | 326 | 5898 | 1126 | 057 | 030 | 0.10 1.57
PCHET 1 006 | 168 | 2250 | 331 | 5805 | 1191 | 060 | 030 | 010 1.57
g?{iﬁ 004 | 156 | 2648 | 3.06 | 5893 | 7.50 | 047 | 027 | 007 1.56

Example 14: Expressing Astrephomene gubernaculifera LPAAT2 (AgLPAAT2) in P.
moriformis strain CHK22.

[0244] AgLPAAT2 was introduced into a P. moriformis strain CHK22. The expression construct
pCHK968 contained 5’ and 3’ homology arms to permit targeted integration of AgLPAAT? into
the genome and is shown in Table 29.

Table 29: Integrative sequences for the transformation of P. moriformis with pCHK968
encoding AgLPAAT?2.
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SEQ ID
NO:

Nucleotide Sequence

26

getctiocgetiporcgeaccetoptipaioigggagocoigegeagoecetinaaticatoteagicagetiicintpitoascigageetanagpec
ftteglcacgcgeargageacacgiataicggotacgeagicteteagaageggiagaacagtiogeaagoccicgioggicgasaactigrged
agtaciatigaatinaantianaigaicgasigagacgcgasacitiigragaatgrcacigagtiigocenagagasigegagtpecsccaiteace
atecgeciptecacggenigattogecgagacgaigaaiggogagaceaggpagepgcligegagoccegageocgptageaggaaianrggic
gacastoitecigiconntiacigpesaccatiagaaapagocggagegepitpanasitotipeantogastanititicgatgcggrgegoeciset
gaacortaaggoicepgoctatgittanggogatcenagaigoacgeggececaggeacgigivicaageacanacoccagecitagiiiognga
cittggragaiageggoagataiciagitiggoatitiginiatiantiaagictogeantpgagegeicigaigngpipoagegiegpoigeages
cotggeagteregcggastegeeciategetegeegectgpicngetgsoiccegeotectgegregegedCTTTCTTGUGCTATG A
CACTTCCAGCAAAAGOTAGGGCGGOUTGUGAGACGGUTTCCCGGUGUTGLATGCAACACCG A|
FOATGCTTCCACCCCOCOAAGOTCOTTCGOOGCTGUATGHGCOCTCCGATGOCOUTCCAGGGY
GAGCGOUTGTTTAAATAGCCAGHGOCCCCCGATTGUAAAGACATTATAGCGAGUTACCAAAGCC A
EATTCAAACACCTAGATCACTACCACTTICTACACAGGUCACTCOAGCTTGTGATCGCACTCCY
ETAAGGGGGCGCCTCTTICCTCTICGTITCAGTCACAACCCGCAAACTGTALC AJA Tietgetge

fCCtgIToCtgCig R ggetic gCogrCaagaicage go i Caigae gaas gagacgiocgis

corctggtgeaoicaecoocaa

CIgEaIgaargacerCaas gRCCggRiC gaCcgagaag gUCECCuagig §CacCiglaiicCagiGraaccgnacgaraccgiciggggsa

£

HAHSAE
COCEGHAZCZOAGOERCICOgECEoC
gocagegigegiggeeaiciggaeciacad

FIICCUGRaERGreCegigrisge

Lageeeatcgeeat:

RCHACCCLC,

U ZIACaIC ChGet

FCCECEATCC QNG RICTICI G RTAC QURCUCICCR AL IERICAIZUCCECEEUCHAGICCORLQuCTRCAL Ui gugarct
IEGONgUIERAZICC U GHCSOrRuCEALEect tATCgLE Rt

CCCOACCENECHZEATCOCAEeaagroctart g eigalgicaiciocaicauCcoCg gt gUCERCRECICCeauecugion
QUGECHICHACZ ECACCoaciicgaggs QUCCAICCCEULIERIZRACHICEgraa geaoiactac g
GUCCCZACCIACE GRALCECCCIEZECHIC g0 g QOCTCCaauif geagiacicegrelic glgrerareaarocct gge goreciveat gioect
CRIGOROAUHCICOCTOQUCHOCZagIaeCagEeeaaoce §Eagucs guglgaicaarci guuggocgageeguictigaacuicageaacy
CCLERUCCCIEZAZUCERIICQCCarCaueacCargiigaeguageccaalagoiacaae e guect gICeagea oo g geaceeiggagiie
KRR QU ICAaLard
GCCICCRUAEZE EUIIC USRI ICORCgIeCtoctiCiioCiguoCg g gRanicageaag gt guagHc §Igan o gaaccellucticacease
CRCAIGUZCZIG 100G ECCCTICAa QU e gUgaaTgaccigleCtactacauggigracg et goiggace cageigract
(COQCQLUERCRGLEICYIZICCQUCRUCHTTIaCHICHZOCCaCCEZERAUECCCIE ERUICCQIQUACRI SLUUSHTCE SRR KIS RUraucctgl
teracaregacaagiiccaggizegegag grenagtsactTAAGACGCUCOCGUCGUGLACCTCACCTGTTICTILTCS
AGGGUGLCTETICTGUCTTIGLGAAACAAGUCUCTGUAGCATGCOTOCATOATCOTCTOTGGLG
CCCCGCLGLCCOOTTTOTCGCCCTCGLGGHCGLCCCGHCCECCEEHLOCHGUATTGAAATTIGYET
GCAMACCCCALCTGACAGATIGAGOGCUCAGGCAGGAAGGLGTTGAGATOOAGGTACAGGA
GICAAGTAACTOAAAGTTITITATGATAACTAACAACAALAGOGTCOTTICTGGCCAGCGAATG
ACAAGAACAAGATICCACATTICCGTGTAGAGGUTTGCUATCGAATGTGAGCGGLOGGGLCS
COOACCCOACAAAALCOTTACGACHTGGTAAGAAAAACGTIGOCGOGCACTEICOCTGTAGCD
TOAAGACCAGCAGGAGACGATCOHGAAGCATCACAGCACAACCGGIgeageageagoicgpalagtaicgac
aeaeiciggpacecigefogigigaigeactgtigregeoaeactigetgocigacotgigaaiairecigocgeifituicanacagocivagigigtfiga
fofigtgtgtac ge g g egagiigeiagrigoligfgCiatligeganiacearcce cageatecocficeclegitic aiaicgetigoaicceaaca ge
aactigictaogoigtooigeiaicocieagegoigoiecigeiodigoicaeigeocciogeaageeBygiitggpoiecgecigtattefociggtaciy
cageciglanaceagoacigeanigoigaigeacgegaagiagigggaiggeancacaauiggacclaggaaiiagcantcaaag oo (Z‘d
GACAGGACGOGUGTCAAAGGTGUTGGT TGCCCTGGCCGGUAGGICGTIGUTGITGT E’GG|
FTAGTGATI COGCAACCCTGATTTT GGUGITTTATT T GGOGTGGUAAACGCTGGOGCOCGIGA Gd
CCGGLCGGCGGCGATGCGGIGCCCCACGG TG OCGGAATCCAAGGGAGGCAAGAG LG O GGc‘;ﬂ
PCAGITGAAGGGUTTTACGUGUAAGGTACAGUCGCIUCTG CAAGG LT GUGT GGIGGAATTGGA LGl
FGCAGGICCTGCTGAAGTTCCTCCACCGOCT CACCAGOGGACAAAGCACCGGTGTATCA GG'['CCGH
L CTAAAGAGUTCGACTACGACUCTACTGATGGOUCTAGATTCTIUATCAAAAACGU T
AGCGATTGAAACTCUCTGAAGGGACCACCAG GGG CUT GAGITGTICCTITCCCL
CGTGGUGAGCTGCCAGCUAGGUITGTACCTGIGATCGAGG UG GCGGGAAAATAGGCITCGIGTG
FCAGGITUATGGGAGGTGCAGGACAGUTCATGAAACGOUAACAATCGUACAATICATGTCAAGUTAA
FCAGCTATTICCTCTTCACGAGUTGTAATIGICCCAAAAT T CTGGTCTACC GGG GEIGATCUTTICG]
GIACGGGCOCTICCCT CAACCCTAGGTATGUGUGCATGOGGTCG UGG CAACT UGG CGAGGH
COCAGGGTTTGGGACGGGUUGICCCGAAATGCAGITGCACC CGCGATCGUGTGGCACC T TN GO
WIAATTTATCGUAATGGACTGCTUTGCAAAA T CIGGITCTGICGCCAACCUTAGGAT CAGCHGOGTA
GGATTTCGTAATCATTUCTCCTOATGGLGAGCTACCUACTACCCTAATATCAG U CCGACTGCOTTA (,1

O
e

CCCAEAC QUICICCQugICCigiic g eg aociclec o ig gHicaa g g grcig eag faccerguggagt

CEACGIC

|

81-




WO 2025/096830 PCT/US2024/053965

SEQ ID
NO:

Nucleotide Sequence

CCCAGOCTCCACTTTIGTGCACACATT CCATICGTGUCUAAGACATTTCA Ti‘(}l’(i{'}?‘(}()(}f%,ﬁi{}'C(;’T(j
CCCAGTTACGCTCACCTGTTICCCGACCTUCTTACTGITCTGICGACAGAGCHGG G CCCACAGLUCH
GTOGUAGCIGETA 1'214 Flzctgigreigtacogtiv ggcc'g:?mtcmattctcmiag{ftfe_gtgcrggsgtrmtcxgcz‘m‘trtctg SECELE
CHC SRR gIg I g S P A UL e C I S Cane SR g 8 IO CE IR CRU IR CIZICIQCICUC CR UOR ZORIZ L AR B LH

gerogaaggicdigucgiicocegegiiceicigeicogigifoglgticiaoiggiogolgediatofiigo gaioafitaregoaicrg gifg e ganc g
ERRGRECECaNCgalal gl g LA gE g gaaivgCig gIc R Rtic il e gigue S lc ClgangRag L e guatle e eCigiaee gegeag

BEROSIZCCIgIRCCIgisCaaeaU e S L g RS Ruiliciaic g oot cigae geagegeesgResEecciguigivgegeisglys
gigtucitegigiiccocgigfifiginegiogisociguiocigegegscuicgigeigticangeggegoaceqic goigacaagguggeeficaacicl
IS I ERIgCCaU g g eI g IO ulgig e e gL g o iU CIgEICH U CC SR UL ERCOQUC LI CCigRUZCOIge g gUigLegeiguages
CRECHIECIRCHCINC IR CEeaauicoCigICuguivQiiaic Qe g g G S UL ERE FICCIFICCSUZNGZCSRRIgROCgic
cgelfcggeeggacgelggigacgeagiicieenaggioalegageegggecanitcgocageiicgaogegiifivicggoegigoagagodcsity

BRRCPUZIgClEgCRC LR ECCICRECEC BB CUCHUCCICZUCECCCCECC UG IO CUC e CACOCUC ERREe gaciaeceg gee

cgepigegecigeaacaggeegogaivacgeigtivageniggiogtgcipgoiggopteciggosggcicgisgegsgeggrogeescegic TA

{Fracgoncgeecgrepcaceigaceialicioicengrococeigticiocciigronaacaascoceiggagcatosetosataaicotoiciorcaes
COECCECECH ct{tomwcawc;ogs,zfct,oc;" cogesggrececatigaaatiztigaancoocacctiacagatiga eroeceagRearga
tgecarcyantiaa

aggesiteagntoeaortacargagicaagtanctanagtittiatoatancinacancasagentog acpagnacaagatics
acatitcegigfagagrctiincoatcgaataiyancrercrgsccgegraccopacaaaaconiinacgacstrgtaagaaaaacatyecgrecactolc
cotgragectgaagaceageaggagaceatorgaarcatcacarcacaaccegiategatagegictigzegigtigrgageiggagicgigogetiga
cgacggegeigeageiciigraggalgigectggogigegegticacgivgigrolgagaaniaigrogacganacgtigacggolgggaccsy

cgggeigtgoaigecatacgealtggriacgegrocaiicgatooratioriagociiaigingreaiastagagitttigtesoatecancgeat
gtigatgragiagoceggigtgcigaangiaigraaggaigmigratigreiaticacatgegotgeccaccectiitfogragganatgigzocgee
ategitgotgeacogatpggraaaatcgacgticgaceaciacaigaaagigtataccicigaagatgeagraactgegegizczaaacggaia
acggittggiaggiziatgicgeageaigigoiggatiitgeggaraaciocoecigecacggoecatigeaggigicaigligaciggagaatacy
ascitteggecgicaaaitfcocagaggaggacceostetggaocgacatigigoecacigetoticogeitgetgtitectgizigaaatigs

[0245] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO03:AgLPAAT2:PmPGH::3’DAO1b.
Proceeding in the 5" to 3" direction bold, lowercase sequences represent genomic DNA from
{CHK 22 that permit targeted infegration at the BAQG T locus via homologous recombination,

the C. reinhardni B-tubulin promoter driving expression of the yveast sucrose invertase gene
{conferring the ability of CHKZZ o metabolize sucrose) is indicated by boxed uppercass okt
The inttiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while
the coding region is indicated 1 lowercase ilalics. The & moriformis PPOH 3'-UTR s
mdicated by uppercase underlined toxt that enables amplification of the AgLPAAT? gene,
followed by a linker, indicaled by lowercase, bold italics, in which contains a € vidgaris vitrate
reductase 3-UTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized text,
drives the expression of the AgLPAATZ. The initiator ATG and termdoator TAG codons of the
AgLFAATY are indicated by uppercase, bold italics, while the remainder of the gene is indicated
by bold italics. The £ moriforsus PoPCGH 3-UTR 13 wndicated by lowercase underhined text
followed by the CHE22 BADTh genomic region indicated by bold, lowercase text.

[0246] Table 30 shows the fatty acid/TAG profiles of primary transformants of CHK22

transformed with pCHK968. The P. moriformis base strain CHK22 is shown as a non-transgenic
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control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 30: Screen of primary transformants of CHK22 with pCHK968.

FAME Profiles TAG Profile
Sample | 150 | c14:0 | C16:0 | C18:0 | Cl8:1 | €182 | C18:3alpha | €200 | C20:1 mééi?gg?
PCHK968-1 | 0.06 | 1.67 | 20.64 | 335 | 5791 | 13.90 0.64 032 | 011 159
PCHK9682 | 0.07 | 2.09 | 1946 | 271 | 51.79 | 21.09 0.82 023 | 0.17 221
PCHK9683 | 0.05 | 159 | 2125 | 349 | 5821 | 12.97 0.59 030 | 0.11 1.83
PCHKO684 | 0.05 | 1.53 | 2067 | 325 | 58.74 | 13.26 0.57 031 | 0.11 153
PCHK9685 | 0.05 | 152 | 21.18 | 325 | 5834 | 13.19 0.60 030 | 011 163
PCHKO686 | 0.05 | 154 | 24.14 | 328 | 53.66 | 9.94 053 030 | 008 164
CHK22 004 | 156 | 2648 | 3.06 | 5893 | 7.59 0.47 027 | 007 1.56
Control

Example 15: Expressing Edaphochlamys debaryana LPAAT2 (EALPAAT2) in P. moriformis
strain CHK?22.

[0247] EALPAAT2 was introduced into a P. moriformis strain CHK22. The expression construct
pCHK969 contained 5’ and 3’ homology arms to permit targeted integration of EJLPAAT?2 into
the genome and is shown in Table 31.

Table 31: Integrative sequences for the transformation of P. moriformis with pCHK969
encoding EdLPAAT?2.

SEQ ID .
NO: Nucleotide Sequence

27

goicticogetigeecgeaceeiogtigaliciggoapoocigogeageoncitaanicatcicagicagpittotatgiicancigagorinanggee
sticgtoacgepeacgageacacgialatoggaiargeagivicicagangeggiagaacagificgoangeeetogicggioganaaciigeges
agtaciatigasitaaniianatgatoganigagacgoganactitigeagantgeoncigagitigeocagaganigggagiggegoraiicace
ateegectgigeacggectgaticgeegagacgaigaatpgegagaceagggageguetigogageercgageeggtageazoaatancggte
zacasiciiccigtveaatiactggoaaceatiaganagageeggagegegtigaanticigeasicgagiaatititogaigogocggaontact
gaatcciaagaetvoegroctalighiiaagaopaticangaligeacgegaorcoagaoacgigicioaagoacaaatccoagectiagitiogaga
sttigronpatagegocagatatoiagitizocatitigiataitaatiaagicicgoanigyagopetvigatgcggtocase g;cggdamw a
ectggeagtsg cgc&gﬂgg,tcvcutatcgcmr;,q,utz,ggte,avctggg,uwcvcautg,gggycge.gtd( THTC I‘FUC 3
CACTTCCAGCAAAAGGTAGGGUGGHGUTGUGAGACGGUTTCCOGGCGUTGUA
FOATGCTTCGACCCCCCGAAGCTCOTTCOGOGOTGUATOGGGUGITCCGATGCOGUTCT
GAGOGCTGTTTAAATAGCCAGGUCCCCGATTGUAAAGACATTATAGCGAGCTACCA A&A(x{,( A
FPATTCAAACAUCTAGATCACTACCAUTTCTACACAGGUCCACTOGAGCTTGTGATCGCACTOCG
( FAA(:U(:(;QL(:(,{ TCTTCCTCTTIOGTTTCAGTCACAACCCGCAAACTGTAL ALAU{n tgcrg mqg< o7
4 e CClecatgacgadacgagacgic & A
sigge
uyfim ({J;h re

QTG LACCIICHA

GIGCIgECegeeancs
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SEQ ID
NO:

Nucleotide Sequence

CECREGACIACTICECCT

{geagaccitcitfcancac:
eolggoegoiccicearglonct
QCCEACCIZUECAICHZeancy

FCageRRUCEgracCCactic G ECCHOSUCHarCagIeCe gt KL gact

QgHtenag gm{ f fr;m; Gace ;
£ FCTTCGOCUGE
tuCaaggigl feotggagolsiaet
i e QUHCZCCCIZE FCICCLIZRGCHISRCRACE ZQ LRI g acaeccigt
FCHICHIC QUCaQLHCe Agg:gcgcyug gd( Quagrgac TAAGACGOCOGOGCOGCOCACCTGACCTGTICTCTCG
AGGOCOCCTGTTCTCCCTTGCOAAACAAGCCCOCTGGAGCATGOGTGUATOATCGTCIC TGOS
COCCGLCOCGLEOGTITOTCGCCCTCGCOGELGLLGLCGLCGUGHGHGUGCATIUAAATIGTT
GUAAACCCCACCTGACAGATIGAGOGGLCLAGOCAGGAAGGCOTTGAGATGGAGGTACAGGA
GICAAGTAACTGAAAGTTITITATGATAACTAACAACAAAGOOTCGITICTGOCCAGEGAATG
ACAAGAACAAGATICCACATTICCGTGTAGAGGCTTGUCATOCGAATGTCAGLGGLCGOGELG
COGACCCOATAAAMACLCTTACGACGTOGTAAGAALAACGTCGOCCGGUACTOTOCOTGTAGOC
TCAAGACCAGCAGGAGACGATOCGGAAGCATCACAGUACAACCG O tgcagcagoagcieggaiapategas
BCACICIZLACELigRIcgigigaiggucighigocgrogcactigeigecfigacergiganigicecigesgoiitigicagaragecteagigigiifen
iciigtgtotacgegcitiigegagiigeingeigcfiglyciatiigegagtaccacecceagoafceccticectogificaiaicgoiigeatoceaniege
BaCHGICtac goiglec g g cloqge golgolegig oo clgetencigeeoiie geacagec g g e gt groiglatlciocig ginc
caaccigtoaaccagoncigeasteciguiscacggsangiogigeraigsragoacanaisguectogsansinacagicagagcl GG
CCOGCGTCAAAGGYGCTGGICGICTATGOCCTGGUCGGCAGHGTOGTIGOTG TG
CGCAACCCTGATTET (TTPGGOGTGGUAAACG GOGOC CGCGAGd
CGGGCOGGUGGLGATGUGETGOICK A COGCIGUCGGAATOCAAGGGAGG UAAGAGOGLLCG G
FCAGTTGAAGGGCTTTACGOGCAAGGTACAGCOGLTCCT GUAAGGOTGOGTGGTGHAATTGGA (7(}1
PCCAGGTOCTGUTGAAGTICCIC CACCG O CACCAGU GGACARMAGCACTUGGIGEA T(;‘AGGTCCGEI
GICATCCACTCTAAAGAGCTUGACTACGACCTACTGATCGGU CCTAGATIOTTCAT CAAARACGCT
AGACACTTGCCCAGGATTGAAACTOCOTGAAGGGACCACCAGGGGCUCTGAGTIGITCCTTCUCTC
CGTGGUGAGUTGUCAGU CAGGUT G TACCTGTGATOGAGGUTGGUGGHGAAAATAGGUTTCGTGIG
PCAGLPCATGGGAGGTGUAGGACAGCIUATCGAAACGUCAACAATCGCACAATTCATGTCAAGCTAA
FCAGCTATTTCCTCUVVCACGAGCTGTAATTGTCU CAAAATTCTGGICTACUGGGGGTCATUCTIC (,u
GTACGGGOCUTTCCCTCAACCCTAGGTATGCGCGUATGOGGITGCCGLGLAATTCHOG UG,
COGAGGGTTTGGCACGGGUOG T CCGAAATGCAGTIGCACCCGGATGOGTGGUALCT

56

A TAATTTATGCAATGLACTGOICTOCAAAATTCT GO CTOICTU COCAACT CTAGGATCAGIG G (‘YA|
GUATTTCUTAATUATTCOTCCTGATG UG GAGCTACCGACTACCOTAA TA TCAGCCCGACTIHCCTGA]
GCCAGCGTCCACTITIGTGCACACAT T CATICL TCCCAACGACA T CAT TG TGCT G GAAGCGTC 1

CCCAGTTACHGCTCACCTGTTT OO GACTT COTTACTGTI T GTUGACAGALGLGCCCACA GG CL (:|
CTCGCCAGUCOGTAC PG gegataageaagetecteggectocicgecttictgticagagiotic ge gitctartggiecateoccatyety
BURUICQCgTaic ety guiic clgua e Cloggeaagegena e gueaigeiggacigageoegeggaciogloancifitfegetigicaccalifiac
aaggigggogacggeicgeigiacanggsiggofedigeciglarcioigenaecacegolofiggeoggacliiicalcgavaiciacafoac ggay
gepogegsesocaiguigagoegeiggoicgigiifitegigitcootafeiitipoiocgeegiggioacodigaag sgoaltafe dighitaagegegse
aeeatcgeegaeaaggrinagiiioncgoctggoiggucsegaegiggoticgageceggigeeggeonfgoigeiginecoggaggatoncegi
CQUECRAGCCCORCIC QEICTCCLIGUaE L e FCHIFCILLaHACQLRBCAFCLZCRALLIQCCLLICCag g Bl atigres giggeaagea
ACKIGCICI g RARAUZECCAZ QL FEZC AL RO RACL FOAALIGQISUCLAZ I RZCBUZLISUHANZCLLALEgaARIgCgreiegtt
CEACG O gl g R g Rl CaL g R uRI S FACAUZCACIZRLCLZURRCCIICARCYCRCCLRAgreescangeangagorigectege
SICGICCCRQLCOCECQILZIGUERCIAC CCACEFagaige gociggpiaiggefivegigac carglictiegatcticgecticgegggegienigt
BCRRCATCIRCEQCAC LR CECIGI R Qb gl g e IHaC g eR e RCR RUCTALAALZIFOIC FIFaCe FIgelegeecigigeatigggiciggecic
BCCCRERE gﬂfwt"T@G acgocegegegsereaccigaceigiteicicgagracaccigitetocalipegaancaagececion
peatgatesic gocoorergooecratitoicreccicgogporgneacgaocgrgroraocacalivaantigiiocanaccces
figaggecocaggeagrangrcrtigagatoraratacaggagicangiaactgaaagititiatrainactancascaangagiontiteiogecancga
atgiacazgaacaagaticeacattice i Xiaga L ciigeeaic KantelRageerace aacereroacergacasaaccaitacgacgiogiaaran
agacgtgocggpcactpteceigiageetignagaceageaggagacegnicyaapeateacapcacaacegiaicgatagegictgegistinora
geiggagterigroctigacgacggegeizeageicitgeaggatzigeeigsesigrronitfcacgtogignctgazaaataigrcracganac
ghigacggetggrgeeggegggeigigaatzoratacgeatigegiacgeggoeatiggaigrgatigriaggritaiggaggrataatagagit
ittgicggatecaacgeaigtigatgeagiageecgpigizcigasagiatgpaageatgaigeatiggctaticacaigegetgeceaccectiife
vcagffaazatg:gecvg,catwtthtﬁcaccaatvgg,ﬂaaaaicvaegttcffaccactacatgma:stg,iatacctct casgatgeageanciy
roctocosnacgeataacgettizslageiptatuicgeagaigipcigratiifpegepeaaciceecctgecacggeceaitgeaggigtea
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SEQ ID

NO: Nucleotide Sequence

igttgacipgaggniacgaaciticggeegivanatioccagagraggaccoccicigageegacatigigeotantgeicticogotigetglitog
igipigaaniist

[0248] The construct can be written as
5’DAO1b:CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO3: EALPAAT2:PmPGH::3°’ DAO1b.
Proceeding in the 5' to 37 direction bold, lowercase sequences represent genornic DNA from
CHE22 that permit targeted integration at the DAGTH locus via homologows recombination,

the C. reinhardtii B-tubulin promoter driving expression of the veast sucrose invertase gene
(conferring the abiliy of CHEZZ o metabolize sucrose) is jndicated by boxed appercase texk.
The initiator ATG and terminator TAA for invertase are indicated in nppercase. bold italics while
the coding region is fodicated in lowercase #talics. The & moriformis PPGH 3-UTR i
indicated by uppercase underlined text that enables amplification of the FdLFAATZ gene,
followed by a linker, indicated by lowercase, bold italics, in which contains a O vilgaris nitrate
reductase 3-UTTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized text,
drives the expression of the FJLPAATZ, The inttiator ATG and terminator TAG codons of the
EdLPAATZ ave jndicated by pppercase, bold italics, while the remainder of the gene is indicated
by bold italics. The £ moriformis PmPGH 3'-UTR is indicated by lowercase underlined text
followed by the CHK2Z DAGTH genomic region indicated by bold, lowercase text,

[0249] Table 32 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK969. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 32: Screen of primary transformants of CHK22 with pCHK969.

FAME Profiles TAG Profile
Sample | 100 | c14:0 | Cl6:0 | C18:0 | Cl8:1 | C18:2 | C18:3alpha | C20:0 | C20:1 méégg)g(f
PCHK969-1 | 0.05 | 1.58 | 21.56 | 3.58 | 57.99 | 12.96 0.58 025 | 0.12 3.36
pCHK9692 | 0.05 | 1.60 | 2125 | 3.51 | 5737 | 13.94 0.56 022 | 0.12 3.78
PCHK9693 | 0.05 | 1.57 | 2099 | 3.28 | 5855 | 13.11 0.60 032 | 011 153
PCHK9694 | 0.05 | 151 | 2239 | 325 | 59.01 | 11.41 0.56 031 | 0.10 155
PCHK9695 | 0.04 | 1.52 | 2472 | 3.10 | 59.05 | 9.28 0.50 029 | 0.09 154
PCHK9696 | 0.05 | 1.68 | 26.00 | 3.09 | 57.68 | 9.20 0.51 029 | 0.09 2.19
CHiK22 0.04 | 1.56 | 2648 | 3.06 | 5893 | 7.59 0.47 027 | 007 1.56
Control

-85-



WO 2025/096830 PCT/US2024/053965

Example 16: Expressing Dunaliella salina LPAAT2 (DsLPAAT2) in P. moriformis strain

CHK22.

[0250] DsLPAAT2 was introduced into a P. moriformis strain CHK22. The expression construct

pCHKO971 contained 5’ and 3" homology arms to permit targeted integration of DsLPAAT? into

the genome and is shown in Table 33.

Table 33: Integrative sequences for the transformation of P. moriformis with pPCHK971
encoding DsLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

28

geicticegetigeeegeacotegtigatciggangeccigogengeoncitaanicatcicagicaggittotaigiicancigagectaanggye
tticgtoacgegeacgageacacgiatategeclargeagicicicagaagegsiagancagticgeaageoctrgicgstogaaaaciigegee
agtaciatigaatiaaniianatgatopanigagargeganaciitigeagantgcoacigagitigeocagaganiggaagiggegonaiicace
afcegeotgigeasggecigaticgoegagacgaigaatggegagateagggagoggotigegageosegagesgglagoaggantaacggic
gacastciiccigtveaatiactggoaaceatiaganagageeggagegegtignanticigeasicgagiaatititegaigogecggpontget
gancecianggetreggoctaigtiinaggegatreaagatgeacgrgrerceaggeacgigicicaageacaaacccengectiagitiogaga
vitigpengatagegpeagalatotagiiigacatitigiataltaatiangicicgeanigpagogeinigatacggigeagegicggetgeagea
cctgpeagiggegeiggepicyocetategetegpegoetggtoagety g,atu.cﬁcatut;,agﬁcgtgtd( TITCTIGCGUTATGA|
CACTTCCAGCAAAAGGTAGGGUOGGUTGUGAGACGGUTTCCCGOGCGUTGUATGC AACACCG A|
FOATGCTTCGACCCCCOCGAAGCTCOTTOGGHGOTGCATGGELGITCCOATGCOGTT ("‘AGG‘Gd
SAGOGCTGTTTAAATAGCCAGGUCCCCGATTGUAAAGACATTATAGCGAGUTACCAAAGCCA
FPATTCAAACACCTAGATCATTACCAUTICTACACAGGUC AT TOGCAGCT TG TGATC STOCG
8 FLXAG(;(:&GC“(:L{ TCTTCCTCTTOGTTTICAGTCACAACCOGCAAACTGTAC ALLU(n tgrigcaggect

QIRCRCHCACCCCOAGCRAZER

,Jg(, af.#gaa (,cﬁg\ uagicc’i. fgttc WG COO ; )
' :czacgg('ar'(‘(ﬁ('z’i('G(;yg'(’("z COGETCCC eGSRt GGl CLECGZACCIICITCaacac:
colggogoiccicoal glooct
zfzg,{;(‘r QUZCCLACCIZAGCAICUgoancy

Tee t’ardsvm CHRCACCCiggagiic

8

QEICZCCUCCUACHOCd

O

GOCCHRAC LT
tretectic

COHCAGZOLCLALARCEHCCTRIC z giglac IQEHCCHZGaCaic ’ongugtne"r
gffu GOCARCCCIGCTI Qrg QUHCZCCCI g QLCICC LILau i gac gd( g$reLgiggacaaccigt
- regtconagigaciTAAGACGLCOGLGC GG(“ GOACCTGACCTGTITOTCTCG
L\GGG( GC 9 TGTTFTG(,‘(“ TIGCOAAACAAGCCCOTGOAGCATGUGTGUATCATCGTCTCTHGCG
COCCGUCOCOGUCOTTTETCCCCCTCCCOGGELGCOOCOGLCGOGHGOGLCCATIGAAATIGTT
GUAAACCCCACCTGACAGATICAGOOCCLAGOCAGGAAGGCOTTGAGATGGAGGTACAGGA
GFCAAGTAACTGAAAGTTITITATGATAACTAACAACAAAGOGTCGITICTGOCCAGLEGAATG
ACAAGAACAAGATTICCACATTICCGTGTAGAGGCTITGUCATOGAATGTGAGUGGOCGHGCLG
COGACCLOATAAAMACCCTTACGACGTOGTAAGAAAAACGTCGOCCGGUACTOTOCOTGTAGOC
TOAAGACCAGCAGOAGACGATCGGAAGUATCACAGCACAACCGGtgcageagageteggaiagtnicgac
aeaeiciggaegclggiogigigmiygactgiyeegreqeaciigetigecigaccigigaaiaicocigecpoiitiaionaaragecteagigioniga
iotigtgtgtocgegeitigegagiigoiagoigeigtyciaiigegaatarcacorceageatceccicictigificaiaic goigeatoreaarcge
gaciiaictac gctgtce tga [t e cctcage geigiie LfgCtL g f'{'(lftgi coiie gcacagwtﬁ wiftgagator gi crgmrtctcct Ftefict_

u‘m/md
((r(i(VC( GG Lr(_)f (74 l'(?( CGGYGOCC (r@((}(;( G L‘f{’?/i/i}((/ ;A(,{"UZLU/(_,( @/%Gri(!(‘(:( L((}(}d
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SEQID
NO:

Nucleotide Sequence

TCAGTITGAACGGGCTTTACGOCGCAACLTACAGCOGUTOCT G UAAGGCTGCGTGGTRGAATIGGAC tf'l
FGCAGGTCUTGUTCAAGTTUCTUCACCGUCTCACCAG U GGACAAAG CACCGGTGTATUAGGTUCG I]
CTUATCUACTUTAAAGAGCTCCGACTAUCGACCTACTGATGGUCUTAGATICTTCATUAAAAACG UG
A A CACTTGCUCAGGATTGAAA T CCCTGAAGGUACCACCAGLG GO CTGAGTIGTTCCTTCTCT(
COTGUGCGAGTTGUCAGTCAGGCTOTACCTCTGATCGAGGUT GGG GLAAAATAGG CTTCGTCTGE
TCAGCTCATGGGAGG TG UAGGACAGCTCATGAAACG CCAACAATC GCACAATTCATGTUAAGCTAA
FTCAGCTATTTCCTCTTCACGAGOTGTAATTGECCCAAAATTCTOGTCTACCGGLGGTGATCCTTOGT
CTACGGGCOCTTCCCTUAACCCTAGGTATG G {'r("ATGCGGTfGCCGCGF% A FTG‘?(T’(“FAG ”r"i“
CCCAGGGTTTHGGACGGGLOGTUCCGAAATGCAGTIG CACCOGGEATHOGT
BTAATTTATGCAATGGACTGCTCTECAAAATTCTGGCTOTGTOGLCAACEC TA (,!(,YA T(AGC G (; G
GEATTTCETAATCATTCGECCTGATGGGGAGCTACCGACTACCCTAATATUAGCCCGATTHUCTG, z“l(1
GCCAGCGTCCACTTTIGTGCACACATTCCATICO TR CCCAAGACATITCATTGTGGT G CGAAG LG d
CCCAGTTACGCTCACCTGTTTCCCGACCTCOTTACTGTTCIGTC GACAGAG CGEGCCCACAL r(‘C!"G|
GTOGCAGLCEE Tnd{i TGgegeagecteigetccaganglicaiciccrigectaceiicototggogaletivetecigianiggiconics
CEBICIZCEIg Ll PIOZ P AL ?gau s:ch Clggadiicarcticecgeggacggaialgiucaaliggisocagiiiaignocaagoigliceggat
cangaicgagangincggocciane geocigegeaaggara gggocgoeacafccivigocigigeaaocacegolegiggaccgneififocty
BRCECHECCITRCEERERLCHGUELCICEOIPZICECEUIgELiggisiiogeggivioceggicilialggigaosgigalogiguigcgoggay
i eGSR R R CAC L EIE I gl GO EREaag i aC L e g S I Eacieraaggigiocicegoegaic o cggoaigeiogicl
aqeecegggregeacegricgoicgoiraiangagericecgicaagrgegsgaigoiglacisocgegoaoivcegeaagiifeoc gigeagnioait
agleggeogeancnggpageageigigiecgagaagnegafgaaggoccactifggogecgegaicgtoacgggcliciocgageigalogagiog
BAEERCaRgEReaivanggagiiccigagegaggivcagacggeoigggacaagaigiggracicigigiaciocgec gaegeigecgegoioos
CERECIZLEALCARC L EREZICCLARGHOTRCICUIC ZIIRELaIgogeglgaigongirdigglegiglocggeacogiggiogistivciogse
[els mi’ggt g 2O awg:‘( emgtgc gtgegf gtgzgc i ;;z rgrmsg{gg( SUCCICEZCIECaNE ElEviegioagcle g civ gt gr SCigEtitcly

seiRacaeatisasosecs 313 3.1%[1‘!1’2&1‘;.
JRACIALAG AR safoganigtpagere o)
Cifacgacelosags daacgisecyereactroccielapeeienagacs ARERCACOAC o RAaarealeCane: 4

& ;f,sfaowtaégs‘g!;gt!ﬂ sgageiggagiogd ggwiig(accas:gocwigs‘accd('digs:ag,.-ggé;giUa(H gaegigegegticad cte‘g! 26
toagaaaiaiggegacgaaangifgacggrtsgrocopgegrecigtgsaigrcatacgeatiggatargrpocenitpgaigroatigniayg
vtiatggapeoataatagagitilixicgealceaacgratgtigatgragiagocegpigtacigaaaginiggaageatgriocatigurtaiis
acatgegctecorarceetittegoaggannigigorgecategtigpigoavcgatgregaaaatogacgitcgacractacatgaaaatgiag
aceivtgangaigeageaacigogegioceanacgaataacgsiitygtagaigiatasicocagiaigiocigaaittigegogagcioneorty
seacgrercatigeagetaeatgiisacigaageatacgaactitvggongicaanticeoagaggaggacoccctetgsosgacaitgisoce
acigoiciteegoitgeigtticetgigigaaatigt

M SN AEL

[0251] The construct can be written as
5’DAO1b:CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO03: DsLPAAT2:PmPGH::3°’ DAO1b.
Proceeding in the 5" o 37 direction bold, lowercase sequences represent genoric DNA from
CHE22 that perait targeted integration at the DACGTD locus via homologows recombination,

the O, reinhardtii B-tubulin promoter driving expression of the yeast sucrose mvertase gene
{conferring the ability of CHEZ2 o metabolize sucrose) is indicated by boxed appercase text.
The initiator ATG and terminator TAA for invertase are indicated in appercase, boid #alics while
the coding region is tndicated in lowercase Halics, The £ moriformis PmPGH 3-UTR is
indicated by uppercase underlined text that enables amplification of the D3LP4AATZ gene,
followed by a Hoker, indicated by lowercase, bold italics, 1o which containg a O valgans nitrate

reductase 3-UTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized text,
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drives the expression of the DeLFAATZ, The imtiator ATG and terminator TGA codons of the
3L PAATY ave tndicated by uppercase, bold italics, while the remainder of the gene is indicated
by bold ttalics. The £ moriformis PmPGH 3-UTR is indicated by lowercase underlined text
followed by the CHEKZ2Z DAGIH genomic region indicated by bold, lowercase text.

[0252] Table 34 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHKO971. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 34: Screen of primary transformants of CHK22 with pCHK971.

FAME Profiles TAG Profile
Sample | 150 | c14:0 | c16:0 | c18:0 | C18:1 | C18:2 211138112 C20:0 | C20:1 méé:gg?
11’CHK971' 006 | 156 | 2115 | 335 | 5664 | 1485 | 063 | 023 | 0.11 2.16
IZ’CHKWI' 006 | 158 | 2167 | 356 | 5673 | 1404 | 060 | 022 | 008 2.35
IS’CHKWI' 006 | 158 | 2050 | 336 | 5676 | 1524 | 067 | 024 | 008 2.11
PCHEITE | 005 | 151 | 2065 | 344 | 5705 | 1486 | 057 | 024 | 010 2.20
ECHK%' 004 | 144 | 2431 | 315 | 5943 | 930 | 049 | 030 | 0.09 1.57
ZCHKWI' 006 | 152 | 1988 | 323 | 5645 | 1658 | 060 | 023 | 0.1 224
ggﬁﬁ 004 | 156 | 2648 | 3.06 | 5893 | 759 | 047 | 027 | 007 1.56

Example 17: Expressing Scenedesmus sp. LPAAT2 (SceLPAAT2) in P. moriformis strain
CHK?22.

[0253] SceLPAATZ2 was introduced into a P. moriformis strain CHK22. The expression construct
pCHKO973 contained 5’ and 3" homology arms to permit targeted integration of SceLPAAT? into
the genome and is shown in Table 35.

Table 35: Integrative sequences for the transformation of P. moriformis with pCHK973
encoding SceLPAAT?.

SEQID .
Q Nucleotide Sequence
NO:
29 geicticegetigecegeacectegtizatcigguagoecigegeageeectianatestctcagteaggtitelatgitcanctgagectasagyge

tticgteacgegeacgageacacgiatategectacgeagicicicagaagegetagancagticrcaagccetegtopriogaaaacitgegee
agtactatigasitanattasatgatogaatgagacgegaaactitigeagasigeeactipagtitgcocagagantgeragtegepeeaticace
atcegeeigigeacgecctzaticgcogagacsatgasigecsagaceagerascsosctigcgageeecgageeggiageagragiangcggie
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SEQID
NO:

Nucleotide Sequence

gacasiciicoigtreaatiactggoaaceatiaganagageeggagegegtigaanticigeasicgagiaatititogaigogocgggontget
zancecianggeteegeectaigtiinagaogatreaagatgeacgrgrerceagaoacgigicicaageacasaccceagectiagitiogaga
citigpoagatagogocagaiatoiagiiigocatitigiataitaatiangicicgeanigpagigoteipgaigeggiocagigicgectyeagea
cctggczgtsrgcgcﬁszggsgtcgccctatcgctcggcgcetggtcagctggctcecgsctcctgcggcgcgcc{("l" ”I"C*I‘TGCG('H‘A’1‘GA]
CACTTCCAGCAAAAGGTAGGGUOGGUTGUGAGACGGUTTCCCGGCGUTGE A EGCAAC AT A|
FGATGCTTCGACCCCCCGAAGCTCOTTCOGGGOTGCATGGGCGCTCCGAT
SAGOGCTGTTTAAATAGCCAGGUCCCCGATTGUAAAGACATTATAGCGAGT 1 n(,( A L&A(zﬁ( A
FATTCAAACACCTAGATCACTACCACTTCTACACAGOCCAUTCCAGUTTGTGATCGCACTUCY
("FAA( EGGG( 3 ‘(‘x{:("’i‘(‘?”i‘( "CTCTTCGTTICAGTCACAACCOGCAAACTGTAC ALLU ‘Gt

g

To [”(’L{Q aoT

CAUCHAZER

1eIgg s gz

HECGZACCHCITCGacuee
{ggegctectecalgicect

IR eITe

CHRUCLR

gtc('tr('t.’(,‘r el)

TCHCGOCHaC
I selggugctyiact
g CRICILICORCeaRcacciu .’Zrmw,! QGACE » il CACRACE e ERIgeacaaccigt
GiCueaagticrugeigegegaggtcoagigaciTA, iifobf“Cf‘GCG(’GGCGF ACCTGACCTGTICTCTCG
AGGOCOCCTGTTOCTCCCTTGCOAAACAAGCCCOCTGGAGCATGOGTGUATOATCGTCIC TGOS
COCCGLCOCGLEGTITOTCGCCCTCGCOGELGLLGLCGLCGUGHGHGUGCATIUAAATIGTT
GUAAACCCCACCTGACAGATIGAGOGGLCLAGOCAGGAAGGCOTTGAGATGGAGGTACAGGA
GICAAGTAACTGAAAGTTITITATGATAACTAACAACAAAGOOTCGTITICTGOCCAGLGAATG
ACAAGAACAAGATICCACATTICCOTOTAGAGGUTITCCCATCGAATO TG AGUGGGUCGLECT
COGACCCOACAAAACCUTTACGACGTOETAAGAAAAACTTCGUCOGECACTOTCCOTOTAGCC
"i GAAGACCAGCAGGAGACCGATCGEAAGCATCACAGCACAACCGOtgcageagcageicggataginiegas
acaciciggaegelggiogigigmiygacighiyeegreqealiigetigecigaccigigaaiaicocigecgpoiitiaionaaragecteagigiohicn
ictigtetotocgegeitigegagiigoingoigeigtyciaiigegaataccacorceageatceccticectigificaiaic gotigeatoreaarcge
BaCHGICtac goiglec g g cloqge gelgolegig oo clgLtencigeeoile geacag oo gt g e gt groiglatlctocig ginc
caaccigtoaaccagoncigeasteciguigcacggsangioglgeraigsragoacanaisguectagsansinacasicagag el GG
GACAGGACGUGCGTCAAAGGIGCTGGTCGIGTATCGUCCTCGCCGGCAGGTCGIT GG OGO (J!_:|
FEAGTGATTCCGUAACCCTGATVENGGOGTCETATTTTGGOGTGGUAAACGUTCGCGUCUGCGAL (_7|
COGGCCGGLEGLGATGCGGTGCCCCACGG CNGLUGGAATCCAAGGGAGGUAAGAGCGCCCGH (‘I
FCAGTTGAAGGG CUITACGUGCAAGGTACAGOCGETCCTGCAAGGOT G CGT GG IGLGAATTGGA (‘(11
FGCAGGTOCTGCTGAACGTICOTCCACCGUUTOA GUGGACARAAGUCALCCGGIGTATCAGG 5
GUCATCCACTCTAAAGAGCTCGACTACGACCTACTCGATCGCCCTAGATICTTCATCAAAAACGCUT|
AGACACTTGCUCAGGATTGAAACTOCUTGAAGGGALCACCAGGGGCUCTGAGTI G CEFCOC I
CGTGGUGAGCTGUCAGUCAGGCIGTACCTGIGATOGAGGUTGGUGGHGAAAATAGGUTTCGT GG
PCAGEPCATGGGAGGTGUAGGACAGCIUATCGAAACGUCAACAATCGCACAATTCATGTCAAGCTAA
TITCCTCTTCACGAGCYGTAATTGTCC CAAAATTCTGGICTACCGGGGGTCGATCCTICGY
GTACGGGOCUTTCCCTCAACCCTAGGTATGCGOGUATGUGCICGOCGLGOAALTCGOG UGAGGH
CCGAGGGTTTGGCGACGGGUOG T CCGAAATGUAGTIGCACCCGGATGOCGIGGUACCTITTTI GG
ATAATTTATGCAATGGACTGOTCTGCAAAATTCTGGCTCTGICGUCAACCCTAGGATCAGUGGLG Y'A|
CAGATTTCGTAATCATTCGTCCTGATGGGGAGUTACCGACTACCUTAATATCAGCCCGACTGUUTGA d
GOCAGCGTCCACTTTTGTGUACACATTCCATTCGTGCCCAAGACATTTCA TI'«';}"TGGTGCGAAGCGTCI
CCCAGTTACGCTCACCTGTTTCOCGACCTCCTTACTGTICTGICGACAGAGUGGGCUCA CAGGCCG|
GTCGCAGUOGGT adfu‘{;( {gcicatociguageigecegrgifocigoregeegigtacgipaigtociggicgoccegeiggecaacct
BCECCHICAICRALFCHRLRAZZIC LELT L CARCE LAGRC AL AIQIIC F QIS IR COZC eI Qe L CUFIgRRAICURLEIZC LG
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SEQID
NO:

Nucleotide Sequence

APICCLRCARECARRARCICIRCC GG B ER R CECEERCCIZINC LIQRECRAC LA RAIC LI E R gaiCifiglc gacg oo Clgaega
BEECCEERECOARCICRIZICCegegeegeggigalciegiotitee c gt STguiccig oo Igaogoig gl goggaisoaitgoiifcgeog sy
GECREC LI ARERUCER S ERLROFHLance Qe Rale acE g oaic §Ugeie QoL §HCOCegeealcigeigiococ gagEgesane
gelegegocicceccalicecfocegeiguagegigaeatgoigaaciaege glacagecgeaaguigecagivcaguivgloaictcige goaiong
BUECIEECCHiLROC LaRaagugeiiee e gicegeife gRegeeac i e gigaceg e aiucsgeocerigaigeguaoegoggaeiacgecice
Hegaegaglicleeaecgoocieeaggeegagiggoaguageicigerizgageicticiecgeegacceggeggeecioceggageiggicaica
SCGCOCCRECESECHCRCCIGUeCOCIZCRUCIZURECIZICCCRE LI Cigeivas el diggageiggesoiguiggrligggpociegogisgt
S RS R IR C I RCR S CAC I CHRCIE R R LICI  RQCTICCARRICTICCAQIGLCIELCCCIQRICIR S
SIQREESILAgCCIQRe FECLISCICQULHZCACGCIFCELLAZCCLRICTIGRURRLCRALLgoacgeegciegic ggoiectvicaagocares
gegactecangaaggoictg TG A cacgoocgegrgrercaccigaceigitcicicgngrococcisiteiorcitoconaacaaronceiaranca
feeaire At o aic el 2 Ceent L RCQC et siCoCCelCaC g RCCLC QU RCRgro o atiraaait ot e 4a0Coracety
acagatignoroccoagrcagrangocotisaraliorarotacaoramicassinactonaacitiitatoanactaacaacaangaglicptitcigree
-anigacaagnacaagattccacatiicest grettoeentcraatotpagegepeogrcegoraaccegacanaaceeiiacgacgtaet
aagaaazacgtrgresgeactgioectiaiagecigangaceagoagranacgatoreaagealicacageacaacegrinicgatagogictgegigt
tgrrazctgsagtemigoctinacgacgoegeigeageictigraggaigigecigaemigogogiicacgivgigactazaaaiaigeogac
gaaacgitgacgroigggacegacggpetgigratgecatacgraligrgtacgegaceatigaaigggatigetagaetiatygagorataat
agagititigicgpaiceaacgoatgtigatgeagiageregpigtgciganagiaiggaaggatgnigeatigrotattcacaigogoigoceace
cetiticgeagraanigigregeraicgttggtocnccgatgzgacanagicgacgiicgaccactacaigananigiataccictgaagaigeag
caacigegegtreranacggatanscgritigotagrigtatgicgcageat gigciggatitigegegeaaciceocetgecacggeccatigeay
stetcatpiteaciggaggatacgaasciiteggeogicaastioccagaggaggaceeectciggacegacatigigeecactgeteticogetize

igtitectgigigaaatigt

[0254] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CvyNR:PmAMTO03:Sce LPAAT2:PmPGH::3’DAO1b.
Proceeding in the 5" 10 37 direction bold, lowercase sequences represent genorric BNA from
CHK?22 that permit targeted intogration at the BAC1D locus via homologous recombination.

the ©. reinhigrdidi f-tubolin promoter driving expression of the veast Sucrose nverase gene
{conferring the ability of CHK22 to metabolize sucrose) is indicated by boxed gppercase text,
The titiator ATG and termivator TAA for invertase are indicated fo uppercase, bold #alics while
the coding region is indicated in lowercase italics. The £ moriformis PmPGH 3-UTR i3
indicated by uppercase underlined text that enables amplification of the Scel PAATZ gone,
followed by a Huker, indicated by lowercase, bold italics, 1o which contains a C. veiganys nifrate
reductase 3-UTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized texy,
drives the expression of the Scel PAAT2. The inttiator ATG and terminator TGA codons of the
ScelPAAT2 are indicated by uppercase, bold Halics, while the remnainder of the gene is indicated
by bold italics. The P moriformis PmPGH 3-UTR is indicated by lowercase underlined text
followed by the CHKZ22Z BAQGID genomic region indicated by bold, lowercase text.

[0255] Table 36 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK973. The P. moriformis base strain CHK22 is shown as a non-transgenic

control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid

production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
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transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 36: Screen of primary transformants of CHK22 with pCHK973.

FAME Profiles TAG Profile
Sample | o190 | c14:0 | Cl6:0 | C18:0 | C18:1 | 182 Sllpij €20:0 | C20:1 méé:glg??’
PCHEITS | 005 | 154 | 2304 | 314 | 5867 | 1006 | 057 | 030 | 010 1.56
PEHRYTS | 006 | 151 2114 | 351 | 5580 | 1558 | 063 | 024 | 008 1.64
PO 1 005 | 151 | 2245 | 302 | 5888 | 165 | 052 | 028 | 010 1.62
PEHRITS | 007 | 165 | 1994 | 349 5437 | 1796 | 068 | 026 | 012 1.59
PRI 1 006 | 165 | 2099 | 357 | sasa | 1680 | 063 | 024 | 012 154
PO 1 006 | 156 | 2196 | 340 | ss61 | 1504 | 059 | 024 | o1 1.64
G2 004 | 156 | 2648 | 306 | 5893 [ 759 | 047 | 027 | 007 1.56

Example 18: Expressing Micractinum conductrix LPAAT2 (McLPAAT2) in P. moriformis
strain CHK?22.
[0256] McLPAAT?2 was introduced into a P, moriformis strain CHK22. The expression construct

pCHK974 contained 5’ and 3’ homology arms to permit targeted integration of McLPAAT? into

the genome and is shown in Table 37.

Table 37: Integrative sequences for the transformation of P. moriformis with pCHK974
encoding McLPAAT?2.

SEQID
NO:

Nucleotide Sequence

30

getctteegettigecegeaceotegiigatoeizgaagrecigegeagocectiaaaioatcicagivaggtifciatgitcancigagociaaaggge
fticgicacgogeacgageacacgiatatogactacgeagicicicagaageggiagancagticgeaagorcicgivggicgananciigegoe
agiaciatizastianatinasigatcgaatzagacgeganacttitgoaganigeeacigagtitsocengagantgogagtrorgreaticact
ateogreigigeacggoertzaticgorgagacgaigasigacgagactaggrageggoligegagieecgagoeggiageaggastaacggic

gacaatcticoigiocaatiactprcaaceatiaganasgagccggagcgcgttsaasatictgcantcgapasittticgatgegaegggoetipet
gaaccectsaggeiccggeciatgittaaggegaiccnagatgcacgeggecceaggeacgigicieasgeacasacceeagectiagiitogaga
cittgguapgatagespeazatatotagitigreaitiigtaiatiasttaagicicgenatygagegetictgatoogs tawgt gtegreigeagcs
cotggragigecgaiggggicgoncinicgaicggrgociggicagotggrivcogeotocigrggegegs d( PETCTPGEGCTATOA
CACTYCCAGTAAAAGGTAGGGCOGGLTGCOAGALGGUTTCCOGHCGUTGCATGCAAC 1-3{.,CGA|
FOATGCTTCSACCCOCOGAAGCTCCTTCOOGHUTGCATCOGUGCTUCOATGCUGITCC AGS G(,T|
IAGCGCTOTTTAAATAGCCAGGOCCCOGATTGCAAAGACATTATAGCOAGCTACCAAAGCC A
SATY B CACAGGCCACTCGAGCTTGT GAI 8 GC ACTCCH

Iy )q: FCCarggg; )ﬂqurmi AHCAGLACCIT cg,a 25 nm:,'( LACGCCAICACCEgrgeragCgeiss gtg(;a qiciggacciacaa
CHCCOCQQUgICEgagEagcagiacaiCiCOiGragerig gucg g gCiaraccliCcacegagiaecagaagaacocCgigliggeegeraacs
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SEQID
NO:

Nucleotide Sequence

SHCCGOGReCCgang gt

TG EIGCERECCCICeCagua gl gLaiCalgeCgOggreangioee
CICCHCLUCEeCauegug g goiiecicggoiaecagt
SOZCALLUCCOCagloanglectactg g giguigticaiciccatoaacs

{:ygm e (,ugwr( sagaict

CICCEACZACCIZROZIC (‘.,,,‘

o g

CLECGZUCCHCTCaacacs:

{egogoicciceatgteect
e feTete uf{(,i;h aCy

?( g g.z"‘
CCIACHCRCCaae
ZQURCIFnCT

e et & QEZIgacaaccigt
£ roC gt{ Q08 'g.,e( 1T A it: A(“ bf“(“ FGCGF GGC GOAL TGAC CTGTTCTCTCG
LXGGG{ GC o TGTTf‘TG(f TTG( GAAACAAGCCCUTGOAGCATGUGTGUATGATCOTCTCTOGOG
COCCGLCOCGUGGTTTETCOGCCOTCGLOGECGCLGUGGLCOUGHOGGOUGCATTIGAAATTICTT
GCAMACCCCACCTOACAGATIGAGGGUCLAGOCAGGAAGGCOTTGAGATGGAGGTACAGGA
GFCAAGTAACTCAAAGTTITITATGATAACTAACAACAAAGOOTCGTITICTCOCCAGLEGAATG
ACAAGAACAAGATTICCACATTICCGTGTAGAGGCITGUCATOGAATGTCGAGUGGOCGHGCLG
COGACCCGACAAAACCCTFACGACGTIOGTAAGAAAAACGTGGCOGGLACTOTOCCTOTAGLC
TOAAGACCAGUAGOAGACGATCGGAAGCATCACAGCACAACCGGtgcageagcageicggaiaginicgac
aeacicigguegcigglogigigmiygacighiyeogreqeactiigoigec igaccigtigaaiaicocigecgoiftiatonaaragecteagigighiga
iorgtgtgtacgegeitigegagiigoiagoigefigtyctaiiigegaatorcacocceageatcecciciciigificaiatc geiigeatorcaancge
aacfiaicinegeigicotgoiagivecicage petgetecigeiccigotcacigoecciegeacagecgaifiggeoteogoctgaticicciggineig
CURCCITRARCCALCRTIZC zwfgmmtgca(wvgaa "tavsgvguwggaaz‘m mmtgfga(( tugganataacagicanagelifGGOC)
CACAGGACGUGCGTCAAA GG { SCCGGCAGGTOGTYGOTG TG
FEAGTGATTCCGUAACCCTGATTENGL :{"(J}( CYACTTTGGOGTGGUAAALGUTGGCGTC ((‘(‘(;/&(;(1
CGLGCLGGUGGLEATGUGGIGCCCCACGG CIGLUGGAATCCAAGGGAGGUAAGAGCGCCCGH (1
TCAGTTGAAGGGCYITACGCGCAAGGTACAGCUGLTCCT GUAAGGCTGCGTGGTGGAATTGGA C(_}1
FPGCAGGTCCTGUTGAAGTICCTUCACCGOUTCACCAGUGGACARAGCACCGGTGTATOAGS TCCG’[I
GICATCCACTCTASAAGAGCTCGACTACGACCTACTGATGGUCCTAGATICTT CAT CAAAAACGCL
AGACACTIGCUCAGGATTGAAATOCUTGAAGGGACCACCAGGGGCUCTGAGTIGITCCTTCUCE "(
COTGGUGAGCTCCCAGUCAGG OV G TACCTGIGATCGAGGUTGGUGGGAAAATAGGUTTCGTGTG
PCAGGTCATGGGAGGTGUAGGACAGCIUATCGAAACGUCAACAATCGCACAATTCATG T UAAGCTAA
FCAGCTATTTCUTCUVVCACGAGCTGTAATTGTCU CAAAATTCTGGIOTACCGGEGGTGATOCTIC
GTACGGGUOUTTCCCTUAACT GUGITATGCGOGUATGUGGICGOCGUGUAATTOGUGUGAG
CCGAGGGTTTGGCACGGGUOGTCCCGAAATCUAGTTGCACCCGGATGOCGTGGUACCTITTTI GG
ATAATTTATGCAATGGATTGOTCTGCAAAATTCTGGCTU TG GUCAACT Y AEGGxii‘CfL(%C'GGCGZ}ﬂ
GG/% PPTCGTAATCATICGTCCTGATGGGGAGUTACCGACTACCUTAATATCAGOCCGACTGUUTGA (‘|
CCAGCGTOCACTITTGTGUACACAT T CCATTCGTGOCUCAAGACAT TN CATIGTGGTGUGAAGUGT C|
{’L AGTTACGCTCACCTGTTICCCCGACCTCCTYACTGTICTCTICCACAGAGUGGHCLCACAGG UG
GTCGCAGTCGGTAC 1{& TGegeotgggacgegeeategeicgggopgorgriggeceacgiicoicggtegatectgotecigiacigga
BUGIgeICig e gl gegCcleagolaceReifeQugig R eigRaccigegegsCCgaegeane gaiglocisgeoiggagograggoaigaaygigst
BOFICCGIGCCaARgIeClFaag RIC R ERACCEZLUACICIACO LU ESCCLRGCRIgtaeCigleanecacegCtecigggpegacticate giv
BACCALIACLELCACCLUZL R e le gelgfivatgicteggotgaocgiccieticgictfivegaepifiaiggrogoicigaaggigcigaagicsyt
BAICACCHIRRQUL L ECZCOHAZLCRACABLLAL LR AL AR CEQ FAN G AIQUBCALLLELLLLZCCICICLCugacgggeatciccgivt
BECCCPUZLECCAICGCICIACG Lo Ceo gRiglecoigocediguagegoggenigeigiactacgegeactogeggegecigeocgiccaggioay
CHIQ RS L CCHUCHRE FOUEZCQUINIC g CRUR AU CACtFORCT LUCCQCCIGRACCaRACLLLERCC LS L IR CHGLLATLCINT atg
BOC RO R O g e R RS IR A B U R e CO B aa R aC I R FC R AR R LI CILACIRZ LG
BCIFOCAGRCICGCCCRL R QUL L QCITLLAZ LA CCLFACRLLeariacivigics, "{gas.‘gﬁtge,{m{ggtcggggiggtcc@ggﬁ:
saciffgeggocticgeiggcgicicciggeiggecticegegegoleagegeccloficgoecigiic ggeocigegoageociggogeiggegeiggt
CECEBCHGCCICECCCICICCHCIAC CE e agCe Bl CREICRUCFCCCECCALTECC U SR LRI F O FEAQICO ARG aicegagee
BIIQRECCGCICCZCERECCHCCIZ R OZ L RCLCRCRCERETILBUCRERBULEFCRCIFOLLLIZCERARZCOL QARG LLLRCIIFCZLLUE
BCLCLRECLBCFOAW LACECALELCCUECIL LR RCRFCHALLECLRLICLCRLLCOLULCegricgggeicegeceeggeiglogotecgege
feecforgeggetaee, g(cgfﬂgs‘cs‘ﬂfg ceatgcig T{sACacaeoerosorgcocacciracetaticictomasrgoceoctaticioocticngan
cotge CCLPeeEe e ret et oo CCiC T oo Teace oy reggsocreatioaaatt
cegttoagatuoasaiacaroast caucnuutgauaozmtat' ataactaa
aaagggtegitictegecageganigacaagaacaagzaticcacatiicosigiagageotiseeate rant sl gagC S g oo oo e Cae Egaccegaca

TOC

-92-




WO 2025/096830 PCT/US2024/053965
SEQ ID .
Q Nucleotide Sequence
NO:
aaacecitangacetostaavaspasegiereperenctatccctgtagocteosagaccageageagaceategraareaniongageacanceaetat

vgatagegtetgepistigroagcigaagtegisaocitaacgacggegcigeagaiciigeagpatgigrcigpegigrgopiicacgtogigae
igaganataigregacganacgitaacgprtizgroceggegrgcigtogaigreatacgeatiggpiavgogeceaitpgatgrgatigaiang
cttatggagesatantagagittitgicggalccaacgoatgtigatocagiagorcggigtactganagiatgganggaigaigeatigaetattc
acatgegotecorancectittcgoaggaaaigigorgecategtigptisoancgatgrogaanatogacgitcgaceactacaipgaanategiat

acetrtgaagaigeageaacigogagtoceaaacgeatancguiitpgtagrisiatricocagraigtocigaatittigrrosoancioncorty
seacgpeccatigeagetgicatgiigacigpageatacgaactiteggongicaanticeoagaggaggacoccctetggaocgacatigigoce

scigoicitcegaitgeigiticetgigigaaaiigt

[0257] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO3:McLPAAT2:PmPGH::3’DAO1b.
Proceeding in the 510 37 direction bold, lowercase sequences represent genorate DNA from
CHE22 that pevait targeted integration at the DACID locus via homologous recombination,

the O, reinaardtii B-tubolin promoter driving cxpression of the yeast sucrose inveriase gene
{confesring the ability of CHEZ2 to metabolize sacrose) is indicated by boxed appercase text,
The initiator ATG and terminator TAA for invertase are indicated in appercase, boid talics while
the coding region is fodicated in lowercase #talics. The £ moriformis PmPGH 3-UTR is
ipdicated by uppercase underlined text that enables amplification of the McLFAATZ gene,
followed by a hoker, indicated by lowercase, bold italics, 1o which condaing a O valgaris nitrate
reductase 3-UITR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized text,
drives the expression of the MeLPAATZ, The inttiator ATG and terminator TGA codons of the
Mol PAATE ave indicated by sppercase, bold italics, while the remainder of the gene is indicated
by bold walics. The B moriformis PmPGH 3-UTR is indicated by lowercase underlined text
followed by the CHK2Z DAQD genomic region indicated by bold, lowercase fext,

[0258] Table 38 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK974. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 38: Screen of primary transformants of CHK22 with pCHK974.

FAME Profiles TAG Profile
Sample ] ) ) . ) ) C18:3 . ) m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK974- 0.04 1.51 | 23.69 | 3.15 | 59.18 | 10.11 0.51 0.32 0.10 1.54
1
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FAME Profiles TAG Profile
Sample | 150 [ c14:0 | c16:0 | c18:0 | c18:1 | c1s:2 Sllpghj C20:0 | C20:1 mgégzlg?
pCHK974- | 0.06 | 1.68 | 2127 | 361 | 5779 | 13.10 | 0.59 033 | 0.11 149
2
PCHK974- | 005 | 158 | 22.76 | 341 | 5849 | 11.19 | 055 031 | 007 152
3
pCHK974- | 005 | 1.51 | 20.53 | 345 | 5836 | 13.52 |  0.58 032 | 011 156
4
pCHK974- | 005 | 1.60 | 2241 | 3.12 | 5805 | 12.12 | 0.5 028 | 0.10 155
5
pCHK974- | 0.04 | 149 | 2472 | 3.15 | 59.16 | 9.06 0.51 028 | 007 1.54
6
CHK22 004 | 156 | 2648 | 3.06 | 5893 | 7.59 047 027 | 007 156
Control

Example 19: Expressing Chlorella sorokiniana LPAAT2 (ChsoLPAAT2) in P. moriformis
strain CHK22.
[0259] ChsoLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression construct

pCHKO975 contained 5’ and 3’ homology arms to permit targeted integration of ChsoLPAAT?2 into

the genome and is shown in Table 39.

Table 39: Integrative sequences for the transformation of P. moriformis with pCHK975
encoding ChsoLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

31

goicticopetigoecgeaceviogtigaicigeoapoocigogeageoncitaanicaicicagicagpittotaigiicanciongorinanggee
sticgtoacgepeacgageacacgiatatoggaiargeagivicicagangeggiagaacagifcgoangeeetogicggioganaaciigeges
agtaciatigaaitaanitanatgatcganigagarposanactitigeagantgcoactigagitigecoagagantgsaagigrogoraiicace
alcegeetgizeacggectgaticgeegagacgaigantggogagaceagegagegaetigogageonegageeggtageagganiaacggic
gacaaicitocigireanitactggraaceaitagasagagoeggagegrgtigaaaticigeaaiogagiaattittegaligoggeggroctgel
gaaccciaaggotoeggortaighitangrogatocaagatgeacgrggocecaggeacgigicicaagoacaaaccecagectiagiticgaga
citigzgagatageggeagaiaictagittzgeatitigiataitaatiaagicicgeaaiggagegotcigatgeggigeagogicggrigcagea
celgpeagtegegetpepeiegecctatogategregectggtongeiggciovegecieotgeggepepedC T T TCTIGCGUTATGA
CACTTCCAGCAAAAGTTAGQUUGGECTGUCAGACGCCTTCCCGCUGUTGUATOUAACACTGA
FOATGCTTCCACCCCCCOAAGTTCOTTCGGOCCTGEATGOGCOCTCOCGA TGUCECTCCAGGGT
GAGOGCTGTTTAAATAGCCAGGUCCCCOGATTGCAAAGACATTATAGCGAGCTACCAAAGCCA
FPATTCAAACACCTAGATCACTACCAUTTCTACACAGGCCACTOGAGCTTGTGATCGCACTOCG
CTAAGGGGGUCCOTCTICCTCTICGTTTCAGTCACAACCCGCAAACTGTAL ALM ‘Getgrigeaggert

.f,tccgcr:ucr:f &2

HCIGHCCigoIgReCcEgoiicgoc:
CIEORIERUCERCCCCRUCE goUigiggiaegaegugua g $a0 oL
Q y:'em,‘g( Coguc /
FQETE ZOCIQCRGCHRCQCCTCCEQUTCIICGQCQUCHCTUIC QUCT L,

([(,(zlsg({ézfgd((g( y

COGZUICAECECCICCAIgHCERUCEAgaegt CACHCQCCCCOane Ml‘f%‘h’

sty

154

QEHCaicte

,J'f((gt gw ((gcaffdszt {0t

IQERICHIZACCZT gwumgtt COHQLAC tacaagaics gagaict
QOCRUC (zgaa, ¢

et

Sl
Hreaaceagiac ste Qfcy

ozg( 11 ZCHIC (agu.'( ({ag 4

CHQUCCHCTTCHACGEC
g(gu(undfgh ot
GO ag‘ QUCE

.. ’.13 . gggg‘qe:-ctz:mm,.
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SEQ ID
NO:

Nucleotide Sequence

FOECTELIGIUCECCEICQUCHTOaCTeagac §RICICCUagIocst

FCEORQUCCICICCCICTY GO g el §RULERUCCeCEag gast
GUCICCECUIEE R QUG EIgICCECLICCiCCCHCCIgRace e g £8aacQCaag gl gaugiie QIgua g gagaariccialtioqecaas

; 2 z 3 guaeatcetggagctgiact
CauCgaogge gl gic gigiocquenacaeOlaoiicalguocaoe g8 QuaCgec el g gllcCcfigaucaigao guacggeagigeacaacciyt
totacatcgacaagiicenaggigeeegag gicaagigact FAAGACGUCUGCGCOOCHCACCTOACTTIGTITOTCTICG
AGGOCOCCTGTICTGCOTIGCOAAALAAGCCCUTCGOAGCATGUGTGUATOATCOTCRCINGLG
CLCCGUCOCUGa NI CeCoGLO QUGG OQUGCATIOAAATIGTY
GUAAACCCCACCTGACAGATIGAGOGGUCLAGOCAGGAAGGCOTTGAGATGGAGGTACAGGA
GICAAGTAACTGAAAGTTITITATGATAACTAACAACAAAGOOTCOITICTGOCCAGEGAATG
ACAAGAACAAGATICCACATTIOCGTGTAGAGGCTTGUCATOCGAATGTCAGLGGOCCOGELG
COGACCCOATAAAACCCTTACGACGTOGTAAGAALAACGTCGGCCOGUACTOTOCOTGTAGOC
TCAAGACCAGCAGGAGACGATOGGAAGCATCACAGUACAACCGOtgcageagoagcieggaiaptategas
BOACICIZLACECigRIcgigioaiggucighigocgregcacligeigecfigacergiganigicecigergoiitigicaaaragectfeagigisiifen
icligtetotacgegcitiigegagfigoingeigefiglyciaiigegaataccacocceagoafceccticectogificaiaicgeigeatoreansege
aactiniciacgeigicctgolalvecicagegoigetocigeicctigotcacigoecsicgeacagociggifigggoico gooigtatfcfocig gincs;
CORCOIIRGRICEZCACIZLRaIgCiZaigCacs g pangiagigeeas, gggxaacacmmi‘ggacz’mgg(mamazfaaf(fxmagct?]GGC’L
GACAGGACGUGCGTCAAAGGIGCTGGTCGTGTATCUCTTCGUCGGCAGGTCGTTGOTGC TGO
FTAGTGATTCCGCAACCCT GATT I GGOGTCITATT T GGUGCTGGUAAACGUTGGLGUCUGUGA Gd
CGCGCCGHGLGHLCGATGUGGIGCUCCACGGCTGUCGGAATCCAAGGCAGGUAAGAGCGCL C«"}GG|
FCAGTTGAAGGGCTTTACGUGCAAGGTACAGCOGLTCCT GUAAGGUTGOGTGGTGGAATTGGA (7(;’1
FGCAGGTCCTGUTGAAGCTICCTCCACCGOUTCACCAGUGGACAAAGUACCGGTGTATUAGEG TCCG’JI
GICATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGUCCTAGATTCTTCATCAAAAACGCUT(|
AGACACTTGCCCAGGATTGAAAUTCCUTGAAGGGALCCACCAGGGGCUCTGAGTTGEICCTTCCC T
CGTGGUGAGUTGUCAGUCAGGUT G TACCTGTGATOGAGGUTGGUGGHGAAAATAGGUTTCGTGIG
CCAGITCATGGGAGCTGUAGUGACAGCTUATGAAACG U CAACAATUGCATUAATTCATG T AAGCTAA
FCAGCTATTICCTCTTCACGAGOTGTAATTGTCU CAAAATICTGGTCTACCGG GG TGATCCTICGT
GTACGGGUCCTICUCTUAACCCTAGGTATGCGCHUATGCGCTUGCCGUGLAA LT CLUGUGAG TG
COGALLGTTTGGCACGOGCUCHTUCCUGAAATCUCAGTIGCAD CCGGA TGO GGUACCTTTTTTGIG) |
A TAATTTATGCAATGUACTGCOTCTGCAAAA TTCTRGCTO TG GCCCAACT CTAGGATCACGUGG UG TA|
GGATITCGTAATCATICGTCUTCATGUGGGAGCTACCGACTACCCTAATATUAGCCCGACTHUCTGA 1
GCUCAGCGTCCACTTTIGTGUACACATTOCATTCGTGCUCAACGACATTTCATTGTGGTGUGAAGC TGTd
CCCAGTTACGCTCACCTGTTTOCCGACTT COTTACTGTI T GTUGACAGALUGLGCCCACA GG C‘G|
GCTCGCAGUCGGTANA TGlergigrecenactyaingignagacct gleghipgeraicterie gecttcatntictoclgtactg gice
BigLrClioqicaoeCigage R cdeCigaagigsigEegueic e iR atlegio geane gacglcciggecigglcsgoisggsaigaagigeiva gt
goeguigeegaglociguaggigegciciacggaceiviuccgeeageegigegiglaccigiicaaceaocgoiocigggeegacticategigrace
aglucgigarcgagggscggloiviglicaigicocggeiggeggicrigggegigifcccencgticaicigeagecicgigatecicaugiccasiale
civficaagcggggotceatcgoegataagongogeitcaacgedigralcgacangeagegagagsgoicgecicngacgegeciggoggiglac
COREREZLCCHICEZICLACTCILEZRRAgceeCiveegrigaagegegeatiycigeutiae gegiacicce gaaageicocogioeagalogic
SFLCEZIZCCARCRUEZRAL B EUHGICEC L ERLRUECROIgCacegicgeciggiorgancegeggiogigsgoiacivggageepaiiaicnce
geogaltaooeggacivgaggoeglicviggacggaggigonagaggegigegucgoivagigaeaascigigifiggisceguciggoaggsgoectse
CESHATICECOGICCREZUZUCCLICULFOQUIGCCCCCIZICCRIQUCCIgOCERigCig g paigucciggeiguaecicggedigiiige sisy
BCCIQCIRQCIZ A gL Qe el QO RIE R R C I e IFINF Qe CeCQUCCaRCCRCEERCRCEEQCCRCILLCLLRFCLIRCCICRCOTicle
EHCIgRCICIaCIe LA LCaRICans §C FOIQRaE SO Bt EaZaTCeagLLLERACACCOLEZCAUGCICCLER LA QAR LLIGRCTIZE
cegogctogaiggotoggrogetegaogogacage T A cacacooeogergegeacctzaceigticicio sarescacctaticiacctisosana
CHARCCCCIEQAQCaATEC Lt re AR ATC LelClE R0 QCCoC Qe R0 QT Qs i s O CC e RCR ERC RCCHCEQCCRCR L RO LC:
tgcaaaceocaccigacagatizaygooccasgeaggraggeriigagaty gagriacaraagicaagiancirasagitiiiaiyatanciaac
agggicgtitcigrecagegaalracaayancangattecacatitcegigtagaygctirecaic gaaliylea e raec rroreeeraceeracaan
aceettacgacptngtaarasaaacgigrerogcactgicoctaiagecctipaasaccanrcaggagacgaicgraageatcacngoacaaceyrataieg
atagegtotgegigtigrgageiggagicgigrgriigacgacggegeigeagoieiigeaggatgigeeiggegigogogiteacgtogigacty
agaaatatiggegacgasacgiigacgretggegoognegggeigigzatgocaiacgratigzglacgeggoeatiggaigggaliggiagget
iatggaggrataatagagititizicggatccnacgeatgligatigeagiagocegrigigeiganagiaigiaaggatgrigeatigaciatiics
caigegetgeceacercitticgeagzanatzigreggcaicgitggigeacezatggrganaaicgacgiicgaccactacaigaaanigiatac
cicigaagatgeagiaacigrgrgtzcgaaacggatancggitiggiagrigtatricgeagoatgigciggatttigrgrgraaciorecetiges
acggeecattgcaggigteaigtigactggagratacgaaciticggoegteaaaticceagaggaggaceecetotgggecgacatigigeoes
cigeictiocgeitgeigtticotgigteanatigt

WCROCCAGUCCICAGERECLATaucgarat groctactacaaggigic

fod
54
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[0260] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO03: ChsoLPAAT2:PmPGH::3’DAO1b.
Proceeding in the 5 to 3' direction bold, lowercase sequences represent genomic DNA from
CHEZZ that perrnit targeted infegration at the DAQOD locus vig homologous recombination,

the O reinhardni B-tubulin promoter driving expression of the veast sucrose invertase gene
{contferring the ability of CHKZ2Z o metabolize sucrose) is indicated by boxed uppercass text.
The nitiator ATG and terminator TAA for nvertase are fndicated in uppercase, bold ialics while
the coding region is indicated in lowercase Halics. The 2 moriformis PmPGH 3-UTR is
mdicated by uppercase underlined text that enables amplification of the ChsoLPAATZ gene,
followed by a linker, indicated by lowercase, bold Htalics, in which contains a Chiorelln

viglgaris niirate reductase 3-UTR. The P. moriformis PmAMTO3 promoter, indicated by the
boxed italicized text, drives the expression of the Chsol PAATZ. The initiator ATU and terminator
TGA codons of the ChsolPAATZ are indicated by uppercase, bold Halics, while the remainder of
the gene is indicated by bold italice. The £ moriformiz PmPGH 3-UTR i indicated by lowercase
anderlined text followed by the CHK22 DAOIE genomic region indicated by bold, lowercase
fext,

[0261] Table 40 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK975. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 40: Screen of primary transformants of CHK22 with pCHK975.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK975-1 0.07 0.03 | 2071 | 3.44 | 57.62 | 14.19 0.59 0.26 0.12 1.53
pCHK975-2 0.05 0.02 | 2443 | 3.08 | 59.18 | 9.49 0.51 0.24 0.08 1.51
pCHK975-3 0.06 0.02 | 20.71 34 57.82 | 14.16 0.57 0.24 0.11 1.49
pCHK975-4 0.06 0.02 | 2095 | 3.46 | 57.31 | 14.28 0.59 0.26 0.12 1.50
pCHK975-5 0.06 0.02 | 20.92 3.5 57.12 | 14.39 0.57 0.25 0.11 1.51
pCHK975-6 0.07 0.03 | 20.86 | 3.34 | 56.95 | 14.76 0.59 0.23 0.1 1.45
CHK22 0.04 0.02 | 26.18 | 295 | 59.62 | 7.55 0.46 0.24 0.07 1.49
Control

Example 20: Expressing Chlorella variabilis LPAAT2 (ChvalLPAAT2) in P. moriformis strain
CHK22.
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[0262] ChvalLPAAT2 was introduced into a P. moriformis strain CHK22. The expression

construct pCHK976 contained 5’ and 3’ homology arms to permit targeted integration of

ChvaLPAAT? into the genome and is shown in Table 41.

Table 41: Integrative sequences for the transformation of P. moriformis with pPCHK976
encoding ChvaLPAAT?2.

SEQID
NO:

Nucleotide Sequence

32

getcitoegetfgosegoaceciogiigateizgaagoecigegeagoccetiaaaicntotoagivaggtiicintgitoancigageeianaggge
tttegicacgegeargagracacgiatatcggoiacgeagicicicagasgeggiagancagticgeangercicgivggicgaaaactigrgnd
agisciatizaatizaatiaaatgaicgaatipagacgegaaacitiigraganigreacigagtiisocengaganigogagtoorsreatioacs
atecgeoigigeacggenigattogorgagacgaigaaiggoagaceaggpagepgclizegagoccegagocgaiageagganiannggic
gacaatettocigiconatiaciggeaaccatiagasagayonggagegegitganaitvigeantogagtaniiiticoatgegprgogociget
gaacortaagecicoggeciatgittanggogaicenagatgoacgeggececaggacgigivicangcacanacercagocitagtiicgaga
ciitggracatagcgoragataiciagitigeratitigiaiatianiiangtotopeantggagegeicigaigrestrongeaivgrcigeasey
cetggeaptgrepciggeetegeeciategotegpegectgicagetgoeiccegeciectgegeegegedCTTTCTTGOGUTATG A\
CACTTCCAGCAAAAGOTAGGGLGGOCTGUGAGACCGLUTTCCCGGUGUTGLATGCAACACCE A|
COGACCCCCCOAAGOTCCTTOGGOGUTGCATGGGCGCTCCGATGOUGCTEC
JAGUGCTGTTTAAATAGUCCAGGCCCCCGATTGUAAAGACATTATAGCGAGUTACCAAAGUCA
FATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGUTTGTGATCGLC AT TCCS
CTAAGGGGCLGCCTCTICCTOTTOGTITCAGTCACAACCUGC AAALTGTAL L\JA Fiscrgetgraggect
Lt g CCTRUIg Qg eHCgrogoiaugaicagoegelicCQiguegaacguguc glocgacegoe
CIGEAT O ZUCCOCHAU g ECCI G g oTa0 uCga SO g QUC T T g §Cue: 'yrm e a; e

CCOGLaugRs

LRI gm ace, ;, (,'gg»g,aqu

BiZ& LR
COICCEQUgaReeiga

TGCOQCARCACCICe QECHCTICRGC £aCaco ACCCLECHCCRET “.fr : ‘{,c('ym}"("u’au
é”é"( fggeegec

: Qf:om{gagm(?!

"!,’;,’gd!l g(n z;gn g

481G Zg'd,,z, :

CCALACRATCICCRUZICCRIQTIC QU g gacctcicceicty gric aag,s:gx,: ?
FOCTCCTICIICOTS ga(‘(‘ g(* g QUCHCALZETUAE

CCC{;(:L,‘CGCGL(:G’I 1 1 {x T C(;C(_. C”I (, {:C(:(z(a(, GUCOCCOCCOGULGEGRCCLATIGAAATIOTT
GUAAMACCCCACCTGACAGATIGAGOGCCCAGLUAGGAAGGCG TTOAGATGGAGGTACAGGA
GECAAGTAACTOAAAGT T ITTIATGATAACTAACAACAAAGGETICOTITCTOOGCCAGCGAATG
ACAAGAACAAGATTICCACATTTCCGTGTAGAGGOTTGCCATCOAATGTICAGCGHGCOGEICG
COGACCCCACAAAACCCTEACGACGIGUTAAGAAAAACGTCGOCGOGCACTGTCCCIGTAGCS
TCAAGACCAGCAGCAGACGATCOUAAGUATCACAGUACAACCGGistagcagraycicggatagiaicgac
LR iCiggaCgCig e te gIgi g alg gaCtg iU geencaciigoige CUgacigignatalr ColigL CgUiifinicanacagecloagiyiyiiiga
fe gt gt tne e g g ag i guiggeig ol gIgUiati e gaaiac Qe oo Cagoal Coctivecfogiticaiaicgeligeaicceaacaege
aactigictargoigtooigeiaicocieagegoigolecigetoctgoicaeigeocciogeaiageeBygiitggpoieegecigtattieiociggtaciy
CRUC LG IANUC R EUA IS CHGC g g Q g SRR i ig e aig g SauCeRuui g LT CIagEaauinacgaie aange }
ii/‘t{,A(lfr/i CGOGCGICAAAGGTCOTGOICETGTATGCOCCIGGCCGGCAGGICGTIGUTGCIGT i(r{7|
FTTAGTGATY COGCAACCOYGATTTI GGCGICTIATT T GGUGTGGUAAACG CIGGCGLOCGLGA Lré;i
CHGGCCGGUGGUGATGOGE CCCACGEETEC FAATCOCAAGGGAGGUAAGAG C(.?CGGG1
FPCAGTTGAAGGGUTTTACGUGCAAGGTACAGUOGCECCTGCAAGGUTGUGTGGTGGAATTGGA L(’?|
T GUAGGTCCTGCTGAAGTTCCTCCACCGUCTCACCAG CGGACAAAG CACCGGTGTATCAGGTCCG] |
CTOATCCACTOTAAAGAGUT CGACTACGACCTACTGAT GG OCCTAGATTC T CATCAAAAACGUCEG) |
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SEQ ID
NO:

Nucleotide Sequence

A(A( 41'1’1{;!'(1 (;(;AH'TAAA( ;"C( CTHLE—MJ{:(J»Q(/L 4(“( 4(;(:(‘(’#"

(_!TZU“‘(‘(_’I{;C( (V( Tf CLTCAACCCTAGCGTATG G ()( ATZOGGTOL [{q( ()( { rfwAA(/ f15 ( ( ‘G 64()()(1
CCGAGGGTTTGGRACGGGUCGTOUCGAAA THCAGTTG CACCCGGATGLGTGGCACCTTTTIIGCH)

BEAATTTATGUAATGGACTGE T TGUAAAATTCTGG U TCTGTCHUCAACCOTAGGATCAGCHGOD TA|
GGATTTCGTAATCATTOGTCCTOATGGGGAGCTACCGACTACCCTAATATCACGUCCGACTGCOTTA f'1
COCAGUGTOCACTTITGTGCACACATTCCATICGTG U CCAAGATA TTTFQ TTGTGETGCGAAL ,("GT("1
CCCAGTTACGCTCACCTCTTICCCGACCTOCTTACTCTICTGTCGACAGAGCLGG CCCACAGH T CG|
CTOGCAGCOGLTA (“lfl Tiaccofggocegarigaligegaaggooaccangigecegucgifecigegiageatecicotgetciacte gl
COE I OISl SO IO Ol L G gl g S Ol S R S O g B S S S S8 RGO SR TS C S SR gUig gLaigaagig i s
GRCECIgICge gICClERG gL g ECHCCLRugRECIZINC LR ECAFIZeEiigCcictionarcdoe geicciggagegactionlc giggas
cagfgegifoncegaggeaigeagecigifcaigagocgociggorgiccleggpglciftoccac e gigtc geoicfegigglo oleaagagoaiia
(OO NG ETgUgRCICCEILEOCEACAUELATACZH UL L EIE LI ZUCERECAZUZCZORECCREOCCRCRFOCELLEOILIELIE
facocagrgggeiRee griciarecigggggageegoigeccrigangogoggoeaigoigiactacgocticicecgrangeicociatigisaicy

BCECIUCAULE ERESCSUHOICICCEBL AR CaCIZCUC g EUCCELIgauCiagargge g alsgicggulucicigegoegulcaiguceges

RO G g B S B U g SIS U R S L PUa LU ORI LS EICC gL E g guCig EucgEociges
CRUZCIEZCCCCACREZURCCEZOIRCCZURIQCCCLECTICEUICHUCCle g e uiaCigagigligeiogiggcendcaiggoociglicigicicy

COIS I RCIZU RO C L ICiE g glE g el iic greciglie g eaecC e eageCe QIR eI QoL grigeeg e R CciauCigrocs tggt
it{tfggc?g?awge,(,gcu,ggfgmacgs CHCHACIELEOET gvuvaa%vu SUCCLEZCCEACIZLCCTUZIC, gg(w‘

; § § SEQERTRC
Hopapotacagsamipaaridactopaaptititatontaaciag
BLALACHOCCAtCRUalSlORT CrOr O e O o3| 3
ragaganacsiagcgeacantgtocsisgiagecigangacengragsagangaicrgaancaltacancanasneeeiategatagegtotgeg

fgtigogagcigoamicgigosettganaacggogrigeageicitgeagaatpisocisggegigogegiicargicgigocigagaaataiggcg
acgaanepiizacgurtpgroceggogracistoeaisreatacgeatigupincgegoceaiiggaigroatigmiagocitalgpazoeais
atagagtitttgiogratveaacgenigtigaigragiagoregrigtocigaangiaigraaggatgmigratigaciaticacaigogetigecca
ecocttticgeagganatgigeeggeaicgiiggtgeacegatggrganaaicgacgticgaccactacaigasaaigiataccicigaagaigea
geaactgegrgigegasacggaiancggiiiggiaggigtaigicgeageatgigotggatiigegggeaacicooccigoracggeccatigea
ggigtcaigtigactggagratacgaactifeggoogicanaiiceragaggaggacceestvigggeegacatigigrecactgeteitvegeltg
cigtifecigtgigaanitgd

[0263] The construct can be written as
5’DAO1b:CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO03: ChvaLPAAT2:PmPGH::3°’DAO1b.
Proceeding 1o the 37 to 3' divection bold, lowercase sequences represent genommie DPNA from
{THK 22 that permit targeted infegration at the BAQGTD locus via homologous recombination,

the (. reinhardrii B-tubulin promoter driving expression of the yeast sucrose invertase gene
{contferring the ability of CHKZ2Z o metabolize sucrose) is indicated by boxed uppercase text.
The tnitator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while
the coding region is indicated 1u lowercase italics. The & meriformiy PmPOH 3'-UTR s
indicated by uppercase underlined text that enables amplification of the ChvaLPAAT2 gene,
followed by a Hnker, indicated by lowercase, bold Halics, in which contains a O vidgariz nitrate
reductase 3-UTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized text,

drives the expression of the ChvaLPAAT2. The initiator ATG and terminator TAG codons of the
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ChvaLPAAT? are inshicated by uppercase, boid #alics, while the revoainder of the geve 15
indicated by bold ttalics. The P moriformis PraPGH 3-UTR is indicated by lowercase undertined
text followed by the CHK22 DAQ b genomic region indicated by bold, lowercase text,

[0264] Table 42 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK976. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by

GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 42: Screen of primary transformants of CHK22 with pCHK976.

FAME Profiles TAG Profile
Sample | 150 | c14:0 | c16:0 | c1s:0 | c1s:1 | c1s2 (;15]: C20:0 | C20:1 mééigg?
pCHK976- | 005 | 0.02 | 2529 | 3.1 | 6041 | 7.57 0.45 026 | 0.08 1.56
1
pCHK976- | 0.05 | 0.02 | 23.82 | 3.11 | 5949 | 9.74 05 027 | 0.09 151
2
PCHK976- | 0.05 | 0.02 | 23.74 | 3.03 | 6023 | 9.12 0.48 028 | 0.09 151
3
pCHK976- | 0.05 | 0.02 | 2345 | 3.19 | 59.56 | 9.93 0.54 03 | 01 158
4
pCHK976- | 0.04 | 0.02 | 247 | 3.06 | 60.13 | 8.36 0.51 026 | 0.08 1.56
5
pCHK976- | 0.06 | 0.03 | 2149 | 3.27 | 5889 | 12.13 | 0.57 03 | 011 150
6
CHK22 0.04 | 002 | 26.18 | 2.95 | 5962 | 7.55 0.46 024 | 007 149
Control

Example 21: Expressing Raphidocelis subcapitata LPAAT2 (RsLPAAT2) in P. moriformis
strain CHK?22.

[0265] RsLPAAT2 was introduced into a P, moriformis strain CHK22. The expression construct
pCHK977 contained 5’ and 3’ homology arms to permit targeted integration of RsLPAAT2 into
the genome and is shown in Table 43.

Table 44: Integrative sequences for the transformation of P. moriformis with pCHK977
encoding RsLPAAT?2.

SEQ ID .
NO: Nucleotide Sequence

33

gotvitoogoitgoregoanectogiigatoigggageeeigegeagoccetiaaationictoagioaggtiiciaigitionacigagecianaggge
tttegicacgoegencgagracacgiatatoggoiacgeagicicicagasgeggiagaacagiicgeangorcicgivggicgaaaactigognd
agtactatigaatiasatiaaaigaicgaatgagacgegaaacttiigoaganigreacigagtiigoceagagaatgggagtggogecationcs
atergreigigeacggeripatiogosgagacpatgaaigrepagaceaggeageggciipegagoccegagorgpiageaguaniaarggic
gacastoiiccigiconatiacigpeaaccatiagaaagagorggagopcgitganatiivipcantopagianiitticgaigegggagncignt
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SEQ ID
NO:

Nucleotide Sequence

gancecianggetreggoctaigtiiaaggegatreaagatgeacgrgrecceaggoacgigicicaageacaancccengeetiagitiogaga
vifigponpatagrgecagatatotagiiigecatttigiataitaatiaagicicgeanigpagogetrtigatocggiocagegicegetzoages

cctgpeagtgoegcigegpicoocetategotegpegeetggicagcty g,Ltu.CGCLtutg,Lz“CgtgLCl( THTCTTGCGE 'i‘AT(zA\
CACTTCCAGCAAAAGGTAGGGUOGGCTGUGAGALGGCTTCCCGGUGUTGUA TG AA( A(‘ 5ey
FGATGCTTCGACCCCCCGAAGCTCUTTCOGGGUTGCATGGGCGUTCCCATGUCGC
SAGOGCTOTTTAAATAGCCAGGUCCCCOGATTGUAAAGATCATTATAGCGAGUTACCA &ACQ( A
FATTCAAACACCTAGATCACTACCAUTTCTACACAGGUCATTOGAGCTTGTGATCGCACTOCG
CTAAGGGOGCGCCTCTICCTCTTOGTTICAGTCACAALCCGCAAALTGTAL ALLU(n
TG CCig oI EueE gOIICLOCECCuaguica e goteral guCguacagaiglocguce §oeoceigs 'gcact!’(:a('

(GQOCEQUCCTRUCEROCTETgRIneguegugid R st Tals s
CHHCL LR S EUCHUECCACKICCRUL ERee 1
"gk {CCaig QIR EE gaciGraucaarant
1 }’J("Ji(‘f('('f(:{‘(l‘1('{
ARG EICHTIggIae, (00"1

'0{/{(’(’?%’!‘7,’( CCIREGRLCTS

2 rg(‘,_;q ZOCT

&

CACZCangd 'rg( le

e atueision

satcgagaics

HCHCROCUae
Jeptaioptitug
CERQEgTggucaarcigt
( 1 CTGACCTGITOTCTCG
AGGG{ G{“ 9 TGTTf‘TG(f TTG( GA A AF %AGF [® CFTGGAG{" '%Tb(“(ﬂ‘(;t ATGATCOTCTICTGGCS
COCCGLCCCGUGGTTTETCOCCCTCGLOGECGCLGUGGRLCOUGHOGOUGCATIGAAATICTT
GCAMACCCCACCTOACAGATIGAGGGUCLAGOCAGGAAGGLOTTGAGATGGAGGTACAGGA
GTCAAGTAACTGAAAGTTITTATGATAACTAACAACAAAGOOTCGTITCTGLCCAGUGAATG
ACAAGAACAAGATICCACATTICCGTOTAGAGGCTTGUCATOGAATGTCAGLGGGCGOGCLG
COGACCCGACAAAACCUTIACGACGTGETAAGAAAAACGTGOCOGECACTOTCCC TG TAGEC
TOAAGACCAGCAGOAGACGATCGGAAGUCATCACAGCACAACCGGtgcageagcageteggaiaginicgac
aeaciciggaegcigglogigigmiygactghiyeogreqeaciigoigecigaccigtigaaiatcocigecgoiitiaionaaragecteagigighiga
fctiglgtigtacgogeifigegagligotagciyeigiyciniiigegaataccacceceageatccccticrclo gificatate gosigeaicceaarege
aaciaicinegoigicotgoiagivecicage petgetfecigeiccigetcacigeeeciegeacagecgnifipgaoteogoctglaticicciggineis
CARCOISIaRCeageacigeaaiscigulscacggeangsiagigeruiggraacaraasiggucctagsanctaacaatcaaag e GG
GACAGGACGUGCGTCAAAGGIGCTGETCGTGTATCGUCCTGGCOGGCAGGTCGTTYGOTGCTG OGS
FEAGTGATTCCGUARACCCTGATTEVGGOGTOVTATTTT GGUGTGGUAAACGUTGGCGECTGCGAG (.1
COGGGOCGEGL GATGCCGGIGCOCCCACGLCIGUCGGAATCCAAGGGAGGUAAGAGCGCTCG (}'GI
FCAGTTGAAGGGCUTTACGUGCAAGGTACAGULGUTCCTGUAAGGUTGCGTGGTGGAATTGGA (‘(;1
FGOCAGGTOCTGCTGAAGTICCTCCACCGOUTCACCAGUGGACARAGUAC UGG IGTA Z(A(r(rif (‘(J I
GTCATCCACTUTAAAGAGCTCGACTACGACCTACTGATGGUCCTAGATICTTCATCAAAAACT
AGACACTTGCUCAGGATTGAAAUTOCUTGAAGGGACCACCAGGGGCUCTGAGTIGETCUTTCL "(‘( "(
COTGGUGAGCTCCCAGUCAGG UG TACCTGTGATCGAGGUTGGUGGGAAAATAGGUTTCGTGTG
FCAGGTCATGGGAGGTGUAGGACAGCTUATGAAACGUCAACAATCGCACAATTCATGIUAAGCTAA
FCAGCTATTTCCTCU T CACGAGCTGTAATTGTCUCAAAATTCTGGICTACCGGEHGTGATOCTICGY
GTACGGGUOUTTCCCTUAACCCTAGGTATGCGCGUATCGUGGICGUCGUGUAATT UGG "GﬁGG( 5]
CCGAGGGTTTGGGACGGGUOGTCCCGAAATGUAGTIGCACCCGGATGOGTGGCACCTITTTIGE
ATAATTTATGCAATGGALTGUTCHGCAAAATTCTGGOTCTGIC GUCAACCCTAGGATCAGUGGT G!n|
CAFATTTCGTAATCATICGTCCTGATGGGGAGUTACCGACTACCUTAATATCAGUCCGACTGUUTGA (‘|
GOCAGOGTCCACTTTIGTGCACACATTCCATTCGTGCCCAAGACATTICATIGTGGTGUGAAGUGT (‘|
COCAGTTACGCTCACCTGTTICCCGACCT CCTTACTGTICTCTCGACAGAGU GGG UUCACAGG LG
GTCGCAGUCGGT [1(1A£ Gefecigolocgectgoeegootiolggoigguipgtpipggrigatgtuciggagectoeciciggee pigcigacy
CEQEACRICCCCZIREE QCARCICIZRERC R COCLCARE ROACACLHHACIE S RICAUFHCCIQFILRCCYCECITRLTRICARQTCCFCangcg
agreicgggegageigtacioigrecangecocgigeatcigeciggeganecacegelegigeregpaciicitigipracgegiacefegeigges

28 \)I\){M'og
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SEQ ID
NO:

Nucleotide Sequence

BRLECECECAgUIgCigugecEgaiggeggigcigtacgegiicocgaigtieaiggocccegiguiegocaigegggeoigeaiigioifinagosey
BUCECUH gal ARG SN AR g R QU S B I Bl g UL S B O  RORE NN S RICIZ RIS FlC e CIguEgEeonce
SRS ECCCUCiEUIgCCOCIgUaE e CEEURIg Ui CaTine g L IRCiCC geRuguigC IR Caguliaioaigagegcgancad

BRASU G I SO UAg E NI RIS B U g gl glgac ST Qe g g e oleniCic e Ceog e gavine goig ot
CEOR RS I OIS B S U R U g U CHOg R EIE B GCRUCUC EIZICEZURRACGCRLCCLERCigeegoreigeacgton
BCGEEROCCHELRIgRCBGUCHCiacecarecogoiggiggicicgeancigifificagoecicoigggsatcdecoloctglicgoocgCiiclic gutia
colggggcigulivigegageeauggecgiovigggorcccaggeigegaagaiggigsiciociticiggicgegigeiicgrggeeageciggert
FCELCIGCAACFQCCRACTZ O FRAGCCLC QeI CE Qe F G I g A FCTRAC QR R QIR CE LRI RARQRCICESRFCLLICCE
B B O e g R LY CYCECIFuag ecegeipoegiggeggegecgraggegeatcioceaagaagiveare TAlicacg

cegpeecogcrcaceigaccigttctcicoaogpecocigiictocciiocon aRLCCCCL atgcotocaligatcsicioiogrorceeesee
BCRCe LIt EICOrCOiCRCRE RO RECACERCCRCRE R roreatiraaaliRlircaaareeractigacasatizangroiCangiaggnaguey
fieagatygs 3

cogretagagg
agectgaagaccagcagpagacpaicgrasgeateacageacanceggiategaiagegicigogigticsrasctgragtexiosoctizacgac
ggegeigzeagoictizeageatgigroiggegizgogegtteacgicgigactgaganalialigroracgaaac g gacg el gguoceggeg g

cigiggatgecatacgeatigggtacgeggoeatiggaigegaltggiaggotiatggaggoataatagagitittgicgratecaacgeaigliga
igeagiageceggigigeiganagiaiggaaggatggigeatigaciaticacaigogetgeceaceccitiicgeagganatgigroggcaiogit
ggtreaccegatggroanasicgacgiicgaccactacaigaaaaigiatacctictgasgaigeageaacigrgrgigeganacgrataacggit
igrtagotsiaigtogeageatgigeiggatittgeggacaactoccectgocacgpeocatigeaggtgicatgtigaciggageatacgaactit

cggecgicaaaticocagaggaguacceocicigggecgacatigigcocactigeteticegetigotgtitocigtetgaaatipt

[0266] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO03:RsLPAAT2:PmPGH::3’DAO1b.
Proceeding in the 5" to 37 direction bold, lowercase sequences represent genomic DNA from
CHEK22 that permit targeted integration at the BAC1D locus via homologous recombination,

the ©. reinhiardiéd f-tubolin promoter driving expression of the veast sucrose tyverniase gene
{conferring the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text,
The initiator AT and terminator TAA for invertase are indicated in uppercase, bold #alics while
the coding region is indicated in lowercase #talics. The & moriformis PmPGH 3-UTR s
indicated by uppercase underlined text that enables amplification of the RsLPAAT2 gene,
followed by a linker, indicated by lowercase, bold italics, in which contains a & vulgaris nitrate
reductase 3-UTR. The P. moriformis PmAMTO3 promoter, irdicated by the boxed italicized toxy,
drives the expression of the RsLPAAT2. The initiator ATG and terminator TAG codons of the
RsLPAAT? arc indicaicd by uppercase, bold italics, while the remainder of the gene is indicated
by bold italics. The P moriformis PmPGH 3-UTR i indicated by lowercase underlined text
followed by the CHKZ2Z BAQGIb genomic region indicated by bold, lowercase text,

[0267] Table 44 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK977. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid

production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
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transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 44: Screen of primary transformants of CHK22 with pCHK977.

FAME Profiles TAG Profile
Sample | 100 | c14:0 | c16:0 | c18:0 | C18:1 | C18:2 Sllpij C20:0 | C20:1 méé:g’g;)‘q’
pCHK977- | 0.06 | 0.04 | 2134 | 3.17 | 5663 | 1469 | 057 024 | 0.1 146
1
PCHK977- | 0.06 | 0.02 | 2032 | 334 | 5575 | 1631 | 0.8 025 | 011 153
2
pCHK977- | 0.06 | 0.04 | 1994 | 322 | 56 | 16.65 0.6 024 | 0.12 148
3
pCHK977- | 0.06 | 003 | 21.97 | 325 | 5697 | 13.74 | 054 024 | 0.1 146
4
pCHK977- | 0.05 | 0.02 | 2583 | 299 | 5944 | 7.9 0.46 025 | 0.08 158
5
pCHK977- | 0.04 | 0.02 | 2609 | 3.12 | 59.68 | 7.43 0.44 027 | 008 155
6
CHK22 004 | 0.02 | 2618 | 2.95 | 5962 | 7.55 0.46 024 | 007 149
Control

Example 22: Expressing Chlorella desiccata LPAAT2 (ChdeLPAAT2) in P. moriformis strain
CHK22.

[0268] ChdeLPAATZ2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK978 contained 5’ and 3" homology arms to permit targeted integration of
ChdeLPAAT? into the genome and is shown in Table 45.

Table 45: Integrative sequences for the transformation of P. moriformis with pPCHK978
encoding ChdeLPAAT?2.

SEQ ID

NO: Nucleotide Sequence

34

getctteegettigecegeaceotegiigatoeizgaagrecigegeagocectiaaaioatcicagivaggtifciatgitcancigagociaaaggge
fticgicacgogeacgageacacgiatatogactacgeagicicicagaageggiagancagticgeaagorcicgivggicgananciigegoe
agiaciatizastianatinasigatcgaatzagacgeganacttitgoaganigeeacigagtitsocengagantgogagtrorgreaticact
ateogreigigeacggoertzaticgorgagacgaigasigacgagactaggrageggoligegagieecgagoeggiageaggastaacggic
gacaatcticoigiocaatiactprcaaceatiaganasgagccggagcgcgttsaasatictgcantcgapasittticgatgegaegggoetipet
gaaccectsaggeiccggeciatgittaaggegaiccnagatgcacgeggecceaggeacgigicieasgeacasacceeagectiagiitogaga
cittgguapgatagespeazatatotagitigreaitiigtaiatiasttaagicicgenatygagegetictgatoogs tawgt gtegreigeagcs
cotggragigecgaiggggicgoncinicgaicggrgociggicagotggrivcogeotocigrggegegs d( PETCTPGEGCTATOA
CACTYCCAGTAAAAGGTAGGGCOGGLTGCOAGALGGUTTCCOGHCGUTGCATGCAAC 1-3{.,CGA|
FOATGCTTCSACCCOCOGAAGCTCCTTCOOGHUTGCATCOGUGCTUCOATGCUGITCC AGS G(,T|
IAGCGCTOTTTAAATAGCCAGGOCCCOGATTGCAAAGACATTATAGCOAGCTACCAAAGCC A
SATY B CACAGGCCACTCGAGCTTGT GAI 8 GC ACTCCH

LUGOCaECECgs gtg(;a £ n"qu:.'(v
CHCCOCQQUgICEgagEagcagiacaiCiCOiGragerig gucg g gCiaracliCacegagiaecagaagancocCgigeiggeegerGacs

Hetee; )q: FOCGIggle; )ﬂqurmi AECAACACCIT cg,a e nm:,'( ZACaCCagaces
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SEQ ID
NO:

Nucleotide Sequence

SHCCGOGReCCgang gt

TG EIGCERECCCICeCagua gl gLaiCalgeCgOggreangioee
CICCHCLUCEeCauegug g goiiecicggoiaecagt
SOZCALLUCCOCagloanglectactg g giguigticaiciccatoaacs

{:ygm e (,ugwr( sagaict

CICCEACZACCIZROZIC (‘.,,,‘

o g

CLECGZUCCHCTCaacacs:

{egogoicciceatgteect
e feTete uf{(,i;h aCy

?( g g.z"‘
CCIACHCRCCaae
ZQURCIFnCT

e et & QEZIgacaaccigt
£ roC gzr Q08 'g.,é( 1T A &(: A{“ bf“(“ FGCGC GGC GOAL TGAC CTGTTCTCTCG
LXGGG( G{“ o TGTTFTG(/(“ TTG( GAAACAAGCCCUTGOAGCATGUGTGUATGATCOTCTCTOGOG
COCCGLCOCGUGGTTTETCOGCCOTCGLOGECGCLGUGGLCOUGHOGGOUGCATTIGAAATTICTT
GCAMACCCCACCTOACAGATIGAGGGUCLAGOCAGGAAGGCOTTGAGATGGAGGTACAGGA
GFCAAGTAACTCAAAGTTITITATGATAACTAACAACAAAGOOTCGTITICTCOCCAGLEGAATG
ACAAGAACAAGATTICCACATTICCGTGTAGAGGCITGUCATOGAATGTCGAGUGGOCGHGCLG
COGACCCGACAAAACCCTFACGACGTIOGTAAGAAAAACGTGGCOGGLACTOTOCCTOTAGLC
TOAAGACCAGUAGOAGACGATCGGAAGCATCACAGCACAACCGGtgcageagcageicggaiaginicgac
aeacicigguegcigglogigigmiygacighiyeogreqeactiigoigec igaccigtigaaiaicocigecgoiftiatonaaragecteagigighiga
iorgtgtgtacgegeitigegagiigoiagoigefigtyctaiiigegaatorcacocceageatcecciciciigificaiatc geiigeatorcaancge
aacfiaicinegeigicotgoiagivecicage petgetecigeiccigotcacigoecciegeacagecgaifiggeoteogoctgaticicciggineig
CURCCITRARCCALCRTIZC zwfgmmtgca(wvgaa "tavsgvguwggaaz‘m mmtgfga(( tugganataacagicanagelifGGOC)
CACAGGACGUGCGTCAAA GG { SCCGGCAGGTOGTYGOTG TG
FEAGTGATTCCGUAACCCTGATTENGL :{"(J}( CYACTTTGGOGTGGUAAALGUTGGCGTC L(‘(‘(;A(;d
CGLGCLGGUGGLEATGUGGIGCCCCACGG CIGLUGGAATCCAAGGGAGGUAAGAGCGCCCGH (1
TCAGTTGAAGGGCYITACGCGCAAGGTACAGCUGLTCCT GUAAGGCTGCGTGGTGGAATTGGA (,‘(_}1
FPGCAGGTCCTGUTGAAGTICCTUCACCGOUTCACCAGUGGACARAGCACCGGTGTATOAGS TCCG’[I
GICATCCACTCTASAAGAGCTCGACTACGACCTACTGATGGUCCTAGATICTT CAT CAAAAACGCL
AGACACTIGCUCAGGATTGAAATOCUTGAAGGGACCACCAGGGGCUCTGAGTIGITCCTTCUCE "(
COTGGUGAGCTCCCAGUCAGG OV G TACCTGIGATCGAGGUTGGUGGGAAAATAGGUTTCGTGTG
PCAGGTCATGGGAGGTGUAGGACAGCIUATCGAAACGUCAACAATCGCACAATTCATG T UAAGCTAA
FCAGCTATTTCUTCUVVCACGAGCTGTAATTGTCU CAAAATTCTGGIOTACCGGEGGTGATOCTIC
GTACGGGUOUTTCCCTUAACT GUGITATGCGOGUATGUGGICGOCGUGUAATTOGUGUGAG
CCGAGGGTTTGGCACGGGUOGTCCCGAAATCUAGTTGCACCCGGATGOCGTGGUACCTITTTI GG
ATAATTTATGCAATGGATTGOTCTGCAAAATTCTGGCTU TG GUCAACT Y A&{;Qx&i‘ﬁfL(%C'GGC'GZ}ﬂ
GG/% PPTCGTAATCATICGTCCTGATGGGGAGUTACCGACTACCUTAATATCAGOCCGACTGUUTGA (‘|
CCAGCGTOCACTITTGTGUACACAT T CCATTCGTGOCUCAAGACAT TN CATIGTGGTGUGAAGUGT C|
{’L AGTTACGCTCACCTGTTICCCCGACCTCCTYACTGTICTCTICCACAGAGUGGHCLCACAGG UG
GTCGCAGTCGGTAC 11& TGicomecogaaggecetggogagegeecigogoiggeccorgificieitftvegigiivigecigiacigggac
Bl g gt CiguCc e cEgulicaagig g clgaciiiuaguu g o g CEauGegue gigCiCE o c g gReaagegeoigaug gucuic
CHCCRARIQOECAICOIQUAL R RS REIGCCRIRARCILIRCCZCAUFRACIQCUILIACCEFEREARCOATCFUIRCIRR QL gpuciicctegicy
BCAGIRC IR QAGE RO R RACCCICHC I R R R G LR ORI L CCRCR OB COCIQRICaiguicec Colgoggeocalecgyizesy
CRACCIC I RRCaratc, gz.‘gg(te‘m{ gagrgaficaacangigeniigucicocagicgoiancagoeogoaaueggeiciggeief
BIRCCCCRUZLRCCAICYTICQACCCHACEEE FRLICGCICCTICILRAZ e Z AL LA FCIQARLIACLOCHCRZOCLAAUZCICCEgRIgCagat
EREgale ggsrggca(te?(mggaﬂrtcgmcctgu CQURAAZCACIFCAC RO CRIC e eagaceaivgeggicggiticieegagglocigang
CCIRURRURIRC FAI QU eI QAR aBCHCRIZCaQUAL RICCAR AR acRIgRAacegigagiggagegageicticicgiocanecigaaggge
SICCCeEIECIQUCRARLICC L RageCCLBactygacigecoaaigeatgige pealyattatggegatcigogeggigaivaneatocicaiget
BOCERR IR g TIgae QiR e LR CELTCRIQUELRCECICaligEQCCoetigraaiggecagicgeiggectggicgiggootac
BRI QCQICIRI e FEgia e gua g ol QuigaCgige gl goacoCore 3aagguigliiccauea g gRuageagegcececgaiigictor
SO Rl RO g RS Egeagegegeoggagurgayancggcgacaagaargagcag TAlscacgueercaeagngoncet
gaccipticictcragogorocigticiyoctigoranacaageeccigongoal ce sireatpalc gICiCteoreeer gneoeeee st et goelic
eagregcoreroeeregererercatizasaitoitacnaaccoraccigacagatiyaggroccargrazgaagecritongatronortacas
gagtcaagiagctyagagtititatrataactaacaacagageotcettictoosccarerantoacaggaacaaratitccacatiiocuiviaoaoocttoog
atcgaatgtgagegrgegrgecrorescccgacanaaceitacgacgtgsinagaasaacgigrereocactrteeotgtagocignagaccages
ggagacestcroaareateacaseacasceoeiategatagegicizegintipuoascipaamicstrooctizacgacegegeizcagetotis
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SEQ ID
NO:

Nucleotide Sequence

vaggaigtgcctggegigegrgticacgivgigarigaganalaiggogacgasacgtigacggeigggperggeggaoigipontgeentacy
vatigagtacgeggreatigaaisgaitpetagaetiatggagsoataatagagtitttgicgatocaargraigtigaigeagiagoregaigt
geigasagiaigraageatogigeatigaetatteacalgogctgorcaconcitiicgeaggaaatgisoegroalegtigeigeacegatggag
sanategacgiivgacoactacatiganaatgiaiaccicigaagaigrageansigoggpigigaancggatancggitigaiaggigiateicg
vageaigigciyeatittgeggoeaacioeorcigreacggeceattgeaggigicaigtigacigragaatacganctitcgrecgicaanticer
agaggaggacerceictggeeegacatigiporcacigetetiorgettgoigtiteoigigigaaaitygl

[0269] The construct can be written as

5S’DAOI1b::CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO3: Chde LPAAT2:PmPGH::3’DAO1b.

Proceeding in the 57 to 3" direction beld, lowercase sequences represent genomic DNA from

{CHKZ22 that permit targeted infegration at the BAOTH locus via bomologous recombination,

the O reinhardni B-tubulin promoter driving expression of the yeast sucrose inveriase gene

{contferring the ability of CHEK2Z to metabolize sucrose} is indicated by boxed uppercase text,

The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while

the coding region is indicated 1o lowercase talics, The P moriformis PmPGH 3'-UTR 1«

indicated by uppercase undertined text that enables amplification of the ChdeLPAAT?2 gene,

followed by a linker, indicated by lowercase, bold dalics, in which contains a C. vidgaris vitrate

reductase 3-UTR. The P. moriformis PmAMTO3 promoter, inxdicated by the boxed italicized text,

drives the expression of the ChdeLPAATZ. The initiator ATG and terminator TAG codons of the

ChdeLPAAT? zse indicated by uppercase, bold ialics, while the remainder of the gene is

mdicated by bold italics. The P moriformis ProPGH 3-UTR is indicated by lowercase underlined

tent followed by the CHEZ2 BAOTD genomic region indicated by bold, lowercase text.

[0270] Table 46 shows the fatty acid/TAG profiles of primary transformants of CHK22

transformed with pCHK978. The P. moriformis base strain CHK22 is shown as a non-transgenic

control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid

production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct

transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 46: Screen of primary transformants of CHK22 with pCHK978.

FAME Profiles TAG Profile
1 : 77
Sample | 150 | c1a:0 | c16:0 | c18:0 | c18:1 | c18:2 (;llpij C20:0 | C20:1 méé;O/g;B
pCHK978- | 0.04 | 0.02 | 2577 | 3.1 | 60.01 | 7.39 0.48 026 | 008 172
1
pCHK978- | 005 | 004 | 244 | 3.07 | 5647 | 11.66 | 0.2 034 | 01 1.70
2
PCHK978- | 006 | 003 | 21.29 | 32 | 5924 | 12.16 | 055 029 | 01 155
3
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FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK978- 0.06 0.03 | 21.03 | 3.39 [ 59.09 | 12.34 0.55 0.31 0.11 1.56
4
pCHK978- 0.05 0.02 | 2231 | 3.05 | 59.53 | 11.05 0.53 0.28 0.1 1.56
5
pCHK978- 0.05 0.03 21.5 3.18 | 59.22 | 11.9 0.56 0.29 0.11 1.67
6
CHK22 0.04 0.02 | 26.18 | 295 | 59.62 | 7.55 0.46 0.24 0.07 1.49
Control

Example 23: Expressing Auxenochlorella proteothecoides LPAAT2 (ApLPAAT?2) in P.

moriformis strain CHK22.

[0271] ApLPAAT2 was introduced into a P. moriformis strain CHK22. The expression construct

pCHK979 contained 5’ and 3" homology arms to permit targeted integration of ApLPAAT? into

the genome and is shown in Table 47.

Table 47: Integrative sequences for the transformation of P. moriformis with pCHK979
encoding ApLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

35

geicticegetigreegeacortogtigatcigggagoccigegeagecteitaaaicatoicagicaggitictatgiicaactgagectianaggge
itegtcacgegoacgageacacgiatateggetacgoagivicteagaageggiagaacagitegraageectegicggicgaaaactigeges

agtaciatiganttaasitanatgategasigagacgcganaciiiigeagantgocacigagitigeccagagaatggragiggegocaiicace
atcegectgizeacggeeigaticgeegagacgaigaaiggogagaccagggagegaotigegageetegageeggtageaggantiancggic
gacanictiveigtecaattactggranccaifaganagagoeggagegegtigaaaticigeanticgagtanttittvgatgeggegggoctgel

gaacceiaaggoteeggortaigiitaaggegatoeaagatgeacgrgiccecaggcacgigicicaagcacaaaccecagectiagiticgaga
citigzgagatageggeagalaictagitiggeatttigiataiiaatiaagiciogeaaiggagegetotgatgcggigeagoegicggetgcagea
cc1ggcagtggcgc&ggggicgccctezts:gctcggegcetggtcagc1ggctcmg¢ctcstgcggcgcgccIC'I"I"I'€;"I‘I‘GC€3C’1‘A’1‘GA
CACTTCCABCAAAAGGTAGGOUCGLOCTGCGAGACGECTTCCCCGLCCTGIATG ;‘AA{;‘AC CGA
FOATGCTTCCGACCCCCCOAAGTTCOTTORGOGCTGCATGEGCCOCTCCGATGUCECTCCA
GAGCGCTGTTTAAATAGCCAGGCCCCCOAT TOCAAAGACATTATAGCCGAGCTALCC AQCLA
FATTCAAACACCTAGATCACTACCACTTCTACACAGGUCACTCOAGC T TG TGATCOCACTOCY
CEYAAGGGGOUGCCTCITCCTCTTCGTTICAGTCACAACCCECA AAC'I‘G’I'A(‘;AM TG(’tgd‘gctz IR
feetgt [f'(‘tg(‘fzfgcr:'_'fgf HCLCCLCCUaQUICALCFCCICCRIGNCERUCFAgacgiccy i i ;
FACLCCARgiggeaccrgt

1T EQUZ SUCTUZCCLaiogeeaic:

Tg'!([({‘ong‘ SGCECC
'8 GOCUICQUCCTRCRL

‘o g gd("i](‘i]{,it?
HCCIACRE TS ZRCE ZUESUTICHOCH
ctrctg g g()”z laels gmrx, rg(g'zm.a‘gqu

cggeticticaoc

UCCEEY!

'I{:( pLe gaz‘ (€Y é/a.f,;g
QCRUCCIZRATE
QUQCALRGCCOCAZERUZICCT Ko CORQUegsrEgcieeticaa
ZeagUiicaarggCaccoacitoguggesty CQ:' 11 Ca’:g—'fce‘cm/mq giZRariicg graaggactaciic gorcligeagact Ilcnc.,;a(
CEEEAZCYCOTIQEZCalegegiggerCioCaarigggagincicegeotic §IgreciciGaorcCiggegCieciccar giecct
CEIgCgrAagCICoCliGacacegagiGreaggecaacer ggagacsg gagotgarcadrCigangercQageegatcaigaacaloageancy
CCREECCT :s_’ FALCCQEICZCCACCAACacagiigacgaagQecaarGgeiacaac gIc gaccigiceaacageacs
SICAGLGUCGrecdas galciceaagicogigiic geg euoriciCoCnig e aaggerct g gagQarcec gaggagt
i atggQ( TICQAZEICICTgCGICCICCHiCCCIgQueCgrgggaacagrangglgaagiicgigaaggagaacceriaciicaceasc
CLISIACaarcGgeoCiiCaagage gagaargacrigicclaciarnaggiglacgoeiigriggacad
¢ Igtcm?ce?aacacr‘tazf?tcatg::.'c‘cae:cggga:,.'(‘gcc‘( 78 7€T"<‘gL ZaaL GIQL;(’gaLg({_

GRlaCgogiy

ERCaCeCiggagiic

1RGACAICCIZRAZGigiact
rggacaaccigt
CTCTCG
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SEQ ID

NO: Nucleotide Sequence

AGGCCECOTETICTGCOTIGCOAAACAAGCLCCUTCOALCATGUGTGUATOATCOICICIOELS
CLCCOUCOCOUGO UITOTCOCLCICCCOGRLO OGO OGLCOGLCCATIGAAATIGTY
GUAAALCCCACCTGALAGATIGAGOOUCLAGUCALGCGAAGGCUOITGAGATGUAGOTALAGHA
GRCAAGTAACTGAAAGE T T ILATGATAACTAACAACAAALGDOICOITICIGUCLAGLGAA LG
ALAAGAACAAGATICCACATTIOCGTIGIAGAGGCITGUCATOGAATGICAGLGGLCGHLGCLG
COCGALCLGALDAAAACCCTTACGALGIGGTAAGAAAAACGTCOLCGGCUACTOICCCIOTAGLC
TOAAGACCALCADGAGALGATCGUAAGUATCADAGUACAALCGOtgeagcagragcicggutaglatogar
FCACICIZRACEigicgigigaiggucighigocgoogcactigeigecfigacergigaaiglcecigesgoiifigicaaaragecteagigigiifen
icligtgtotacgegcitiigepagiigetngeigciglyciatiigegagtaccacocceagoafceccticectogificaiaicgoiigeateceansege
aucttaictacgoigiecigoiatoccicage geigelocigeiccigefeacigocoricgeacagoctiggifiggectoogocigiaticicciggineig
CORLOIIRGUICQZCACIZURaigCigaig CacE g Ranglagige sl guEnacaranaisgnciis gg(mataai’aﬁiﬁfxmag{'t?lGG(’L
GACAGGACGCGCGTCAAAGGIGCTGGTCGTGTATCUCUTCEUCGGCAGH TCGH‘G(‘TGCI’(’:‘CY‘GQ
FTAGTGATICCGUAACCCT GATT IV GGOGTCITTATT T GGUGTGGUAAACGUTGGUGUCUGUGA G(?l
CGGCCOCEUGHUCATGOCGTGCUCTACLGGOTHUCGGAATCUAAGGUCAGLUAAGAGCHCUC GGGI
FCAGTICGAACGGCTTTACGCGCAAGL TAUAGCUGUTCUT G UAAGGCTGOGTGGCTLGAATTGGAC {}"I
FCCAGGTCOTCITCAACTTCCTU CAC CLGOCTCACCAGUGGACAAAC CACCGCIGTATCAGT T{?C(}-’JI
CGTOATCOACTOTAAAGAGCTOCACTACCGACCTACTGATGG U CLTAGATICTTCATCAAAAACG TG
4 GACACTTGCUCAGGATIGAAA T CCCTGAAGGUACCACCACGGGCUCTGAGTIG T CriCoCo(
COCTGGCGAGTTCCCAGU CAGGOTETACCTGIGATCGAGG LT GGG GLAAAATAGG LTI CGT GG
FCAGGTCATGUGAGCTGUACUACAGCTCATGAAAC G UCAACAATCGCATAATTCATCGTCAAGCTAA
FCAGCTATTTCCTCTTCACGAGOTGTAATTGTCUCAAAATICTGGTCTAUCGG LG TGATCCTTIOGT
GTACGGGUCCTTCUCTUAACCCTAGGTATGCGCHUATGUGETUGCCHUGLAA T CLUGUGAG T
COGAGLGTTTGGCACGOGCUOHTUCCGAAATGUCAGTIGCAT CCGGATHGOLTGGUALCTTETTTGTG)

GATITCGTAATCATICGTCUTCATGUGGGAGCTACCGACTACCUTAATATUAGCCCGACTHUCTGA 1
GCUCAGCGTCUACTTTIGTGUACACATTOCATTICGTGCUCAAGACATTTCATTGTGGTGUGAAGC TGTd
COCAGTTACGCTCACCTGTTTCCCGACCTCOTTACTGTTCIGTCGACAGAG UGG G UCCACALGG L _;’|
GCTCGCAGCCGOTACU TGictctocagrgoacgetegacicegeacigegetggecegocticefecipagectofitatectetiigetecy
feL OO i O gUEgQUOIRC U GO BT I g DI RUR e LB U g LR CE R L e g ZI g CIg L EoC el gEoaignage g gigstt
cggratoangalccignaggizgegegaregeganciciiccgonaggacigeaiginccigaicanceaic ggicgigggeogncficeiggicgar
CUgIACCIC g gagEgcogRicgueciiiciggegcLcroguiggiggoggigsegtivecgliciivigac g gicalcniggigaigaaggocacy
G LICTGN gL CEZCRUCHICUCUZUCUAZENLAREHCERCCZCIE I ZUCI C LA CL EUCUCETCC LG gUuregoeaicgoigigt
SCCCEFRES LU FRCCHIGRCCGACIGUICOCCOIgangegeg Sl gelgratine goilauivcegeaageiecoggiocaggigatt
FLCECERCCRRCAG AL ECCLILCIZULCZRFAUZCACALCATELOCCZ U ELRCAZACLRIgEgegggotacicegagecaigtifce
CHRSAREICERLACCHCLRCauglicaigearaaggiccaggeeacgiggaacguggagigsancacegictiiggoaccaageeggaggsi
cigegogageiggivigegagracocgangricdigacgocecigedcgisegicgagsigiciveacgateatigoggigeiogacafcigoiiicty
SCGUiCRIGICIECageLIgC g EIISEUCCECUE L EIEICOZUE LIS ERECCECIgRagETE e tieriggrecigricgeggiciaogign
CERCRARCTICRIRC LRI ECCOCTRE UCERCRIgRCCLCeTCIgCiC geaug g CaugCigECECUZRCERLCLCORCCCUVLLLECT
COPEOFOCCREZCIEReoggnglggagiggoeguesigicegeggocnceaivanco gigeigeciocoiogeigeegagoraggogaiocsed
gegacgeragTGA cacgnceregereegeacetgaceligtttctopagerepestetintaeeitaopaancangecontegageatperivcate
etomeren CECECREHIgICRCeTIcRCRRES teaaatistl canclgacagatigag
ggoceagpcasgaaygeettragairyagelacagragicaagts gatanciaacnacad romicotticigyecngrenatya
Laagh aitccacatitcogigtagageettscoates RERQECHQS ACCAcIaanceetiaC gac i Holananaasc
gtggcgrecactgtocciyingocizangaceageagragacsalcgoaageaicacagracaace gatategatagrgicigegtgitgggageiy
gagicgiggrotigacgacggrgotgeagoictigeaggatgigooiggegipogegitcacgiogiggoigagaaataiggegacgaancgity

cgoatecancgentgifgaigeagiageecgginigeigaangtaigganggaiggizcatiggoiaticacatgegoigeecacrectifiogea
zgaaaigizorgreategtigrigeacegaigrggaanategacgiicgaccactacaizasaatgiataccicigasgatscageaacizegsg
gigegaaacggalancggtiigriaggtginigtcacageatgigeiggatitigeggreaactvecretgeeacggoreatigeaggigicatgit
gactggaggalacgaaciitcggeegicaaaticreagaggagracececicigggecgacatigizeccacigeteticogotigeigiitecigt
ghgaanitgt

[0272] The construct can be written as

S’DAO1b:CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO3:ApLPAAT2:PmPGH::3’DAO1b.
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Proceeding in the 5" to 37 direction bold, lowercase sequences represent genoroie DMNA from
CHE22 that perait targeted integration at the DACTD locus via homologous recombination,

the O, refnhardtii B-tubolin promoter driving expression of the yeast sucrose nvertase gene
{conferring the ability of CHKZ2 to metabolize sucrose) is indicated by boxed sppercase text,
The initiator ATO and terminator TAA for invertase are indicated in uppercase. bold italics while
the coding region is indicated in lowercase italics, The 8 moriformis PmPGH 3-UTR i3
ipdicated by uppercase underlined text that enables amplification of the ApLPAAT?2 gene,
followed by a Hoker, indicated by lowercase, bold italics, 1o which containg a O valgaris nitrate
reductase 3-UTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized text,
drives the expression of the ApLPAAT?2. The inttiator ATG and ferminator TAG codons of the
ApLPAAT2 are indicated by appercase, bold #talics, while the remainder of the gepe is indicated
by bold #alics. The £ moriformis PePGH 3'-UTR is indicated by lowercase underiined texi
followed by the CHK2Z DAGID genomic region indicated by bold, lowercase text,

[0273] Table 48 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK979. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 48: Screen of primary transformants of CHK22 with pCHK979.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
12: 14: 16: 18: 18:1 18:2 20: 20:1
C12:0 | C14:0 | C16:0 | C18:0 | C18 C18 alpha C20:0 | C20 (OP:00)

pCHK979- 0.04 0.03 | 2591 | 3.07 | 60.15 | 7.22 0.46 0.26 0.08 1.47
1
pCHK979- 0.06 0.04 | 21.27 | 3.41 57.2 | 14.02 0.54 0.26 0.11 1.58
2
pCHK979- 0.05 0.05 | 21.35 3.6 58.07 | 12.97 0.52 0.28 0.11 1.58
3
pCHK979- 0.06 0.03 | 2143 | 3.39 [ 58.06 | 13.06 0.54 0.27 0.1 1.55
4
pCHK979- 0.07 0.04 | 2044 | 3.54 | 56.79 | 15.01 0.58 0.27 0.11 1.56
5
pCHK979- 0.05 0.03 24.9 3.03 | 59.02 | 9.16 0.48 0.25 0.08 1.54
6
CHK22 0.04 002 | 26.18 | 2.95 | 59.62 | 7.55 0.46 0.24 0.07 1.49
Control

Example 24: Expressing Chloropicon primus LPAAT2 (ChprLPAAT?2) in P. moriformis
strain CHK?22.
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[0274] ChprLPAAT2 was introduced into a P. moriformis strain CHK22. The expression construct

pCHK980 contained 5’ and 3’ homology arms to permit targeted integration of ChprLPAAT?2 into

the genome and is shown in Table 49.

Table 49: Integrative sequences for the transformation of P. moriformis with pPCHK980
encoding ChprLPAAT2.

SEQID
NO:

Nucleotide Sequence

36

getcitoegetfgosegoaceciogiigateizgaagoecigegeagoccetiaaaicntotoagivaggtiicintgitoancigageeianaggge
tttegicacgegeargagracacgiatatcggoiacgeagicicicagasgeggiagancagticgeangercicgivggicgaaaactigrgnd
agisciatizaatizaatiaaatgaicgaatipagacgegaaacitiigraganigreacigagtiisocengaganigogagtoorsreatioacs
atecgeoigigeacggenigattogorgagacgaigaaiggoagaceaggpagepgclizegagoccegagocgaiageagganiannggic
gacaatettocigiconatiaciggeaaccatiagasagayonggagegegitganaitvigeantogagtaniiiticoatgegprgogociget
gaacortaagecicoggeciatgittanggogaicenagatgoacgeggececaggacgigivicangcacanacercagocitagtiicgaga
ciitggracatagcgoragataiciagitigeratitigiaiatianiiangtotopeantggagegeicigaigrestrongeaivgrcigeasey
cetggeaptgrepciggeetegeeciategotegpegectgicagetgoeiccegeciectgegeegegedCTTTCTTGOGUTATG A\
CACTTCCAGCAAAAGOTAGGGLGGOCTGUGAGACCGLUTTCCCGGUGUTGLATGCAACACCE A|
COGACCCCCCOAAGOTCCTTOGGOGUTGCATGGGCGCTCCGATGOUGCTEC
JAGUGCTGTTTAAATAGUCCAGGCCCCCGATTGUAAAGACATTATAGCGAGUTACCAAAGUCA
FATTCAAACACCTAGATCACTACCACTTCTACACAGGCCACTCGAGUTTGTGATCGLC AT TCCS
CTAAGGGGCLGCCTCTICCTOTTOGTITCAGTCACAACCUGC AAALTGTAL L\JA Fiscrgetgraggect
Lt g CCTRUIg Qg eHCgrogoiaugaicagoegelicCQiguegaacguguc glocgacegoe
CIGEAT O ZUCCOCHAU g ECCI G g oTa0 uCga SO g QUC T T g §Cue: 'yrm e a; e

CCOGLaugRs

LRI gm ace, ;, (,'gg»g,aqu

BiZ& LR
COICCEQUgaReeiga

TGCOQCARCACCICe QECHCTICRGC £aCaco ACCCLECHCCRET “.fr : ‘{,c('ym}"("u’au
é”é"( fggeegec

: Qf:om{gagm(?!

"!,’;,’gd!l g(n z;gn g

481G Zg'd,,z, :

CCALACRATCICCRUZICCRIQTIC QU g gacctcicceicty gric aag,s:gx,: ?
FOCTCCTICIICOTS ga(‘(‘ g(* g QUCHCALZETUAE

CCC{;(:L,‘CGCGL(:G’I 1 1 {x T C(;C(_. C”I (, {:C(:(z(a(, GUCOCCOCCOGULGEGRCCLATIGAAATIOTT
GUAAMACCCCACCTGACAGATIGAGOGCCCAGLUAGGAAGGCG TTOAGATGGAGGTACAGGA
GECAAGTAACTOAAAGT T ITTIATGATAACTAACAACAAAGGETICOTITCTOOGCCAGCGAATG
ACAAGAACAAGATTICCACATTTCCGTGTAGAGGOTTGCCATCOAATGTICAGCGHGCOGEICG
COGACCCCACAAAACCCTEACGACGIGUTAAGAAAAACGTCGOCGOGCACTGTCCCIGTAGCS
TCAAGACCAGCAGCAGACGATCOUAAGUATCACAGUACAACCGGistagcagraycicggatagiaicgac
LR iCiggaCgCig e te gIgi g alg gaCtg iU geencaciigoige CUgacigignatalr ColigL CgUiifinicanacagecloagiyiyiiiga
fe gt gt tne e g g ag i guiggeig ol gIgUiati e gaaiac Qe oo Cagoal Coctivecfogiticaiaicgeligeaicceaacaege
aactigictargoigtooigeiaicocieagegoigolecigetoctgoicaeigeocciogeaiageeBygiitggpoieegecigtattieiociggtaciy
CRUC LG IANUC R EUA IS CHGC g g Q g SRR i ig e aig g SauCeRuui g LT CIagEaauinacgaie aange }
ii/‘t{,A(lfr/i CGOGCGICAAAGGTCOTGOICETGTATGCOCCIGGCCGGCAGGICGTIGUTGCIGT i(r{7|
FTTAGTGATY COGCAACCOYGATTTI GGCGICTIATT T GGUGTGGUAAACG CIGGCGLOCGLGA Lré;i
CHGGCCGGUGGUGATGOGE CCCACGEETEC FAATCOCAAGGGAGGUAAGAG C(.?CGGG1
FPCAGTTGAAGGGUTTTACGUGCAAGGTACAGUOGCECCTGCAAGGUTGUGTGGTGGAATTGGA L(’?|
T GUAGGTCCTGCTGAAGTTCCTCCACCGUCTCACCAG CGGACAAAG CACCGGTGTATCAGGTCCG] |
CTOATCCACTOTAAAGAGUT CGACTACGACCTACTGAT GG OCCTAGATTC T CATCAAAAACGUCEG) |
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SEQ ID
NO:

Nucleotide Sequence

WGACACTTGUCUAGCATTGAAACTCCCTGAAGGGACCACCAGGGUU CUTCGAGTTGTICOTTUCTCL
CLGTGCCGAGCTGCUAGCUAGGUIGTACCTGTGATCGAG GO TG GUGGGAAAATAGGCTTUGTGTGC
FCAGGTUATGGGAGGTGCAGGACAGUTCATGAAACGOUAAUAATCGUACAATTICATGTCAAGUTAA
FCAGCTATTTCCTOTTCACGAGCTGTAATIGTUCUAAAATTUTGETCTACCGGG GG TGATOOTICET
CTACGEGGOCCTTUCCTCAACCCTAGCGTAT G GUGCATGOLGT O CGCHGCAACTU GCGCHA GG
CCGAGGLTTIGLCACGLGULGTCUCGAAATCCAGTTGCACCCGGATG UGG GCACCTITTTIGC i}|
BEAATTTATGUAATGGACTGE T TGUAAAATTCTGG U TCTGTCHUCAACCOTAGGATCAGCHGOD TA|
GGATTTCGTAATCATTOGTCCTOATGGGGAGCTACCGACTACCCTAATATCACGUCCGACTGCOTTA f'i
COCAGUGTOCACTTITGTGCACACATT CCATTCGTGCCCAAGACATITCATIGTGGTGCGAAG DD Td
CCCAGTTACGCTCACCTCTTICCCGACCTOCT AT LTI CTGICGACAGAGCLGLG CCCACAGE CCG|
CTOGCAGCOGHTAL “l’l Tiangeogaivaagpacaagaietogiticietitgcgaigoigattifitarigeicgiiceecetgacgeicgegt
fOE R SEReig T CCUIea g iR aa g g COl ZIRUCERCIC UL g aCe S e gt Lo i SR CHN Qug i c g R gIacigericgs
RO E AR E el O U EIg e P e S G UIgCalcig g cigigLanciquugrgncigeggegactiitfemivgnovigligcgic giggagggorg!
BCEigCtBOigie oo gl gat s Ctgaic ge CRICC agigtiig geiclaug g eUip glegOCOgvau CEog gt e gRegeadearcaagy
BECCECEMBLQUeaagiiiaQuegaiic ot Cggicagaic Cage gragice gigeiagggeale gicgigligCe g gagegiaiicgeaact
CGUECCUEagIC i guo e igUEicgCE g QigUigegUine gegliacice gagegeact e LLICeRgRiCEIiguiCaredCLaueaagEage
gigfgatcicivagaagaigeagegagegivciicggeguconagigeaitiogggelitugegaggioaioeggocgggegaciaciocadoicgag
Faolioigaegngaltquenaguecigguaggoegagigeaagograciacggogegagraiciomacgregiggnggigacgoctiocgag
gigaegoigincafoccotiviucoqealfuagoic ggecagiaecigagoenigaiggectocicciacticaeggivgeociguiggisgeagigeoct
cglficagotiigiscigucccagioeatgeigegocigegogisgiocactfeggoggeficivcgecgucigeafogiggicageatcticcigggogicd
egtggectgoaccangeteatoacecganageaggac TA selgticigections
aancangeccelesas gocateaion YO EOCOCERCOECERERRCY 43
figitgcanacoccaccigacagatigagaocenagaeagran g giiga gatgrangtacaggasicaadaactgnaamititaigalsaciaacas
Canagetc slponcareraaly 20340 3ALALICe. COREER e R RCIIOCE e R ALQIRAQT O T OGN L v O A, [<B14
aaacectiacrac glernagada aaC KU ERCQErCant plocCigiagCeleaagateagna e aran gl oA realC acaRCanaancuia
tegatagepicigegigtigepagctggagivgiggociigacgacggegeigiagciciigoaggalgigeeiggogigogogticacgiogigs
cigaganataigocgarganancgitgacguctggroccggrgegcistgoatyoratacgeatigagiacgoggocattggnigontisaiag
gottaigenpomaiaatagagittitgicogaiceancgeatotigatocagiageccggigtuctigaaagiatgoaasaatogiocatiopriall
cacatgegeigeocacoeciittegeageaanigigerggeatogiigrizeacegaigrgrasaategacgticgaccaciacat gzanaaigtat
acoicigaagatgeageaactgeggmigogaancggalaacggtiigriaggigiaigtogrageatgigoiggaitigeggreaanticecrelg
ecacggeecatigeaggigicaigtigactggaggatacgaactticggregivaaaticccagaggaggaceeccicigggoegacatigigeos
actgeteticogotigetgitteeigigigaaaitgt

[0275] The construct can be written as

S’DAO1b:CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO3: ChprLPAAT2:PmPGH::3’DAO1b.

Proceeding in the 37 to 3" direction bold, lowercase sequences represent genomic DNA from

CHK22 that permit targeted infegration at the BAOTH locus via homologoas recombination,

the (. reinhiardrii B-tubulin promoter driving expression of the yeast sucrose invertase gene

{conferring the ability of CHK2Z 1o metabolize sucrose} is indicated by boxed uppercase text,

The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while

the coding region s indicated 1o lowercase vahics. The P omoriformiy PraPGH 3-UTR ic

indicated by uppercase underlined text that enables amplification of the ChprLPAAT2pens,

followed by a Hnker, indicated by lowercase, bold dalics, in which contains a C. viedgaris nitraie

reductase 3-UTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized text,

drives the expression of the ChprLPAAT2. The initiator ATG and terminator TAG codons of the

ChprLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is

-109-




WO 2025/096830 PCT/US2024/053965

wdicated by bold Halics, The P moriformiz PmPGH 3-UTR s indicated by lowercase undertined

text followed by the CHE22 BAGTD genomic region indicated by bold, lowercase text.

[0276] Table 50 shows the fatty acid/TAG profiles of primary transformants of CHK22

transformed with pCHK980. The P. moriformis base strain CHK22 is shown as a non-transgenic

control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid

production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct

transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 50: Screen of primary transformants of CHK22 with pCHK980.

FAME Profiles TAG Profile

Sample C18:3 m/z 577/603

C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK980- 0.04 0.02 | 21.31 | 297 | 61.56 | 10.33 0.64 0.27 0.1 1.44
1
pCHK980- 0.06 0.03 | 21.32 | 343 | 58.83 | 12.25 0.56 0.3 0.11 1.48
2
pCHK980- 0.06 0.03 | 21.18 | 3.42 | 58.51 | 12.63 0.53 0.3 0.11 1.51
3
pCHK980- 0.06 0.03 | 2241 3.1 59.03 | 11.24 0.53 0.28 0.1 1.54
4
pCHK980- 0.06 0.03 | 21.29 | 3.32 58.8 | 12.37 0.55 0.3 0.11 1.43
5
pCHK980- 0.05 0.03 20.8 3.37 | 58.58 | 13.04 0.57 0.31 0.11 1.62
6
HK22
¢ 0.04 0.02 | 26.18 | 295 | 59.62 | 7.55 0.46 0.24 0.07 1.49
Control

Example 25: Expressing Homo sapiens AGPATI in P. moriformis strain CHK22.

[0277] AGPATI was introduced into a P. moriformis strain CHK22. The expression construct

pCHK966 contained 5’ and 3’ homology arms to permit targeted integration of AGPATI into the

genome and is shown in Table 51.

Table 51: Integrative sequences for the transformation of P. moriformis with pCHK966
encoding AGPAT].

SEQ ID
NO:

Nucleotide Sequence

37

gotettecgetigoecgeacoctoghigaicigggageccigegeageeccitaaaicaticicagicagaitictaigifcaacigagoctnaaggge
iticgtoacgepeacgageacacgialaioggaiargeagivicicagangeggiagaacagifcgrangeentogicggioganaaciigeges
agtaciatigaaitaaniianatgatoganigagarsosanactitigeagantgcoactigagittgeceagagaatggaagigrogoraiicace
atcegectgigeacggeeigalicgeegagacgaigaaiggogagaceagggagegaotigegageetegageeggtageagganiancggic
zacaniciiccigteeantiactggeaaceaitaganagageeggagegegtigaaaticigeantegagiaatiittegatzoggeggrentaet

gaacccianggetoeggortaiglitangrogaiteaagaigeacgrggocecaggeacgigicicaagoacaaaccecagectiagiticgaga
citigggagatageggeagaiaictagittzgeatitigiataitaatiaagiciegeaaiggagegotcigatgeggigeagogicggrigcagea
cc&ggcagtggcgcﬁggggic.gccctezts:gctcggcgcetggtcagciggctcmgrctcetgcggcgcgcc[C'I"I"I‘C'I‘I‘GC‘:{;‘;U}‘A’IGA
|€3ACI TCCABGCAAAAGGTAGCGLUQGOCTGUCABACGECTTCCCGGCCGCTGUATGUAACACTG A
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SEQ ID
NO:

Nucleotide Sequence

PGATGO TTCGACCCCCCGAAGUTCOTTOGGGGLTGCATGGGLGC PCCGATGUOGC T CAGGGL)
SAGOGCTOTITAAATAGCCAGGUCCCCCOGATTGCAAAGACATTATAGCGAGUTACCAAAGCCA)
FPATTCAAACACCTAGATCACTACCATTTCTACACAGGCCACTCCAGCTTGTGATCGCATTCCG

A0 YOOI S EOACOISIRCIICCQ ZIACHaees
QUERHCCAZUCCUHICYUCRICECOCCEAUECECa
QCHCHICGAC QUCHOCOIC QUCCTZUZUCGEUECIZUgg CUiie
CRACEECEROIACa
CQLCCTICCCH ZUGGTZ AT
LCEUCHOCQae g ag

t QUL HCAICICCRICHar:

cggoteead

Gcoa
CERULICTS 3

AT

aageteticty

1geangCty

racifeaeesae
celggugctyiact

”

CACRACE LS LRI eacaarcist

CCHCQGEALCFRLAGC
(tfee]

TQGACEOCCIZ S ECICCLILa

s

GagIrer g,sgr‘sgcf;:(;,sgzi:gg!r:cwglgaclTAAGACUCCCGCGCGGCGC ACCTGACCTGTICTCTCG

AGGOCCCCTGTTOTCCOTTGCOAAACAAGCCCOCTGGAGCATGOGTGCATCGATCGTCICTGGCS
COCCGUCOCOGUCOTTTETCOCCCTCCCOGGELGCOOCOGLCGOGHGOGLGCATIGAAATIGTT
GUAAACCCCACCTGACAGATICAGCOCCLAGOCAGGAAGGCOTTGAGATGGAGOTACAGGA
GFCAAGTAACTGAAAGTTITITATGATAACTAACAACAAAGOGTCGITICTGOCCAGLEGAATG
ACAAGAACAAGATICCACATTICCGTGTAGAGGCTITGUCATOGAATGTCAGUGGOCGHGCLG
COGACCCOACAAAACCCTTACGACGTOGTAAGAAAAACGTCGOCOGEGCACTOTICCOTOTAGCC
TOAAGACCAGCAGUAGACGATCGUGAAGUCATCACAGCACAACCGGtgcageagcageteggaiaginicgac
aeaciciggRegcigglogigigmiygactghiyeogreqeaciigetigecigaccigigaaiaicocigecgoiftiaionaaragecteagigiohiga
iorigtgtotocgegeRtigegagiigoiagoigefigtyciniigogaatarcacoceageateeccicictigificaiaic geiigeatoreaaicge
aacitaictacgoigicoigoiaticcticage goigetocigeiccigofeacigecoicgeacagociggifygeofogeotglaticicoiggtacty
caareigtanaceagearigeantscigaiscacggsaagiugigeraigegaacacannisgucctagsanaiaacantcanagotlGGOC
CACAGGACGOGCGTCAAAGGEGCIGGTCGTCTATCOCCTCGCCGGCAGGTCGTTGOT GGG (}|
FTAGTGATTCCGOAACCCTCATTING GO ETTTGCOGTGGUAAACGUTCGCGUC UG CGAL (.1

s A 47 CAATCCAAGGGAGGUAAGAL C(}’CCCG(}'GI
FCAGTTGAAGGG CTTVACGOGCAAGGTACAGULGUTCCTGUAAGGUTGCGTGGTGLAATTGGAL (;1
FPCCAGGTCCTGUTGAAGTICCTC CACCGOCT CACCAGUGGACARAGCACOGGTGIATCA GGTCCG’[I
GICATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGUCUTAGATICTTCAT CAAAAACGC CTGI
AGACACTTGCUCAGGATTGAAACTCCUTGAAGGGACCACCAGGGGCUCTGAGTIGIICCTTCOC O
GGG GAGTTGUCAGU CAGGCTGTACCTGTGATUGAGGUTGGUGGGAAAATAGGUTTCG T GG
PCAGF HFGAGGTGUAGGACAGCTCATCGAAACGUCAACAATCGCACAATTCATGICAAGCTAA
FCAGCTATTTCCTCYYCACGAGCT GTAATTGTCUCAAAATT CYGGICTACOGGGGGTGATOCTICGY
GTACGGGUCUTTCCCTCAACCCTAGGTATGOGCGUATGUGG I GO GUGUAALT CG UG UGA GG
CCGAGGGTTTGGGACGGGUOG T CCGAAATGUAGTIGCACCCGGATGOGTGGUACCTTITTT GG
ATAATTTATGCAATGGACTGOTCIGCAAAATTCTGGCIUTGICGUCAACCCTAGGATCAGUGG
GOGATTTCGTAATCATICGTCCTGATGGGCAGCTACCGACTACCUTAATATCAGOCCGACT LT GA C|
GOCAGCGTCCACTITTGTGUACACATTCCATTCGTGCUCAAGACATTTCATIGTGGT G GAAGCG'[d
CCCAGTTACGCTCACOTGTTTICOCGACCT CCTTACTGTICTCTICGACAGAG UGG G CUCACAGG O
GTCGCAGUUA T Ggacetgigpeciggagegiggaigoigciocigetonigticciccigoteeigiice fecigoeeas goletggiicigeteor
ERECE B aQIaCH i A Qo Qe iCIaC Que g OISO i QI CIe QUCQICLIQEC FRI COLGEgEQIgTCRISCRES RECRCANTFEY
BAFECEIERAF AT LI CCICAIGCCCig e IICaaSIaCoiCife £ CRTCe QII KR RILC QR RS REREMICALTICCo goreiecea
BECCTIRCRIe g g gt e aaCeaeeagic EaRCC QUCto ClE ROl Qui g gu g STCTigCe g QR ACYCIRCFICCCIaiZCZuageeeana
Sl iRl g FCg R B ICQECIg R eI RCIigligCig R SR CRIRaiCIRIC ERCC FLaRLege oo ggRogacgccatiagegigaigicrga
BB FCCCREBCYCICCERACECREZOCRICC FREIRIgRRICHIC YRR CHCCELOARACTACRUCLEYARCBIGCUFCLCHCRAZCEEY
BCQCSHCCHCIQRegRIgCag oGy SIcCCoqicgICoLaaiv gIQaigiccle glaccaggaclictacigoaaguaggagegacgetiiaecst
SIQRECQRigCLagQIereagiccivcegee gigeegueggugerecivaeceosgaigacgicrcgpegeiggeegacegagivegaracics
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SEQ ID

NO: Nucleotide Sequence

9,“:.1';};*(.;10. agalee
¥ gdoeptataza
YA SO piNACAAaRaC i FoC s SCCISTACLCIEan

C , ; ageacpacsLiaic g;ztagcg; cigegigitpgmanrtggngic Gtgggs‘ﬂ LACEACE gs:as‘t°<
aom ﬂtgm.,;;ai gé g gwoiﬂe‘gs‘gat( acgiogiggcigaganataiggcgacgaanepiigacgantggaocoggoggcistogaty
ceatacgeatiggriacgoggecatiggatgggatigmiaggottaigagggatantagagittiigicggaiocancgeatgitgatzcagiag
cecggtgtzciganagiatggaagratggtgeatiggetaltcacaigegeigeocaceoctiticgeagzaantgigeeggeaiogiiggizeae
cEntgoezasnatczacgticgaceaciacatgananigiataccictgaazatzongrancigegggizczanacggataacggiitagiagg
igtatgicgeageatgigoiggatitigegrgeaacicreocigeranggeccatigraggigicatgitzaciggaggatacgaacitteggeegt
caaaticccagaggaggacceccivigggregacaitgigeoracigeiciteegetigotgittorigigiganatigt

[0278] The construct can be written as
5’DAO1b::CrTUB2:ScSUC2:PmPGH:CyNR:PmAMTO3:AGPATI:PmPGH::3’DAO1b.
Proceeding in the 5" to 37 direction bold, lowercase sequences represent genomic DNA from
CHEK22 that permit targeted intogration at the BAC1D locus via homologous recombination.
the C, refnhardtii B-tubolin promoter driving expression of the yeast sucrose invertase gene
{conferring the ability of CHEZ2 to metabolize sacrose) is indicated by boxed appercase text,
The initiator ATO and terminator TAA for invertase are indicated in uppercase. bold italics while
the coding region is indicated in lowercase italics. The £ moriformis PmPGH 3-UTR i3
indicated by uppercase underiined text that enables amplification of the AGPATI gene. foliowed
by a linker, wdicated by lowercase, bold itales, ju which contains & O vulgaris nitrate reductase
3%-UTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized text, drives the
expression of the AGPATI. The initiator ATG and termminator TAG codous of the AGPAT are
indicated by appercase, bold italics, while the remainder of the gene is indicated by bold italics.
The £ meriformis PmPGH 3'-UTR is indicated by lowercase underlined text folowed by the
CHEK2Z DAGTH genowmic region indicated by bold, lowercase text.
[0279] Table 52 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK966. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 52: Screen of primary transformants of CHK22 with pCHK966.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
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pCHK966- 0.05 1.54 | 20.69 | 3.16 | 59.29 | 12.79 0.58 0.32 0.00 1.58
1

pCHK966- 0.05 1.51 | 20.60 | 3.66 | 57.62 | 14.29 0.54 0.23 0.12 3.6
2

pCHK966- 0.11 2.16 | 2007 | 2.85 | 53.51 | 18.23 0.78 0.14 0.00 349
3

pCHK966- 0.04 1.50 | 23.85 | 3.07 | 59.39 | 9.80 0.52 0.31 0.09 1.59
4

pCHK966- 0.06 1.60 | 20.73 | 3.14 | 58.41 | 13.59 0.60 0.30 0.11 1.53
5

pCHK966- 0.06 1.66 | 20.29 | 3.34 | 56.54 | 15.71 0.62 0.22 0.12 3.22
6

pCHK966- 0.04 143 | 2551 | 2.69 | 59.72 | 8.47 0.48 0.23 0.08 2.73
7

pCHK966- 0.05 1.54 | 22.18 | 3.26 | 57.83 | 12.86 0.55 0.24 0.00 2.77
8

CHK22 0.04 1.50 | 26.06 | 3.13 | 59.36 | 7.76 0.46 0.32 0.00 1.58
Control

Example 26: Expressing Chlamydomonas eustigma LPAAT2 (CeLPAAT2) in P. moriformis
strain CHK?22.
[0280] CeLPAAT2 was introduced into a P. moriformis strain CHK22. The expression construct

pCHK970 contained 5’ and 3’ homology arms to permit targeted integration of CeLPAAT2 into

the genome and is shown in Table 53.

Table 53: Integrative sequences for the transformation of P. moriformis with pCHK970
encoding CeLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

38

geictiecgetigeecgcaccetogtigatcigggaroceigegeagoccettaanicateteagicagetticiatpitcascigagectanaggec
itfegicacgegeacgageacacgiaizicggeiacgeagivictvagaagoggiagaacagitegraageectegicggiczaaaactitigeges

agtaciatigaaitaantianatgaicgasigagacgoegaaactitigeagaatgecacigagitigecoagagaatgggagiggegocaitcace
atecgectgtveacggeeigattegecgagacgaigaaiggegagaceagegagegectigegageccegugocggtageagganiaacggic
sacastcttecigiceantiactggeaaccattaganagageeggagegegtigaastictgeantegaginattittegatzcgoeggrectyet

gaacectanggetceggectatgiifaagecegatceangatgeacgeggococaggeacgigicicaageacaaaceocageeifagiticgaga
cittguzgasatagepreagaiatctagiitggeatttigatatiaatiangictogeasiggagegetctgatgegpigeagegicggetiscagea
ccigpergiegopitzgreicgeectatogetgaegcetggiongaiggcioncgociestgeggegepedC T IC I GCGOTATGA]
CACTTCCAGCAAAAGGTAGGGUGGOCTGUCGAGACGGCTTCCCGCGLGUTGUATGUAACACCG A
FOATGCTTCOACCUCOCOAAGCTCOTTOCGGEGCTGUATGHEO }(.."i‘C{f?Gf-‘s"[‘(?;{TZC{}C'E‘CCIL\{?}GGC|
GAGCGOTGTTTAAATAGCCAGGCCCCCGATTGUAAAGACATTATAGCGAGUTACCAA AGCCA
FATTCAAACACCTAGATCACTACCACTTCTACACAGGUCACTCOAGC T TG TGATCOCACTOCY
CEAAGGCCGCGCCTCITCCTCTICGTTICAG ‘I‘CACAACCCGC‘,AAAC'I'G’IACAM TGoigotgeuggent
TCCTQHCClgClE gCCggeiCECCLCCUaRUiCOgeLCCICCRiQUCEOacLagae gicCguec§reCeCi gRieaclicao Ui Ly

CIZEaIZaargaccoCaacggectgiggicgacgigaag gacgCaagiggeacciglariccagiGrancocgaucgacaccgicigzegga
CECCCHRIICIZQEZCCACZOCACGICCRACgACTIQACCGRCIgEQAZQACIAZCCCATCICCANIGroCs gaaZCgraargacicegegee
LZCICCalggig gig gariGCadqe 4aeacoter goeticiicaaegicd CoaiCQacCCgCgeeagrgrigegigercaiciggaccinraa

GRS

COCCCCERAZICCRAZEN

&

CCACOTAZTICCZLRa

actecicegacgac CIZEAageigEagice grgtic goeaacgag g geiicrIc gRCtiCraglacgagigeeccgQecigatcgagat
GIETICAICIECATCAACCoC§ECECECCEEUCE 8o gECICCIiCHacagiacticgicy

geagelicaasggeacoracitegageeriicganenaccagicregrgiggiagacticggeaaggaciactuc gorctgeagarciicticaararc

CCCACT

19CAgGarCC
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SEQ ID
NO:

Nucleotide Sequence

Gace
CILCLCAQEUCICCCICHACQOCEAGIRCCRELUCAACTCERALACE LAGCIZATCRACTL gy zfigs;(‘( QUAZCCLACCIZRACAICUAZOQnCE
COCIZEQLOCYRICEOCUCTURGT GCLAREYOCAGCHETIHCHAT iR CERCATCCigEagiic
FAGCTREIGIUC ECCGTCAGCaCeaCeC gUC§aiciocuagrocgigiic ;, ERGCCICICCT r< ,ocf teaagggecigguggaccocgaggagt
CECOIE R RO QU g ST QICCECEICtcoticiccigea 1 IRUGZEALHACTCCIATTICGOCUal
CECHILARCLT R RUCCUgeCCiiCQugagl agauegaocigioctaliucaasy L‘{) e ;),or rw(.',os;(, CHZGGORECOT g RO gtgiact
MCAuCaeg e gaCgic gigiecqueaacaoliaoiicalgaocaoe g EQuaCgeceig g gCleCFIgaucaigal gucggeggrgeacaacciyl
tetacatcgacaegticcuggigegesaggtcang gactFAAGACGLCUGCGCOGLOCACCTGACCTCTTOTCTCG
AGOOCOCCTGTTOTGCCTTGCOAAACAAGCCCOTGGAGCATGUGTGUATGATCOTCICTGGCS
COCCGLCOCGUGGTTTETCOCCOTCGLOGECGLLGUGRLCOOGHOGGOUGCATTIOGAAATICTT
GUAAACCCCACCTGACAGATIGAGOGOCCLAGOCAGGAAGGCOTTGAGATGGAGOTACAGGA
GFCAAGTAACTGAAAGTTITITATGATAACTAACAACAAAGOGTCGTITICTGOCCAGLGAATG
ACAAGAACAAGATTICCACATTICCGTGTAGAGGCTITGUCATOGAATGTCGAGUGGOCGHGCLG
COGACCOGACAAAACCCTIFACGACGTOGETAAGAAAAACGTGOCOGGLCACTOTOCCTETAGLC
TOAAGACCAGCAGGAGACGATOCGUGAAGCATCACAGUACAALCCGGtgcageagoagricpgatapiaiogac
FCACECIgQaegeiggicgigiguiggacigligecgreacaciigoigecfigaccigtgaatatcociger gotitigioaaacagecteagigioiiioa
feitgieiotacgegeiiigegagigetageigefigigctatitgogaataccaceccoageatceccticoccio gificatigicgotigeatoceaunege
BACERECERCGCIGICCIQCINILCCECRR e FOIQ CRECIRCICCEQECACIgLeCeie geacageeggitiggrites goeigiatfciocigginciy
CARLOIgIRGRICGECRCIZUagigeigaligcucgEgan g!‘agigggatgggzwcacaaaz‘ggaci’wgg(wa!‘aai’wmmagctﬂ(}(?(’d
GACAGGACGOGCGTCAAA GG GCTGGTCGTGTAT GO CUTCGUCGGCAGE TCGH‘GCTGCTGCTGG|
FTAGTGATICCGUAACCCT GATT TN GGOGTCITATV TN GGG GGUAAALCGUT GGUGLC UG LGA GC|
CGGGCCGGLGGUGATGUGETGCCCCACGGONGUOGGA ’1TCCHAGGGAGc‘}{;‘Az‘%GAGCGCCCGGG]
TCAGTTGAAGGGCTTTACGOGCAAGGTACAGCUGUICUT GUAAGGUTGOGTGGTGGAATTGGA {7(_}1
FPGCAGGTCCTGUTGAAGTICCTUCACCGUUTCACCAGUGGACARAGUACCGGTGTATCA GGTCCG’Z]
GICATCCACTCTAAAGAGCTCGACTACGACCTACTGATGGUCUTAGATIUTTCAT CAAAAACGCT
AGACACTIGCUCAGGATTGAAAUTOCUTGAAGGGACCACCAGGGGCUCTGAGTTGTTC CTTCUC] "(
CCTGHUGAGCTGUCAGUCAGGUIGTACCTGTGATCGAGGUTCGUGGGAAAATAGGUTTCGTGIGL
FPCAGGTCATGGGAGGTGUAGGACAGCIUATCAAACGUCAACAATCGCACAATTCATGTUAAGCTAA
FCAGCTATTTCUTCUVCACGAGCTGTAATTGTCU CAAAATTCTGGIOTACCGGEGGTGATOCTICGE
GTACGGGUCOTT TOAACCCTAGGTATGCGOGUATCGOGGICGOCGUGUAALT GC{"?{‘"GQGG( 5]
COCAGOGGTTTGGCACGGCCCH T CCGAAATGCAGTICCACCOCGGATGCRTGGCATCTITTTTGE
ATAATTTATGCAATGGATGOTCTGCAAAS TTCTGGCTUIGTUCCCAACU CTAGGATCAGUG G (‘IA|
GATITCGTAATCATICGTCUTCATGUGGGAGCTACCGACTACCCTAATATUAGCCCGACTHOC 1(;?1(1
GCCAGCGTCUACTTTIGIGCACACATTOCATTC G TG CUCAAGACAT T CATT G TGGT UG GAAGOGT (1
CCCAGTTACGCTCACCTGTTTCOCCACCTCCTTACTGTT TG CGACAGALY -(_;()—(/(,(,A(,A{_r()(/L(:|
GTCGCAGTOA T Giceateeciargeigeictegatecortacticgee gogigegietigictictaciggtctancacocigggeigooiptget
SCREERICQAE RO REGRAC G gL CC L R CRUG R R g R gUC gL Ie LA gl guacig gl ggegiocagiaic ggeaggics
BREQECAZICEOISCRCaaRERIigagegCigCciglaecigiocaaueaie gEicCigg 8o gne fllic e gaeaiciaeigaegeagegeaiy
geggcececeigugeoggaaceiggistictac glotfticenitftfeaigaccic ggtgtu qlecicaagggeniiciccicfioagegiggegliodicy
L EACRUZCALANEIHARCL LI Le I QuriCguageie gaCiv o e ot Cgocee e Civ Clg I e CCigag g B CeaC g ageae sy
CHECEHRARCCICUCCUICREZCEC B UIECICRCIQUZCZCACICCOgeaRg oI Claic caguitaicalga Suugacaaggugg sist
BCECAFCREERAFCACATZOZCRCCICHACRROFILACCLIgREgACg QR aftcioggaggigaicangic giccaacticecigagiicgaggcgf
{cgecotfgnagptroaacaggiciepgacgrgaagtpocaggagotciacaccgecgacaicicivgacgeectgacige TG Aacaecogogeg
gegeane cltte LFuE‘]k‘?QCS‘»CIJIt"TF»Lﬁ EAAATARRCCCCIE 'oa%atfwts‘wt A ICQICICIERCACOTCoCeRCReREIl

WCHICE EQUZORICCIZE§UAICECKIEZECOICCRUCTY §EULHHCICCgoaticgigrocaccaacerlggogoiceicoat gloect

IS ASCEQUL I N OrCOCOArCONACAa: { ] :
AaccageagRagacyalcaeaagcal L&\,doLdCsldCuz‘Qtaﬁ("’&iag{‘%tf{at gtotiggma gctggaoh gtog;cttgacgm ggcgctca

agetcttgeaggatgigoeiggegipegegiteargicgigroigaganataiggegacgaaacgitgacgretlggrgecggegzgoigigraty
ceatacgeatigggiacgoggecaitggatgggatigaiaggeitaigragagatantagagittiigiczgaiccancgeatgtizatgeagiag
cecggtgtzciganagiatggaagratggtgeatiggetaltcacaigegeigeocacenctiticgeagzaastgigeeggeaiogiiggizeae
cEntggezannatczacgticgaceaciacatganaaigiataccictgaazatzoagrancigegggizczanacggatancggiitagiagg
igtaigicgeageatgizotggatitigegggeaacicoccsigoracggeccatigraggtgicatgiigaciggaggatacgaacifteggecgt
caaaticccagaggaggacceccivigggregacaitgigeoracigeicitecgetigotgittonigigiganatigt
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[0281] The construct can be written as
5’DAO1b:CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO03: Ce LPAAT2:PmPGH::3’DAO1b.
Proceeding in the 57 to 3" direction beld, lowercase sequences represent genomic PINA from
{CHKZZ that permit targeled integration at the BAO T Iocus via homologons recombination,

the (. reinhardrii P-tubulin promoter driving expression of the yeast sucrose invertase gene
{conferring the ability of CHK22 1o metabolize sucrose) is indicated by boxed uppercase texe,
The initiator ATG and terminator TAA for invertase are indicated in uppercase, bold italics while
the coding region s indicated 1o lowercase alics, The P smoriformis ProPGH 3'-UTR 1<
indicated by uppercase underlined text that enables amplification of the CeLPAAT2 gene,
followed by a linker, indicated by lowercase, bold italics, in which contains a C. vulgaris nitraie
reductase 3-UTR. The P. moriformis PmAMTO3 promoter, indicated by the boxed italicized texd,
drives the expression of the CeLPAAT2. The initiator ATG and termdnator TAG codons of the
CeLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is indicated
by bold italics. The £ moriformis PmPGH 3'-UTK is indicated by lowercase underlined text
followed by the CHE22 DAOTD genomic region indicated by bold, lowercase text

[0282] Table 54 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK970. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by

GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 54: Screen of primary transformants of CHK22 with pCHK970.

FAME Profiles TAG Profile
Sample | 100 | c14:0 | c16:0 | c1s:0 | c1s:1 | cis2 211138}1: C20:0 | C20:1 mfé;g/g?
pCHK970- | 0.05 | 1.50 | 2140 | 3.08 | 5949 | 12.02 |  0.57 032 | 011 158
1
pCHK970- | 0.05 | 1.55 | 22.86 | 3.06 | 5895 | 11.22 | 0.5 031 | 0.00 1,59
2
pCHK970- | 0.06 | 1.62 | 20.68 | 330 | 5871 | 1322 | 0.59 032 | 011 15
3
pCHK970- | 0.06 | 1.63 | 2085 | 3.07 | 58.65 | 1327 | 0.60 031 | 0.11 159
4
pCHK970- | 007 | 1.90 | 2420 | 2.98 | 5459 | 13.64 |  0.66 029 | 0.09 1.59
5
pCHK970- | 0.05 | 1.58 | 2246 | 3.12 | 58.84 | 11.58 |  0.55 032 | 0.10 157
6
pCHK970- | 0.04 | 155 | 2470 | 3.03 | 5921 | 9.23 0.52 030 | 0.09 154
7

-115-



WO 2025/096830 PCT/US2024/053965

Sample

FAME Profiles TAG Profile

Cl18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)

pCHK970-
8

0.06 1.58 | 20.53 | 3.24 | 58.59 | 13.56 0.61 032 | 0.00 1.55

CHK22
Control

004 | 150 | 26.06 | 3.13 | 5936 | 7.76 0.46 032 | 0.00 1.58

Example 27: Expressing Pedinophyceae sp. LPAAT2 (PedLPAAT2) in P. moriformis strain
CHK22 using the PmAMT03 promoter.
[0283] PedLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression construct

pCHK972 contained 5’ and 3’ homology arms to permit targeted integration of PedLPAAT2 into

the genome and is shown in Table 55.

Table 55: Integrative sequences for the transformation of P. moriformis with pCHK972
encoding PedLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

39

geteitecgottgeecgeaccctoghigatotggeagecoigegeagecceitaaaticatoteagtcagettictatglicaacigagectaaaggge
ittegicacgcgcacgagcacacgiataicggetacgeagicicteagasgeggiagaacagitogeaageectegicggicgaaaaciigegee

agtaciatigaatiaastianatgatcgasigagacgeganacitiigeagaatgocacigagttigeceagagasiggragigucgecaiteace
ateegectgtucacggeeigattegecgagacgaigaatygegagaccagggagegectigegageccegagecggiageaggantaacggic
sacastcitecigiceastiacigpeaasceaitaganagageeggagegegiignaaitetgeantogagtanttiticgatacggegprocige

gaaceetangecteegeectaigtifaagecrateeangaigeacgegeccecageeacgigicicnsageacaaaceocageeitagiticzasa
ctitgegaratagegseagaiatciagitigeeatittgiatatinatiaggiciogeasigeagcectctgaigegptogeascgicgeetacagea
seiggeagtggepetggeiegeectategrtegoegestggionget ggc!:cccgccu:(:s:tg(:gg-tge:gs:wlii’]f"}ﬁ”ﬁ(‘{?')"‘I‘GCGC'E‘A’}‘G A
CACTTCCAGCAAAAGGTAGGGUGGOCTGUCGAGACGGCTTICCCGCCCGOTGUATGUAACACCGA
FOATGCTTCGACCUCCCOAAGCTCOTTOGLOOCTGUATGOGCOCTCOGA TSUCECTCCAGGEO
GAGCGCTGTTTAAATAGCCAGECCCCCGATTGUAAAGACATTATAGCGAGUTACCAA AGCTA
FATTOAAACACCTAGATCACTACCACTTCTACACAGGCCACTCOAGCT TG TGATCGCACTOCY

CIZEAIgaacgaccrCaacggecigigRincgacgngaag gacgeeaagiggeaccigiGricCagiacanrcgnacgacaccgiciegs

CECCCIIHCIZQEgCraC ZOrar gicCRar gaCTIQArcaaciggQagencrageeraiCyCCairgroCe gaagegaargacicegacsee

ga

CAceies goeiCticaacguedCraiCc QAT CCyCeeeagrerigegiygreaiciggacciarna

SAQCOGIACIICICCIACagrCi ggarg g g griacacciicnecgiQiaccaguagaarcergigriggregecaact

CLeCRAcgaggEetit
CCCLATCEagCag gai SIGaAIEIICOCUEC AT B
CGUCAGCCAgICICgegig gt
EECarege gy < 0
CEACHCTZAGIGUCAZECLRUCCIgEagacg guguigaicaai i gaaggocgagee gatcoigancaroageaang
g GRCACCArgHigangaag goCaqrGgCiaiae gic guecigieeaaca g e g
CeCHiggHicaagRecciggaggacee gageagt
SIGauggagaarceCiacticaceauc

goagortcan: ICCOAITOgagge
Zaccegacet
Lgterglag gl

CCggreCriggag GCHCCCTggagHe

fate)

goaigggottcgaggigics

ICUGogUCEEOGHC ST GIgICCact AUCHCIaUtiCaigRITarC g geaacges:
feracategaeasgticoaggigegegaggtcoagigact PAABALGCLCE
AGQLLCLCTIGITCTIGCC T TGUOAAACAAQLCUCTGUAGCATGCOTGCATOATCOTCICTONLG
GG OO T IO TG T OGO CLICHCOCrGCCOGOOCOUATICAAATICYT
GCAMCCCCALCIGACAGATICAGLGCLCAGOUAGGAAGGUGITCAGATOGALGUTACAGGA
GIOAAGTAACTGAAAGTTTTEATCGATAACTAALAALAAAGGGICOTITICIGQLCAGCUAATG
ACAAGAACAAGATICCACATTTCCOGTGIAGAGGU T TGCUATCOAATGIGAGCOOGOCGOGUCT
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SEQ ID
NO:

Nucleotide Sequence

COOALCCLOALAAAMACCCTTALGALGTGG TAAGAAAAACGTICGCCGRGIACTGICCOTGTAGLC
TOAAGACCABCADGAGALGATOGOAAGUATOCALAGUACAACCOStgcagcagoagricggutngiatopa
SCACICIgEaUgriggicgigigaigguigiigoegooncncligcigeriiguccigipasinicocigecgrlifigicaugcagecioagigioiiiss
S liQIgItac e Citlig L Eagligelugclg ol g g C Il CEauinecQeoccoagoniecoctiveclo giitoninivgeligeaivocagoege
aacifaictaegeigioofgoialocoiongegeigiccigelocigaivacigoceciogeacagocliggiitggsclocgocigiaticicoiggiacty
caaeciginaaicageacigeaaigcigaigeacgggangiagiggeaiggenacacaaaiggaectagganatanian fé‘aaagct:](}(} L 7{/1
GACAGUGALGCGCHGTCAAAGGTGCTGGTCGTGTATGOCUT GG CHGGCAGGTCETIGCTGCTGC T{}G|
FTAGTGATECOGCAACCCT GATT TN GGCHTCTTATT T GCGUGT GG UAAA UG TG GG LG4 (}d
CCOGGCUGHEC G GATGIGLETHOUC G CTUUCGGAATCUAAGGUGAG G AAGAGCLC CCGG(}|
FCAGTTGAAGGGCTTTACGOGCAAG AGCUGCTCITGCAAGGUTGOLTGE
FTGCAGGTCUTGUTCAAGTTUCTUCAC CCCTCACCAGUGUGAL, 44A(:C'A ((;(‘2'!_ )
GTUATCUACTUTAAAGAGCTUCGACTAUGACCTACTGATGGE
A A CACTTGCUCAGGATTGAAA LT CCUTGAAGGUGACCACCAGE
COTCGUGAGCTCCCAGU CAGGOTGTACCTGICATCGAGGUTGGUGGLAAAATAGCG CTTCHGT GG
FCAGHTCATGGGAGGTGUAGUGACAGCTUATGAAACG UCAACAATUGCATUAATTCATG T AAGCTA S
TCAGCTATTICCECTTCACGAGCT G TAATTGTCCCAAAA T CTGGTCTACCGGLGGIGATCOTTOGT
GTACGGGCCCTTCCCTUAACCCTACGTATGCLGCGCATGOGGTCCCOGUGCAALTCL UG GAG
COCCAGGGTTTRGGACGGGLCGTUCCGAAATGCAGTIGCACCOGGATOOGTGGCACCTITITNIGE
A TAATTTATGCAATGGACTGLTCTGCAAAATTCTCGCTOTGTOGCCAACCCTAGGATCAGL GG
CATIECETAA T(“ VITCGECCTGATGGGGAGCTACCGACTACCCTAATATCAGCOCGALTE r(”FTC A ﬂ
GCCAGCGTCCACTTTIGTGCACACATTCCATTCLTGCCCAAGACATT T CATTGTGG TG U GAAGCUGT d
CCCAGTTACGCTCACCTGTTTCCCCACCTCOTTACTGTTCIGTCGACAGAG UGG G UCCACALGGC !“G|
GTCGCALGC( L‘i TGaacciggegticegeiggeggigeoegiguigiacigeicociocegaicgeagaecteciglacegeatecgeiticica
GG CCLCCEIR G g Qg S AR g T ECE AR g GG gig Co Ll gEaplpc geHenaguic giggueLane g geLigede
AREZECEALCLIHILEIFIGOCICELCHAUCEOCLCICIgTRCCgaCHifeiggue ZIgIggaigacegagpegegotgoicgaicaigicocy
I B PO IS C Ot CC gt il g g U G g S QI FHe CI C O g g e ol gig L i HiC QU S CE R B ECQUERICAUEZRCHAZEALZCZS
fagcgeciggoiggarangarcciggarcgoeaggicanciceggoioicigoircigincecggaggegacgegioaracgdagocicaigeges
UG aRE gL gL ERIEIgRaglaielig gugCe g e g CiZeLaiitCanaBaiL SICRCEQUCHALRUEEARCRCTIOCIZILERULNa
gaagaiserggiangiieggegiggcgigcigiacggggitiice gaggicnicgagioraagogolacangguigacticgacggofiiaiggagy
A Rl B R G S P B RS R I QU SR UIECE TR LU CC RO TCIZ B EZEAC I ZRICCCRECLLZE
aegggtfcgaciaccicecclogaipaugeisoiocaggigciggigarcctocigaceaiogoggigifoagogogaiggiogigggofecgeciacg
COCEE G RICiEZIgRICCCCZUgRCCUARERCLCOELENGRIACSCLUZ IR FleCiggegic, gew’{ cogiecigggociogocagoaageiged
CEGEERCREOaUE IS g( gelatenagiaiorgggociogecageaagaagatisac TGA aer SCURECICiogs
ggrerestgiicipeet itontogieteiggs
BCORCEQuER UL L 3AcTiPligoaaaClecaCoiyac3 ity FLCCCALRCE gecelipagatspageiacagpagtenagiascls
sagptifttaleatancisacaag atcegigiag 40”2,1[5* categanlalragiy
: REaceesacagsageciia ,“.s:ci 5-“(.34044 IRACKIERS LR COIETAQCCIEaAgaCeREnU LA Lar oA
agesteacageacaacergiatogatagegicigogigtiggonge §Og<3gtaaﬂ gegctigacgacggegcigeagaiciigeagaaigigeciy
gegigegegitcacgiogigocigaganatalgrcg ’zacga’us‘gﬁ gacggetogrocepgegrocigigeaizecatacgeatigeoiacsey
gocatigeatggeatigetaracitaigsagpenianiagagtittigivspatocacgeatgiigatgoagiageongatpigeizanagiaty
gaaggalgeiseatigociaticacaigogetgeovacceetilivgraggaanigtporgocatogtigaigeaccgaigrgsaaaatogacgit
cgaccactacatgaaaatgiataccicigaagatgcageaactgeggrigogaancggaiaacggitiggiaggtgiatgicgcageatgigeis
gatitizeggreaacieorecigecacggeecatigeaggigtenigtigactggagaataczaactiieggeegtcanaticccagzaggaggace
gecicigggecgacatigizorcactzetoticogotigetgtitecigtotnanatigd

[0284] The construct can be written as

5’DAO1b::CrTUB2:ScSUC2:PmPGH:CvNR:PmAMTO3: Ped LPAAT2:PmPGH::3’DAO1b.

Proceeding in the 5" to 37 direction bold, lowercase sequences represent genomic DNA from

CHE22 that permit targeted integration at the DAGTH locus via homologows recombination,

the O, reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene

{conferring the ability of CHKZZ o metabolize sucrose) is indicated by boxed appercase text,
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The initiator AT and termnator TAA for invertase are indicated in uppercase, bold italics while
the coding region is indicated in fowercase ftalics. The & moriformis PmPCGH 3-UTR is
indicated by uppercase underlined text that enables amplification of the PedLPAAT?2 goene,
followed by a Huker, indicated by lowercase, bold italics, 1n which contains a C vaigars nitrate
reductase 3-UTR. The P. moriformis PmAMTO3 promoter, irzdicated by the boxed italicized toxy,
drives the expression of the PedLPAAT2. The initiator ATG and terminator TAG codons of the
PedLPAAT? zrc indicated by uppercase, bold #talics, while the remainder of the gene is indicated
by bold wtalics. The P moriformis PmPGH 3-UTR is indicated by lowercase underlined text
followed by the CHK2Z DAGIH genomic region indicated by bold, lowercase text.

[0285] Table 56 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK972. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 56: Screen of primary transformants of CHK22 with pCHK972.

FAME Profiles TAG Profile
Sample | 150 [ c14:0 | c16:0 | c18:0 | c1s:1 | cis2 Sllpij C20:0 | C20:1 mgéggg?
pCHK972- | 005 | 1.56 | 2391 | 3.02 | 5899 | 10.16 | 051 033 | 0.09 1.49
1
pCHK972- | 0.04 | 1.54 | 2541 | 3.08 | 59.09 | 8.65 0.48 030 | 0.09 1.86
2
pCHK972- | 0.04 | 158 | 25.14 | 2.92 | 58.78 | 9.28 0.49 027 | 0.09 2.00
3
pCHK972- | 005 | 1.64 | 2042 | 347 | 57.89 | 1428 |  0.56 0.17 | 0.00 447
4
pCHK972- | 006 | 1.73 | 21.15 | 3.09 | 57.89 | 1356 | 0.6 031 | 0.10 155
5
pCHK972- | 005 | 1.69 | 2040 | 321 | 5744 | 1485 | 057 021 | 0.00 433
6
PCHK972- | 0.06 | 1.68 | 2059 | 3.45 | 5750 | 1443 | 057 022 | 0.12 416
7
pCHK972- | 005 | 1.63 | 24.13 | 3.09 | 58.15 | 1067 | 0.2 027 | 0.09 2.09
8
CHK22 0.04 | 150 | 2606 | 3.13 | 5936 | 7.76 0.46 032 | 0.00 158
Control

[0286] As the transformants of CHK22 expressing CrLPAAT?2 produced the higher OP:OO ratio,
the percent identity (%) of all the amino acid sequences across the entire LPAAT protein was

compared against that of CrLPAAT? the results are shown in Table 57. Pairwise identities (%)
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between all the sequences vs CrLPAAT?2. The resulting phenotype of expressing these LPAATS in
CHK?22 is indicated with the m/z (577.5/603.5) OP:OO ratio; the OP:0O0 ratio shown in the rows
of PmLPAAT1 or PmLPAAT? represents the analytical results of the non-transgenic line CHK22.

Amino acid sequences of the LPAATSs described herein are listed in Table 58.

Table 57: OP:00 Ratio

. Identity m/z (577.5/603.5)
Gene Name Organisms GenBank ID (%) OP:00

CILPAAT2 Chlamydomonas XP_001699586.2 100 3.48
reinhardtii

VCLPAAT2 V2 Volvox carteri f XP_002947580.1 34.36 1.59

nagariensis_120491
AgLPPAT2 Astrephomene GFR47784.1 69.10 221
gubernaculifera

EdLPAAT2 Edaphochlamys KAG2489453.1 59.94 3.78
debaryana

CeLPAAT2 Chlamydomonas GAX78532.1 55.91 1.59
eustigma

DsLPAAT2 Dunaliella salina KAF5838861.1 44.85 2.35

PedLPAAT?2 Pedinophyceae sp CAG9465508.1 44.61 4.47

SceLPAAT2 Scenedesmus sp. NREL KAF6259536.1 39.76 1.64
46B-D3

McLPAAT?2 Micractinium conductrix PSC72189.1 39.76 1.55

ChsoLPAAT2 Chlorella sorokiniana PRWS57325.1 40.73 1.53

ChvaLPAAT2 Chlorella variabilis XP_005852243.1 39.21 1.58

RsLPAAT2 Raphidocelis subcapitata GBF93205.1 40.06 1.58

ChdeLPAAT2 Chlorella desiccata KAH7617329.1 40.30 1.71

ApLPAAT?2 Auxenochlorella XP_011401335.1 37.05 1.58

protothecoides

ChprLPAAT2 Chloropicon primus QDZ21586.1 34.13 1.62

AGPAT1 Homo sapiens NP_001358366.1 11.32 3.60

VILPAAT2 Volvox reticuliferus GIM16764.1 80.77 1.69

ChvuLPAAT2 Chlorella vulgaris KAI3438340.1 39.21 1.62

Table 58: LPAAT Amino Acid Sequences

SEQID

NO: LPAAT

Amino Acid Sequence

40 VcLPAAT2 MSVPSKALSLPSFLFSVFVFYWSLPLFAITYRIRFANVGKRNDML

V2 DWAKALVAFFRVTVLKQGEMSLYRGGRCLYLCNHRSWADFFI
DTYLTEGRAALMSRWMVFFAFPVFCTSVLILRGIVLFKRGHIAD
KETASLQPIEEAFNVWLDATLRKSTVPGLLVYPEGHRSLKPRSLP
LKRGMLHFAFSRHLAVQLIITRGKEEVIKPTDFDSFDAFFQEVQT
TWDACWQLSYHQPTEGVPRLSLKDAHEYDYPPSMWWLQLGVT
LLSIVLLAAVLYGSWLVLRAGILSLGSSGTQQTHRYVSDVPDLD
QLTALQEFMGLPGDVDLQDYADVPERRMTLVLDLVVGRTEESA
KGCCQKKRAVFEISRYRDYAALCTEGSQVMHALDGVITDLSNG
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SEQID
NO:

LPAAT

Amino Acid Sequence

TCDSTESVERISALPAEGVGETGVEGARRLLNYISFFGTPLGEGA
WQACRTVMDRRARAASILDEPFTLEEVARAVGGLPNGKAHGLE
VAPSECYRYARLPRVDEQGRQGTEVNCIVPVLHVLLAHIRTTGD
FPQQFTKTVVSPILKKGDPLVAGNYWGIAVGGAFAKCYASVILN
RLVRAGETLDLRHPCQAGFRLGFGTAHHLFVKQHLVRRRRSGG
CPALRCRRLPRR

41

AglLPAAT?2

MLCLYRSAVIFILSSSVLAFICHFLGALGACVLWGQLSLSSRNLF
GLRCNCCLLTDSMEASSKVLTFPAFLCSVFVFYWSLPIFAITYRIR
FANLGKRNDMLEWAKSLVRFFGVTVLKEGESSLYRGGKCLYLC
NHRSWADFFIDAYLTEGRAALMSRWLVYFVFPVFCTSCLILRGI
VLFKRGTIADKEAFNSWLDATLGRSHVPGLLVYPEGHRSLKPAS
LPLKRGMLHYAFSRKIPVQIIITRGKEEVLSEKRMAVRFGRTLVT
QFSKVIEPGQFASFDAFFSAVQSTWDECWRGAYGASTTSTPRHT
LSHPPTEYDYPARMRLQQAAITLFSMVVLAGVLAGSWRAGAAYV

42

EdLPAAT2

MAVSKLLGLPAFLFSVFAFYWSLPMLAITYRLRFLNLGKRNDML
DWGRGLVNFFAVTIYKVGDGSLYKGGSCLYLCNHRSWADFFID
IYITEGRGAMMSRWLVFFVFPIFCSAVVTLKGIILFKRGTIADKEK
FNAWLDATLASSPVPGMLV YPEGHRSIKPHSLPLKRGMLHYAFS
RKLPVQVITRGKDDVLSEKTMAVHWRRQLVTSYGKVIKPSECA
SFDAFMHEVQTEWDKHWAEAYNAPKPPSKSLPRLVPAPHGYD
YPLSMRLGMGSVTTEFSIFAFAGVLYGTYCTALWVLAFTGAAQK
VIVIVLALWMGLALTRAVL

43

DsLPAAT2

MGQPLLQKFISLPTFLLAIFLLYWSLPICVLVGTLKLLDFTFPRTD
MYNWCQFMTKLFRIKIKKYGPNGLRKDTGRHILYLCNHRSWTD
FFLDAYLTEGNGSLMSRWLVFAVFPVFMVAVIVLRGVILFKRGT
VLDKEKFENEWLDSKVSSSPIPGMLVYPEGHRSLAHKSLPLKRGM
LYYAHSRKFPVQIIISRNKEEVLSEKTMKAHFGATIVTGFSELIES
EGKDIKEFLSEVQTAWDKMWDSVYSADAAALPELEHTDVPKFD
YSESMRVMQLLVVSGTVVVFLGTMAAMVKCVCVCLAATGDLG
CKVLVSSLVGWFLVSILNSRAPSGK

44

SceLPAAT2

MLLILKLPAFLLAVYVMYWSLPLANLLLFIKAWKVVGNRNDM
YRWCQFLVRACGIKVRKCGKQELYRGGACLYLANHRSWADFF
VDAYLTEGRGQLMSRAAVIFVFPVVILPLTLVRGCICFRRDGVK
DKEKFNRWIDACIGASPVPGICLFPEGHRSRLPHSLPLKRGMLNY
AYSRKMPVQIVISAHKELAMDEKSFHVRFGATCVTGYGPLMRT
ADYASFDEFYTALQGEWQKLWVEVFSADPAALPELVISAPAGFT
YPLQLKLSQLLLTLLELALMAWGLAWSVRAWGGVAARLAGTL
QLGVSGLQVLQYLPLVWLVVSLASCYDSTLPQPVLAADGTPLV
GSSQATRDSKKAL

45

McLPAAT2

MRLGRAIARACRWPTFLGSILLLYWSVVCVALSYHFKWLNLRG
RRNDVLGWSGGMKWWVRAKVLKVGDRELYRGPCVYLFNHRS
WGDFIVDQYATEGRSLFMSRLTVLFVFPTFMGALKVLKSVITFK
RGATADKERFNNWIDEQRAASPQTGLSVYPEGHRSTAPVSLPLK
RGMLYYAHSRRLPVQVIIGANKEAIISEKHCTARLNQTAAVGYS
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SEQID
NO:

LPAAT

Amino Acid Sequence

DPIMTADYPDFEAFWEQVQEAWNKTWAEVYGADWEGLPELAP
GSAGWQDPDTHYPLSVTLPMVGVVLANFAAFAGVSWLAFRAL
SALFALFGPAQPLALALVAAYLALSFYLYSRPVDALQLHERLRR
ESKHPSHLARSAAHLAGPRGVDANGAAAAEARVAALRHARPT
HRPTPYLGRRRPLAAPPARAPPRLSLRAPSAATAVARGML

46

ChsoLPAAT2

MSVPQLVAKACRWPTFLGSIILLYWSVAFITLSGHLKWWRLRGR
RNDVLAWSAGMKWWVRCRVLKVGSTDLYRQPCVYLFNHRSW
GDFIVDQYVTEGRSLFMSRLAVLGVFPTFIY SLVILKSIILFKRGSI
ADKQRFNAWIDKQREGSPQTGLAVYPEGHRSTLGEPLPLKRGM
LHYAYSRKLPVQIVIGANKEAITAEKRCTARLGQTAVVGYSEPIIT
ADYPDFEAFWAEVQEAWDAQWQAVFGADWQGLPELAVQEPV
THYPLSITLPMLGMTWLNLGLFAWTCWLTFRAVRWAFALFGPA
QPLALAAAAAYLALSFWLYSQPVNALKAMQTQRGHPGKLAES
EANLAALDGSGARRDS

47

ChvalLPAAT2

MTLARLIAKATKWPTFLGSILLLYWSVVFVALSYHIKWLKLKGR
RNDVLGWAAGMKWWIRCRVLKVGTQELYRGQCVYLFNHRSW
GDFIVDQY VTEGRSLFMSRLAVLGVFPTFVSALVVLKSILFKRG
SVADKEKFNRWIDEQRAASPQPGLSVYPEGHRSTLGEPLPLKRG
MLHYAFSRKLPIVIGANKEAIISEKHCTARLNQTAVVGYSAPIMT
ANYPSFDAFWEEVQEAWNAQWAAVFGADWDGLPELAPQEPDT
EYPASITLGMLGVVVANMALFCLTCWLSFRFWRWLFALFGPAQ
PVALAAAAGYLALAFWLYSRPVNALQLHAEKRRPGQLAQSAT
NVAALDGKKAS

48

RsLPAAT2

MLLLRLPAFWLAVWLMYWSLPLGVLTLYIPVWQLWGARNDTF
YWVKFLVTALGIKFRKRGSGELYSGQAPCIYLANHRSWADFFV
DAYLAGGRAQMLSRMAVLYAFPMFMAPVIAMRGCIVFKRGRID
DKEAFNKWIDGLVEASPOQNGLMVYPEGHRSTLAHSLPLKRGML
HYAYSRKMPVQIIMSANKESVLSEKELHVGFGCTVVTSYSGLISP
GDYAGFEGFMAAVQAAWDKEWRDTMSADAAGLPPLHVSGTID
DNHYPPRLVVSQLFFSLLGITLLFAASSITWGWILRAKGVLGPQG
AKMVVSFLVAWFAASLAYCYNGQLPKPRLLPDGSEANGGGAG
WKAGGRPGGGAAAKGGALKAAAAGGGGGGSPKKSS

49

ChdeLPAAT2

MSIPKALASALRWPPFLFSVFCLYWDVAILVLTYRIKWLDFKKK
RNDVLALGKGLKDIHRVTILKVGYRELYRKNCMYLCNHRSWA
DFLVDQYVTEGRTLFVGRWAVAAAFPLVMIPLRAIRCAILFKRG
HIADIEGFNKWIDSQFANSPQTGLGVYPEGHRSTHGESLPLKRG
MLKYAFSRKLPVQIVIGGNKESILSEKHCTARFYQTIAVGFSEVL
KPEEYDDFENFMQKVQETWNREWSEVFSSNLKGLPVLPEVREP
QLDYPMDVRMIMAICAVVNILMLAGVAWLTWWAVAAVMAL
MGPLQWPVAGLVVAYIVASFYVYSKADDVRRTHQKMFQQRKQ
APPIVSAAGAGEGAGEGAGEENGDKKEQ

50

ApLPAAT?2

MSLQRTLDSALRWPAFLLSLFILFWSVPFCSLTYYIRFLDLKTER
RGDVFSWAVGMKRWFGIKILKVGDRELFRKDCMYLINHRSWG
DFLVDQYLTEGRSTFLARAMVAVAFPFFMTVIMVMKATMVFK

-121-




WO 2025/096830

PCT/US2024/053965

SEQID
NO:

LPAAT

Amino Acid Sequence

RGNIPDKEKFNRWIDSEFAATPQTAIAVYPEGHRSTMTDSLPLKR
GMLHYAYSRKLPVQVIIAANKEAVLSEKHSTARFGQTIWAGYSE
PMFPEKYETFDKFMDKVQATWNEEWNTVFGTKPEGLRELVCE
DPKLLTPLHVRRGVSTHAVVDICFLAIMYYSLRMARRVSAALGP
LEAPLLALLAVYVTASLVRYSRPYDGVAASARKGKLAQASATQ
APPAPKLAASGVADVSAATINRAASLAAEPGDPQGRQ

51

ChprLPAAT2

MKAIKDKMSFLFAMLIFYWSFPLTVAFGTDWSLSYKARNDIFFW
TAFLLGFFKVRTYRIGEQGCYRDGSCIWLCNHRDWGDFFIDLYV
VEGRACFLSRLMVLIAFPVFGFYGLVTRTAVFFRRNTKGRDFTK
FNQFISGQIQRSPCQGIVVYPEGTRNIKPESLPLRRGMLRYAYSER
TPVQIVITTNKEHVISQKMQRASFGTKCISGFSEVIRPGDYSNFED
FFDEINKTWKAEWKRTYGASISNAVEVTPSEMKLYIPFYNIKLG
QYLSMMAYSYFTVALMVGVASFSFVLTQSMLGLRVVHFGGEST
DCIVVSIFLGVFVACTKLITRKQD

52

AGPAT1

MDLWPGAWMLLLLLFLLLLFLLPTLWFCSPSAKYFFKMAFYNG
WILFLAVLAIPVCAVRGRNVENMKILRIMLLHIKYLYGIRVEVR
GAHHFPPSQPYVVVSNHQSSLDLLGMMEVLPGRCVPIAKRELL
WAGSAGLACWLAGVIFIDRKRTGDAISVMSEVAQTLLTQDVRV
WVFPEGTRNHNGSMLPFKRGAFHLAVQAQVPIVPIVMSSYQDF
YCKKERRFTSGQCQVRVLPPVPTEGLTPDDVPALADRVRHSML
TVFREISTDGRGGGDYLKKPGGGG

53

CeLPAAT2

MSIPTLLSIPYFAACVFVFYWSNTLGCLCYKIKFMNLIGPRKDMH
DWSEFMNWFFGVQYRQVGEQSLHKGERCLYLSNHRSWADFFV
DIYLTEGMAAPMSRNLVFYVFPFFMTSVSILKGILFKRGVIEDK
QKFNAWLDSKLDSSIRPSLLVYPEGHRSTRASSLPLKRGMLHYA
HSRKLPIQIIMTKGKEGVLSEKHMRASYGVTLATGFSEVIKSSNF
PEFEAFALKVQQVWDAKWQEVYTADISRRPDC

54

PedLPAAT?2

MNLAFPLAVAVMY WSLPIGALLYRIRFLNVFGPRNDMLEWAEM
MRAFLGVRFKLVGQRRLHKGERMVYLANHRSWADFFLDVWTT
EARCSIMSRWMVFFAFPVEMASVIVLRGIVLFKRGKIKDKDAFN
AWLDKTLDRQVNSGSLLLYPEGTRNTKPHALPLKRGMLKYSWS
RGLPFQIIVITNKERVLSEKKMAVKFGVTCCTGFSEVIESKRYKD
DFDGFMEEVQRVWDKEWAEVYKAAAEPEKLEDLTIPSPDGFDY
LPSMKLLQVLVTLLTIAVFSAMVVGSAYALGLVVPAAQDAWK
YASYVLASMPILGLASKLLGGSKVGAIKYPGLASKKID

55

VILPAAT2

MSVISKALSFPSFLFSVFVFYWSLPLFAITYRIRFMNVSKRNDMLD
WAKALVAFFRVTVLKQGEMTLYRGARCLYLCNHRSWADFFID
TYLTEGRAALMSRWLVYFVFPVFCTSVIILRGIVLFKRGHIANKE
AFNAWLDATLAKSTVPGLLVYPE

56

ChvuLPAAT2

MPVPRIVAKATRWPTFLGSILLLFWSVVCVALSYHIKWLKLRGK
RNDVLGWAAGMKWWIRCRVLKVGSQDLYREKCVYLFNHRSW
GDFIVDQY VTEGRSLFMSRMAVLFVFPTFISALTVLKSIILFKRGA
IADKEKFNAWIDEQRANSPQSGLSVYPEGHRSTKRDSLPLKRGM
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SEQID

NO: LPAAT Amino Acid Sequence

LYYAFSRKLPVQIVIGANKEAIISEKHLTARLGQTAVVGYSEPIM

TAEYADFDAFWAKVQETWDRQWQTVFGAAWEGLPELEPVEPD
TEYPLSITGRMVLVVIANLLLFCCACWLTFHFWTWLFALFGPLQ
PAALALSATYLALALWIYSQPVNALQVHAKKLRPGQPAQPAVD
MAALLETKKAS

Example 28: Expressing Volvox reticuliferus LPAAT2 (VrLPAAT2) in P. moriformis strain
CHK?22.

[0287] VrLPAATZ2 was introduced into a P. moriformis strain CHK22. The expression construct
pCHK1133 contained 5’ and 3' homology arms to permit targeted integration of VrLPAAT?2 into
the genome and is shown in Table 59.

Table 59: Integrative sequences for the transformation of P. moriformis with pCHK1133
encoding VrLPAAT?2.

SEQ ID

NO: Nucleotide Sequence

57

01 atatl

feageiggeico { .

GOGAG L\Uﬂfj( T F( QC(}(JC()( TGO A F(}C %FX(‘ AL ( (IA T f: L\IU( T ( fj ‘%Ci C(’Cf‘(xA d&.(}(f[ COTTC
SGGGUTGCATGGGOGCTCCCATCCCGUTCCAGGGUGAGCGUTGTTTAAATAGUC AGGUCTC
JATTGCAAAGACATTATAG TACCAAAGUCATATICAAACACCTAGATCACTACCALY

E(‘I %(" AL A(JUCC A(‘i f‘(zA()( 1 T(}I(IA i( (;C ACTOCGC TAAGG(}(;G(‘(}L( TCTPCCTCTTOGTT]

gacc:gt

gragaacconiacticaccaacegealgagogigaac
vctOtzctudm,g,ko (e
e i ;otot %g,lg:(mo
TGTTC T(‘ TC Gr\(:hﬂf Gf‘ L8 TthT{ TOCCTTGCGAAAC Aﬂ.bf‘ C F C TGGA(:Q ATG{ GTGF aTGATC
GTOTCTGGOGOCCCGCCGCGCGHTTTIGTCGCCCTCGLGGHOGLCCCGGUOGCGHHHGGCGCATT
GAAATTGTTGCAAACCCCACCTGACAGATTGAGGGUCCAGGUAGGAAGGUGTTGAGATGGAG
GTACAGGAGTCAAGTAACTGAAAGTTTITATOGATAACTAACAACAAAGGGTCOTITICIGGLD
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SEQ ID
NO:

Nucleotide Sequence

AGOGAATGACAAGAACAAGATTCCACATITCCOTOTAGAGGCTTGCCATCGAA TG TGAGCGG
C COGGUCGCGGACCCGACAAAACCCT 3/\C(¥/\C STGOTAAGAAAAACGTGGCOGGCACTG T
C {{ i1 /%(\JC{ T (t,“\"s{ sACTAGUAGGAGA j GA A(!CA TCALZAGD ALAA(_ CiGG

AN LGYgfg,;txz,,;(,

SIZEsaAlFsgnacac a'ldtLgqu‘E aggaaataacaateald l\(:(‘ 1Y
CAG 4‘(}(\(1 FCAGUCOAGACGGOCTGTGGAGAT {,Gij(}n|
JACGOACGAGGOCCGCCTCTGCCCT TGAACTGAGC AGCGOTGGCTAAGGGGAGGGAG

ACTCATCCCCACGCCCGCGUCAGGOCTCTGATCCCGTCTCGOUGCGOTGATCGOUGCGLATE A|
CPACGACCCAACGACGTACGAGACTCATGTCGGTCCCGACGAGGAGUGCCGCGAGGU AT
AGGOUTGCCCGACCATGTTTACACCGACCAAAAGCACTOGCTCGCATCCATTICCGTGCGT Q("( EC
ACATGCATCATC TGOTACCCATITCGOTCTTG ACCCCTACGACCTOGCCTTIOL,
STGAGCAACTCGCCCGRACATGACCCAGGUTGATCATCCGGATCCCCAGGLUCCCAGCAGCC
STGCCAGAATGGCTOGCGUTTTCCAGOCTGC AGGUCCHTOTCCCAGG TCGACGCAACCTACAT]

HCCI5’~ctl.i£‘~mi”Ld(‘f"bdhliﬁbt&dtppu"ﬁ

(JLﬂC } GCTCAAGCGOGGUGCTCAACATG

J

CAGC ’~\ 'XCA( 0 {v(;{;(zA ATT

agatacgancittcggeegicanaticocagag m ggaccceotelgggeogacatigigeceactyeicecgoltgerginecigigg

GACCACCCCAATCTGTCCC LXG‘ AC C( “CAA A( ~ACC ‘CTC CTC 3( ‘C( "F('ECT'E‘( CTCTGIGATOGCTGAT]

s ototaC
222

t:'LchOg'?\a&Tng»L greateg rg»ac»zf'stggog;laan C:;’?C?KCJF LCas (-TgTa'uCCt"Tg'laout“”"14‘9»1(1(3"05){,2’0

tg;cgaanugﬁgatau to tatgicy Attiigo gy BCCRCEELCatifcagy guutgg

aaattat

[0288] The construct can be written as

5’DAO1b::CrTUB2:ScSUC2:PmPGH:CvyNR:PmACP: VrLPAAT2 :PmPGH::3’DAOIb.
Proceeding in the 37 to 3" direction bold, lowercase sequences represent genomic DNA from
CHK22 that permit targeted infegration at the BAOTH locus via homologoas recombination,
the (. reinhiardrii B-tubulin promoter driving expression of the yeast sucrose invertase gene
{conferring the ability of CHK2Z 1o metabolize sucrose} is indicated by boxed uppercase text,
The inttiator ATG and terminator TAA for invertase are indicated in uppercase, bold ttalics while
the coding region is indicated 1o lowercase talics, The P moriformiy ProPGH 3'-UTR 1«
indicated by uppercase undertined text that enables amplification of the VRLPAAT?2 gene,
followed by a Hnker, indicated by lowercase, bold dalics, in which contains a C. viedgaris nitraie
reductase 3-UTR. An acyl carrier protein promoter from £ moriformis (P ACP), indicated by
the boxed italicized text, drives the expression of the ViILPAAT2. The initiator AT and

terninator TAG codons of the VWLPAAT?2 ave indicated by appercase, bold italics, while the
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remainder of the gene 18 indicated by bold itahies, The P moriformis ProPGH 3-UTR s indicated
by fowercase underiined text followed by the CHKZZ DA D genomic region indicated by bold,
iowercase e,

[0289] Table 60 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK1133. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 60: Screen of primary transformants of CHK22 with pCHK1133.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK1133-1 0.04 1.13 | 21.73 | 3.26 | 62.52 | 9.06 0.54 0.28 0.08 1.59
pCHK1133-2 0.03 1.14 | 2345 | 3.14 | 61.66 | 8.30 0.55 0.28 0.08 1.63
pCHK1133-3 0.03 1.07 | 2191 | 3.17 | 62.82 | 8.72 0.55 0.28 0.08 1.59
pCHK1133-4 0.03 1.12 | 22.63 | 320 | 62.35 | 840 0.52 0.28 0.08 1.53
pCHK1133-5 0.03 1.11 | 22.07 | 3.04 | 62.71 | 8.72 0.54 0.27 0.08 1.59
pCHK1133-6 0.04 1.14 | 2235 | 3.06 | 62.05 | 9.04 0.56 0.28 0.09 1.46
pCHK1133-7 0.03 1.21 | 2633 | 3.04 | 60.23 | 693 0.53 0.25 0.07 1.54
pCHK1133-8 0.03 1.13 | 2345 | 3.06 | 61.89 | 8.14 0.53 0.28 0.08 1.57
pCHK1133-9 0.04 1.36 | 27.75 | 2.64 | 56.65 | 8.95 0.61 0.24 0.07 1.69
pCHK1133-10 | 0.03 1.14 | 2406 | 3.13 | 61.71 | 7.70 0.52 0.28 0.07 1.56
CHK22 0.03 1.23 | 2694 | 3.06 | 60.23 | 6.39 0.50 0.23 0.06 1.52
Control

Example 29: Expressing Chlorella vulgaris LPAAT2 (ChvulLPAAT?2) in P. moriformis strain
CHK22.

[0290] ChvulLPAAT2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK 1134 contained 5’ and 3' homology arms to permit targeted integration of
ChvuLPAAT? into the genome and is shown in Table 61.

Table 61: Integrative sequences for the transformation of P. moriformis with pCHK1134
encoding ChvuLPAAT?2.

SEQID

NO: Nucleotide Sequence

58

aatgatcgantgagacgegaaacitttgeagaatgeeac
gattegoecgaga gaatggegagaccagggagegactigegageccegageoggtageaggaataac
caaccattagaaagageeggagegogtigaaatictgeaate gagtaatitiicgatgegge gguocty
gatccaggatgoacgeageoieag

geacgigictcaagoacaasccceagocttagiticgagacitigggagatas

atfcaccaicegeetgtgeacyggeet
ateftectgtecaattaciyg
44 ggeetatgittaagge
segglagatatctagtitggeatttt
gtatattastiaagtctcgeaatygagegetcigatgeggigeage gicgoctuearcacctgroagtgue solgeoric oo claie geie e gectgy
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SEQID
NO:

Nucleotide Sequence

7 —

teagetggeiccegentectgeggegegeef TITCTIGCGCTATGACACTICCAGCAAAAD
SCGAGACGGOTTCCCGOCGOTGCATGCAACACCGATGATGOT ESL(;A(,C(,CCCC}AA(‘ "'1 (“

SGGOCTOCATGOGCGCTCCGATGCCGETCC A(;U(;(‘UA( SCCOTGTTTAAATAGOCAGGLOCL C
GATTGCAAAGACATTATAGCGAGCTACCAAAGUCCATATICAAACACCTAGATCACTACCACT
FCTACACAGGCCACT Ct;a(xLT E(‘”i (; L‘& TCGCACTCOGCTAAGGOGGLGCCTOTICCTOTICGTE
FCAGTCACAACCCGLAA ctgeigoaggocticoigiiooty
CAlgRCERACZAZACEIco gACCELeCCoty gtfmemcacccccaac aBgEECigs
FeCRAggys (¥ BCABCCCLIACRACACCICIRYL \1,9, aCgLee
AZEICCALOLC
et

CLERCCER ctte O'CC’YCCaﬁ?’&?C agegaeete

:.Atms g ,gs:
sagla

3;,1(\( s‘ls*n
0 wuaug r-:ru:ocv@»twttcrtcatwaucOcos’gau

Lo
cagancgaceigiccta

: 2 3 Ato ACCACCERGRACH X
Qg 59t f‘}LmLC' tetacategacaagiiccagRiac ey aggr unthC'TaA(: ALGCCC G( CGGFQI{“ '—\( CTGACT
TCTTCTCTCGAGGGCGCOTOTICTGLCTTGCGAAACAAGCCCOTGGAGCATGOGTGIATGATC
GTCTCTGGCGCCCCGLCGCGLGHTTTOTCGCCCTCGCGOGCGCCCOGHGUCGCGHGGGIGCATT
GAAATTGTTGCAAACCCCACCTGACAGATTOAGGOCCCAGGLAGGAAGGUGTTOAGATOGAG
GTACAGGAGTCAAGTAACTGAAAGTTITTATGATAACTAACAACAAAGGHTOGTTTICTGGC
AGOGAATGACAAGAACAAGATTCCACATITCCOGTOTAGAGGUTTGCCATCGAATOTGAGCGE
GCGGHOCGUGGACCCGACAAAACCCTTACGACGTGGTAAGAAAAACOGTOGCOGGCACTGTCC
CTOTAGCOTGAAGACCAGCAGGAGACGATCGGAAGCATCACAGUCACAACCG igeageageageicy
gtatcgacacacieiggacgetggiegigigatggacigitgeepeoacact tptgaataicoctgoopeititalcanacagocte

f ratctigigtgtacgegetittgepagttgetagotgetigigeiattige gaataceac cpgckxgmtr‘ cectteeciegitteatate gettgeaic
geaacttaictacgetgtectgetaicocteagegotgotoctgoiecigetcactyeceaioge a;.igbc::w gitiggectccgoectghaticteet
pglactgraanciginaacCageacigeaat golgaigeangpgaagtagigggaiggrancacaaatgy sacaatc g AAGCT
GOCT {J(_, FCAAGCGGEOGTT C AACATGUAGAGCOTUAGCG Is{}ACGGGL FOYOOAGATCGOOA]
GACCGOACCASCGCOGCCTCTCCCCTCTTTCGAACTCASCGTCAGCGC 'I'GGC‘.T}U&GGGGAGGGAG|
AWCTCATCCCCACCCCCOCCGCCAGGOUTCTCATCCOGTCTCCCGLCGUTCGATCGO GG ATGAI
CTACGACCCAACGACGTACGAGACTGATGICGOTCCEGACGABCAGEGLCGUCGAGGCACTCO
AGCGGCTCCCCACCATOTTTACACCOACCAAAAGCACTCCCTCGCATCCATTCCOTCCGOCCGT
ACATCCATCATCTITICCGTACCOATTICGOTCTTOTITTACCCCTACCGACCTGUCTICCAAGG T|
FTOAGCAACTUGCCCGRACATQACCCAGGGTCATCATCCGCATCCCCAGGCECT A{JLAKJLC {
CTGCCAGAATGUCTCCCGUTTTCCACGCCTCGUAGGUCCGTCTCCCAGTTUCCACGUAALCT

]

ce

SACCACCCCAATCTGTCCCAGACCCCAAACACCOCTCCTGCCOTGCTTCICTETGATCGOTGA |
CAGCAACACCCGOEGAATT]

Al{J:‘""g[rccccwai’certavcvadggu(M gciggeccacgticeteggoietatictgote
Figactyasgictgogacangiglaacgatgiget; 3
atctgtacegegagaagigegiciacoicitiaaccaccgrted
f"[QaQCCQ catggoegtecigicgtotticecacetitaictoege gctgaazg %,u ftagrc
WaaggagRagiitaacgrligralc gacgageaycy £
cgactcgeigoteoicange B ATE: RoRtl g Aagc j:c»cgyguag
Cgaganglaccicacgge foggelacagegageecatiaigacege
gQanchvactt FACEOCHCIERECERAQLICeaLRagacy "zg £accigs cag‘zfgccrcbct
gagetggas 'C»tot?b,lgs,k_aQa&.uCOg,lz'TaC»LCs)CCYCCJtC,;Cg
ciggetgacy
aictacteicas:

< g aC gd 2
guiatiateag

g-: T'mgzumtf cg

: r
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SEQID

NO: Nucleotide Sequence

[0291] The construct can be written as 5’DAO1b::CrTUB2:ScSUC2:PmPGH:CvNR:PmACP:
ChvuLPAAT2:PmPGH::3’DAO1b. Proceeding in the 5’ to 37 direction bold. lowercase sequences
represent genontic DNA from CHEZ2 that permit targeted integration at the DAO D locus via
homologous recombination, the €. reinhandrii P-tubulin promoter driving expression of the veast
sucrose inveriase gene {conferring the ability of CHK22 to metabolize sucrose} is indicated by
boxed sppercase text, The initiator ATG and terminator TAA for invertase are indicated in
uppercase, bold ttadics while the coding region is indicated in lowercase italics. The P moriformis
PmPGH 3-UTR s indicated by uppercase undertined text that chables amplification of the
ChvulPAAT?2 gene, foliowed by a linker, indicated by lowercase, bold italics, in which contains a
C.ovidgaris vitrate reductase 3-UTR. The £ meriforsds ProACP promoter, 1odicated by the
boxed italicized text, drives the expression of the ChvulPAAT2. The initiator ATG and terminator
TAG codons of the ChvulLPAAT?2 are indicated by uppercase, bold italics, while the remainder of
the gene is indicated by bold italics. The B morifornmis PmPOH 3'-UTR ie indicated by lowercase
nnderlined text followed by the CHK22? DAO 1 genomic region indicated by bold, lowercase
HSEEN

[0292] Table 62 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK1134. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 62: Screen of primary transformants of CHK22 with pCHK1134.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
12: 14: 16: 18: 18:1 18:2 20: 20:1
C12:0 | C14:0 | C16:0 | C18:0 | C18 C18 alpha C20:0 | C20 (OP:00)
pCHK1134-1 0.05 133 | 2528 | 3.25 | 58.77 | 8.99 0.53 0.26 0.06 1.63
pCHK1134-2 0.03 1.15 | 24.68 | 296 | 61.25 | 7.70 0.52 0.25 0.07 1.61
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FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK1134-3 0.04 1.12 | 21.46 | 293 | 62.37 | 9.76 0.57 0.25 0.08 1.49
pCHK1134-4 0.03 1.16 | 2492 | 3.05 | 61.37 | 7.26 0.51 0.26 0.07 1.55
pCHK1134-5 0.03 125 | 2647 | 3.00 | 59.93 | 7.10 0.50 0.24 0.07 1.6
pCHK1134-6 0.04 1.16 | 2229 | 294 | 61.31 | 9.94 0.55 0.23 0.08 1.51
pCHK1134-7 0.04 1.19 | 22-15 | 3.00 | 61.86 | 9.39 0.54 0.27 0.08 1.58
pCHK1134-8 0.04 1.16 | 22.78 | 3.11 | 62.01 | 8.59 0.54 0.27 0.08 1.62
pCHK1134-9 0.04 1.21 | 21.83 | 2.81 | 61.24 | 1047 0.58 0.24 0.08 1.52
pCHK1134-10 | 0.04 1.20 | 22.03 | 295 | 61.11 | 10.32 0.55 0.24 0.08 1.56
CHK?22 0.03 1.23 | 2694 | 3.06 | 60.23 | 6.39 0.50 0.23 0.06 1.52
Control

Example 30: Generation of a classically improved microalgal strain that produces a
triglyceride oil enriched in palmitate.

[0293] The microalgae P. moriformis strain CHK22 (UTEX 1533) was subjected to classical
strain improvement to improve productivity, yield on carbon, and increase palmitic acid content.
The mutagenesis, trait selection, and high-throughput, automated screening steps of the
improvement process are outlined in the flow diagram in FIG. 9. Briefly, algal cells in the log
phase of growth were subjected to mutagenesis by treatment with chemicals or UV light (1).
Cells were then sub-cultured into a lipid production medium and subjected to
selection/enrichment strategies (2). Strains were then plated to a solid medium to obtain clonal
isolates (3), followed by the interrogation of these isolates in a lipid production medium in a 96-
well format (4). Using glucose consumption as a surrogate for oil production, high glucose
consuming strains were validated in a lipid production medium in a tube or shake flask format
(5). Successfully validated isolates were sub-cultured for multiple generations to stabilize
mutations (6), followed by purification of clonal isolates (7), and subsequent re-interrogation in
lipid production medium (8). Phenotypically stable clones were then validated in fermentation
(9). Clones showing variability in (8) were revalidated and sub-cultured via (6) to generate stable
lines.

[0294] CHK?22 was chemically mutagenized for 30 min at 32 °C with 44 pM 4-nitroquinoline 1-
oxide (4-NQO) or subjected to sham mutagenesis by the addition of only the mutagen solvent,
DMSO. The mutagen was inactivated with the addition of sodium thiosulfate, which was then
removed with repeated washing with water. The cells were then allowed to recover for 3 days in
limited sugar growth media. The mutagenized and the mock-mutagenized populations were then
independently cultured in lipid production media at 38 °C for five days. An optimal lipid

production temperature for CHK?22 is typically between 28-32 °C. A higher-than-optimal
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temperature was applied as a stressor to provide a growth advantage to mutants having a
predisposition toward producing higher palmitate levels. At the end of the 5-day, 38 °C lipid
culture, the cells were collected and then incubated at 65 °C for 4 min. Based on range-finding
experiments conducted in the same format, exposure to temperatures within this range for this
duration of time typically kills >99% of the cell population. After heat exposure, the cells were
recovered in limited sugar growth media for three days, diluted, and then plated. Mutant clones
were then selected and assessed for glucose consumption rate and fatty acid profile in a 72h, 96-
well block-based lipid production assay (as illustrated in FIG. 9). Table 63 summarizes glucose
consumption rates and fatty acid profiles of TAG oil produced by the mutant strains. One mutant
produced about 8% more palmitate than the CHK22 parent strain. This strain exhibited a
significant reduction in glucose consumption rate, a hallmark of lower lipid titer.

Table 63: Fatty acid profiles of select mutant strains exhibiting higher glucose consumption (Glc

Rate) in a 96-well block lipid assay and increased palmitate (C16:0) levels.

12-
Gle C18: OH
Sample Rate |C12:|C14:|C15:|C16:|C16:|C17:|C17:|C18:|C18:|C18: 3 T C20:|C20: | C22: 9 _’ C24:
P (g/L| O 0 0 0 1 0 1 0 1 2 0 1 0 e 0
D) alpha C18:

CHK22 |5.26(0.22]5.38|0.06|35.86|1.38 | 0.07|0.03|2.16 |43.45/9.40{0.76 | 0.26 | 0.11 | 0.07 | 0.11 | 0.09
mutant-1
CHK22 |7.11(0.04|1.68]0.04|31.02|1.00|0.08 |0.042.7053.39(8.61 | 0.54 | 0.26 | 0.11 | 0.05 | 0.13 | 0.07
mutant-2
CHK22 |6.900.04|1.53]0.04|30.60[0.92]0.09|0.05|3.0054.78]7.57 { 0.56 | 0.26 | 0.10 | 0.05 | 0.13 | 0.06
mutant-3
CHK22 |7.00(0.04|1.51]0.05|27.92/0.84]0.10]0.043.16 |56.73(8.19{0.59{0.330.10 | 0.07 [ 0.07 | 0.08
Control
CHK22 |7.17(0.04]1.58]0.04|28.09/0.76 | 0.11 | 0.05|3.38 |56.11| 8.23 [ 0.61 | 0.35]0.13 | 0.06 | 0.15 | 0.08
Control
CHK22 |7.18(0.04]1.59]0.04|28.61]0.85]0.10]0.05]3.29|55.89(8.02{0.63|0.310.10 | 0.08 | 0.13 | 0.07
Control

[0295] To further adapt the CHK22 mutant-3 strain to the altered fatty acid composition and
improve lipid productivity, the strain was serially passaged in the absence of any selection for
more than thirty population doublings and then plated to solid media to yield single colonies.
These sub-clones were screened in a lipid production assay to assess the phenotypic stability of
the lineage for both glucose consumption rate and fatty acid profile. After one cycle of serial
passaging, the mutant was still phenotypically unstable. Several sub-clones that retained the
higher palmitate level phenotype, along with increased rates of glucose consumption, were taken
through additional rounds of serial passaging and stability assessment. After a total of five rounds

of serial passaging and stability assessment, a stable strain, designated CHK100, was identified.
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CHK100 produced about 5% more palmitate than the CHK22 parental strain. The oil content (%
on a weight-by-weight basis; Y%ow/w), dry cell weight (DCW), and lipid titer (g/L) of CHK100
were also greater than those of CHK22 (Table 64 and Table 65). FIG. 10 illustrates the strain

improvement strategy of CHK22 to produce CHK100.

Table 64: Tube-based assays on CHK100 showing improved lipid titer.

. .. Avg.
Oil Avg. Lipid .
Sample Content (7A v\://gw ](Dgslz);/ DCW Titer I}lllt) :ri g}i PCP
(%]
L L
Jowlw (g/L) (g/L) (@)
CHK100-1 78.6 11.4 9.0 24 3.7
CHK100-2 78.0 11.3 8.8 2.5 3.5
77. 11. .
CHK100-3 75.5 3 11.6 > 8.8 89 2.8 3.1
CHK100-4 77.1 11.6 8.9 2.7 3.4
CHK22 Control| 77.7 8.8 6.8 2.0 35
2
CHK?22 Control| 76.1 762 9.1 92 6.9 70 22 32
CHK22 Control| 76.0 94 7.1 23 32
CHK22 Control| 74.7 9.6 7.2 24 3.0
NLB, non-lipid biomass; PCP, per cell production.
Table 65: Tube-based assays on CHK100 showing increased C16:0 content.
Sample C12:|C14:|C14:|C15:|C16:|C16:|C17:|C17:|C18:|C18:|C18: C;& C20:|C20:|C21:|C22: C24:0
P 0 0 1 0 0 1 0 1 0 1 2 0 1 01| 0 ’
alpha
CHK100-1 0.03]1.22(0.02]0.03 32.25{1.36 | 0.06 | 0.04 | 2.03 [55.65(6.36 | 0.50 | 0.19 | 0.05] 0.05 | 0.04 | 0.00
CHK100-2 0.03]1.22(0.03]0.03 32.25{1.36 | 0.07 | 0.04 | 2.02 |55.61| 6.37 | 0.53 | 0.19 | 0.05] 0.05 | 0.04 | 0.00
CHK100-3 0.03]1.18(0.02]0.03 32.07{ 1.40 | 0.07 | 0.03 ] 1.99 55.89(6.27 | 0.57 | 0.18 | 0.05] 0.05 | 0.03 | 0.00
CHK100-4 0.03]1.18(0.02]10.04 32.15{1.38 | 0.07 | 0.03 ] 1.99 |55.91{ 6.25| 0.55 | 0.19 | 0.05] 0.04 | 0.03 | 0.00
ggﬁiﬁ 0.04]1.39(0.0210.03 27.59{0.85|0.09 | 0.03 | 3.27 [57.92{ 7.45 | 0.64 | 0.33 | 0.07 | 0.06 | 0.06 | 0.07
CHK22 i ) i
Control 0.04]1.39(0.0210.03 27.62{0.85|0.10| 0.04 | 3.27 [57.88| 7.44 | 0.63 | 0.32 | 0.07 | 0.06 | 0.06 | 0.06
CHK22
Control 0.04]1.36(0.02]0.04 27.39{0.85|0.10| 0.03 | 3.27 [58.28] 7.30| 0.68 | 0.31 | 0.07 | 0.06 | 0.06 | 0.06
CHK22
Control 0.04|1.36(0.02]0.03 [27.37{0.85| 0.9 |0.04|3.29|58.34{7.30|0.67|0.32|0.07 [0.05|0.06| 0.06

[0296] All strains were subjected to standard lipid production conditions in which strains were

grown in duplicate in 10 mL of lipid production medium. Cultures were grown with shaking (200

rpm) for 121 hours at 28 °C at which point about 1 mL of biomass was removed, applied to a

polycarbonate filter, washed with an equal volume of Milli Q water, and placed in a tared glass

vial at -80 °C for 30 minutes. Vials containing filters and frozen biomass were lyophilized to

dryness overnight, weights were recorded, and filters with dried biomass were subjected to direct

transesterification followed by GC/FID to quantitate FAMEs.
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Example 31: Expressing Pedinophyceae sp. LPAAT2 (PedLPAAT2) in P. moriformis strain
CHK100 using the PmA CP promoter.
[0297] PedLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression construct

pCHK1126 contained 5’ and 3' homology arms to permit targeted integration of PedLPAAT?Z into

the genome and is shown in Table 66.

Table 66: Integrative sequences for the transformation of P. moriformis with pCHK1126
encoding PedLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

59

vecteaacigegacgoigggnaceticicegggraggogaigigegiggatttecctortggearggcictacaccgicgagtacgceaigagge
getpatescigigtogetteceacticgtreagagacgecaagivgioeatocicigeplstaipececgacgeigcageagtivcctotgeagoag
atgagegtgacttigroaiiicacgoantogagigiacacaatocatitttetianagoaaatgacigoigatigaccagatacigtaacgoipgats
iegetocagategeacagatagegaceatigiigetgegicigaanattiggaticoganticgacecigogictatoraigaacagaigrosa
vactigitacanticeigioacceatoggeniggagenggtoractiagativcccgateacceacgeacatetogotantagicatiogiicgtpicit
vgatcanicicaagigagtgigraigpateitggtigaepatgeggiatgaatizopergeiggoizeaggaicigrcaaggeangciancees
goioctetocorgacantacicicgeaggeaaagoeggteactigociiceagaitgorantanantoaaitalggortetgicatgoraioraigy

gicigaisaategtoacgciogistocipaceg e ooageotoig o ioCCOigeeed Sl CoROT AZCOLRLELCELErEcagtogetocen
aggctgicicggaC'TTTC'I‘TGCGC’i‘A'E‘GACACTTCCAGCAAAAGGTAGCsG(’Z‘G(}('SCTC}('JGAGAC(’SGCTi
FOCCGOCGUTGCATGUAACACTUGATCATGOTTCGACCCCCCOGAAGCTCCTTCGOGEOTGE A’i‘G|
GGCGOTCCCATGOCGUTCCAGGGUGAGCGUTGTTTAAATAGUC AGGUCCCCGATTGCAAAGA)
CATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACT E‘CTACA(’Z‘AGGCC\
ACTCCGAGCTTGTGATCGCACTCOGCTAAGGGGGUGOCTCTTICCTCTTIOGT T TCAGTCACAALT
CGCAAACTGTACAK Tircigeigeaggeeticergiiceigoiggreggoitegregecaagaicngegecicealgargnacgagar gt

COgaCCgreceriggigeaciton goaect

sgaccager

SOOGUCCIZATeaact
GCGGOGUCGCCICCECTict

CEQOUIGUGCTiC

HCOAQegECaceCactivgagy

QOCHGCEERGRCYCCCISERCATCLOLIE R ECCICCRUCTS L Qaglaeicege

CACLGYCILACa
FCCAGCagriacad

GCCTRAAG T ceguitectgaac QICQUCATCHACACCRCIILACY
cigicen HETCCa QIS
FgHCaagEgee

Zlgaagiicgiguaggagaad

GG

CACCCH R

~refre

iz gugegGLged CCTRCICugLre

Mg RO QCig UCCRLRGCaiecigga ; £ HACRCCHGCTICRIQUCCGOCE L QGaCReTrigs
FOlCCglgaacaigacgar g Leigsacagccigiictucuteguctagticeas gigegegagstcangigoct TAAGALGCCCGCO
COGCGCACCTGACCTOTICTCTCGAGGOCGCOTCTICTGCOTTGUGAAACAAGUCCOTGGAGT
ATGCGTCCATGATCGTCTCIGOCOCCCCGLOGUCGCOOTTICTOGLCCTCGU GGG LICHCGOT
COCOGGGHUGLATTICGAAATTOTTGUAAACCCCACCTOALCAGATIGAGGUUCUAGUUAGGAAL
GUOTTGAGATOGAGOTACAGGAGTUAAGTAACTGAAAGTITTTATOGATAACTAACAACAAAG
GGICOTTICTOGLCAGCOAATGACAAGAACAAGATTCCACATTTICCGTIGTAGAGGUITGOCAT
COAATGTGAGLOCGGCGOGUCOCGUACCCOACAAAACCOTTACGACOTOOTAAGAAAAACGT
CGOGOOCACTOICCCTGTAGUCTOAAGACCAGCAGGAGACGATCOUAAGUATCACAGCACA
ACCGGtgeagrageageie ggatagtategacgeaciciggaegeigpiogigigniggacighgoegoecacactigrigectigacetgigaat
BH ORI A AL g g IR Gt C g g IR e ge g OV RIg e gu gty cta g el geitgigulaiigegnatacenciceeage
giecccfiecciegfticatategefigentcecage geaactinictac goigicofgcialeccicagegofgoiecigoiccigofcacigeecoaicgea
eagectiggfiiggecticgectgtafictcciggiacigeaaesigiaanesageacigeagigeigaigeacgggangtagiggeaigggagoaran
zﬂggm?(;lagga{mtemcmtwl/i/lGCI'TG CUTGUTCAAGUGGGOGCTCAACATGCAGAGL AGCGAGA CL1
CCGCTGIGGAGATCGUGACGACGGACGAGG CCGULTETGUCCT G GAACTGAGCGTCAG CG(Z"[I
GGCIAAGGGGAGGGAGACTCAYCOCCACGOCUGCGCCAGGGUTCTGATCCCGTCT GGG UGG
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SEQ ID

NO:

Nucleotide Sequence

WICGCCGCHGCATGACTACGACCUAACGACGTACTAGACTCATGTOGLETUCCUACGAGGAGIG (.7{7(;’|
COGAGGCACTCUAGGGUTCGCCHACCATGTTTACACCGACCAAAAGCACTOGUTCGCA Z"C’CAI'TCCGﬂ
COGCCCGCATATGUATUATCTTTI GG TACCHATTICGGTCTTGTITTACCCUTACGAUCTGL T{TYY’C’(j
BALGTCTUAGUAACTUGCCCCGGACATHAT COAGGUTUHATUATCUGLATUCUCAGLGCUCTAGT ’4(—}{'1
CCCTGCCCACGAATCLCT COCGOTTT CAGLCTGCAGGCCCHETCTUCT A(;(:TL (;A( {ff‘AnCC TAC A 1
GACCACCCCAATOTGTCCCAGACCCUAAACACCCTOCTGCOCTGE
CAACACCCGGGHAA TT(M TGaacctggegitceogeiggogetorocglontgian iggtct‘e. icccgatcg gagwctcctgmcc gC
GICCEURIClCaaugi g g Lo el guinigcig o gig g g Ra g aigCsla Colfe Dl gRagigcgelienagiicgigagooan
CRICEUCIEURERGZ L LU EREOLIRIEEIT LU GUOGRC AL CEOM ZEZ P ECEULRBLCCIERACEigig e garegaggrgegtiscto
BRECUigICeCgCigeaig SIC eIl e e g aigRiniggecagegioaie e le Cgu ggeniec gig oigiic au g g gL ELaaguicaagya
CRAZLACZCGIINCECCAEZCIELUTEULAC LG LU ECONEZICAACICGECICTC L CICCigIae O L BUES S ERC gLLTNaCaTgad
gecleafgegeigecicigaagogegsguigeigaagiacicciggagregcggoecigecaiiceanatinicgloacgaccaacnagragegesfo
ciglegpagaugasguiggoggioaugiicggsgtgucgigcigiacggegitiiceguggivaicgaglocaagegoncaaggaigucticgucy
B e S PR S G RS R g S S IR L O S RRC Ao g Ligiacnag e gigeggageocgagaagcigeagguccicacgat
coeeRgeeeggacgsrieguciaccieccciogatgangeigciocaggigeiggigaccciocigaceategeggigtivagegegaigeioglysy
BCICCECCiaegeecigegtciggigaicC oo geEgeCCaggucEeigeaagiacscgageiacgiocigeegic, mﬂ:uz dice tgga'e Li(‘q’!
CRECHERLCIZCICRELEYC gaggiepgogeiatoaaglalioegegoctogeeageaagaagatigac THA G i
IClreetizeganacagreestren goal re R Al s g IC IR L guCenEnC 8 gsy :

: LACARAAgERC fanagya
glicanglaants tactascancaaagrgtontiteiggecagcraatgacasgancangaticeacaticerigtagazyoiigecaic
gaatgigancegrererccereraccegacaaancoctineacsirgtangananacyigecerocacioccctaiagoeCiyanraccareagna
£ACEAe L RaaeateRCaRCaCARELCRECCCRCRICICRAACaRAQCCereRRCeRCale Ralacclorageacagegeratgecacgoceit
tgatggetteangtacgatiacggigtigmatigigigtitgtigeriagigigeatggttiagaataatacactigatiteiigeicacggeaaicicg
gettgteegeaggitcaaccoeatticggagivivaggieagocgegeaatgaccagoogetacticaaggactigeacgacaacgoegagzgtea
goinigtitaggactigattzeanatigiegicgacgraiaticgogoiorgogacageacocaageaaaatgicaagigegiteogatitoogios
geaggtogatgiigigaicgtoggegorggateogeeggicigiceigogotiacgageigaceasgoarecigacgicc gggiacgogageiga
gattegattagacaiaaatigaagatianacecgiagaaaanttigatggicgegaaacigigeiegatigeaagaaatigaicgtveiceactor
guaggtegeeatealegageagggegtigeiecegeeggrgregectggrigesoeracagotgitcterocaigtciziacgiagaaggatg
aatttcageigzitticgitzeacagoigtitpizcaigatitpiticagacintigitzaaigtiittagaittctiagoatgeatzatiigictoeaize
gact

toicraggseseh

QECCOTTR

CREZCHC

[0298] The construct can be written as

5'Thi4::CrTUB2:ScSUC2:PmPGH:CvNR:PmACP: Ped LPAAT2:PmPGH::3’Thi4. Proceeding in

the

33

"divection bold, lowercase sequences represent genommic DNA from CHE OO thae

penmit targeted integration at the Thid locus via homologous recombination, the O reinhandtii -

tubulin promoter diiving expression of the yeast sucrose invertase gene {couferting the ability of

CHETGO to metabolize sucrose} is indicated by boxed uppercase text, The inttiator AT and

terminator TAA for invertase are indicated in oppercase, bold italics while the coding region i3

indicated in lowercase alics. The 2 moriformiy PraPGH 3-UTR is indicated by uppercase

underlined text that enables amplification of the PedLPAAT?2 gene, followed by a linker, indicated

by lowercase, bold talics, in which contains a O visdgaris nitrate redactase 3-UTR. The P

moriformis PmACP promoter, indicated by the boxed itaticized text, drives the expression of the

PedLPAAT2, The witiator ATG and terminator TAG codous of the PedLPAAT?2 are indicated by

apperease, bold italics, while the remainder of the gene is indicated by bold italics. The P
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moriforsas ProPGH 3-UTR is indicated by lowercase underlined toxt followed by the CHEIG0

Thi4 genomic region indicated in bold, lowercase text.
[0299] Table 67 shows the fatty acid/TAG profiles of primary transformants of CHK100
transformed with pCHK1126. The P. moriformis base strain CHK100 is shown as a non-

transgenic control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C

in a lipid production medium. Biomass was harvested, lyophilized to dryness, and subjected to

direct transesterification to generate FAMESs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 67: Screen of primary transformants of CHK100 with pCHK1126.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK1126-1 0.03 1.24 | 29.75 | 2.10 | 57.26 | 7.38 0.39 0.17 0.07 3.79
pCHK1126-2 0.03 1.23 | 30.71 | 2.19 | 55.74 | 7.74 0.49 0.19 0.07 442
pCHK1126-3 0.03 1.28 | 3221 | 228 | 54.06 | 7.59 0.69 0.21 0.07 4.5
pCHK1126-4 0.03 1.24 | 30.53 | 222 | 56.36 | 7.40 042 0.17 0.07 431
pCHK1126-5 0.03 1.33 | 32.07 | 229 | 5548 | 6.47 042 0.19 0.05 1.47
pCHK1126-6 0.04 1.69 | 31.44 | 223 | 5542 | 6.84 0.47 0.18 0.06 4.46
pCHK1126-7 0.03 1.30 | 32.18 | 2.28 | 55.38 | 6.49 0.45 0.18 0.05 1.52
pCHK1126-8 0.03 1.24 | 3045 | 232 | 5635 | 7.40 0.45 0.18 0.07 4.72
pCHK1126-9 0.03 1.25 | 3099 | 230 | 5594 | 7.29 043 0.18 0.07 4.39
pCHK1126-10 | 0.03 1.18 | 29.08 | 141 | 57.06 | 8.73 0.28 0.12 0.08 4.35
CHK100 0.03 1.33 | 3222 | 229 | 55.28 | 6.50 044 0.18 0.05 1.60
Control

Example 32: Expressing Pedinophyceae sp. LPAAT2 (PedLPAAT2) in P. moriformis strain
CHK100 using the PmG3PDH promoter.
[0300] PedLPAAT?2 was introduced into a P. moriformis strain CHK100. The expression construct

pCHKI1127 contained 5’ and 3" homology arms to permit targeted integration of PedLPAAT2 into

the genome and is shown in Table 68.

Table 68: Integrative sequences for the transformation of P. moriformis with pCHK1127
encoding PedLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

60

vecteaacigegacgoigggnaceticicegggraggogaigigegtggatttecctortiggearggcictacaccgicgagtacgceaigagge
ggtpatgorigigtopgttacoacticgtrcagagacggeangivgiooaiovivigogigioipgogogacgeigeagoagivecicigeagoag
stgagegtgacttigrecatitcacgoactogagigiacacaatecatitttctianagonaatgacigetigatigacoagatacigtaacgeigatt
tegetovagatogeacagaiagegaceaigiisrtpcgicigaanatviggaticogantic gaceCiguegciceatceaigrancagaigresa
vactigttacaaticoigivarcenicgpeaigeareagetorartiagat tvccgatoaoreacgeacatotogetaatagicaitcgticgtpict
sgatcanicicaapigagtaisraigmatcttostisycpntpepgtiatzoetifizoporsriparizeagepiciproaaggeasgciarcsea
gotorteiccorgacaataciclegeaggeaangoeggicaciigociiceagaitgorantanactoanitatgpoctotgicatgocaicoaigy
gictgaigaaiggicacgoicgigiccigacegiteeecagectiCiggoRicoCigUoCogroc act ageLC aCLegegeEFcagicgoigecs
aggeteicteggal TTTCTTOCGCTATGACAC T TCCAGC A AAAGGTAGGGCGGECTGUGAGACGGC]
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SEQ ID
NO:

Nucleotide Sequence

POCCGGUGUTGLATGCAACACCGATGATGUTTCGACCCCCCGAAGCTOCTTCGGGGUTGCATY
SGCGCTCCCATGCOCCTCCAGGGCCAGCOGUTGTTTAAATAGCCAGGCCOUCGATIGCAAAGA

CATTATAGCGAGCTACCAAAGCCATATTICAAACACCTAGATCACTACCACTTCTACACAGHCC]
ACTCGAGCTTGTGATCGCACTCCGCTAAGGOGGLGUCTCTICCTCTTCGTTTCAGTCATC A ACK

COGCAAACTOTAC Alé.fi ’Gcrgcrgm QECCHicetg Ezcctg(’f‘g’gﬁ:ggctt(’g& GOCAEQAICAgoEey 7:*4"&'?{;1:(‘ (,’Uﬂz gagacgt

COEACCEOCLTCIZLILE NEZEC 4

graciiceagt

CRAGTGRCGES

5

CCCRAGECEAATEUCT

184

RECCET, o* CUQCRCILCHEIEZOCAIC

g‘"ff»{g ac fm T
QEAGCHZIGCQICTECIAcage
aggieiielg g

QO QECTCCHOGO0 ra{,m 4 ,'4.“,_ ] HRUCURECd

R

CCOICRCQISEROTTeCauciy

:g:f,',%( el ;wu AACHE
CHCCCAZACQUICICCQU I eI
fCleCHCTIC el g

g(

¢ COIZULEacys gvg'nggaf GOCC 19,':( e ga(racig[.tm usgffgfz gfvg'us,gtmz.zg:gm,I,TAA GAC O fu(“b
COGOGLACT TGACLTGTTLT{?TC CAGGOCGLCTGTICTOCCTTGUGAAACAAGLCOCTGOAGE
ATCCOTOCATGATOGTCICTGGUGCCCCGOCCCGOGHTTTIGTCOCCCTCGCOGGLGCLGIGHET
CEOGGHGELGCATTGAAATTOTTGCAAACCCCACCTGACAGATTCAGHGCCCAGGUAGGAAG
GOOTTGAGATCEGAGGTACAGGAGTCAAGTAACTOGAAAGTITITATGATAACTAACAACAAAG
GOTCOTTTCTOGCOAGCGAATGACAAGAACAAGATTCCACATITCCOTOTAGAGOUTTGCOAT
COAATGTCGAGLCGHCCOGCLGCGLALCOGACAAAACCCTIACGACGTIGGTAAGAAAAACGT
GOCGGGUACTOTOCCTOTAGUCTGAAGALCAGCAGGAGACGATCGUAAGTATCACAGCACA
ACCGGtgeageageagcicgratagiatcgacarariciggacgeiggtogigiyatgractgiigcepooncaciigeigoctigactgigant
aicesigeegetfffatcnaneagecieagigieiigate Hgigigtac gu guitiige gaitgolag ol g e g Claiit g e gonine oaueeLoage
CCLCHCELte G GIaiC SR CRICLCRAEC EOaR CHGICIGL GUigIeCIg elalee e agegoigclocigulcigoioaigeeceicged
cageoigiiggrctenge agmz‘tctwwgmcaggz aacctgtaaaccagcm fgcaatgi igatgi m goaagtﬁgrgggatgggam RERE
m‘grgaumvgmwmm emna|li( GO f Ney COTCATTGUA ’i!|

TATG 5 . AGGCGGOT
(,AC{,L(Z(‘ :(‘E( 1 (‘1 ALTTATCACYG ‘L TCTCCCCGALC LA/%L(‘( i(rll(’(né( ft‘_n’/l AL Li(r(‘(‘4tr4|
AACAATTCAGCOCTCAACAAGUCGAGTIGIGUACAAGGGAGACTAA TV VT TAGACGGGAAGCA, 1(‘L(‘|
GCTTCCAGAAGCATCCGHGACGGGGCTAGUCGAGGLTGIGTCGAGUGUCGTGGGGATCTGGUUGA 1|
GAGGTGCCUGAAACCOGTGTACAGCTCAGCGGLTGGGATCATCGAC CUCCGHGGATCATUGACTCK 1
GTGGGCCGGHECCCCGGACCUTATAACTAAAAGCU GACGCUAG CGUAAAA U CACAAACATITACY d
CTTAATCOTOCGCTCCTCCTICATATACAACCACAAGEAAT CAATTCACCGAA TTCMI{ Gaacciggegitoecg

CHERCREIERCLEERBIGIBCIEZILC O Co ERIC E QAR LTI CEQIRC L QURICC YO InqaCQIgReR Lo ce o e glaae gaigigoigoagt

BELCeRARAI IR I ic gouglgcgeHeaagetCgige g Caugie goCigeacaugope gagegiuiggigiaccicgooaaccd
cogelegigggoogaclfiiieclggargigiggacgace gaggegegcigricgatcaigivecgeiggatg giclictiigoctifco ggigitiaiggoe
GE Sl g B CaY P I AR S g F B R LR ERIC ARG R ACAA G R ZC PIHRGC EOCIF G SULAALRICCIFEALCET
caggleaacteeggotfetcigetocigioccegpaggpyacgeglancacgangecicaigegeigecteignagogoggeaigoigaapiaaiecty
BAGCCECEREC Y LR e QRGN L ICaCE QR RGR LG g g C B CL I g R G R A g aagalggcgglcaag e geepigargig iy
(g e g et CERgRIcale FagiCceaage g e lGLangRalgaeiie ga g oiialg en g eagRiccagegegigigyennagragiggecs
ARG IR AAg g LR eIgCE FaRICCE QT aRECITE AT ERCCH QL AL CCCREOCLZPULLEERLgactarclecoctogaigaagoige:
CER G I Al A C I T e S RO e e G Rl R G R B CE QR L COlR g Il Iy e COgC YL LCCRELACE
COlEEaRBIaCE Qg i FICC g R Bl gRIE CLLGlCH g CCicECeRguangelye tcgggszge 4, gcaag, gleggigotatc aagt(ltcc
grgecicgecageaagaagatigac PTGACaLECCCgeacgroucacetene

gageatrestrcatg atC riCICIgEC ECCoC T CEC EC g tote reCQICgU gl gl groc e rgroor o caiteaaatt it graaacece

\aggetegitc

acaggaceoiiac

acetgacarattgargreccargeaggaagremitoaoatoonomneaasasieagotanctoaaagtittiaizatan
{geccagegaatgacasgaacasgaticeacatticogtotararscitgCcale gaalglgaglg g e EgerrcEoeac el
giestaagaaanacsirocorreactoicecigiagecigaagaccageaggaracgalc ooaarcalcacareacagecegrocegegictogaac
agageecgoreecoseatosataeciecasmaeagegeoatgocacgecoitigatipecticaagiaceatincggistisaattyistsiiistise
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SEQ ID

NO: Nucleotide Sequence

gingigigeatggtitaganiagiacactigatiteitgaicacggrasticicggetigteogeaggticsaccoratitoguagictonggionge
gegeantgareagorgetiacticanggactigeargacascgocgaggteagciatyittagaacitaatiggaaatigicgicgacgeaiaticg
LECENCgeEacageatceaageaanaigioaagigegtioogatiigegteegeaggtvgatgiistgaicgicgpogongaatocgiegaicigt
seigrgetiacgagcigactaagraccoigacgicoggstacgogageigagaticgatiagacataaaiigasgatianaceogiagaaaanti
toatgricpcganacigigeicgatizeangaaniizaicgtociceacieogeaguicgConicaivgageage s eiiartrCeggrereses
geetggoigeproracagetgitctogeocaigtpigiacgtagaaggateanittoagigpitticgitgeacageigitigigonigaitigitic
agactatigitgaaiglitttagaittotiagoatgeatipatiigintgeatgeogact

[0301] The construct can be written as 5’ Thi4::CrTUB2:ScSUC2:PmPGH:CvNR:

PmG3PDH: PedLPAAT2:PmPGH::3°Thid. Proceeding i the 5" to 37 direction bold, lowercase
sequences represent genomic DNA from CHE 10O that permit targeted indegration at the Thid
locus via homologons recombination, the € reinfendrii $-ubulin promoter driving expression of
the yeast sucrose invertase gene {conferring the ability of CHE 100 to metabolize sucrose) 1s
indicated by boxed uppercase text. The initiator ATG and terminator TAA for invertase are
indicated tn uppercase, bold italics while the coding region s indicated in lowercase ifalics,

The £ moriformiz PmPGH 3-UTR is indicated by uppercase apderlined text that enables
amplification of the PedLPAAT?2 gene, followed by a Huker, indicated by lowercase, bold italics,
in which contains a O vidgaris vitrate reductase 3-UTR. The & moriformis Pr{G3PDH
promoter, indicated by the boxed ialicized text, drives the expression of the PedLPAAT2. The
mitiator ATG and {erminator TAG codons of the PedLPAAT?2 are indicated by uppercase, bold
itakics, while the remainder of the gene is indicated by bold italics. The £ moriforsus ProPGH 3'-
UTR is indicated by lowercase underlined text followed by the CHE 100 Thid genomic region
indicated by bold, lowercase text,

[0302] Table 69 shows the fatty acid/TAG profiles of primary transformants of CHK100
transformed with pCHK1127. The P. moriformis base strain CHK100 is shown as a non-
transgenic control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C
in a lipid production medium. Biomass was harvested, lyophilized to dryness, and subjected to
direct transesterification to generate FAME:s for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 69: Screen of primary transformants of CHK100 with pCHK1127.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK1127-1 0.03 1.23 | 30.12 | 2.18 | 56.67 | 7.51 0.45 0.18 0.07 4.64
pCHK1127-2 0.03 1.25 | 3036 | 241 | 56.39 | 7.34 0.44 0.19 0.07 4.15
pCHK1127-3 0.03 1.24 | 30.80 | 2.33 | 56.06 [ 7.31 0.45 0.17 0.07 4.49
pCHK1127-4 0.03 1.19 | 29.75 | 232 | 57.15 | 7.36 043 0.18 0.07 4.86
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FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK1127-5 0.03 1.27 | 30.60 | 2.33 | 56.14 | 7.36 0.45 0.18 0.07 3.9
pCHK1127-6 0.03 140 | 3148 | 246 | 5545 | 6.87 0.45 0.20 0.05 1.65
pCHK1127-9 0.03 1.25 | 30.64 | 228 | 56.14 | 7.41 044 0.18 0.08 5.16
pCHK1127-10 | 0.03 1.30 | 3148 | 225 | 55.73 | 6.90 042 0.18 0.06 3.27
pCHK1127-11 0.03 1.21 | 30.09 | 228 | 56.78 | 7.39 044 0.18 0.07 4.89
pCHK1127-12 | 0.03 1.24 | 30.90 | 2.26 | 56.16 | 7.09 043 0.18 0.07 3.7
CHK100
Control 0.03 1.33 | 3222 | 229 | 55.28 | 6.50 044 0.18 0.05 1.60

Example 33: Expressing Pedinophyceae sp. LPAAT2 (PedLPAAT2) in P. moriformis strain
CHK100 using the PmL40-2 promoter.
[0303] PedLPAAT2 was introduced into a P, moriformis strain CHK100. The expression construct

pCHK1128 contained 5’ and 3' homology arms to permit targeted integration of PedLPAAT?2 into

the genome and is shown in Table 70.

Table 70: Integrative sequences for the transformation of P. moriformis with pCHK1128
encoding PedLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

61

cocteaacigegacgotggpanccitotocggaeagpogatgipegispottisocicotiggeacggeiciacacogiopagiacgocatgaggc
sgtgatgpoigiplicgpiigocacitogicoagagacggeangicgiceaiceioigegtigigisgogegacgeigeoageagtconicigoageag
stgagepigactitpgeenittcacgeacicgagigtacacaaiceatitiiciiaaageamatigactgcigatipaceagatactginacgcigalt
irgeiccagalcgeacagatagegaveatgtfoddgegtotgnanaictiggativegasitegacoctggcgriccaiocaigeancagaigecea
cactigitacaattocigioacocatoggeaigeageaggiccactiagaticocgalicacooargeacatclegeiaatagicatiopitogigiett
cpateantcicnagtigagtstgcatgeatctigglipaceatgcppiatgppittgcgeogciggetgeaggetvigeocaaggraagriancora
gofecicieocegarantacivivgeaggrasagerggicaciigectiovagatigccantanacicantintgsoctcigtoatgecatoeaige
stetentenaigplcacseicgtgiccdgacesticoccageciciggogicopcigeccegercaceagiceacgeegegeggeagiegoigees
aggetetclegralC TTTUTTOCGCTATGACACTTCCAGC A AAAGGTAGGOCGHGCTGUGAGACGGT 71
FCCCGGCGCTGUATGUAALCACCGATGATGCTTCCGACCCCCCGAAGCTCCTTCGGGOOTGUAT |
CGCGCTCCOATGCOGCTCCAGGOGCGAGCOCTGTTTAAATAGCCAGGLC
CATTATAGCCGAGOTACCAAAGCCATATTCAAACACCTAGATCACTACCACTICTACAC AGGCC\
ACTCGAGCTTGTGATCGCACTCOGCTAAGGGGGUGCCTCTTICOCTCTICGTTTICAGTC ACAACd
CGCAAALTGTACAN TG cro01 g0 2 goelTecIgHECigOTe 2Oe L JOITC OO RUCaR QUICa gUECTIoraTgRe FOACLASHC!
CCEACCEOCCOCTZEEECACTCACCOCCUGraaggge

CIEEaignacgarceonacggooigiggtacguegagaaggargoraagtggoacct
SQUCECCTHGHICIE R EOCGUECCUCEICTgUC AU CIZUCCaaGriggE gug 8Greagoe

a*uqﬂl ACTGCARCHGCGECICCEEUTCTIC G gUCACCaivg

I
&

HOCCEUECHZT g mcg;g,gm(fc,g

(hl{;;{;‘guﬂ’ atga

DGR YA EETTICCt

rN'zr eage Lg'g'gm( g¢

chc ggaccict
GACALCOGE

,"IU COACCAUACHC I

£

i.( mguu GOC 5;}:(7.{1( g

cgegaggtesagieactTAAGACTOCT ;(“G
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SEQID
NO:

Nucleotide Sequence

COOCGCACCTGACTTGTICICICGALGOLGCLIGTICTCCOTTGLGAAACAAGLLCUTGRALC
APGUOTCCATGATCGTOICTGOCOCCCCOCOGOCOOT IO TGO CO GO ool
COCOGRGHUGLATTICAAAT T TTGUAAACCCUACTTIGALAGATTGAGOLOUCLAGOGCAGOAAL
GUOTTOAGATOOAGOTACAGOATCAAGTAACTGAAAGETT T TATOATAAL T AACAACAAAL
GULCGTTIOTGGUCAGLOAATOACAAGAACAAGAT TCCACATITCCGIGTAGAGGC I TGOCAT
COAATGIGAGCOOGCGORGLCLCGUACCCOACAAAALCUTTACOACOG TGO TAALGAAAAACTT
GO OCAUTETCUC IO IAGCOYGAAGACUAGUALUAGALGATCOGAAGCATUALAGUACA
ALCOGtgeageageagologgalagiale gacacactcigeacgoigpicgicioniggacigigecgceacactigoigeciigacetgigaat
BICCIECCECHN IR ACLEC Ui F g Gt C I Igta e ge g otiig CQuQItr Cta g el QLB gIg ol aiiiQeualacedcceodge
afvecefteccicgiifeataicgofigeaicceaace geagottaictac geigtectgclatvocctcagegotgoiocigoiccigoteacigoecaicgea
SUSCOHZ eI g CIe CRUCIGIGI Fe iR Flaig Caa e CiIginau e CageacigeaaigCigalg cac g gaaglagig g e uigg eaacacad
atggacclaggaatancsated i TCTACCGGGGOTGOATGACCAACCTGUTGUGGACCACCCCHLGHL00
CCGHGTGACCTICACCAGCT T T GAGCTGATCAGCATGGOCUT GG GOGGT GGG UGAGAACGAG GG
CCCGOGCGUGEGOCCAL GGG GGUCUGLGCGGOGCGLTCG CUGCATOGOLCTUGTGAAL
CAGGLOCCCGHUGLCGAGGAGGAGUCHGGLGCHGACGUGGUGCACGUAGCUGACLGLCIGCA]
GCATCGCUGCCUACACGGGLOLHGOTGGOUGAGGAGU CUTGATATTTIGEICOCTTCICAL 'Y'(}A|
BATCTCTTCTTTCTT G TGO TATTTCATGCTACACGATCUAGACTHIGCUGTUGCATHCHGCUHA LG d

UGAGGCTGGGGOGOL CAAGUGCTRGTCH GO CATTUAAAAAATCAATCO CRAGA T GCATG GGTH
4 TCCTAAGAAAGGGCGGAAGATCHAACCTUCT G  CCACTOTCLAAACAACCTCGACTHGAGTGACA

FAACCATGEGAUCTCACAGTOGGCCACCACAACCGTTTCTGATOGCTITCACAAGGCGAAGATAGIG '1|
FCACGTCUCAATC GUAGGUTUAACGOGGETAU GO CCTGGTTT T GG CAAACT GATOTCL "C{'.'—}GA|
COCGCAGGETCHGTITGGOGACCTRUGATTUCC GGG CHUCCTITAATICGAAATTTGACL G I‘Tﬂ
CACGCGTGATAGCTGGTITACGGCGCLGACTGAGUTCAAAGCAAG gaartc|A Tliagecigyegticorgriggegy
B G R RIZINCEE ZICC VIO CERIC EZUE Ll IgIar c £ Cale L gUIIC I au e GIGHIC S B Ce Lo Tua U guiigeig gagigeaeEgd
gafgaigegigeciicoteggagigegoiionagelegigggecaneglegedigodcdagegegugegloigeiginecicgocagccacegeiogt
ZRECCEACHTlCClggacsigispucgaecgaggogegeigcioguicaigicecgoiggrigstcictitgociticeggigifiniggceagegioat
CEECCICCRCERCUICRIg g ivang gL ERCRug It aRERuCHag pacgcgtitaae e ciggcigracaaguecoiggace gocaggioa
BCICC GO eI CIgIaUU e L PUES L UCLCPTUGUAUEUGZCIC g CgCigecitigaueTscggsaigiganugtaciociggagecy
CERCCIGCCQHCC QUi gICaC FUCeaneaGgEage oS oigic g eagaagangaig e 8 lcaa gl e e alaaegigcistucgys
B e Qag i ale gagiecan e g oineaugealgaciicgue gy eiituig gug ga g Siecageg e gigige guiaugRagigegegsageis
I ERLZCCRTIQC R AL COZUTALZCIESAESACCIC QULAle COLaGCOTEZueg Rt gaTiauCio CoTiCuigaag cigciocag gig
SIQEELACOCIoCigaceale g gRIglicage ge gaig giegiguacioe geotac goccig ggicigalgglc ccegeg geceaggacgeiggas
BIICGCGAF AT LECCIg O ERIZOTCALCTIQEQCCICRCTRQUANGCIECICS R ERRC AR CANZLICGLLLLlgloaaginicc gt
geeageaagaagadigae THAaugoecgegegecacacctoncelgitoiciogagepeacctoitetacciiaeRaancangececioraeniag
gipcateatcgicicipecgocenrccgogcgotiistcrccCicergrocgseeoggcsesrogyoreraticaaati sioraancecaccty
gattgagracoragroagrasgacRiigagatorarotacaoearicansiaactoaansiiittatoainactaacaacaangagte atitolgrocage
gaargacangaacasgaticeacaliiceialarasCiigrcalc paatlgigageeReCRrRCeRoReaCergacanaacceitaceactesiaay
AAAACRIRECH e acigICeCtRIaFCClEanSacCarcarRagac yalC auaagCaiCacagoaca R LRCCCIaICiCERACATATCRE
ggegreoreatcgatacctpcaggacagegeeatzecacgrecitizatzgritcangincgatiacggigtigratigt ittt sitacsianiot
geatgottiagaatastacaciizatiiciizetcacggeanicicggeitgicegeagritrancceentticggagictvaggicagecgogeaat
Faccagregetacticaaggactigeacgacaacgeegaggigagctaigittagractigatiggaaatigicgicgacgeaiaticgegeioeg
cgacageacecaageaasatgicangipegitocgatiigegiccgeagaicgatgtigipatogicpgegecggaiccgeepgiotyiceigege
itacgageigaccaagceaceeigacgtecggetacgopagetzagattegatiagacaianatigansgaitanacecgisgasaanittgatopt
cpegaancigizcicgatigeaasgasatigaicgtoctecactcogeaggtogeeateatcgageagegegtigetecepgeggegregectgge
igrepeoacageipticteggecatgigtotacgiagaageatgaatitcagctggtiticgtigeacagoigitigigoatgattigttteagactat
igtigantigtttitagaticitaggatgeatgatitgicigeatgegact

aci

[0304] The construct can be written as 5’ Thi4::CrTUB2:ScSUC2:PmPGH:CvNR :PmIL40-
2:PedLPAAT2:PmPGH::3°Thi4. Proceeding in the 37 o 3’ divection bold, lowercase sequences

represent genomic DNA from CHETO0 that permit targeted integration at the Thid locas via

homologous recombination, the C. reinhandiii B-tubulin promoter driving expression of the yeast

sucrose wvertase gene {conferring the ability of CHKI0O to wmetabolize sucrose) 1s indicated by
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bozed uppercase ext, The witiator ATG and teomnator TAA for fuvertase are indicated 1o
uppercase, bold italics while the coding region is indicated in lowercase italics. The B mosiformis
PmPGH 3-UTR is indicated by uppercase underlined text that enables amplification of the
PedLPAAT? gene, followed by a linker, indicated by lowercase, bold italics, in which contains a
. vulgaris nitrate reductase 3-UTR. The P, moriformis Pml40-2 promoter, indicated hy the
boxed Halicized text, drives the expression of the PedLPAAT2. The initiator ATG and terminator
TAG codons of the PedLPAAT? are indicated by uppercase, bold italics, while the remainder of
the gene 18 wdicated by bold ualics, The £ moriforaus PerPGH 3'-UTR is indicated by lowercase
undertined text followed by the CHK 100 Thid genomic region indicated in bold, lowercase text.
[0305] Table 71 shows the fatty acid/TAG profiles of primary transformants of CHK100
transformed with pCHK1128. The P. moriformis base strain CHK100 is shown as a non-
transgenic control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C
in a lipid production medium. Biomass was harvested, lyophilized to dryness, and subjected to
direct transesterification to generate FAME:s for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 71: Screen of primary transformants of CHK100 with pCHK1128.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)
pCHK1128-1 0.04 141 34.8 197 | 49.82 | 8.93 0.76 0.23 0.1 3.36
pCHK1128-2 0.03 1.19 | 30.92 | 2.12 | 56.26 | 7.13 0.44 0.17 0.07 4.03
pCHK1128-3 0.03 1.17 | 30.62 | 2.16 | 5648 [ 7.21 043 0.18 0.07 3.7
pCHK1128-4 0.03 1.16 | 30.83 | 2.12 | 5642 7.13 0.44 0.17 0.07 4.1
pCHK1128-5 0.03 1.15 | 30.44 | 2.18 | 56.87 | 7.02 0.45 0.17 0.07 4.1
pCHK1128-6 0.03 1.17 | 30.56 | 2.2 | 56.56 | 7.17 044 0.18 0.07 3.88
pCHK1128-7 0.03 1.18 | 31.27 | 2.05 | 55.99 7.1 043 0.16 0.06 3.92
pCHK1128-8 0.03 1.19 | 30.09 | 234 | 56.76 | 7.36 044 0.18 0.07 4.69
CHK100
Control 0.03 1.33 | 32.22 | 229 | 55.28 | 6.50 0.44 0.18 0.05 1.60

Example 34: Expressing Pedinophyceae sp. LPAAT2 (PedLPAAT2) in P. moriformis strain
CHK100 using the PmMPGp promoter.

[0306] PedLPAAT2 was introduced into a P. moriformis strain CHK100. The expression construct
pCHK1129 contained 5’ and 3' homology arms to permit targeted integration of PedLPAAT?2 into
the genome and is shown in Table 72.

Table 72: Integrative sequences for the transformation of P. moriformis with pCHK1129
encoding PedLPAAT?2.
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SEQ ID
NO:

Nucleotide Sequence

62

cocteaactgegacgotepgpaacciictocggpcaggegatgigepippatttpocicotiggeacgeciciacacegiogagiacgocaigaggc
gatzalgpotptplcggtigecncitogiceagagacggoaagtogicesicoicigegtpigisgegopacgeigeageagicooicigoagoeag
stgagepigactitpgcesiticacgeacicgagigtacacaaiceatitiiciiaaageamatgactgcigatigaceagatactginacgcigatt
tegriccagalicgeacagatiagegaceatgitgcipestotananatciggativegasiteogacertiggepctocaiccaigeaacagaigecea
cactigitacasttocigioacocatoggoaigeageageiccactiagaticocgalicacooargeacaiclegeiaaiagicatiopitogigiett
cgatopatoicaagtgagigtgeatggaictiggitgacgaigoggintggpittgegeegeiggotgeagggiotgcocanggoangeiancecs
getrcicicecegarantactetogoagaraaagorggicaciigectioragatigocantanacicantiatggecicigtoaigeeateeatyg
gtetgateasigaicacgricgtatoecigacrgticoreagreiciggegicoscigoeegoneaceagreeacgeogegeggragicgoigies
aggctgtetegrallCTTTCTTOCGUTATCACACTICCAGUAAAAGGTAGGGCGOGGUTC ?(‘3AGACC;G(‘J'11
FCCCGGCGUTGCATGLCAACACCGATGATGUTTCGACCCCCCGAAGCTCCTTCGGGOUTGUATE
SGCGUTCCOATGCOGCTCCAGGOUCGAGUCCGUTGTTTAAATAGCCAGGUCCCCGATTGUAAAG A|
CATTATAGCGAGUTACCAAAGCCATATICAAACACCTAGATCACTACCACTICTACAC AGGCC‘
ACTCGAGCTTGTGATCGCACTCOGETAAGGGGGUGCCTCTTCC TCTTCGTTTC,AGTCACAACd
CGCAAALTGTAC AL%T{;t FQCiged QAT EANCERgAC !
CCEACCEUCCTCTZEIECACHCUCCOCCUGUGaggac zggm CRUCLACCCOAACEZOCIgIggiacgac gaguaGEeacgeoqagiggoaccs
: 7 coacsted Uuég(’ CEZUCC PUZEGUCAZIT
PCOQCZACACCRIcy
TRCRCCTTCG

CCHCCTQIICCIZ OIS §UC LGOI GUC LUt Quicag

gree QACH
O L ZUCT COCIgeay i 53 3% o HCQCteE g
CHOgIGUCCaCeQueeCeiggeEcio

QCCIEQLEE0T,

CIEQngCt; "/!( (e
REEeLiggurGaCCIgrClacaicgac angm QL Laggloaag <>r<";<‘rTA/% Gr’\
B A‘( C TG L\ SCTGTTCICTCOAGGHOCCGUCTGITCIGCCT TGUGAAACAAGLCL ,T{zGA(JL
ATGC GIGCATGATOGTCTOTGGUGLCCCGUCOCGUGHTITETCOCCCTCGCOGEECCOGLUGEE
COCGGHGGCGCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGOGCUCAGGUAGGAAG
GCOTTGAGATCGAGGTACAGGAGTUAAGTAACTGAAAGTTTITTATOATAACTAACAALAAAG
GOTCOTTICTOGCCAGUGAATGACAAGAACAAGATTCCACATITCCOTOTAGAGOUTTGCOAT
CGAATGTGAGLGGOGCGOGCCGCGEALCOGATAAAACCCTTACGACGTGGTAAGAAAAALCGT
GOCGGGCACTOTOCOTOTAGUCTGAAGALCAGCAGGAGACGATCGOAAGUATCACAGCACA
ACCGGigeageagragcicggatagiafcgacarariciggacgigeiogigipatggacigligecgoracactigeigocigaccigigant
GECTCISCe g el alc 0 aaeagecioagiQIgiligatc gigiglac Qo golifigegagiigclageigciiglig clatity c gaatarcareceage
CCLCHCEC e I QIGEC R S CREICLCRBEC EOaR ORIt QL SUIgICIF ClalC L e Qg geig clocig i Cigoieaelgeeceioged
CRECCH g IRy T loe g e g iat O O S A C e BaCCIgIanaCCag Caiig Cand guigaig i Qe gE R Raiagig e ol g e P AR Qg
atggact'mggmwmm'emfm|(jx§ FGOTTTCAAGATCGGACGTIGGTGGIATGGAATGCAAAATTCAAGTGUA A|
AACGACGCTCGUTCIITAGTCGCTAAGAAGCAACGGTTG COAAAATGEAAACAATTIGAGGCG }31
GATGOGTGACCCCAAGGUAGGAAGGUTCAAGG I GAAAGUTTICTAGG I TACAGAATTTATCTAL CG{
AGAATGGITTGITGUAGCTTGAAAGGTTTACCTAAGGUGGITTCGITATCATCTGATCTGCUCAT fﬂ‘j
AAAATGIGAGOGUGICCGGHTTCGACTACTCGT CAGG T CATGCACCGACCCG CGOGUGGALC
P CGTOGGAARAGAGGG GATCGAGGGGCAAAATGTCCCATTCITT T CUTTACGTACGUCAL
GCATATCTCGGGCAGATGICCGUTTATCGTCAGUGAT T GGATATUCAAGATA ”GGTC'GCGZ'GGTGﬂ
GETGACTCATCGGOGCGICTICGCAGUT GG 4GGGCG("C(” .
COCCGCACCGAAGUAAAGGICATCCACAACTICAACA
GOCTCCAGTCUCAAGGCACCITCIUTACCACTUCGAL Cr‘ FCCCCTT ( FCAACCGGTAAGC £[’5fo1|
GCTTOGUGTATICCACCIACTCGTGCCAGAACC GGG UTT GIACCATGITGACAAA CLTTGY
GCAGUAAAGGTTCGUGGTCGGLCGCCCGCATGUITACCGACTCUCTGATC GO CTTC G GLAG)
ACACCgoantdATGanectggegiicccgolgge s gig gee gigalgtaci guirecloc goieg gagec el cigiacegiaiccgoioica
BCRIFHRCLECCCTCEIGHEFRIEG I AZIRL FCRQUZAIQELC FEF LTI QRAICLLTICARZCICLILRQCCRALLICZCLILTHE
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SEQ ID
NO:

Nucleotide Sequence

BRERRCEALCLIUEL LI CiCECeaau o SOl gig g e cegueHiiiccig pue gigig paCguCeLag e e geigcicgaicaigicecy
IR g SO I C oo Sttt geo e e ieQiC SICCIC Cge g e e ot SR g tio Gu L CE R SR UaRERIcauEgneuageacgegi
BRUCEC LI LA ARESCCLIZPAUCETLRgivaacicegeivicigeiediginoel gguggegucgeglaaracguagocicafgeget
BUCICILaa g g g SRl gCiguagiavicoig guE s cee g Cigeoaiic o auaiiaic FICOC LaUCaaCQugRage g ivCigivggugad
BUGRUI g g LT aag i gL EiRac Bl Cigine g E g ST Ce gagaieaio gugie Cangegeiucdag guiguciicgaeg e finigags
AR R R g R R B L g B S RGBSR R ERU LR G UA S TIZRAZEACTICACGUICe Ceageeegs
aegggticguciacoicrccio galgaugoigolocaggigeiggigavectocigacraicgoggigifcagegogaiggiogigggofergroiacg
CCCIEZEICIZRIFRICeCCRCRRECCRRFACLCTILRUAGIACGCRAGCEAC FUCCIFRCRIC FalgCCeaieciggRoeiegreageaagoiget
CEEERCaFrRaggieEgcgciatcangtaiccgpgccicgecageangangatigac TGA aopoocgrgegoepcaceizanchteiciogn
gevcocototictpccitrcpaancangoeceeiaeascal s ot ale e giCtolR en S COC Eo Eoen I e S CCCICECE R OCENC N
geerergayecrcatigaaaltatigcaaaceocaceigacagatizararoccagacaronageceitvagataagriacaroagicaagiancly
aaagtitttatgatascidacaacaaagesicgitictaoccagerastyacaagaacaagatccacatice gigtagagrettacoateraatslyagcy
FELEREQUCRCILACCoNacaanaceCiiacracale Maagaanaac iy C e rcact e Colaiageeignagaceageagrasacenicros
ageatcacageacaggeeggecepeatcicrancagagoegegrergecpcatcpataceigeaggacagegeeatgecacgercittgatggetic
aagiacgaitacggtzitogaligtgtoittoitgegiagimigraignittaganiaatacactigalttctigeicacggcaatetoggoitgiorge
aggitcagcoecatitcggagicicaggicagorgogeaatzaccageegeiacticaaggactigeacgacaacgecgaggigagetaigiiia
ggactigaitggasatigiegiczacgeataltcgoezetiocgogacagoacecaageaaanigicaagigogiicegat i gogioc goaggicga
igtigizategicggegeeggateegeeggivizioctgegettacgagetgaccaageaccigacgicegrgiacgegagotgagaticgatia
zacataastigasgatiagaccegtagassasittgatggtopegaancigizcicgatigeasgasatigaicgtociccactcegeaggiogoe
asteategageaggaegttgcicecggeggeggegeetpgoigegreoacageigtictegreeatgigigtacgtagasguatgastiteagcig

gitttegttgeacagcigttigtzcatpatitgiticagactatigityanipiititagatticiaggaigeatgatitpicigeatgegact

[0307] The construct can be written as 5’ Thi4::CrTUB2:ScSUC2:PmPGH:CvNR:

PmMPGp: PedLPAAT2:PmPGH::3’Thi4. Proceeding in the 57 to 3’ divection bold, lowercase
sequences vepresent genomic DNA from CHE HKG that permit targeted infegration at the Thid
locus via homologous recombination, the O reinfiandtii $-tubulin promoter driving expression of
the yeast sacrose invertase gene {conferving the ability of CHE 100 to metabohize sucrose} 18
indicated by boxed uppercase text. The initiator ATG and terminator TAA for invertase are
wdicated in uppercase, bold dalics while the coding region ie indicated 1o lowercase italics.

The P mioriformis PmPOGH 3-UTR s indicated by uppercase underlined text that enables
amplitication of the PedLPAAT2 gene, followed by a linker, indicated by lowercase, bold #talics,
in which contains a C. viddgaris nitrate redoctase 3-UTR. The & morifornis PraMPOp promoter,
mdicated by the boxed #talicized texi, drives the expression of the PedLPAAT2. The initiator ATG
and terminator TAG codons of the PedLPAAT? axrc jndicated by appercase, bold italics, while the
remainder of the gene is tndicated by bold talics. The £ moriformis PmPGH 3-UTR is indicated
by lowercase vaderfined foxt followed by the CHEI00 Thid genomic region indicated in bold,
iowercase text,

[0308] Table 73 shows the fatty acid/TAG profiles of primary transformants of CHK100
transformed with pCHK1129. The P. moriformis base strain CHK100 is shown as a non-
transgenic control. Strains were grown for 96 hours in a 50-mL conical tube at 200 rpm at 28 °C

in a lipid production medium. Biomass was harvested, lyophilized to dryness, and subjected to
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direct transesterification to generate FAMESs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 73: Screen of primary transformants of CHK100 with pCHK1129.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)

pCHK1129-1 0.03 143 | 29.85 | 241 | 58.08 6 041 0.18 0.06 4.42
pCHK1129-2 0.03 1.15 | 31.01 | 2.04 56.4 7 043 0.16 0.06 43
pCHK1129-3 0.03 1.17 | 3142 | 2.08 | 56.17 | 6.74 042 0.16 0.06 3
pCHK1129-4 0.03 141 | 32.42 22 53.58 | 7.95 044 0.19 0.07 4.67
pCHK1129-5 0.04 1.58 | 31.55 | 2.03 | 55.55 6.8 0.49 0.16 0.06 442
pCHK1129-6 0.03 1.04 | 39.32 | 1.62 | 48.62 | 6.57 0.35 0.13 0.06 4.08
pCHK1129-7 0.03 1.23 322 205 | 55.64 | 6.38 042 0.16 0.05 1.57
pCHK1129-8 0.04 1.39 | 35.13 | 1.84 | 51.11 | 7.73 043 0.22 0.05 1.46
CHK100
Control 0.03 1.33 | 3222 | 229 | 55.28 | 6.50 044 0.18 0.05 1.60

Example 35: Expressing Volvulina compacta (VcomLPAAT2) in P. moriformis strain
CHK?22 using the PmG3PDH promoter.
[0309] VcomLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression

construct pCHK 1210 contained 5" and 3’ homology arms to permit targeted integration of

VeomLPAAT? into the genome and is shown in Table 74.

Table 74: Integrative sequences for the transformation of P. moriformis with pCHK1210
encoding VcomLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

65

cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggeacggetetacacegtegagtacgee
atgaggceggtgatggctgtgteggttgecacttegtecagagacggeaagtegtecatectetgegtgtgtggcgegacgetgeagea
gteectetgecageagatgagegtgactttggecatttcacgeactegagtgtacacaatccatttttettaaagcaaatgactgetgatt

gaccagatactgtaacgctgatttcgctccagategeacagatagegaccatgttgetgegtetgaaaatcetggattecgaattegace
ctggegetecatecatgcaacagatggegacacttgttacaattectgtcacccateggeatggageaggtecacttagatteccgate
acccacgeacatctegetaatagtcattegttegtgtettcgatcaatetcaagtgagtgtgeatggatcettggttgacgatgeggtatg

ggtttgegeegetggetgeagggtetgeccaaggeaagetaacccagetectetececgacaatactetegeaggeaaagecggtca
cttgecttccagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]

ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]
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SEQ ID
NO:

Nucleotide Sequence

IATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA]
IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA]
|GTCACAACCCGCAAACTGTACA|AT Gctgetgeaggcecttectgticetgetggeeggettcgecgecaagatcageg

ccteecatgacgaacgagacgteegaccgeeccctggtgeacticacccccaacaagggcetggatgaacgaccecaacggectgtggta
cgacgagaaggacgccaagtggceacctgtacttccagtacaacccgaacgacaccgictgggggacgcecctigtictggggecacgec
acgtccgacgacctgaccaactgggaggaccagceccatcgecatcgecccgaagegeaacgactecggegecttcteeggceteeatgg
tggtggactacaacaacacctccggcticttcaacgacaccatcgacccgegecagegetgegtggeeatctggacctacaacaccccg
gagtccgaggagcagtacatctcctacagectggacggeggctacaccticaccgagtaccagaagaaccccgtgetggeecgecaact
ccacccagttcegegaccegaaggtetictggtacgageccteccagaagtggatcatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagtectggaagetggagteegegticgecaacgagggcticctcggetaccagtacgagtgece
cggcectgatcgaggtccecaccgageaggaccccageaagtectactgggigatgttcarctccatcaaccccggegecccggecggc
ggctecttcaaccagtacttegteggeagcttcaacggeacceacttcgaggecttcgacaaccagteeegegtggtggacttcggeaag
gactactacgccectgeagaccticttcaacaccgacceegacctacgggagegecctgggeatcgegtgggectecaactgggagtactce
cgccttegtgeccaccaacccctggegctectecatgteectegtgegeaagtictcecctcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggceegagecgatectgaacatcageaacgeeggececctggagecggticgecaccaacaccacgtigac
gaaggccaacagctacaacgtegacctgtccaacageaccggeaccectggagticgagetggigtacgeegteaacaccaceeagac
gatctccaagtecgtgttcgeggaccictecctetggticaagggectggaggaccccgaggagtacctccgeatgggceticgaggtgtee
gegtectecticttcetggaccgegggaacageaaggtgaagitegtgaaggagaaccectacticaccaaccgeatgagegtgaacaa
ccageecttcaagagegagaacgacctgtectactacaaggtgtacggettgetggaccagaacatectggagetgtacticaacgacg
gegacgtegtgtccaccaacacctacttcatgaccaccgggaacgecctgggceteegtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcegegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCCCCGCGCGCTTTGTCGCCCTCGCGGGCCCCGCCGCCGCCGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCCGCGGCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG
GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgetggtegtgigatggac

tgttgccgcecacacttgetgectigacctgigaatatecctgecgcetittatcaaacagcectecagtgtgtitgatetigtgigtacgegctttigeg
agttgctagctgcetigigctatitgcgaataccacccccageatccccticcctegtticatatcgetigeatcccaaccgeaacttatctacge
tgtectgctateccteagegetgcetectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaace
tgtaaaccagceactgcaatgctgatgcacgggaagta, gtgggatgggaacacaaatggacctaggaaataacaatca
|CTCA GCCTACACGTCITCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGA CTGGGTCCC]
|AGCC TGGGTGGGTGCTCCCGCTCGATTIGCTCGTGTCGGAGGCGGGGCACCCCCGCTC TC|
|TCTA TTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAA TTC|
|AGCC TCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTITAGACGGGAAGCAACC CGC|
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SEQID
NO:

Nucleotide Sequence

ITTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA|
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAAC
UCAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCA CAAGTAATCAACTCACQ
BIATGTCGCTCATTAGCAAGGCCCTCTCCCTGCCCAGCTTCCTGCTCTCCGTCTTCGTGT
TCTACTGGTCGCTGCCGATCTTCGCCATCCCCTACCGCATCCGGTTCGCCAACGTCGGC
AAGCGGAACGACATGCTCGACTGGGCGAAGGCTCTGTTCGCGTTTTTCCGCGTCACCGT
CCTGAAGCAGGGGGAGCAGGGCCTCTACCGCGGTGGCCCATGCCTGTACCTGTGCAAC
CACCGCTCGTGGGCGGACTTCTTTGTGGACGTCTACCTGACGGAGGGCCGGGCCGCGC
TGATGTCCCGCTGGCTGGTGTTTTTCGTCTTCCCTGTGTTCTGCACCTCCTGCCTCATCC
TGCGGGGCATCGTGCTGTTCAAGCGCGGGACCATCCTCGACAAGGAGGCCTTTAACGC
GTGGCTCGACGCCACGCTGCGGCGCTCCACCGTCCCCGGCCTGCTCATTTACCCCGAG
GGGCACCGCTCGCTGAAGCCGACCTCGCTGCCGCTGAAGCGGGGCATGCTGCACTTCG
CTTACAGCCGACGGCTCCCCGTCCAACTGATCGTGACCCGCGGCAAGGAGGACATCCT
GTCGGAGAAGACGATGGCCATGAAGTACGGCCGCACCCTCGTGACCACGTACTCGAAG
GTCCTGAAGCCCACGGACTACGACAGCTTCGACGCCTTCATGGGTGACGTCCAGACGA
GCTGGGACGCGGGCTGGAAGGCCTCCTACGAGGCCCCCACCAAGGGGGTGCCCCAACT
GTCCATGGCGGGTGCCCACGAGTACGACTACCCGGCGACCATGCGGTGGCAGCAACTG
GCGATCACCCTCTTCTCGATCGTCGTGTTCGCGGCCGTGCTGTACGGCACGTGGTGGG
GCCTGGGTGCCGTCCTGGCTGCGGCTGGCCCCCTCGGCCAGCAAGTGGTCGTGGTCCT
GGCGGCCACCTCCTGGCTGGGCGCCAGCCTGATCCGGTCCTGCCGCTAGgtaccacgeecgeg

ttetgecttgcgaaacaageccctggageatgegtgcatgategtetetggegeecege

ggaaggcgttgagatggaggtacaggagtcaagtaactgaaagtttttatgataactaacaacaaagggtegtttctggccagegaatgacaa

geggaccegacaaaacecttacgacgtggtaaga

gagegeggeggecgeategatacctgecaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtatg
tttgttgcgtagtgtgcatggtitagaataatacacttgatttcttgetcacggeaateteggettgteegeaggttcaaccecatttegga

gtcteaggtcagecgegeaatgaccagecgetacttcaaggacttgecacgacaacgecgaggtgagetatgtttaggacttgattgga
aattgtcgtcgacgcatattegegetecgegacageacccaagceaaaatgtcaagtgegtteegatttgegtecgcaggtegatgttgt
gatcgteggegecggatecgeceggtetgtectgegettacgagetgaccaageaccetgacgteegggtacgegagetgagattegat
tagacataaattgaagattaaacccgtagaaaaatttgatggtcgegaaactgtgetegattgcaagaaattgategtectecactee
gceaggtcgecatcatcgageagggegttgeteceggeggeggegectggetggggggacagetgticteggecatgtgtgtacgtag
aaggatgaatttcagctggttttcgttgeacagetgtitgtgeatgatttgtttcagactattgttgaatgtttttagatttcttaggatgeat
gatttgtctgcatgegact
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[0310] The construct can be written as

5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: VeomLPAAT2:PmPGH::3’ Thia4.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the VcomLPAAT2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the VcomLPAAT?2. The initiator ATG and terminator TAG codons of the
VeomLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is
indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0311] Table 75 shows the fatty acid/TAG profiles of primary transformants of CHK22
transformed with pCHK1210. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 75: Screen of primary transformants of CHK22 with pCHK1210.

FAME Profiles TAG

Profile
Sample C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 alpha | C20:0 | C20:1 57[;1//(?03
(OP:00)

pCHK1210-1 004 | 134 | 2776 | 247 | 5759 | 8.42 0.51 022 | 0.00 425
pCHK1210-2 | 0.04 | 1.34 | 2791 | 278 | 57.65 | 7.96 051 0.25 | 0.00 3.93
pCHK1210-3 | 0.03 | 1.30 | 27.68 | 2.63 | 58.35 | 7.58 048 023 | 0.00 424
pCHK1210-4 | 0.04 | 129 | 27.75 | 2.60 | 58.19 | 7.69 049 023 | 0.00 375
pCHK1210-5 | 0.04 | 1.37 | 28.03 | 242 | 57.05 | 8.60 049 023 | 0.00 439
pCHK1210-6 | 0.04 | 1.34 | 28.03 | 275 | 57.66 | 7.72 0.50 024 | 0.00 3.69
pCHK1210-7 | 0.04 | 132 | 27.80 | 2.66 | 57.78 | 7.91 051 023 | 0.00 3.97
pCHK1210-8 | 0.04 | 1.34 | 28.09 | 2.83 | 57.40 | 7.87 0.51 025 | 0.00 3.94
CHK22 Control | 0.04 | 1.27 | 2729 | 245 | 59.08 | 7.45 0.54 023 | 0.00 1.5
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Example 36: Expressing Vitreochlamys sp. CL-2021 (VitrLPAAT2) in P. moriformis strain
CHK22 using the PmG3PDH promoter.
[0312] VitrLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression construct

pCHK1211 contained 5' and 3" homology arms to permit targeted integration of VitrLPAAT2 into

the genome and is shown in Table 76.

Table 76: Integrative sequences for the transformation of P. moriformis with pCHK1211
encoding VitrLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

66

cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggcacggetetacacegtegagtacgee
atgaggcggtgatggctgtgteggttgecacticgtecagagacggeaagtegtecatectetgegtgtgtggegegacgetgeagea
gtecctetgeageagatgagegtgactttggecatttcacgeactegagtgtacacaatccatttttettaaagcaaatgactgetgatt
gaccagatactgtaacgctgatttcgctccagategeacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtecacccateggeatggageaggtecacttagatteccgate
acccacgeacatctegetaatagtcattegttegtgtettcgatcaatetcaagtgagtgtgeatggatcettggttgacgatgeggtatg
ggtttgegeegetggetgeagggtetgeccaaggeaagetaaccecagetectetececgacaatactetegeaggeaaageeggtca
cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG(
IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(
|ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|A TGectgctgeaggcctteetgticetgetggeeggcticgecgecaagatcageg

cctecatgacgaacgagacgtecgacegeecectggtgeacticacceccaacaagggcetggatgaacgaccecaacggectgtggta
cgacgagaaggacgccaagtggceacctgtacttccagtacaacccgaacgacaccgictgggggacgccctigtictggggecacgcec
acgtccgacgacctgaccaactgggaggaccageccatcgecatcgecccgaagegeaacgacteccggegectictceggeteeatgg
tggtggactacaacaacacctecggcticticaacgacaccatcgaccegegecagegetgegtggecatctggacctacaacaccecg
gagtccgaggagcagtacatctectacagectggacggceggcetacaccticaccgagtaccagaagaaccccgtgetggecgecaact
ccacccagttccgegacccgaaggtctictggtacgageccteccagaagtggatcatgaccgeggecaagiceccaggactacaagat

cgagatctactcctccgacgacctgaagitcctggaagetggagicegegticgecaacgagggcttcctecggcetaccagtacgagtgeee
cggcectgatcgaggtcceccaccgageaggaccecageaagicctactgggtgatgticatctccatcaaccccggegecccggecgge

ggctecttcaaccagtacticgteggeagcticaacggeaccceacttcgaggecticgacaaccagteecgegtggtggacticggeaag

gactactacgccctgeagaccticticaacaccgacccgacctacgggagegeectgggeatcgegtgggecteccaactgggagtactc
cgecttegtgeccaccaaccectggegctectecatgtecctegtgegeaagtictcectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggecgagecgatcctgaacatcageaacgecggeccctggageeggticgecaccaacaccacgttgac
gaaggccaacagctacaacgtcgacctgtccaacagceaccggeaccctggagticgagcetggtgtacgecgicaacaccacccagac

gatctccaagtcegtgttcgeggacctcteectetggttcaagggectggaggaccecgaggagtaccteegeatgggcettegaggtgtee
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SEQID
NO:

Nucleotide Sequence

gegtectectictteetggacegegggaacageaaggtgaagitegtgaag gagaaccectacticaccaaccgeatgagegtgaacaa
ccagceccttcaagagcegagaacgacctgtectactacaaggtgtacggcttgerggaccagaacatcctggagctgtacttcaacgacg
gegacgtegtgtccaccaacacctacttcatgaccaccgggaacgeectgggceteegtgaacatgacgacgggggiggacaacctgtic
tacatcgacaagticcaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCGCCGCGCCCTTTCTCGCCCTCCCGGGCGCCGCGGCCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGGGCCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG
GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgcetggtegtgtgatggac

tgttgecgecacacttgetgectigacctgtgaatatccctgecgctittatcaaacagecteagigtgtitgatctigtgtgtacgegcettitgeg
agttgctagcetgcetigigctatitgcgaataccacceccageatccccticcctegtticatategettgeateccaaccgeaacttatctacge
tgtectgctateccteagegetgcetectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaace
tgtaaaccagceactgcaatgctgatgeac gggaagtagtgggatgggaacacaaatggacctaggaaataacaatca
ICTCAGCCTACACGTCTTCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGACTGGGTCC(
UGCCTGGGTGGGTGCTCCCGCTCGATIGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT(
[TCTATTTATCACTG CCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
UGCCTCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTTTAGACGGGAAGCAACCCG(
[ITCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC(
\GATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA|
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACH
ACAAACATITACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC
@ATGTCGCTGATCAGCAAGGCCTCTTCCCTGCCGAGCTTCCTGTTTTCGGTGTTCGTCT
TCTACTGGTCCCTGCCAATCTTTGCGGTCCCGTACCGTATCCGGTTTGCTAACATGGGG
AAGCGTAACGACATGCTGGACTGGGCTAAGGCGCTGGTGGCCTTTTTCCGCGTCACCG
TCCTGAAGCAGGGCGAGCAGGGCCTGTACCGGGGCGGGACGTGCCTCTACCTGTGCAA
CCACCGAAGCTGGGCCGACTTTTTCATCGACGTCTACCTGACGGAGGGCCGTGCGGCC
CTGATGTCGCGGTGGCTCGTGTTTTTCGTCTTCCCTGTCTTTTGCACGAGCTGCCTCATC
CTCCGAGGCATCGTCCTGTTTAAGCGGGGCACGATCCTGGACAAGGAGGCCTTCAACG
CCTGGCTCGACGCCACGCTCCGACGCTCGATCGTGCCTGGCCTGGTGGTCTACCCCGA
GGGGCATCGCTCCCTCAAGCCCACCTCGCTCCCCCTGAAGCGAGGCATGCTGCACTTC
GCGTTTGGCCGTCAGCTCCCGGTGCAACTGATCGTGACGCGCGGAAAGGAGGACGTGC
TGTCCGAGAAGACCATGGCCATGAAGTACGGCCGCACGCTGGTGACGAGCTACTCTAA
GGTGCTGAAGCCCTCTGACTACGCCAGCTTCGACGCCTTCATGACGGACATCCAGACGT
GCTGGGACTCTTGCTGGCGTGCCGCTTACGAGGCCCCGACCAAGGGCGTCCCCCAGCT
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SEQ ID

NO: Nucleotide Sequence

CTCCATGGTCGGCGCCCACGAGTACGACTACCCCCGGACCATTTGGTGGCAGCAACTCT
GGATCACCCTGGCCTCCATCCTGATCTTCGCTGGCGTGCTCTACGGCACCTGGCGCGGC
CTGGCTTCCCTCCTGGCTGCCGCGACCACGAGCGGCGCGCTGGGCCCACAGGTCCTGG

TGACCGTGGCCGCGGCCTGGGCGGGCTCCTCGCTCCTGCGGTCGCTGCTGT GAgtaccacg

cgcattgaaattgttgcaaaccccacctgacagattgagggee

cgaacagagcgcggcggccgcatcgatacctgecaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggat

tgtgtgtttgttgegtagtgtgcatggtttagaataatacacttgatttcttgetcacggeaateteggettgtecgeaggttcaacccecat
ttcggagtctcaggtcagecgegeaatgaccagecgetacttcaaggacttgcacgacaacgecgaggtgagetatgtttaggacttg
attggaaattgtcgtegacgcatattcgegetecgegacageaccecaageaaaatgtcaagtgegttecgatttgegtecgeaggteg
atgttgtgatcegteggegecggatecgeceggtetgtectgegettacgagetgaccaageaccectgacgteegggtacgegagetgag
attcgattagacataaattgaagattaaacccgtagaaaaatttgatggtcgegaaactgtgetegattgeaagaaattgategtecte
cactccgeaggtegecatcatcgageagggegttgeteceggeggeggegecetggetggggggacagetgticteggecatgtgtgta
cgtagaaggatgaatttcagetggttttcgttgeacagetgtttgtgcatgatttgtttcagactattgttgaatgtitttagatttcttagg
atgcatgatttgtctgcatgegact

[0313] The construct can be written as

5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: Vitr LPAAT2:PmPGH::3’Thia4.
Proceeding in the 5' to 3" direction bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii f-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the VitrLPAAT2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the VitrLPAAT?2. The initiator ATG and terminator TGA codons of the
VitrLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is indicated
by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed by the
CHK?22 Thia4 genomic region indicated by bold, lowercase text.
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[0314] Table 77 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1211. The P. moriformis base strain CHK22 is shown as a non-
transgenic control. Strains were grown for 120 hrs in a S0-mL conical tube at 200 rpm at 28 °C in
the lipid production medium. Biomass was harvested, lyophilized to dryness, and subjected to
direct transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 77: Screen of primary transformants of CHK22 with pCHK1211.

FAME Profiles TAG

Profile

Sample C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 alpha | C20:0 | C20:1 m/z
577/603
(OP:00)

pCHK1211-1 0.04 | 134 | 2764 | 285 | 58.00 | 7.77 0.48 0.25 | 0.00 4.06
pCHK1211-2 0.04 | 1.36 | 28.07 | 2.68 | 57.65 | 7.88 0.49 024 | 0.00 413
pCHK1211-3 0.04 | 135 | 2774 | 258 | 57.77 | 8.18 0.50 023 | 0.00 4.28
pCHK1211-4 0.04 | 137 | 2789 | 271 | 57.61 | 8.03 0.52 024 | 0.00 3.99
pCHK1211-5 0.04 | 133 | 2771 | 265 | 58.04 | 7.82 0.50 023 | 0.00 4.16
pCHK1211-6 004 | 1.60 | 3143 ] 220 [ 5450 | 7.52 0.50 021 | 0.00 4.07
pCHK1211-7 004 | 136 | 2757 | 279 | 58.16 | 7.68 0.48 024 | 0.00 3.94
CHK?22 Control | 0.04 | 1.27 | 2729 | 245 | 59.08 | 7.45 0.54 0.23 | 0.00 1.5

Example 37: Expressing Colemanosphaera charkowiensis (CchalLPAAT2) in P. moriformis
strain CHK22 using the PmG3PDH promoter.

[0315] CchaLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK 1212 contained 5" and 3" homology arms to permit its targeted integration into
the genome and is shown in Table 78.

Table 78: Integrative sequences for the transformation of P. moriformis with pCHK1212
encoding CchaLPAAT?2.

SEQID .
Nucleotide Sequence
NO: q
67 cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggcacggetetacacegtegagtacgee

atgaggceggtgatggctgtgteggttgecacttegtecagagacggeaagtegtecatectetgegtgtgtggcgegacgetgeagea
gteectetgecageagatgagegtgactttggecatttcacgeactegagtgtacacaatccatttttettaaagcaaatgactgetgatt
gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatcetggattecgaattegace
ctggegetecatecatgecaacagatggegacacttgttacaattectgtcacccateggeatggageaggtecacttagatteccgate
acccacgeacatctegetaatagtcattegttegtgtettcgatcaatetcaagtgagtgtgcatggatcettggttgacgatgeggtatg

ggtttgegeegetggetgeagggtetgeccaaggeaagetaaccecagetectetececgacaatactetegeaggeaaageeggtea

cttgecttccagattgecaataaactcaattatggectetgtecatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
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SEQ ID
NO:

Nucleotide Sequence

ccccagectetggegtecectgececgeccaccageccacgecgegeggeagtegetgecaaggetgteteggalCTTTCT TGO
|GCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC|
|ATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT|

ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(

|ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|A TGctgcetgeaggcecttectgticetgetggecggcttcgecgecaagatcageg

cctecatgacgaacgagacgteegaccgeeccctggitgeacticacccceaacaagggctggatgaacgaccccaacggectgtggta
cgacgagaaggacgccaagtggcacctgtacttccagtacaacccgaacgacaccgtctgggggacgccectigtictggggecacgec
acgtccgacgacctgaccaactgggaggaccagceccatcgecatcgecccgaagegeaacgactecggegecttcteeggeteeatgg
tggtggactacaacaacacctccggcticticaacgacaccatcgacccgegeecagegergegtggecatctggacctacaacaccecg
gagtccgaggagceagtacatctectacagectggacggceggctacaccttcaccgagtaccagaagaaccecgtgetggecgecaact
ccacccagttcegegacccgaaggtettctggtacgageccteccagaagtggateatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagtectggaagctggagiccgegttcgecaacgagggcticcteggcetaccagtacgagtgecc
cggcectgatcgaggtccecaccgageaggacccecageaagtectactgggtgatgticateteccatcaacceeggegeeccggecggce
ggctecttcaaccagtacttcgteggeagcttcaacggeacccacttcgaggecttcgacaaccagteecgegtggtggacticggeaag
gactactacgccctgcagaccticttcaacaccgacccgacctacgggagcegecctgggeatcgegtgggectccaactgggagtacte
cgecttcgtgeccaccaaccectggegctectecatgtecctegtgegeaagttctecctcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggccgagecgatcctgaacatcageaacgecggceccectggagecggticgecaccaacaccacgttgac
gaaggccaacagctacaacgtcgacctgtccaacagcaccggceaccctggagticgagetggtgtacgccgtcaacaccacccagac
gatctccaagteegtgttegeggacctcteectetggttcaagggectggaggaccccgaggagtaccteegeatgggcettcgaggtgtee
gegtectecticticetggaccgegggaacageaaggitgaagticgtgaag gagaacccectacticaccaaccgeatgagegtgaacaa
ccagccecttcaagagegagaacgacctgtectactacaaggtgtacggcttgetggaccagaacatcctggagctgtacttcaacgacg
gegacgtcgtgtccaccaacacctacttcatgaccaccgggaacgcecectgggeteegtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgact TAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGCGGCCGCCGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG

GAAGCATCACAGCACAACCGGTgcagcagcagcetcggatagtatcgacacactetggacgetggtegtgigatggac

tgttgccgcecacacttgcetgectigacctgigaatatecctgecgctittatcaaacagecteagigtgtitgatetigtgigtacgcgctttigeg
agttgctagctgctigigctatitgcgaataccacccccageatccccticcctegtticatatcgettgeateccaaccgeaacttatctacge

tgtectgctateccteagegcetgcetectgetectgeteactgeccctegeacagcectiggttigggctecgectgtatictectggtactgeaacc
tgtaaaccagcactgcaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatcalTCGCC
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SEQID
NO:

Nucleotide Sequence

ICTCAGCCTACACGTCTTCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGACTGGGTCC(
UGCCTGGGTGGGTGCTCCCGCTCGATIGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT(
[TCTATTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
UGCCTCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTITAGACGGGAAGCAACCCG(
[ITCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC(
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA|
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACT
|ACAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAA CTCACCI
B]ATGTCCATCGTCACCAAGGTGCTGAACCTCCCCTCGTTCCTGTTCAGCGTGTTCGTCT
TTTACTGGTCCCTGCCCCTGTTTGCGATCCTGTACCGCATCCGCTTCGCCAACGTGGGC
AAGCGCAACGACATGCTGGACTGGGCGAAGACGCTCGTCGGCTTTTTCCACGTGACCA
TCCTGAAGCAGGGCGAGCTGTCTCTCTACCGGGACGGGCCGTGCCTGTACCTGTGCAA
CCACCGCTCCTGGGCCGACTTCTTTATCGACACCTACCTGACGGAGGGTCGCGCTGCCC
TGATGAGCCGCTGGCTGGTGTACTTCGTGTTCCCGGTCTTCTGCACGTCCGTGATTATC
CTGCGCGGCATCGTGCTGTTCAAGCGCGGGTCTATCGCGGACAAGGAGGCCTTCAACG
CGTGGCTGGACGCCACGCTGCGTAAGTCCATTGTCCCCGCGCTCCTGGTGTACCCGGA
GGGCCACCGCTCGCTGCGCCCCACGTCTCTCCCTCTGAAGCGCGGCATGCTGCACTAC
GCCTACAGCCGCCGACTCCCTGTGCAGCTCATCGTCACGTCGGGCAAGGAGGCCGTCA
TGAGCGAGAAGACCATGAGCGTCCGCTTCGGCCGCACCCTCGTCACCACGTACTCCAA
GGTGCTGCGCCCCGCGGACTACCCCACGTTTGACGCCTTCTTTTCCGACATCCAAGCTA
CCTGGGACGGCTGCTGGGACGCCGCTTACAAGCAGCCGTCTGCGGGTGCGCCCCAGCT
CCGCCTGGTGGACCCGCATGGCTACAACTACCCGGCCCGCATGTGGTGGCTCCAACTG
GGCGTGACCCTCCTGTCGATCGGGGTGATGGCCGCTGTGATCGCCGCGAGCTGGTGGG
GTCTGGGCGCTCTCCTGGCCGCGACGGGCCCGGCTAAGCAGGTGGTCCTGGGCGTCGT
GGTCTCGCTGCTCGGCGCGAGCCTCCTGCGATCGTGCCTGTGA gtaccacgeccgegeggegeace

gagatggaggtacaggagtcaagtaactgaaagtttttatgataactaacaacaaagggtegtttctggecagegaatgacaagaacaagatte

geegeategatacctgecaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtgtttgttgegtag

tgtgcatggtttagaataatacacttgatttcttgetcacggcaatceteggcettgtecegeaggttcaacccecatttcggagtetcaggtea
geegegeaatgaccagecgetacttcaaggacttgcacgacaacgecgaggtgagetatgtitaggacttgattggaaattgtegteg
acgcatattcgegetecgegacageacccaageaaaatgtcaagtgegttecgatttgegtecgeaggtegatgttgtgategtegge
geeggatecgeeggtetgtectgegettacgagetgaccaageacectgacgtecgggtacgegagetgagattegattagacataa
attgaagattaaacccgtagaaaaatttgatggtegegaaactgtgetcgattgcaagaaattgategtectecactecgeaggtege
catcatcgagcagggegtigeteceggeggeggegectggetggggggacagetgticteggecatgtgtgtacgtagaaggatgaa
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SEQ ID

NO: Nucleotide Sequence

tttcagcetggttttegttgcacagcetgtttgtgcatgatttgtttcagactattgttgaatgtitttagatttcttaggatgeatgatttgtetg

catgcgact

[0316] The construct can be written as
5°Thiad::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH:CchalLPAAT2:PmPGH::3"Thia4.
Proceeding in the 5' to 3" direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the CchalLPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the CchaLPAAT?2. The initiator ATG and terminator TGA codons of the
CchalLPAAT?2 are indicated by uppercase, bold italics, while the remainder of the gene is
indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0317] Table 79 shows the fatty acid/TAG profiles of eight primary transformants of CHK22
transformed with pCHK1212. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 79: Screen of primary transformants of CHK22 with pCHK1212.

FAME Profiles TAG

Profile

Sample C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 alpha | C20:0 | C20:1 vz
577/603

(OP:00)

pCHK1212-1 | 0.04 | 1.32 | 27.29 | 2.88 | 58.69 | 7.56 0.54 024 | 0.03 24
pCHK12122 | 0.03 | 1.24 | 27.36 | 2.92 | 59.47 | 6.87 0.50 0.23 | 0.00 22
pCHK1212-3 | 0.03 | 1.22 | 27.50 | 291 | 59.53 | 6.70 0.49 023 | 0.00 1.8
pCHK12124 | 0.03 | 1.25 | 27.81 | 2.75 | 58.58 | 743 0.49 021 | 0.03 25
pCHK12125 | 0.03 | 1.33 | 27.56 | 2.81 | 58.47 | 7.62 051 022 | 0.00 26
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FAME Profiles TAG

Profile

Sample C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 alpha | C20:0 | C20:1 57‘;1//503
(OP:00)

pCHKI212:6 | 0.03 | 1.30 | 27.79 | 2.79 | 58.61 | 7.34 051 022 | 0.00 22
pCHKI2127 | 0.03 | 1.27 | 27.96 | 2.68 | 58.71 | 7.18 051 021 | 0.00 23
pCHKI2128 | 0.04 | 1.34 | 27.76 | 2.94 | 58.84 | 7.00 0.50 022 | 0.00 2.1
CHK22 Control | 0.04 | 14 | 258 | 269 | 61.83 | 651 0.36 016 | 0 1.5

Example 38: Expressing Pleodorina japonica (PjapLPAAT2) in P. moriformis strain CHK22
using the PmG3PDH promoter.

[0318] PjapLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression
construct, pCHK1213, contained 5' and 3' homology arms to permit its targeted integration into
the genome and is shown in Table 80.

Table 80: Integrative sequences for the transformation of P. moriformis with pCHK1213

encoding PjapLPAAT?2.
SEQ ID .
N%: Nucleotide Sequence
68 cectecaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtttgectecttggcacggetetacacegtegagtacgee

atgaggceggtgatggcetgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gteectetgeageagatgagegtgactttggecatttcacgeactegagtgtacacaatccatttttettaaagcaaatgactgetgatt
gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtecacecateggeatggageaggtcecacttagattecegate
acccacgeacatctegetaatagtcattegttegtgtettegatcaatetcaagtgagtgtgcatggatettggttgacgatgeggtatg
ggtttgegeegetggetgeagggtetgeccaaggeaagetaaccecagetectetececgacaatactetegeaggeaaageeggtca
cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]
IATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA]

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA]

|GTCACAACCCGC AAACTGTACAlAT Gctgcetgeaggcecttectgticetgetggecggcticgecgecaagatcageg

ccteecatgacgaacgagacgteegaccgeeccctggtgeacttcacceccaacaagggcetggatgaacgaccecaacggectgtggta
cgacgagaaggacgccaagtggeacctgtacttccagtacaaccegaacgacaccgitctgggggacgecctigtictggggeeacgee
acgtccgacgacctgaccaactgggaggaccagcccatcgecatcgecccgaagegeaacgactecggegecttcteceggcetecatgg

tggtggactacaacaacacctccggcticttcaacgacaccatcgacccgegeeagegetgegtggeeatetggacctacaacaccccg
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SEQ ID
NO:

Nucleotide Sequence

gagtccgaggagceagtacatctcctacagectggacggeggctacaccttcaccgagtaccagaagaacceegtgetggecgecaact
ccacccagttcegegaccecgaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagtectggaagetggagiccgegticgecaacgagggcttectcggcetaccagtacgagigece
cggcecetgatcgaggiccecacegageaggacccecageaagicetactgggtgatgticatctccatcaacceeggegeeccggecgge
ggctecttcaaccagtacticgteggeagcticaacggceacccacticgaggecttcgacaaccagtcccgegtggtggacticggeaag
gactactacgccctgeagaccticttcaacaccgacccgacctacgggagegeectgggeatcgegtgggectccaactgggagtacte
cgecttegtgeccaccaaccectggegctectecatgteectegtgegeaagttcteectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggccgagecgatcctgaacatcageaacgccggeccctggagecggticgecaccaacaccacgttgac
gaaggccaacagctacaacgtcgaccigtccaacageaccggeaccctggagticgagetggigtacgecgtcaacaccacceagac
gatctccaagtecgtgticgeggaccicteecteiggticaagggectggaggaccccgaggagtacctecgeatgggceticgaggigtee
gegtectecttcticctggaccgegggaacageaaggigaagticgtgaag gagaaccectacttcaccaaccgcatgagegtgaacaa
ccagccecttcaagagegagaacgacctgtectactacaaggigtacggetigetggaccagaacatectggagcetgtacticaacgacg
gegacgtegtgtccaccaacacctacticatgaccaccgggaacgcecctgggeteegtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCGCCGCGCGGTTTGTCGCCCTCCCGGGCGCCGCGGCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG

GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgetggtegtgtgatggac

tgttgccgcecacacttgetgectigaccigigaatatecctgecgctittatcaaacagectecagigtgtitgatettgtgigtacgcgctttigeg
agttgctagctgcttgtgctatitgcgaataccacccccagceatccccticectegtticatatcgettgeateccaaccgeaacttatctacge
tgtectgctateccteagegcetgcetectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaacc
tgtaaaccagceactgcaatgctgatgeac gggaagtagtgggatgggaacacaaatggacctaggaaataacaatca
|CTCAGCCTA CACGTCTTCTCCGATACCTTTCCCTCA TTGCATTTTATGCCAGACTGGGTCCd

WGCCTGGGTGGGTGCTCCCGCTCGATIGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT]

[TCTATTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
WGCCTCAACAAGCCGAGTTGTGCACAAGGGAGA CTAATTTTTTAGACGGGAAGCAACCCG(
[TTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGCQ
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA|

[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACH

|ACAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAA CTCACCI
BIATGTCCGTGATCTACAAGGCTCTGTCGCTGCCATCCTTCCTGTTCTCTGTGTTCGTGTT
CTACTGGTCTCTGCCCCTGTTCGCGTCTGTCTACCGCATCCGGTTTGCGAACTTCGGCA
AGCGCAACGACATGCTGGACTGGGCGAAGGCCCTCGTGGCCTTCTTTCGCGTCACCGT
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SEQID
NO:

Nucleotide Sequence

GCTCAAGCAAGGCGAGATGTCGCTCTACCGCGGAGGCCCTTGTCTCTACCTGTGCAACC
ATCGGTCGTGGGCTGACTTCTTTATCGACACGTACCTGACCGAGGGCCGCGCGGCCCT
GATGAGCCGCTGGCTGGTCTACTTCGTGTTTCCGGTGTTTTGTACCAGCGTGCTGATCC
TGCGGGGCATCGTCCTGTTTAAGCGGGGTCACATCGTGGACAAGGAGGCGTTCAACGC
GTGGCTCGACGCCACCCTGTTCAAGTCTACGGTGCCGGGCCTCCTGGTGTACCCCGAG
GGCCACCGCTCCCTCAAGCCCGCCTCCCTGCCCCTGAAGCGTGGCATGCTCCACTTTGC
TTTTTCCCGCAAGCTGCCCGTCCAGGTCATTTGCACCCGCGGCAAGGAGGAGGTCCTGT
GCGAGAAGACGCTGTCCGCGCGGTGGGGCCGCACGCTGGTGGTCACCTTCTCCAAGGT
GATCAAGCCGTCCGAGTACGACTCGTTCGACGCGTTTTTCAACGACGTGCAATCTACCT
GGGACGCGTGCTGGCAGCTCTCCTACCACCAGCCAACGGCGGGCGTCCCGGAGCTGTC
CATGAAGGACGCCCACGAGTACGACTACCCCCGCTCTATGTGGTGGCTGCAACTGGGT
ATCACCCTCCTGTCCTTTATTATCCTGGCCGCGGTGCTGTGGGGCTCTTGGGTCGCTGT
GCGCGCGGGTTTCGCCACGCTCGGCAGCGTCCAACAGGCCGTGGTCCTGGGCACCGCG
GGGTGGATCGGCGCCTCGATGGTGTGCGGCTTCCTCTGA gtaccacgecegegeggegeacctgacet

catcgatacctgcaggacagegecatgecacgecctttgatggcettcaagtacgattacggtgttggattgtgtgtitgttgegtagtgtg

catggtttagaataatacacttgatttcttgetcacggcaateteggettgtecgecaggttcaaccecattteggagtcetcaggteageeg
cgcaatgaccagecgcetacttcaaggacttgcacgacaacgecgaggtgagetatgtttaggacttgattggaaattgtegtegacge
atattcgegetecgegacageacccaagceaaaatgteaagtgegticegatttgegtecgeaggtegatgttgtgategteggegeeg
gatccgeceggtetgtectgegettacgagetgaccaageaccctgacgtecgggtacgegagetgagattcgattagacataaattga
agattaaacccgtagaaaaatttgatggtcgegaaactgtgetegattgecaagaaattgategtectecactecgeaggtegecatca
tegagceagggcegttgeteceggeggeggegectggetggggggoacagetgttcteggecatgtgtgtacgtagaaggatgaatttea
getggttttegttgcacagetgtttgtgcatgatttgtttcagactattgttgaatgtitttagatttcttaggatgcatgatttgtctgcatge
gact

[0319] The construct can be written as

5 Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: Pjap LPAAT2:PmPGH::3’Thia4.

Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from

CHK22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.

reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring

the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator

ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
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region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the PjapLPAAT2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. A PmG3PDH promoter from P. moriformis, indicated by the boxed italicized text, drives
the expression of the PjapLPAAT?2. The initiator ATG and terminator TGA codons of the
PjapLPAAT?2 are indicated by uppercase, bold italics, while the remainder of the gene is indicated
by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed by the
CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0320] Table 81 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1213. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMESs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 81: Screen of primary transformants of CHK22 with pCHK1213.

FAME Profiles TAG

Profile

Sample Name | 15 | ¢14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 alpha | C20:0 | C20:1 5721//6203
(OP:00)

pCHKI213-1 | 0.04 | 1.32 | 2801 | 275 | 58.23 | 7.17 0.50 025 | 000 | 187
pCHKI12132 | 0.04 | 1.28 | 2771 | 278 | 58.77 | 6.96 0.49 025 | 000 | 1.89
pCHKI12133 | 0.04 | 135 | 2846 | 296 | 57.69 | 7.00 0.49 027 | 000 | 155
pCHKI12134 | 0.04 | 144 | 2822 | 284 | 57.69 | 7.37 047 026 | 000 | 204
pCHK1213-5 | 0.04 | 1.50 | 27.69 | 2.33 | 59.75 | 6.46 032 0.18 | 0.00 | 185
pCHKI213-6 | 0.03 | 1.30 | 2821 | 2.75 | 58.45 | 6.92 048 025 | 0.00 | 190
pCHKI213-7 | 0.06 | 1.67 | 19.16 | 474 | 61.76 | 9.66 0.88 052 | 0.00 | 150
CHK22 Control | 0.04 | 1.27 | 2729 | 245 | 59.08 | 7.45 0.54 023 | 0.00 15

Example 39: Expressing Volvulina boldii (VbolLPAAT2) in P. moriformis strain CHK22
using the PmG3PDH promoter.

[0321] VboILPAAT?2 was introduced into a P. moriformis strain CHK22. The expression
construct, pPCHK 1214, contained 5’ and 3’ homology arms to permit its targeted integration into
the genome and is shown in Table 82.

Table 82: Integrative sequences for the transformation of P. moriformis with pCHK1214
encoding VbolLPAAT?.
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SEQ ID
NO:

Nucleotide Sequence

69

cectecaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtttgectecttggeacggetetacacegtegagtacgee
atgaggceggtgatggcetgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gteectetgeageagatgagegtgactttggecatticacgeactegagtgtacacaatecatttttcttaaagcaaatgactgetgatt

gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatcetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtcacceateggeatggageaggtecacttagattecegate
acccacgceacatctegctaatagtcattegttegtgtettegatcaatctcaagtgagtgtgcatggatcttggttgacgatgeggtatg

ggtttgegecgetggetgeagggtetgeccaaggeaagetaacccagetectetececgacaatactetegeaggeaaagecggtca

cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC

IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]

|ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|AT Gctgcetgeaggcecttectgticetgetggecggcttcgecgecaagatcageg

ccteecatgacgaacgagacgteegaccgeeccctggtgeacticacccccaacaagggcetggatgaacgaccceaacggectgtggta
cgacgagaaggacgccaagtggeacctgtacttccagtacaaccegaacgacaccgictgggggacgecctigtictggggeeacgec
acgtccgacgacctgaccaactgggaggaccageccatcgecatcgeecccgaagegeaacgacteeggegectictecggceteeatgg
tggtggactacaacaacacctcecggcticttcaacgacaccatcgacccgcgecagegetgegtggeeatetggacctacaacaccccg
gagtccgaggagcagtacatctectacagectggacggeggctacaccttcaccgagtaccagaagaacceegtgetggecgeecaact
ccacccagttcegegacccgaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagtectggaagetggagteegegticgecaacgagggcticctcggetaccagtacgagtgece
cggectgategaggtecceaccgageaggacccecageaagtectactgggtgatgticatctecatcaaccecggegeeccggecggce
ggctcecttcaaccagtacticgteggeagcticaacggceacccacttcgaggecttcgacaaccagtecccgegtggtggacticggeaag
gactactacgccctgeagaccticttcaacaccgacccgacctacgggagegecctgggeatcgegtgggectecaactgggagtactce
cgecttegtgeccaccaaccectggegctecteecatgtecctegtgegeaagtictecectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggceegagecgatectgaacatcageaacgeeggeccctggagecggticgecaccaacaccacgtigac
gaaggccaacagctacaacgtcgacctgtccaacageaccggeaccectggagticgagetggigtacgeegtcaacaccaceeagac
gatctccaagteegigticgeggacctcteectetggticaagggectggaggacccegaggagtaccteegeatgggcttcgaggtgtee
gegtectecticticetggaccgegggaacageaaggtgaagttcgtgaag gagaaccectacticaccaaccgeatgagegtgaacaa
ccagececttcaagagegagaacgacctgtectactacaaggigtacggettgetggaccagaacatectggagetgtacticaacgacg
gegacgtegtgtccaccaacacctacttcatgaccaccgggaacgccctgggcerccgtgaacatgacgacgggggiggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGCCGCCCCCCCGCCCGCTTTGTCCCCCTCGCGGGCCCCGCCGCCCGCCCGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
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SEQID
NO:

Nucleotide Sequence

GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGCGGCCCGCCGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG

GAAGCATCACAGCACAACCGGTgcagcagcagcetcggatagtategacacactetggacgetggtegtgigatggac

tgtigecgecacactigetgectigaccigigaatatccctgecgctittatcaaacagectcagigigtitgatctigtgigtacgegcetitigeg
agttgctagcigcetigigctatitgcgaataccacccccageatccccticectegtticatatcgetigeateccaaccgeaacttatctacge
tgtectgctateccteagegetgcetectgetectgeteactgeccctegeacagectiggttigggctecgectgtattctectggtactgeaacce
tgtaaaccagcactgcaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatca
|CTCA GCCTACACGTCITCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGA CTGGGTCCC|
|AGC CTGGGTGGGTGCTCCCGCTCGATIGCTCGTGTCGGAGGCGGGGCACCCCCGCTC TC|
|TCTA TTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAA TTCI

UGCCTCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTTTAGACGGGAAGCAACCCG(

|TTCCA GAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGA TCTGGCd
|GA TGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCC CGGGATCA|
|TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACC|
|ACAAA CATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCA CC|
@ATGAGCGCGCTGAAGAAGGCCCTGTCCCTGCCCAGCTTCCTGTTTTCTGTCTTCGTCT
TCTACTGGAGCCTGCCAATCTTCGCCTCGGTGTACCGCATCCGCTTCGCGCGCGCTGGA
AAGCGCAACGACATGCTGGACTGGGCTACCTCCCTGGTGGCGTTCTTITCGCGTGACCGT
GCTCAAGCAGGGTCAGTTTTCGATCTACCGCGGAGGCCCCTGCATCTACCTGTGCAACC
ACCGTAGCTGGGCCGATTTCTTTATCGACATGTACCTCACGGAGGGCCGCGCCGCGTTC
ATGTCCCGTTGGATGGTCTTCTTTGTCTITCCCCGTCTTCTGCTCCGCCGTGCTGATTCTG
AAGGGCATTATCCTGTTTAAGCGGGGCCGCATCCTGGACAAGGAGGCGTTTAACGCCT
GGCTGGACGCCACCCTGGCGAAGTCGACGATCCCCGGCCTGGTCGTGTACCCGGAGGG
CCATCGCTCTCTGAAGCCGACGTCGCTGCCCCTGAAGCGCGGGATGCTGCACTACGCG
TTTTCCCGTAAGCTCCCAGTGCAACTGATCGTCACCCGCGGCAAGGAGGAGGTGCTGIC
GGAGAAGACCCTGTCCATGCGCTTCGGGCGGACCCTGGTGACCTCTTACTCGAAGGTG
ATGAAGCCCAGCGACTACGGCTCCTTCGATGCCTTTATGACCGACGTGCAGTCTGGCTG
GGACCAGTGCTGGAAGGAGGCCTACTCCGCGCCGACCCACGGCCTGCCGCAGCTCTCG
ATGGCTGGCGCCACCGAGTACGACTACCCCGCTTCCATGCGCTGGCAGCACCTGGCGA
TGACGCTGTTTTCGATCGTCGTGTTTGCGGGTGTCCTGGCCGCGAGCTGGTGGGGCGT
CGGCGCCCTCCTGTCTGCTGCGGGCCCTACGGGCAAGCAGGTGGTCGTGCTCCTGGCC
TCGTGCTGGTTCGGCGCCAGCCTCCTGCGTAGCTTCCTGTGA gtaccacgecegegeggegeacctg

at tacaggagtcaagtaactgaaagtttttatgataactaacaacaaagggtcgtttctggccagegaatgacaagaacaagattcc

acatttccgtgtagaggcttgccatcgaatgtgageggocgggoccgeggacccgacaaaaccecttacgacgtggtaagaaaaacgtggcgg
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SEQ ID

NO: Nucleotide Sequence

ccgeatcgatacctgeaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtgtttgttgegtagt

gtgcatggtttagaataatacacttgatttcttgetcacggceaateteggettgtecgeaggttcaaccecattteggagtetcaggteag
ccgegeaatgaccagecgetacttcaaggacttgeacgacaacgecgaggtgagetatgtttaggacttgattggaaattgtegtega
cgcatattegegetecgegacageacccaageaaaatgtcaagtgegttcegatttgegtecgeaggtegatgttgtgategteggeg

ceggatecgecggtetgtectgegettacgagetgaccaageaccctgacgtecgggtacgegagetgagattegattagacataaat
tgaagattaaacccgtagaaaaatttgatggtegcgaaactgtgetegattgecaagaaattgategtectecactecgeaggtegeca

tcatcgagcagggcegttgcteceggeggeggegectggetggggggacagetgttcteggecatgtgtgtacgtagaaggatgaattt
cagctggttttegttgcacagcetgtttgtgcatgatttgtttcagactattgttgaatgtttitagatttcttaggatgcatgatttgtetgeat
gcgact

[0322] The construct can be written as

5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: VbolLPAAT2:PmPGH::3 Thia4.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the VbolLPAAT?Z gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the VboILPAAT?2. The initiator ATG and terminator TGA codons of the
VbolLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is
indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0323] Table 83 shows the fatty acid/TAG profiles of eight primary transformants of CHK22
transformed with pCHK1214. The P. moriformis base strain CHK22 is shown as a non-
transgenic control. Strains were grown for 96 hrs in a 50-mL conical tube at 200 rpm at 28 °C in
a lipid production medium. Biomass was harvested, lyophilized to dryness, and subjected to
direct transesterification to generate FAMESs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 83: Screen of primary transformants of CHK22 with pCHK1214.
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FAME Profiles TAG Profile
Sample c120 | c140 | ci60 | cis0 | s | cis2 | €7 | ca00 | ca0 | ™z 577/603
alpha (OP:00)
pCHK1214-1 | 0.04 | 1.37 | 26.66 | 2.88 | 60.78 | 630 | 0.40 | 0.0 | 0.04 1.6
pCHK12142 | 0.04 | 1.47 | 29.88 | 2.83 | 56.72 | 6.87 | 0.53 | 021 | 0.00 2
pCHK12143 | 0.03 | 1.28 | 27.68 | 294 | 59.10 | 691 | 049 | 022 | 0.00 2
pCHK12144 | 0.03 | 1.17 | 2597 | 291 | 61.34 | 648 | 049 | 023 | 0.00 1.6
pCHK12145 | 0.03 | 1.26 | 2750 | 278 | 5951 | 6.86 | 0.46 | 0.19 | 0.03 2.1
pCHK12146 | 0.03 | 131 | 27.66 | 2.85 | 58.78 | 724 | 052 | 021 | 0.03 2
pCHK12147 | 0.03 | 1.28 | 2757 | 290 | 59.77 | 639 | 048 | 021 | 0.00 17
pCHKI214-8 | 0.03 | 131 | 2793 | 298 | 58.75 | 692 | 050 | 022 | 0.03 2.1
CHK22 Control | 0.04 | 14 | 258 | 269 | 61.83 | 651 | 036 | 016 | 0 15

Example 40: Expressing Pandorina morum (PmorLPAAT?2) in P. moriformis strain CHK22

using the PmG3PDH promoter.
[0324] PmorLPAAT2 was introduced into a P. moriformis strain CHK22. The expression

construct pCHK 1215 contained 5’ and 3" homology arms to permit its targeted integration into

the genome and is shown in Table 84.

Table 84: Integrative sequences for the transformation of P. moriformis with pPCHK1215

encoding PmorLPAAT?2.

SEQID
NO:

Nucleotide Sequence

70

cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggeacggetetacacegtegagtacgee
atgaggceggtgatggctgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gtecctetgeageagatgagegtgactttggecatttcacgeactegagtgtacacaatcecatttttettanagceaaatgactgetgatt

gaccagatactgtaacgctgatttcgctccagategeacagatagegaccatgttgetgegtetgaaaatctggattecgaattegace
ctggegctecatecatgeaacagatggegacacttgttacaattectgtecacecateggeatggageaggtecacttagatteccgate
acccacgeacatctegetaatagtcattegttegtgtettegatcaatetcaagtgagtgtgcatggatettggttgacgatgeggtatg

ggtttgegeegetggetgeagggtetgeccaaggeaagetaacccagetectetececgacaatactetegeaggeaaagecggtca

cttgecttccagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG(

IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]

ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(

|ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|AT Gectgctgeaggcecttectgticetgetggeeggcticgecgecaagatcageg

cctecatgacgaacgagacgteegaccgeeecctggtgeacticacceccaacaagggetggatgaacgaccecaacggectgtgga
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SEQ ID
NO:

Nucleotide Sequence

cgacgagaaggacgccaagtggeacctgtacticcagtacaacccgaacgacaccgictgggggacgecectigtictggggecacgee
acgtccgacgacctgaccaactgggaggaccagceccatcgecatcgecccgaagegeaacgactecggegcecttctecggetecatgg
tggtggactacaacaacacctceggcticticaacgacaccatcgacccgegecagegetgegtggecatctggacctacaacaccccg
gagtccgaggagceagtacatctectacagectggacggeggctacaccttcaccgagtaccagaagaacceegtgetggecgecaact
ccacccagttcegegaccecgaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagtcctggaagetggagicegegticgecaacgagggcttectecggcetaccagtacgagigece
cggcecetgategaggtccccacegageaggaccecageaagiectactgggtgatgticatetccatcaacceeggegeeccggecgge
ggctecttcaaccagtacttcgteggeagcticaacggceacccacttcgaggecttcgacaaccagteccgegtggtggacttcggeaag
gactactacgccctgeagaccticttcaacaccgacccgacctacgggagegeectgggeatcgegtgggectccaactgggagtacte
cgccttegtgeccaccaaccectggegctectecatgteectegtgegeaagtictcectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggccgagecgatcctgaacatcageaacgccggeccctggagecggttcgecaccaacaccacgttgac
gaaggccaacagctacaacgtcgaccigtccaacageaccggeaccctggagticgagerggigtacgecgtcaacaccacceagac
gatctccaagteegigticgeggacctctecctetggticaagggectggaggaccccgaggagtaccteegeatgggcttcgaggtgtee
gcegtectecttcttcctggaccgegggaacageaaggigaagticgtgaag gagaacccectacttcaccaaccgcatgagegtgaacaa
ccagcececttcaagagegagaacgacctgtectactacaaggigtacggettgetggaccagaacatectggagcetgtacticaacgacg
gegacgtcgtgtccaccaacacctacttcatgaccaccgggaacgccctgggcerccgtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCGCCGCGCGGTTTGTCGCCCTCCCGGGCGCCGCGGCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGCGGCCGCGCGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG

GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgetggtegtgtgatggac

tgttgccgcecacacttgetgectigaccigigaatatecctgecgctittatcaaacagecteagtgtgtitgatettgtgigtacgcgctttigeg
agttgctagctgcttgtgctatitgcgaataccacccccagceatccccticcctegtticatategettgeatecccaaccgeaacttatctacge
tgtcctgctateccteagegcetgctectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaacc
tgtaaaccagceactgcaatgctgatgeac gggaagtagtgggatgggaacacaaatggacctaggaaataacaatca
|CTCAGCCTA CACGTCTTCTCCGATACCTTTCCCTCATTGCATZTTATGCCAGACTGGGTCCd

UGCCTGGGTGGGTGCTCCCGCTCGATIGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT(
[TCTATTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
UGCCTCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTTTAGACGGGAAGCAACCCGQ
[TTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGCQ
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA|
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACH
WCAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC
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SEQID
NO:

Nucleotide Sequence

B]ATGTCCCTGGTGACCAAGTTCCTGTCTCTGCCGTCGTTTCTCTTTTCGGTGTTCATCTT
TTACTGGTCCCTGCCTATCTTCGCCATTCCATACCGCATCCGCTTCGCTAACGTGGGCA
AGCGGAACGACATGCTCGACTGGGCGAAGGCTCTGGTCGGCTTCTTTCGCGTGACGGT
CCTGAAGCCCGGCGCGACCTCCGTGTACCGCGGGGGTCCGTGCCTGTACCTCTGCAAC
CATCGCTCCTGGGCCGACTTTTTCATCGACGTGTACCTGACCCAGGGCCAGTCGGCCCT
CATGTCGCGGTGGCTGGTGTTCTTTGTCTTTCCCGTGTTCTGTACCTCCTGCCTGATCCT
CCGCGGCATCGTCCTCTTTAAGCGGGGCACGATCCTGGACAAGGAGGCGTTTAACGCC
TGGCTCGATGCTACGCGCGCCCGAAGCATCGTGCCGGGCCTGGTGGTCTACCCGGAGG
GGCATCGGTCCCTGAAGCCGACCTCGCTGCCGCTGAAGCGCGGGATGATCCACTACGC
CTTCTCTCGGCGCCTGCCAGTCCAACTGATCGTGACCTCGGGCAAGGAGCATGTGCTGA
GCGAGAAGACGATGTCGGTCAAGTTTGGCAAGACCCTCGTGACCTCGTACTCGAAGCC
GCTGAAGCCTAGCGATTACGCGACGTTTGATGCCTTCATGGCCGACATCCAGTCGAACT
GGGACCAGTGCTGGAAGGAGGCGTACACCGCTCCCGCTCGCGGCATGCCAGAGGICTC
CATGGCGGGCGCGCACTCTTACGCCTACCCACGCCTGACCTGGTGCCTCCAGCTCGCC
ATCACCGTCGTGTCCATCGTGATCCTGGGAGGGGTGCTGGCGGGCTCGTGGCGGGGCG
CCGCGGCCGTCCTCGCTGCCGCGGGCCCCGTCGGCCAACAGGTGCTCGTCTCCCcTGCT
CGCCCTGTGGGCGGGGGTCTCCCTCCTGCGATCGTTCCTCTGA gtaccacgeecgegeggegeacct

gagatggaggtacaggagtcaagtaactgaaagtttttatgataactaacaacaaagggtegtttctggccagegaatgacaagaacaagatte

tgagcgggcggoccgecggacccgacaaaacecttacgacgtggtaagaaaaacgtggeg

geegeategatacctgecaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtgtttgttgegtag

tgtgcatggtttagaataatacacttgatttcttgetcacggcaatceteggcettgtecegeaggttcaaccecatttcggagtetcaggtca
geegegeaatgaccagecgetacttcaaggacttgcacgacaacgecgaggtgagetatgtitaggacttgattggaaattgtegteg
acgcatattcgegetecgegacageacccaageaaaatgtcaagtgegttecgatttgegtecgeaggtegatgttgtgategtegge
geeggatecgeeggtetgtectgegettacgagetgaccaageacectgacgtecgggtacgegagetgagattegattagacataa
attgaagattaaacccgtagaaaaatttgatggtegegaaactgtgetcgattgecaagaaattgategtectecactecgeaggtege
catcatcgagcagggcegttgeteccggeggeggegectggetggggggacagetgticteggecatgtgtgtacgtagaaggatgaa
tttcagctggttttegttgcacagcetgtttgtgcatgatttgtttcagactattgttgaatgtitttagatttcttaggatgeatgatttgtetg

catgcgact

[0325] The construct can be written as

5’Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: PmorLPAAT2:PmPGH::3’Thia4.

Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from

CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.

reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
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the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the PmorLPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the PmorLPAAT?. The initiator ATG and terminator TGA codons of the
PmorLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is
indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0326] Table 85 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1215. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 85: Screen of primary transformants of CHK22 with pCHK1215.

FAME Profiles TAG Profile
Sample | c120 | C140 | 160 | C18:0 | C18:1 | 182 | o0 | a0 | c20:1 | W2 STI603
alpha (OP:00)
pCHKI215-1 | 0.04 | 128 | 27.52 | 2.88 | 5931 | 654 | 0.46 | 025 | 0.00 1.96
pCHKI2152 | 0.04 | 137 | 2849 | 323 | 55.59 | 8.12 | 0.90 | 040 | 0.00 165
pCHKI2153 | 0.04 | 134 | 27.96 | 2.94 | 58.55 | 6.86 | 0.49 | 027 | 0.00 1.56
pCHKI2154 | 0.04 | 137 | 28.10 | 329 | 5648 | 7.72 | 0.84 | 040 | 0.00 1.49
pCHKI2155 | 0.04 | 143 | 27.16 | 228 | 60.66 | 601 | 0.28 | 0.17 | 0.00 1.68
pCHKI215-6 | 0.04 | 155 | 2828 | 296 | 56.31 | 836 | 0.59 | 031 | 0.00 .55
pCHKI215-7 | 0.04 | 135 | 2828 | 2.87 | 57.63 | 731 | 0.52 | 027 | 0.00 1.63
CHK22
Contel 004 | 127 | 2729 | 245 | 5908 | 745 | 0.54 | 023 | 0.00 LS

Example 41: Expressing Volvox carteri f. weismannia (VcarfLPAAT2) in P. moriformis

strain CHK22 using the PmG3PDH promoter.
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[0327] VcarfLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression

construct pCHK 1216 contained 5' and 3" homology arms to permit its targeted integration into

the genome and is shown in Table 86.

Table 86: Integrative sequences for the transformation of P. moriformis with pPCHK1216
encoding VcarfLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

71

cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggcacggetetacacegtegagtacgee
atgaggceggtgatggcetgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gteectetgeageagatgagegtgactttggecatttcacgeactcgagtgtacacaatccatttttcttaaageaaatgactgetgatt
gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtcacceateggeatggageaggtecacttagattecegate
acccacgeacatctegetaatagtcattegttegtgtettegatcaatetcaagtgagtgtgeatggatettggttgacgatgeggtatg
ggtttgegeegetggetgeagggtetgeccaaggeaagetaaccecagetectetececgacaatactetegeaggeaaagecggtca
cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG(
IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]
IATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA]
IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|AT Gctgcetgeaggcecttectgticetgetggecggcticgecgecaagatcageg

cctecatgacgaacgagacgteegaccgecccctggtgeacttcacccccaacaagggctggatgaacgaccccaacggecigtggta
cgacgagaaggacgccaagtggeacctgtacttccagtacaacccgaacgacaccgtctgggggacgecectigtictggggecacgec
acgtccgacgacctgaccaactgggaggaccageccatcgccatcgecccgaagegeaacgactcecggegcecticteccggeteecatgg
tggtggactacaacaacacctccggcticticaacgacaccatcgacccgegecagegcetgegtggecatctggacctacaacaccccg
gagtccgaggagcagtacatctcctacagectggacggeggctacaccticaccgagtaccagaagaaccccgtgetggecgecaact
ccacccagticcgegacccgaaggtcttctggtacgagcecectcccagaagtggatcatgaccgeggeeaagtcccaggactacaagat

cgagatctactcctecgacgacctgaagtectggaagetggagicegegticgecaacgagggcticcteggetaccagtacgagigece
cggcectgatcgaggtccecaccgageaggaccccageaagtectactgggigatgttcarctccatcaaccccggegeeccggecggc

ggctecttcaaccagtacticgtcggeagcticaacggeacceacticgaggecticgacaaccagtcecgegtggtggacticggeaag

gactactacgccectgeagaccticticaacaccgaccegacctacgggagegecctgggeatcgegigggectccaactgggagtacte
cgccttcgtgeccaccaaccectggegctectecatgteectegtgegeaagtictcectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggcecgagcecgatcctgaacatcageaacgcecggeccctggagecggticgecaccaacaccacgtigac
gaaggccaacagctacaacgtcgacctgtccaacageaccggeaccctggagticgagetggigtacgecgtcaacaccacccagac
gatctccaagtecgtgttcgeggacctctecctetggticaagggcectggaggaccccgaggagtacctccgeatgggceticgaggtgtee
gegtectecticticctggaccgegggaacageaaggigaagticgtgaaggagaaccectacticaccaaccgeatgagegigaacaa

ccageecttcaagagegagaacgaccitgtectactacaaggtgtacggettgetggaccagaacatectggagetgtacttcaacgacg
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SEQID
NO:

Nucleotide Sequence

gegacgtegtgtecaccaacacctacttcatgaccaccgggaacgecectgggetecgtgaacatgacgacgggggiggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgact TAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGCGGCCGCGGCACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG

GAAGCATCACAGCACAACCGGTgcagcagcagcteggatagtatcgacacactetggacgetggtegtgtgatggac

tgttgccgcecacacttgctgectigaccigigaatatecctgecgctittatcaaacagecteagigtgtitgatetigtgigtacgcgctttigeg
agttgctagctgctigtgetatttgcgaataccacceccageatececttecctegtttcatatcgetigeatcecaaccgeaacttatctacge
tgtectgctateccteagegctgcetectgcetectgeteactgeccctegeacagcectiggtitgggctecgectgtattctectggtactgeaacce
fgtaaaccagcactgcaatgctgatgcacgggaagta, gtgggatgggaacacaaatggacctaggaaataacaatca
|CTCA GCCTACACGTCITCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGA CTGGGTCCCI
|AGCC TGGGTGGGTGCTCCCGCTCGATIGCTCGTGTCGGAGGCGGGGCACCCCCGCTIC TC|
|TCTA TITATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAA TTC|

UGCCTCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTTTAGACGGGAAGCAACCCG(
[ITCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC(
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA]
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACH
W CAAACATTITACTCCITAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC
EIATGAGCATTACCTCGAAGGCTCTGAGCCTGCCTTCCTTCCTGTTCACCGTGTTCGTCT
TCTACTGGTCCCTGCCTCTCTTCGCCATTATCTACCGCATCCGCTTTGCCAACGTGGGC
AAGCGGAACGATATGCTGGATTGGGCTAAGGCGCTCGTCGCCTTTTTCCGCGTCACCGT
CCTGAAGCAGGGTGAGATGTCCCTGTACCGCGGAGGCCGCTGCCTGTACCTGTGCAAC
CACCGCTCCTGGGCCGACTTTTTCATCGACACCTACCTGACGGAGGGACGCGCCGCGC
TCATGTCTCGGTGGATGGTGTTTTTCGCCTTTCCCGTGTTTTCCACGTCCGTCCTGATCC
TGCGCGGCATCGTCCTGTTTAAGCGGGGCCATATCGCCGACAAGGAGGCCTTTAACTCT
TGGCTCGACGCCACCCTGCGGAAGTCGACGGTGCCAGCCCTGCTCGTCTACCCGGAGG
GACACCGCTCTCTGAAGCCGCGCTCCCTGCCCCTCAAGCGCGGTATGCTGCATTTCGCG
TTCTCCCGCCAGCTCGCGGTGCAGATGGTCATCACGCGAGGCAAGGAGGAGGTGCTGA
GCGAGAAGACGTGCTCGGCCCGCTGGGGCCGCACCCTGGTCACCACGTACTCCAAGGT
GATCAAGCCCACGGACTACGACTCCTTTGACGCTTTTTTCAACGAGATCCAAACCACGT
GGGACGCCTGCTGGCAACTGTCGTACCACCAGCCCACCGAGGGCGTGCCCCAACTGTC
GCTGAAGGGCGCGCACGAGTACGACTACCCGGTGAACATGTGGTGGCTGCAACTGGGC
GTCACGCTCCTGTCCATCACGATCCTGGTGGCGGTCCTGTACGGGAGCTGGGTGGCGC
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SEQ ID

NO: Nucleotide Sequence

TGCGCGCGGGCGTCTCTTCCCTGGGCAGCTCCATCACGCAACAGGCGGTGGTCCTGGG
CGTGGCGGGCTGGCTCGGCGTGTCCCTCCTGCGGTCGTTCCTGT GAgtaccacgeecegegegge

cgcattgaaattgttgcaaaccecacctgacagattgagggcccaggeaggaa

aagattccacatttcegtgtagaggcttgccatcgaatgtgageg

geggeggecgeategatacctgeaggacagegecatgecacgecectttgatggettcaagtacgattacggtgttggattgtgtgtitgtt
gegtagtgtgcatggtttagaataatacacttgatttcttgetcacggeaateteggettgtecgeaggttcaaceccattteggagtete

aggtcagecgegcaatgaccagecgctacttcaaggacttgeacgacaacgecgaggtgagetatgtttaggacttgattggaaatt
gtegtegacgcatattegegetecgegacageacccaageaaaatgtcaagtgegttecgatttgegtecgeaggtegatgttgtgate
gteggegecggatecgeceggtetgtectgegettacgagetgaccaageaccecetgacgteegggtacgegagetgagattegattaga
cataaattgaagattaaacccgtagaaaaatttgatggtcgegaaactgtgctegattgcaagaaattgategtectecactecgeag
gtegecatcatcgageagggegttgeteceggeggeggegectggetggggggacagetgttcteggecatgtgtgtacgtagaagg
atgaatttcagctggttttcgttgcacagetgtitgtgeatgatttgtitcagactattgttgaatgtttttagatticttaggatgcatgattt
gtetgeatgegact

[0328] The construct can be written as

5°Thiad::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: VcarfLPAAT2:PmPGH::3 Thia4.
Proceeding in the 5' to 3 direction bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the VearfLPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the VearfLPAAT2. The initiator ATG and terminator TGA codons of the
VearfLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is
indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0329] Table 87 shows the fatty acid/TAG profiles of seven primary transformants of CHK22

transformed with pCHK1216. The P. moriformis base strain CHK22 is shown as a non-transgenic
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control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 87: Screen of primary transformants of CHK22 with pCHK1216.

FAME Profiles 53 TAG Profile

Sample C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 C20:0 | C20:1 | MWz 577/603

alpha (OP:00)
pCHKI216-1 | 0.04 | 1.34 | 2827 | 2.83 | 5748 | 753 | 049 | 025 | 0.00 320
pCHKI216-2 | 0.04 | 1.36 | 28.16 | 2.76 | 57.88 | 741 | 047 | 024 | 0.00 325
pCHK12163 | 0.04 | 140 | 2856 | 2.78 | 56.79 | 804 | 050 | 025 | 0.00 338
pCHKI1216-4 | 0.04 | 1.37 [ 2836 | 282 [5735| 767 | 050 | 025 | 0.00 3.11
pCHKI1216-5 | 0.04 | 1.31 [ 28.00 | 296 | 58.66 | 6.65 | 049 | 027 | 0.00 1.56
pCHK1216-6 | 0.04 | 1.31 | 2665 | 234 | 5833 | 880 | 050 | 022 | 0.00 336
pCHK1216-7 | 0.04 | 1.40 | 2838 | 2.67 | 57.13 | 793 | 050 | 024 | 0.00 3.10
CHK22 Control | 0.04 | 127 | 2729 | 245 | 59.08 | 745 | 054 | 023 | 0.0 15

Example 42: Expressing Eudorina cylindrica (EcyILPAAT2) in P. moriformis strain CHK22
using the PmG3PDH promoter.

[0330] EcyILPAAT2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK1217 contained 5' and 3" homology arms to permit its targeted integration into
the genome and is shown in Table 88.

Table 88: Integrative sequences for the transformation of P. moriformis with pCHK1217
encoding EcylLPAAT2.

SEQID
NO:
72

Nucleotide Sequence

cectecaactgegacgetgggaaccttetecgggeaggegatgtgegtggstitgectecttggeacggetetacacegtegagtacgee
atgaggceggtgatggctgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gtecctetgeageagatgagegtgactttggecatttcacgeactegagtgtacacaatcecatttttettanagcaaatgactgetgatt

gaccagatactgtaacgctgatttcgctccagategeacagatagegaccatgttgetgegtetgaaaatctggattecgaattegace
ctggegctecatecatgeaacagatggegacacttgttacaattectgtecacecateggeatggageaggtecacttagatteccgate
acccacgeacatctegetaatagtcattegttegtgtettegatcaatetcaagtgagtgtgeatggatcettggttgacgatgeggtatg

ggtttgegeegetggetgeagggtetgeccaaggeaagetaacccagetectetececgacaatactetegeaggeaaagecggtca

cttgecttccagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC

IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
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SEQ ID
NO:

Nucleotide Sequence

ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]

IATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA]

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA]

|GTCACAACCCGCAAACTGTACA|AT Gctgcetgeaggcecttectgticetgetggecggcttcgecgecaagatcageg

cctceatgacgaacgagacgteccgaccgeeccctggtgeacticacccccaacaagggctggatgaacgaccccaacggectgiggta
cgacgagaaggacgccaagtggeacctgtacttccagtacaacccgaacgacaccgictgggggacgecctigtictggggecacgee
acgtcegacgacctgaccaactgggaggaccagceccatcgecatcgecccgaagegeaacgactecggegecticteeggeteeatgg
tggtggactacaacaacacctceggcticticaacgacaccatcgacccgcgecagegetgegtggecatctggacctacaacaccccg
gagtccgaggagceagtacatctcctacagectggacggeggctacaccttcaccgagtaccagaagaacceegtgetggecgecaact
ccacccagttcegegaccegaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtecccaggactacaagat
cgagatctactcctccgacgacctgaagtcctggaagetggagiccgegticgecaacgagggcttcctcggcetaccagtacgagigece
cggcecetgatcgaggiccecaccgageaggaccecageaagicetactgggtgatgticatctccatcaacceeggegeeccggecgge
ggctecttcaaccagtacticgtcggeagcticaacggcacceacticgaggcecticgacaaccagtcecgegiggtggacttcggeaag
gactactacgccctgeagaccticttcaacaccgacccgacctacgggagegeectgggeatcgegtgggectccaactgggagtacte
cgecttegtgeccaccaaccectggegctectecatgicectegtgegeaagttcteectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggcecgagcecgatcctgaacatcagceaacgcecggcececctggagecggticgecaccaacaccacgttgac
gaaggccaacagctacaacgtcgaccigtccaacageaccggeaccctggagticgagetggigtacgecgtcaacaccacceagac
gatctccaagteegtgttcgeggaccteteectetggticaagggectggaggaccecgaggagtacctecgeatgggceticgaggigtee
gegtectecticttcectggaccgegggaacagceaaggigaagticgtgaag gagaaccectacttcaccaaccgeatgagegtgaacaa
ccagccecttcaagagegagaacgacctgtectactacaaggigtacggetigetggaccagaacatcectggagctgtacticaacgacg
gegacgtegtgtecaccaacacctacttcatgaccaccgggaacgcecectgggetcegtgaacatgacgacgggggiggacaacctgtic
tacatcgacaagttccaggtgcgcegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGCCGCCCCCCCGCGCGCTTTGTCCCCCTCGCGGGCCCCGCCGCCCGCCGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGCGGCGCGGCCGCGCGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG

GAAGCATCACAGCACAACCGGTgcagcagcagcteggatagtatcgacacactetggacgetggtegtgtgatggac

tgitgccgcecacacttgcetgectigaccigigaatatecctgecgctittatcaaacagecteagigtgtitgatettgtgigtacgcgctttigeg
agttgctagctgctigtgctatitgcgaataccacccccagceatccccticcctegtticatatcgettgeateccaaccgeaacttatctacge
fgtectgctateccteagegcetgctectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaacc
tgtaaaccagcactgcaatgctgatgcacgggaagta, gtgggatgggaacacaaatggacctaggaaataacaatca
|CTCA GCCTACACGTCITCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGA CTGGGTCCC|

WGCCTGGGTGGGTGCTCCCGCTCGATTGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT]

[TCTATTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
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SEQID
NO:

Nucleotide Sequence

WGCCTCAACAAGCCGAGTTGTGCACAAGGGAGA CTAATTTTTTAGACGGGAAGCAACCCG(

[ITCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC(

IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA]
|TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACCl
WCAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC

@ATGTCCCTGATCTCGAAGGCTCTGTCGCTCCCGTCTTTCCTCTTTTCGGTCTTCGTGTT
CTACTGGTCGCTGCCTTTTTTCGCCACCACGTACCGCATCCGCTTCGCCAACGTCGGTA
AGCGAAACGACATGCTGGACTGGGCTAAGACGCTGGTCGCGTTTTTCCGCGTCACCGT
CCTGAAGCAGGGCAACATGTCCCTCTACCGTGGGGGCCGCTGCCTGTACCTGTGCAAC
CACCGCTCCTGGGCCGACTTTTTCATCGACACCTACCTGACGGAGGGCCGLCGLCGGLCCC
TGATGTCCCGGTGGCTCGTGTACTTTGTCTTCCCCGTGTTCTGCACGAGCGTGATTATC
CTCCGAGGGATCGTGCTGTTTAAGCGTGGCCACATCGCGGACAAGGAGGCTTTTAACG
CGTGGCTCGACGCCACGTTCTCCCGCAGCATCGTGCCGGGCCTCCTGGTGTACCCCGA
GGGGCACCGCTCCCTGAAGCGCACCTCTCTGCCCCTGAAGCGGGGTATGATGCACTAC
GCTTACTCGCGCCGAATCCCCGTGCAACTGATCGTGACCCGCGGCAAGGAGGAGGTCC
TGTCGGAGAAGACCCTCTCGGCGCGGTGGGGCCGAACCCTGGTCACGACCTACAGCAA
GGTCCTGAAGCCGTCCGACTACGACTCCTITCGACGCCTTCTTTAACGACATCCAGGCGC
AGTGGGACGCCTGCTGGAAGACGAGCTACGACACCCCAGCCGCGGGCGTCCCGCAGCT
CTCCATGGTCGATGCCCACGAGTACGACTACCCCCGTCGAATGTGGTGGCTGCAACTG
GGCATGACCCTCCTGTCCATCGTGATCCTGGCCGCGGTCCTGTGGGGCTCCTGGCTGG
GCATCCGTGCGGGCCTGGCCACGCTGGGCTCCCTCCAGCAACAGGCCGTCGTGTGGGG
CGCTTCCGGCTGGCTGGGCGCCTCGCTCCTGCTCTCGTTCTTCTGA gtaccacgeecgegeggeg

cacctgacctgttctectcgagggcgectgttectgecttgegaaacaageccectggageatgegtgcatgategtetetggegeccegeegege

tt atggaggotacaggagtcaagtaactgaaagtttitateataactaacaacaaagggtcgtttctggccagcgaatgacaagaaca

cggeggecgeatcgatacctgcaggacagegecatgecacgeectttgatggettcaagtacgattacggtgttggattgtgtgtttatts

cgtagtgtgcatggtttagaataatacacttgatttettgctcacggeaateteggettgtecgeaggttecaaccccattteggagtctea
ggtcagecgegeaatgaccagecgetacttcaaggacttgcacgacaacgecgaggtgagetatgtttaggacttgattggaaattgt
cgtcgacgcatattcgegetecgegacageacccaageaaaatgtcaagtgegttecgatttgegtecgcaggtegatgttgtgategt
cggegeeggatecgeeggtetgtectgegettacgagetgaccaageaccetgacgtecgggtacgegagetgagattegattagac

ataaattgaagattaaacccgtagaaaaatttgatggtcgegaaactgtgetegattgeaagaaattgategtectecactecgeagg
tcgecatcatcgageagggegttgeteceggeggeggegectggetggggggacagetgticteggecatgtgtgtacgtagaagga

tgaatttcagctggttttegttgcacagcetgtttgtgcatgatttgtttcagactattgttgaatgtttttagatttcttaggatgcatgatttg
tetgeatgegact
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[0331] The construct can be written as

5’Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: Ecyl/LPAAT2:PmPGH::3’Thia4.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii f-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the EcyI[LPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the EcyILPAAT2. The initiator ATG and terminator TGA codons of the
EcylLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is indicated
by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed by the
CHK?22 Thia4 genomic region indicated by bold, lowercase text.

[0332] Table 89 shows the fatty acid/TAG profiles of eight primary transformants of CHK22
transformed with pCHK1217. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 89: Screen of primary transformants of CHK22 with pCHK1217.

FAME Profiles 53 TAG Profile

Sample C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 C20:0 | C20:1 | m/z577/603

alpha (OP:00)
pCHK1217-1 003 | 125 [ 27.10 | 286 | 6021 | 645 | 048 | 022 | 0.00 1.7
pCHK1217-2 | 0.04 | 129 | 26.09 | 251 | 59.66 | 812 | 051 | 020 | 0.04 1.8
pCHK1217-3 | 0.03 | 1.31 | 27.08 | 321 | 60.00 | 633 | 050 | 022 | 0.00 1.6
pCHK1217-4 | 0.03 | 129 | 2733 | 3.04 5962 | 659 | 050 | 023 | 003 15
pCHKI1217-5 | 0.04 | 147 | 2755 | 250 | 5897 | 7.06 | 057 | 021 | 0.5 1.6
pCHK1217-6 | 0.03 | 1.19 | 2665 | 291 | 60.50 | 660 | 049 | 024 | 003 1.7
pCHKI1217-7 | 003 | 1.24 [ 2695 | 3.00 | 60.13 | 655 | 050 | 0.24 | 0.03 1.6
pCHK1217-8 | 0.04 | 1.33 | 27.76 | 2.84 | 5786 | 7.86 | 0.60 | 0.25 | 0.00 2
CHK22 Control | 0.04 | 14 | 258 | 269 | 6183 | 651 | 036 | 0.16 0 15
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Example 43: Expressing Gonium multicoccum (GmulLPAAT?2) in P. moriformis strain
CHK22 using the PmG3PDH promoter.

[0333] GmulLPAAT2 was introduced into a P. moriformis strain CHK22. The expression

construct pCHK 1218 contained 5’ and 3’ homology arms to permit its targeted integration into

the genome and is shown in Table 90.

Table 90: Integrative sequences for the transformation of P. moriformis with pCHK1218
encoding GmulLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

73

cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtttgectecttggeacggetetacacegtegagtacgee
atgaggceggtgatggcetgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gteectetgeageagatgagegtgactttggecatticacgeactegagtgtacacaatccatttttcttaaagcaaatgactgetgatt

gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaatteetgtcacccatecggeatggageaggtecacttagattecegate
acccacgeacatctegetaatagteattegttegtgtettegatcaatetcaagtgagtgtgcatggatettggttgacgatgeggtatg

ggtttgegeegetggetgeagggtetgeccaaggceaagetaacccagetectetecccgacaatactetegeaggeaaageeggtea

cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG(

IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]

ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGAC]

|ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA]

|GTCACAACCCGCAAACTGTACAIAT Gctgcetgeaggcecttectgticetgetggecggcttcgecgecaagatcageg

ccteecatgacgaacgagacgtcecgaccgecccctggtgeacttcacceccaacaagggctggatgaacgaccccaacggecigtggta
cgacgagaaggacgccaagtggeacctgtacticcagtacaacccgaacgacaccgtctgggggacgecectigtictggggecacgec
acgtcecgacgacctgaccaactgggaggaccageccatcgecatcgeeccgaagegeaacgacteeggegecticteeggceteeatgg
tggtggactacaacaacacctceggcticticaacgacaccatcgacccgegecagegcetgegtggecatctggacctacaacaccccg
gagtccgaggagceagtacatctectacagectggacggeggctacaccticaccgagtaccagaagaaccecgtgetggecgecaact
ccacceagticegegaccegaaggtctictggtacgagecctececcagaagtggateatgaccgeggecaagicccaggactacaagat
cgagatctactcctecgacgacctgaagtectggaagcetggagicegegticgecaacgagggcticcteggcetaccagtacgagigece
cggectgatcgaggtecccaccgageaggaccecageaagtectactgggtgatgticatctecatcaaccecggegecccggecgge
ggctcecttcaaccagtacticgteggeagcticaacggceacccacticgaggecttcgacaaccagtecccgegtggtggacticggeaag
gactactacgccctgeagaccticticaacaccgaccegacctacgggagegecctgggeatcgegigggectccaactgggagtactc
cgecttegtgeccaccaaccectggegcetectecatgtecctegtgegeaagtictecctecaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggcecgagcecgatcctgaacatcagceaacgcecggcececctggagecggticgecaccaacaccacgttgac
gaaggccaacagctacaacgtcgaccigtccaacageaccggeaccctggagticgageiggigtacgecgtcaacaccacccagac

gatctccaagteegtgttcgeggacctetecctetggttcaagggectggaggaccecgaggagtaccteegeatgggcettegaggtgtee

-170-




WO 2025/096830 PCT/US2024/053965

SEQID
NO:

Nucleotide Sequence

gegtectectictteetggacegegggaacageaaggtgaagitegtgaag gagaaccectacticaccaaccgeatgagegtgaacaa
ccagceccttcaagagcegagaacgacctgtectactacaaggtgtacggcttgerggaccagaacatcctggagctgtacttcaacgacg
gegacgtegtgtccaccaacacctacttcatgaccaccgggaacgeectgggceteegtgaacatgacgacgggggiggacaacctgtic
tacatcgacaagticcaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCGCCGCGCCCTTTCTCGCCCTCCCGGGCGCCGCGGCCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGGGCCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG
GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgcetggtegtgtgatggac

tgttgecgecacacttgetgectigacctgtgaatatccctgecgctittatcaaacagecteagigtgtitgatctigtgtgtacgegcettitgeg
agttgctagcetgcetigigctatitgcgaataccacceccageatccccticcctegtticatategettgeateccaaccgeaacttatctacge
tgtectgctateccteagegetgcetectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaace
tgtaaaccagceactgcaatgctgatgeac gggaagtagtgggatgggaacacaaatggacctaggaaataacaatca
|CTCAGCCTA CACGTCTTCTCCGATACCTTTCCCTCATTGCATTTITATGCCAGA CTGGGTCCC|
|AGCCTGGGTGGGTGCTCCCGCTCGA TTGCTCGTGTCGGAGGCGGGGCA CCCCCGCTCTC|
|TCTA TTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAA TTC|
|AGCCTCAA CAAGCCGAGTTGTGCACAAGGGAGACTAATTITTTAGACGGGAAGCAA CCCGC]
|TTCCA GAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGA TCTGGCd
|GATGAGGTGCCCGAAA CCCGTGTACAGCTCAGCGGCTGGGATCA TCGACCCCCGGGATCA|
|TCGA CCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAA CC|
|ACAAA CATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCA CC]
E]ATGGGTGCGGCCGGAAAGCTGCTCTCCCTCCCATCCTTTCTGTTCAGCGTGTTTGTCT
TTTACTGGAGCCTGCCAATCTTCGCGCTGGTGTACCGTATCCGATTCGCCAGCTCCGGC
CGACGCAACGACATGCTCGACTGGGCTAAGAGCATCGTCCGGTTCTTTGGCGTGACCG
TCGTGAAGGTGGGCGAGAACAGCCTGTACCGCGAGGGGCCATGTCTGTACCTGTGCAA
CCACCGCTCGTGGGCCGATTTTTTCATCGACGCTTACCTCACCGAGGGACGAGCGGLCCC
TGATGTCGCGCTGGCTGGTGTTTTTCGTGTITTCCCGTGTTCTGCACCTCCTGCCTGATC
CTGCGCGGCATCGTCCTCTTCAAGCGGGGCACCATCGCCGACAAGGAGGGCTTCAACC
GCTGGCTCGACTCCAAGCTGGGCTCCTCGCACGTGCCTGGTCTCCTGGTCTACCCTGAG
GGCCACCGCAGCCTCCGCCCCTCTTCGCTGCCGCTGAAGCGCGGTATGCTCCACTACG
CCTACGGCCGGAAGCTCGCCGTGCAGATTATCTGCACGGCGGGGAAGGAGGGGGTGAT
GTCGGAGAAGACCATGGCCGTGCACTTCGGCCGGACGCTCGTCACGACCTTCAGCCAG
GTCCTGCGCCCATCTGAGTACCCCACCTTCGACGCCTTTTTCGCGGCCGTGCAGTCCGC
GTGGGATGCGAGCTGGAAGGCCGCGAACCAGACCCCCTCGGCGGGCCTGCCCCGCCTG
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SEQ ID

NO: Nucleotide Sequence

TCCATGGAGGGAGCGCAGGACTACGACTACCCGCCCGCGATGCGCGCGCAGCAACTGG
GAGTGACCCTCCTGAGCTTCGTGGTCTTCGGAGGCGCCCTGCTCGTCACGTGGCGACT
CCTGGCTGCCCTCCTGGCGGCTGCGGGTGCGGCCCAACAGGCTGTCGCCCTGCTCCTG
GCGGGCTGGACGGGCGTCTCTATGCTCCGCAGCTTCCTGTGA gtaccacgeccgegeggcgeacctg

ccgeatcgatacctgeaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtgtttgttgegtagt

gtgcatggtttagaataatacacttgatttcttgetcacggceaateteggettgtecgeaggttcaaccecattteggagtetcaggteag
ccgegeaatgaccagecgctacttcaaggacttgeacgacaacgecgaggtgagetatgtttaggacttgattggaaattgtegtega
cgecatattcgegetecgegacageacccaageaaaatgtcaagtgegttecgatttgegtecgeaggtegatgttgtgategteggeg
ceggatecgecggtetgtectgegettacgagetgaccaageaccctgacgtecgggtacgegagetgagattegattagacataaat
tgaagattaaacccgtagaaaaatttgatggtegegaaactgtgetegattgeaagaaattgategtectecactecgeaggtegeea
tcatcgagcagggcegttgcteceggeggeggegectggetggggggacagetgttcteggecatgtgtgtacgtagaaggatgaattt
cagctggttttcgttgcacagcetgtttgtgcatgatttgtttcagactattgttgaatgtttitagatttcttaggatgcatgatttgtetgeat
gegact

[0334] The construct can be written as
5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH:Gmul LPAAT2:PmPGH::3’Thia4.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii -tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the GmulLLPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the GmulLPAAT2. The initiator ATG and terminator TGA codons of the
GmulLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is
indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.
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[0335] Table 91 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1218. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 96 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 91: Screen of primary transformants of CHK22 with pCHK1218.

FAME Profiles TAG Profile
Sample | 0150 | c140 | c160 | c18:0 | c18:1 | c1s2 | S0 | €200 | 201 | WE 577603
alpha (OP:00)

pCHKI218-1 | 0.04 | 1.51 | 2872 | 337 | 5227 | 11.15 | 114 | 029 | 0.00 39
PCHK12182 | 0.03 | 1.29 | 2695 | 330 | 5947 | 685 | 050 | 027 | 0.03 16
pCHKI12183 | 0.03 | 132 | 27.80 | 2.83 | 57.95 | 7.92 | 0.51 | 022 | 0.00 37
pCHK12184 | 0.03 | 133 | 2771 | 275 | 57.81 | 821 | 0.51 | 021 | 0.00 42
pCHKI12185 | 0.03 | 133 | 2758 | 3.13 | 57.84 | 7.97 | 052 | 024 | 0.00 38
PCHK1218-6 | 0.04 | 1.59 | 2847 | 2.82 | 56.81 | 840 | 033 | 0.19 | 0.00 35
PCHKI1218-7 | 0.04 | 137 | 2824 | 2.83 | 5734 | 803 | 052 | 021 | 0.00 39
CHK22 Control | 0.04 | 14 | 258 | 2.69 | 61.83 | 651 | 036 | 0.16 | 0 s

Example 44: Expressing Gonium viridistellatum (GvirLPAAT2) in P. moriformis strain
CHK22 using the PmG3PDH promoter.

[0336] GvirLPAAT2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK 1219 contained 5’ and 3" homology arms to permit its targeted integration into
the genome and is shown in Table 92.

Table 92: Integrative sequences for the transformation of P. moriformis with pCHK1219
encoding GvirLPAAT?2.

SEQID
NO:
74

Nucleotide Sequence

cectecaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtttgectecttggeacggetetacacegtegagtacgee
atgaggceggtgatggcetgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gtcectetgeageagatgagegtgactttggecatticacgeactegagtgtacacaatcecatttttettaaagcaaatgactgetgatt
gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaatteetgtcacceateggeatggageaggtecacttagattecegate
acccacgeacatctegetaatagteattegttegtgtettegatcaatetcaagtgagtgtgcatggatettggttgacgatgeggtatg
ggtttgegecgetggetgeagggtetgeccaaggeaagetaacccagetectetecccgacaatactetegeaggeaaageeggtea

cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagectetggegteceetgececgeecaccageecacgecgegeggeagtegetgecaaggetgteteggalCTTTCTTGC
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SEQ ID
NO:

Nucleotide Sequence

IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG(

IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]

|ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|AT Gctgcetgeaggcecttectgticetgetggecggcttcgecgecaagatcageg

ccteecatgacgaacgagacgteegaccgeeccctggtgeacticacccccaacaagggcetggatgaacgaccecaacggectgtggta
cgacgagaaggacgccaagtggeacctgtacttccagtacaaccegaacgacaccgictgggggacgecctigtictggggeeacgec
acgtccgacgacctgaccaactgggaggaccagceccatcgecatcgecccgaagegeaacgactecggegcectitctecggetecatgg
tggtggactacaacaacacctcecggcticttcaacgacaccatcgacccgegecagegetgegtggeeatctggacctacaacaccccg
gagtccgaggagcagtacatctectacagectggacggeggctacaccttcaccgagtaccagaagaacceegtgetggecgeecaact
ccacccagttcegegaccegaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagtectggaagetggagteegegticgecaacgagggcticctcggetaccagtacgagtgece
cggectgategaggtecceaccgageaggacceccageaagtectactgggtgatgticatctecatcaaccecggegeeccggecgge
ggctecttcaaccagtacticgteggeagcticaacggceacccacttcgaggecttcgacaaccagteccgegtggtggacttcggeaag
gactactacgccctgeagaccticttcaacaccgaccegacctacgggagegecctgggeatcgegtgggectecaactgggagtactce
cgecttegtgeccaccaaccectggegetectecatgtecctegtgegeaagtictecctecaacaccgagtaccaggecaacceggagac
ggagctgatcaacctgaaggceegagecgatcctgaacatcageaacgeeggeccctggagecggticgecaccaacaccacgtigac
gaaggccaacagctacaacgtcgacctgtccaacageacceggeaccectggagticgagetggigtacgeegtcaacaccacecagac
gatctccaagtecgtgttcgeggaccicteecterggticaagggcectggaggaccccgaggagtacctccgeatgggceticgaggtgtee
gegtectecticttcetggaccgegggaacageaaggtgaagitegtgaag gagaaccectacticaccaaccgeatgagegtgaacaa
ccageecttcaagagegagaacgacctgtectactacaaggigtacggettgetggaccagaacatectggagetgtacticaacgacg
gegacgtegtgtccaccaacacctacttcatgaccaccgggaacgccctgggcerccgtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCGCCGCGCCCTTTGTCGCCCTCCCGGGCGCCGCGGCCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGCGGCCGCGCGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG

GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgetggtegtgtgatggac

tgttgccgcecacacttgetgectigaccigigaatatecctgecgctittatcaaacagectecagtgtgtitgatettgtgigtacgcgctttigeg
agttgctagcetgcetigigctatitgecgaataccacccccageatccccticcctegtticatategetigeatcccaaccgeaacttatctacge
tgtectgctateccteagegetgcetectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaacc
tgtaaaccagceactgcaatgctgatgeac gggaagtagtgggatgggaacacaaatggacctaggaaataacaatca
|CTCAGCCTA CACGTCITCTCCGATACCYTTCCCTCATTGCATITTATGCCAGACTGGGTCCd
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SEQID
NO:

Nucleotide Sequence

UWGCCTGGGTGGGTGCTCCCGCTCGATTGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT(
[TCTATTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
WGCCTCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTTTAGACGGGAAGCAACCCG(
[TTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGCC
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA|
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACH
UCAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCA CAAGTAATCAACTCACQ
BIAT GGGTGCGGCCTCGAAGCTCCTGGGCCTGCCATCCTTCCTGTTCTCCGTCTTCGTCT
TTTACTGGTCCCTGCCCATCTTCGCCATCGTCTACCGCATCCGCTTCGCTTCCCCAGGG
CGGCGCAACGACATGCTGGACTGGGCCAAGTCGATTGTGGGTTTTTTCGGCGTGGCCG
TCCACAAGGCGGGTACGAACAGCCTGTACCGAGACGGCCCGTGCCTGTACCTCTGTAA
CCACCGCTCTTGGGCGGACTTTTTCATCGACGCCTACCTCACGGAGGGCCGTGCGGCTC
TGATGTCGCGCTGGCTGGTCTTTTTCGTGTTCCCCGTGTTCTGCACGAGCTGCCTGATC
CTCCGCGGTATCGTCCTCTTCAAGCGCGGCACCATCGCGGACAAGGAGGCCTTTAATAG
CTGGCTGGACGCTACGCTCGGCCGCTCCATCGTGCCCGGTCTCCTGGTCTACCCCGAG
GGCCACCGTTCCCTGCGCCCCGCCTCCCTGCCGCTGAAGCGCGGCATGCTGCACTACG
CTTTTGGTCGCAAGCTGCCCGTGCAGGTGGTCTGCACCGCTGGCAAGGAGGGAGTCAT
GTCGGAGAAGACCATGGCTGTGCGCTTCGGCCGTCGCCTCGTCACCAACTTCTCCCAG
GTGATCCGCCCTGCCGACTTCCCAACGTTCGACGCCTTCAGCGCGGCCGTCCAGTCCGC
CTGGGACGGCTGCTGGAAGGCGGCCTACGAGACCCCCGCTGCGGGCCTCCCTCGCCTG
TCCATGGAGGGCTCGCATGAGTACGAGTACGACTACCCCGCCCCCATGCGCGTCCTCC
AAGTCTGCATCACGCTCCTGTCCATCGTCCTCTTCCTGGGCGTCCTGCTCGGCTCCTGG
CGCGCGCTGGCCGCTGCCCTGGCTGCCGCGGGCGCGGCTCAGCAAGTCGTGGTCGLCCC
TCCTGGCGACGTGGCTGGGCGCGTCCATGCTCCGCTCTTGCCTCTGA gtaccacgeccgegegg

cgeacctgacctgttctetcgagggcgectgttctgecttgegaaacaageecctggageatgegtgcatgategtetetggegeccegecge

gcggtttgtcgecctegegggegecceggecgey cattgaaattgttgcaaacccecacctgacagattgagggeccaggeagga

caagattccacatttccgtgtagaggcttgccatcgaatgtgagegggegggccgeggacccgacaaaaccecttacgacgtggtaagaaaa

cgeggeggecgeatcgatacctgcaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtgtitg
ttgegtagtgtgcatggtttagaataatacacttgatttcttgctcacggeaateteggettgtecgeaggttcaacceccatttcggagtet

caggtcagccgegcaatgaccagecgetacttcaaggacttgecacgacaacgecgaggtgagetatgtttaggacttgattggaaat
tgtegtegacgcatattegegeteegegacageacccaageaaaatgtcaagtgegttecgatttgegtecgecaggtegatgttgtgat
cgteggegecggatecgeceggtetgtectgegettacgagetgaccaageacectgacgteegggtacgegagetgagattegattag
acataaattgaagattaaacccgtagaaaaatttgatggtcgegaaactgtgctegattgecaagaaattgategtectecactecgea

ggtegecatcatcgagceagggegttgeteceggeggeggegeetggetggggggacagetgtteteggecatgtgtgtacgtagaag
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SEQ ID

NO: Nucleotide Sequence

gatgaatttcagctggttttcgttgcacagetgtttgtgcatgatttgtttcagactattgttgaatgtttttagatttcttaggatgcatgat
ttgtctgcatgegact

[0337] The construct can be written as

5°Thiad::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: GvirLPAAT2:PmPGH::3 Thia4.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the GvirLPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the GvirLPAAT?2. The initiator ATG and terminator TGA codons of the
GvirLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is indicated
by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed by the
CHK?22 Thia4 genomic region indicated by bold, lowercase text.

[0338] Table 93 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1219. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 93: Screen of primary transformants of CHK22 with pCHK1219.

FAME Profiles = TAG Profile

Sample C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C1822 T €20:0 | €20:1 | m/z 577/603

alpha (OP:00)
pCHK1219-1 | 0.04 | 1.47 | 2849 | 3.05 | 57.19 | 7.66 | 053 | 022 | 0.00 35
pCHK12192 | 0.04 | 1.40 | 2861 | 2.69 | 57.45 | 7.61 | 053 | 021 | 0.00 3.6
pCHK1219-3 | 0.04 | 1.40 | 2880 | 277 | 57.34 | 749 | 052 | 021 | 0.00 3.6
pCHK1219-4 | 0.06 | 2.05 | 29.69 | 2.95 | 54.85 | 8.02 | 0.73 | 021 | 0.00 32
pCHK1219-5 | 0.04 | 1.45 | 2874 | 2.88 | 56.88 | 7.84 | 053 | 022 | 0.00 34
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pCHK1219-6 0.04 1.42 | 29.01 | 3.19 | 57.37 | 6.86 0.47 0.26 0.00 23
pCHK1219-7 0.04 1.34 | 27.57 | 2.54 | 58.15 | 8.13 0.54 0.20 0.00 3.6
pCHK1219-8 0.04 1.49 | 2895 | 3.11 | 56.65 | 7.65 0.53 0.23 0.00 33
CHK22 Control | 0.04 14 25.8 269 | 61.83 | 651 0.36 0.16 0 1.5

Example 45: Expressing Volvox ferrisii (VferLPAAT2) in P. moriformis strain CHK22 using
the PmG3PDH promoter.
[0339] VferLPAAT2 was introduced into a P. moriformis strain CHK22. The expression

construct, pCHK 1220, contained 5' and 3" homology arms to permit its targeted integration into

the genome and is shown in Table 94.

Table 94: Integrative sequences for the transformation of P. moriformis with pCHK1220
encoding VferLPAAT?2.

SEQ ID
NO:

Nucleotide Sequence

75

cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggcacggetetacacegtegagtacgee
atgaggceggtgatggcetgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gtecctetgecageagatgagegtgactttggecatttcacgeactegagtgtacacaatcecatttttettaaagcaaatgactgetgatt
gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtcacecateggeatggageaggtcecacttagatteccgate
acccacgeacatctegetaatagtcattegttegtgtettecgatcaatetcaagtgagtgtgeatggatcettggttgacgatgeggtatg
ggtttgegeegetggetgeagggtetgeccaaggeaagetaaccecagetectetececgacaatactetegeaggeaaageeggtca
cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]
IATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA]
IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA
|GTCACAACCCGCAAACTGTACA|A TGecetgetgeaggcectteetgticetgetggeeggcticgecgecaagatcageg

cctecatgacgaacgagacgtcegaccgeeeectggtgeacttcaccecccaacaagggcetggatgaacgaccccaacggectgtggta
cgacgagaaggacgccaagtggeacctgtacticcagtacaaccegaacgacaccgictgggggacgccctigtictggggeeacgcc
acgtccgacgacctgaccaactgggaggaccagceccatcgecatcgecccgaagegeaacgactecggegecttctceggeteeatgg
tggtggactacaacaacacctcecggcticttcaacgacaccatcgacccgegecagegetgegtggecatctggacctacaacaccccg
gagtccgaggagcagtacatctcctacagectggacggeggctacaccticaccgagtaccagaagaaccccgtgetggecgecaact
ccacccagttccgegacccgaaggtettctggtacgagcecctcccagaagtggatcatgaccgeggcecaagtcccaggactacaagat

cgagatctactcctccgacgacctgaagtectggaagetggagteegegticgecaacgagggcttectcggcetaccagtacgagtgece
cggectgatcgaggitccccaccgageaggaccccagceaagiectactgggtgatgtrcatctccarcaaccccggegecccggecgge

ggctecttcaaccagtacttcgteggeagcttcaacggeacceacttcgaggecticgacaaccagteeegegtggtggacttcggeaag
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SEQ ID
NO:

Nucleotide Sequence

gactactacgccectgeagaccticticaacaccgaccegacctacgggagegecctgggeatcgegtgggectecaactgggagtactce
cgccttcgtgeccaccaaccectggegctectecatgteectegtgegeaagtictcectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggceegagecgatectgaacatcageaacgeeggeccctggagecggticgecaccaacaccacgtigac
gaaggccaacagctacaacgtcgacctgtccaacageacceggeaccectggagticgagetggigtacgeegteaacaccacecagac
gatctccaagtecgtgticgeggaccicteectetggticaagggectggaggaccccgaggagtacctccgeatgggceticgaggtgtee
gegtectecticttcetggaccgegggaacageaaggtgaagitegtgaaggagaaccectacticaccaaccgeatgagegtgaacaa
ccageecttcaagagegagaacgacctgtectactacaaggtgtacggettgetggaccagaacatectggagetgtacttcaacgacg
gegacgtcgtgtccaccaacacctacttcatgaccaccgggaacgecctgggceteegtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCCCCCCGCCGCGCCCTTTGTCGCCCTCCCGGGCGCCGCGGCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG
GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgetggtegtgtgatggac

tgttgccgcecacacttgetgectigaccigigaatatecctgecgctittatcaaacagectecagtgtgtitgatetigtgigtacgcgctttigeg
agttgctagcetgcetigigctatitgcgaataccacccccageatccccticcctegtticatatcgetigeatcccaaccgeaacttatctacge
tgtectgctateccteagegetgctectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaace
tgtaaaccagceactgcaatgctgatgcacgggaagta, gtgggatgggaacacaaatggacctaggaaataacaatca
|CTCA GCCTACACGTCITCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGA CTGGGTCCC‘|
|AGCC TGGGTGGGTGCTCCCGCTCGATTIGCTCGTGTCGGAGGCGGGGCACCCCCGCTIC TC|
|TCTA TITATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAA TTC|
|AGCC TCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTITAGACGGGAAGCAACC CGC|

[TTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGCC
|GATGAGGTGC CCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCC CGGGATCA|
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACH

WCAAACATITACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC

@AT GTCCTTCATCAGCAAGGCCGTCGGTCTGCCCAGCTTCCTGTTCTCCGTGTTCGTGT
TCTACTGGAGCCTGCCCATCTTCGCGCTGACGTACCGCATCCGCTTCGCGTCGAAGGGC
AAGCGCAACGACATGCTGGAGTGGGCTAAGGCCCTGGTCCGCTTTTTCGGCGTGAAGG
TGCTCACGCAGGGCGAGCACTCGCTGTACCGCGGGGGCCCGTGCCTCTACCTCTGCAA
CCATCGGAGCTGGGCCGACTTTTTCATCGACGCCTACCTGACCGAGGGCCGAGCTGCG
CTGATGAGCCGATGGCTCGTCTACTTCGTGTTCCCCATCTTCTGTACCTCCGTGATGGT
CCTGCGCGGGATCGTCCTCTTCAAGCGTGGGACCATCGCCGATAAGGAGGCCTTCAAC
GCCTGGCTCGACGCCAAGATGAAGTCCTCGACCATTCCGGGGCTCCTGGTCTACCCCG
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SEQ ID

NO: Nucleotide Sequence

AGGGGCACCGCAGCCTCAAGCGCACGTCTCTGCCCCTCAAGCGGGGCATGCTCCATTT
TGCGTTCTCGCGCGGCCTGCCCGTCCAACTCGTCATGTGTGCTGGCAAGGAGGAGGTC
CTGTCTGAGAAGCGCATGGCCGTGCGCTTCGGTCGGACCCTCGTCGCCACGTACTCCG
AGGTCCTCAAGCCCGGCAACTACCCGACGTTCGACGCCTTCTTTTCCGGCATCCAGACG
GCCTGGGATAGCTGCTGGCAGGCGGCTTACAAGCAGCCTCCCGAGGGTGCCGCGCCCC
TGCCCATGGTGAACACGACCGAGTACGACTATCCCCCGCGCATGCGCCGTCTGCAACT
GATCGTGACCCTCCTGTCGATCGTCGTGCTGGCCGCGGTGCTCGCGGGCAGCGTCCTG
GTCACCGTGGTCGCCGCTGCCGCGGTGGGCCCCATGCCAGCGGGCGTGGTCGTGGCCG
TGCTCGCTAGCTGGCTCGGGGGCAGCATGCTGCGTTCTTTCCTCTGA gtaccacgecegegegge

cggtttgtcgeectegegggegecccggecgeg cgcattgaaattgttgcaaaccccacctgacagattgagggcccaggeaggaa

ggcgttgagatggaggtacaggagtcaagtaactgaaagtttttatgataactaacaacaaagggtegtttctggccagegaatgacaagaac

aagattccacatttccgtgtagaggcttgccatcgaatgtgagegggegggccgeggacecgacaaaacccttacgacgtggtaagaaaaa

cgtggcgggcactgtcectgtagectgaagaccageaggagacgatcggaageatcacageacaggecggeccgegtetcgaacagage

geggeggecgeategatacctgecaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtgtttgtt

gegtagtgtgcatggtttagaataatacacttgatttcttgetcacggcaatceteggettgtecgeaggttcaaccccattteggagtete
aggtcagecgegeaatgaccagecgetacttcaaggacttgeacgacaacgecgaggtgagetatgtttaggacttgattggaaatt
gtegtegacgeatattegegetecgegacageacccaageaaaatgteaagtgegttecegatttgegtecgeaggtegatgttgtgate
gteggegecggatecgeceggtetgtectgegettacgagetgaccaageaccecetgacgteegggtacgegagetgagattegattaga
cataaattgaagattaaacccgtagaaaaatttgatggtcgegaaactgtgetcgattgeaagaaattgategtectecactecgeag
gtcgecatcategageagggegttgeteceggeggeggegectggetggggggacagetgtteteggecatgtgtgtacgtagaagg
atgaatttcagctggttttcgttgcacagetgtitgtgeatgatttgtitcagactattgttgaatgtttttagatticttaggatgcatgattt
gtetgeatgegact

[0340] The construct can be written as

5’Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: Vfer LPAAT2:PmPGH::3’ Thia4.
Proceeding in the 5’ to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the VferLPAAT2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the VferLPAAT2. The initiator ATG and terminator TGA codons of the VferLPAAT2
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are indicated by uppercase, bold italics, while the remainder of the gene is indicated by bold
italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed by the CHK22
Thia4 genomic region indicated by bold, lowercase text.

[0341] Table 95 shows the fatty acid/TAG profiles of eight primary transformants of CHK22
transformed with pCHK1220. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 95: Screen of primary transformants of CHK22 with pCHK1220.

FAME Profiles TAG Profile

Sample | o150 | 140 | c16:0 | 180 | cisi | c1s2 | S | co00 | cooi | W2 ST7/603

alpha (OP:00)
pCHK1220-1 | 0.03 | 1.20 | 2720 | 294 | 59.80 | 656 | 049 | 027 | 0.00 157
pCHK12202 | 0.03 | 1.20 | 2682 | 300 | 6034 | 637 | 047 | 027 | 0.00 159
pCHK12203 | 003 | 1.20 | 2672 | 299 | 6048 | 636 | 047 | 026 | 0.00 151
pCHK12204 | 003 | 1.29 | 2767 | 276 | 5835 | 765 | 048 | 024 | 0.00 3.69
pCHK12205 | 0.03 | 121 | 27.13 | 298 | 5991 | 648 | 048 | 0.27 | 0.00 1.48
pCHK1220-6 | 0.04 | 129 | 27.77 | 2.76 | 5846 | 742 | 048 | 0.24 | 0.00 33
pCHK1220-7 | 0.03 | 124 | 27.68 | 258 | 58.86 | 734 | 048 | 0.23 | 0.00 38
pCHK1220-8 | 0.03 | 1.20 | 27.20 | 297 | 59.80 | 652 | 049 | 0.27 | 0.00 149
CHK22 Control | 0.04 | 127 | 2729 | 245 | 59.08 | 745 | 054 | 023 | 0.00 s

Example 46: Expressing Vitreochlamys aulata (VaulLPAAT2) in P. moriformis strain
CHK?22 using the PmG3PDH promoter.

[0342] VaulLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK 1222 contained 5' and 3’ homology arms to permit its targeted integration into
the genome and is shown in Table 96.

Table 96: Integrative sequences for the transformation of P. moriformis with pCHK1222
encoding Vaul LPAAT?.

SEQ ID .
Nucleotide Sequence
NO: q
76 cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggcacggetetacacegtegagtacgee

atgaggceggtgatggctgtgteggttgccacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gtecctetgecageagatgagegtgactttggecatttcacgeactegagtgtacacaatccatttttettaaagcaaatgactgetgatt

gaccagatactgtaacgctgatttcgctccagategeacagatagegaccatgttgetgegtetgaaaatcetggattecgaattegace
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SEQ ID
NO:

Nucleotide Sequence

ctggegetecatecatgeaacagatggegacacttgttacaattectgtcacceateggeatggageaggtecacttagattecegate
acccacgeacatctegetaatagtcattegttegtgtettegatcaatetcaagtgagtgtgcatggatettggttgacgatgeggtatg
ggtttgegeegetggetgeagggtetgeccaaggeaagetaacccagetectetececgacaatactetegeaggeaaageeggtca
cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG(

IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]

|ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA]

|GTCACAACCCGCAAACTGTACA|AT Gctgcetgeaggcecttectgticetgetggecggcticgecgecaagatcageg

ccteecatgacgaacgagacgteegaccgeeccctggtgeacticacccccaacaagggcetggatgaacgaccecaacggectgtggta
cgacgagaaggacgccaagtggeacctgtacttccagtacaaccegaacgacaccgitctgggggacgecctigtictggggeeacgec
acgtccgacgacctgaccaactgggaggaccagcccatcgecatcgecccgaagegeaacgactecggegecticteeggcetecatgg
tggtggactacaacaacacctcecggcticttcaacgacaccatcgacccgegecagegetgegtggeeatetggacctacaacaccccg
gagtccgaggagcagtacatctectacagectggacggeggctacaccttcaccgagtaccagaagaacceegtgetggecgeecaact
ccacccagttcegegaccegaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagtectggaagetggagteegegticgecaacgagggcticctcggetaccagtacgagtgece
cggectgategaggtecceaccgageaggacceccageaagtectactgggtgatgticatcteecatcaaccecggegeeccggecggc
ggctecttcaaccagtacttcgteggeagcttcaacggeacceacttcgaggecticgacaaccagteeegegtggtggacttcggeaag
gactactacgccectgeagaccticttcaacaccgaccegacctacgggagegecctgggeatcgegtgggectecaactgggagtactce
cgcecttegtgeccaccaaccectggegctecteecatgtecctegtgegeaagtictecectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggceegagecgatcctgaacatcageaacgeeggeccctggagecggticgecaccaacaccacgtigac
gaaggccaacagctacaacgtcgacctgtccaacageacceggeaccectggagticgagetggigtacgeegtcaacaccaceeagac
gatctccaagtecgtgticgeggaccicteecterggticaagggcectggaggaccccgaggagtacctccgeatgggceticgaggtgtee
gegtectecticttcetggaccgegggaacageaaggtgaagttcgtgaag gagaaccectacticaccaaccgeatgagegtgaacaa
ccageecttcaagagegagaacgaccitgtectactacaaggtgtacggettgetggaccagaacatectggagetgtacticaacgacg
gegacgtegtgtccaccaacacctacttcatgaccaccgggaacgccctgggcetccgtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCGCCGCCCGGTTTGTCGCCCTCCCGGGCGCCGCGGCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG

GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgetggtegtgigatggac

tgttgccgcecacacttgcetgectigaccigigaatatecctgecgctittatcaaacagecteagigtgtitgatettgtgigtacgcgctttigeg
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SEQID
NO:

Nucleotide Sequence

agttgctagctgcetigigctatitgcgaataccacccccageatccccticectegtticatatcgettgeateccaaccgeaacttatctacge
tgtcctgctateccteagegctgctectgcetectgeteactgeccctegeacagectiggiigggctecgeciglaticteciggtacigeaacce
tgtaaaccagcactgcaatgctgatgcac gggaagtagtgggatgggaacacaaatggacctaggaaataacaatca
|CTCAGCCTA CACGTCTTCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGACTGGGTCCd

WGCCTGGGTGGGTGCTCCCGCTCGATTGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT]

[TCTATTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(]
WGCCTCAACAAGCCGAGTTGTGCACAAGGGAGA CTAATTTTTTAGACGGGAAGCAACCCG(

[ITTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC(

IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA|

[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAAC

UCAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC
BIATGGGCGCCGCGTCGAAGGTGCTGGGCCTGCCCTCCTTTCTCTTCTCCGTCTTCGTCC
TGTACTGGTCTCTGCCCATCTTCGCGGTGCTCTACCGCATCCGATTCGCCAAGATGATC
GGCAAGCGCAACGACGTGCTGGACTGGGCCAAGTCTCTCGTGCGGTTTTTCGGCATCA
CCGTCCTGCGCCAGGGCCAAGAGCAACTGTACACGGGTGGCCCCTGCCTGTACCTGTG
CAACCACCGCTCGTGGGCCGATTTCTTTCTGGACGTGTACCTGACCGAGGGCCACGCG
GCCGTCATGTCGCGCTGGCTGGTCTACTTCGTCTTCCCGGTCTTCTGCACGTCCTGCCT
GATCCTCAAGACGATTGTCCTCTTCAAGCGCGGCACCATCCGCGACAAGGAGGGCTTTA
ACCGCTGGCTGGACGCCGTCCTGGCCCGCTCGAACGTGCCTGGCCTCCTGGTGTTCCC
GGAGGGCCACCGCAGCCTGCGTCCCGCCTCGCTGCCACTGAAGCGGGGCATGCTGCAT
TACGCCTACGGCCGGAAGCTGGCGATCCAGATGGTGGTCACGCGTGGCAAGGAGGAGG
TGATGTCCGAGAAGACCATGGCCGTCCGCTTCGGCCGCACGCTGGTCACGACCTACTC
CAAGGTCCTGCGCCCGGCCGACTACCCTGACTTTGAGGCGTTCTTTGCGGACCTCCAGT
CCACCTGGGACGGCTGCTGGGAGGCCGCGTACCGGAAGCCTCGGGAGGACGCCGTGC
GGCACTCTCTGGGCGCGGCCCCCGGCTTTCACTACCCCTTTGCGACGCGTGTGGCGCA
ACTGGGCGCCACCCTGGGGTCCATCGCCCTGTTCGGCCTGGTCCTGGTGGGCTGCTGG
CGTGGCCTGGCCGCTGCCCTGGCGGCCACGGGCGCCGCGCAGCAAGCGGTCGCCGCG
CTCCTGGCCGTCTGGGTGGGTGGCTCCATGCTCCGTTCGTTCCTGTGA gtaccacgecegegeg

gataactaacaacaaagggtcgtttctggccagegaatgacaaga

acaagattccacatttccgtgtagaggcttgccatcgaatgtgage

gegeggeggecgeategatacctgecaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtgttt

gttgegtagtgtgcatggtitagaataatacacttgatttettgetcacggeaateteggettgtecgeaggttcaaccecattteggagt
ctcaggtcagecgegeaatgaccagecgetacttcaaggacttgecacgacaacgecgaggtgagetatgtttaggacttgattggaa
attgtcgtcgacgcatattecgegetecgegacageacccaageaaaatgtcaagtgegttecgatttgegtecgeaggtegatgttgtg
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SEQ ID

NO: Nucleotide Sequence

atcgteggegeceggatecgeeggtetgtectgegettacgagetgaccaageacectgacgtecgggtacgegagetgagattegatt
agacataaattgaagattaaacccgtagaaaaatttgatggtegegaaactgtgetegattgeaagaaattgategtectecacteeg

caggtcgccatcategageagggegttgeteceggeggeggegectggetggggggacagetgttcteggecatgtgtgtacgtaga

aggatgaatttcagctggttttegttgcacagetgtttgtgcatgatttgtttcagactattgttgaatgtttttagatttcttaggatgcatg
atttgtctgcatgegact

[0343] The construct can be written as

5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: Vaul LPAAT2:PmPGH::3’Thia4.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii -tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the VaulLPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the VaulLPAAT?2. The initiator ATG and terminator TGA codons of the VaulLPAAT?2
are indicated by uppercase, bold italics, while the remainder of the gene is indicated by bold
italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed by the CHK22
Thia4 genomic region indicated by bold, lowercase text.

[0344] Table 97 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1222. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 97: Screen of primary transformants of CHK22 with pCHK1222.

FAME Profiles i3 TAG Profile
Sample CI12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 C20:0 | C20:1 | m/z577/603
alpha (OP:00)
pCHK1222-1 | 0.04 | 143 | 2852 | 275 | 57.09 | 799 | 052 | 0.19 | 0.00 35
pCHK1222-2 | 0.04 | 1.40 | 2830 | 2.70 | 56.85 | 852 | 052 | 0.19 | 0.00 36

-183-



WO 2025/096830 PCT/US2024/053965

pCHK1222-3 0.04 1.35 | 27.70 | 296 | 59.21 | 6.63 0.48 0.23 0.00 L5
pCHK1222-4 0.03 1.13 | 2897 | 1.82 | 57.29 | 840 0.47 0.14 0.03 4.6
pCHK1222-5 0.04 1.45 | 2848 | 3.17 | 57.53 | 7.29 0.50 0.22 0.00 3.1
CHK22 Control | 0.04 14 25.8 269 | 61.83 | 651 0.36 0.16 0 1.5

Example 47: Expressing Chlamydomonas sp. CCAC2762_B (Ch_CCAC2762_LPAAT2) in P.

moriformis strain CHK22 using the PmG3PDH promoter.
[0345] Ch_CCAC2762_LPAAT2 was introduced into a P. moriformis strain CHK22. The

expression construct pCHK 1224 contained 5’ and 3" homology arms to permit its targeted

integration into the genome and is shown in Table 98.

Table 98: Integrative sequences for the transformation of P. moriformis with pCHK1224
encoding Ch_CCAC2762_LPAAT?.

SEQ ID
NO:

Nucleotide Sequence

77

cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggcacggetetacacegtegagtacgee
atgaggceggtgatggcetgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gtecctetgecageagatgagegtgactttggecatttcacgeactegagtgtacacaatcecatttttettaaagcaaatgactgetgatt

gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtcacecateggeatggageaggtcecacttagatteccgate
acccacgeacatctegetaatagtcattegttegtgtettecgatcaatetcaagtgagtgtgeatggatcettggttgacgatgeggtatg

ggtttgegeegetggetgeagggtetgeccaaggeaagetaaccecagetectetececgacaatactetegeaggeaaageeggtca

cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG(

IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]

ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]

IATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA]

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|A TGecetgetgeaggcectteetgticetgetggeeggcticgecgecaagatcageg

cctecatgacgaacgagacgtcegaccgeeeectggtgeacttcaccecccaacaagggcetggatgaacgaccccaacggectgtggta
cgacgagaaggacgccaagtggeacctgtacticcagtacaaccegaacgacaccgictgggggacgccctigtictggggeeacgcc
acgtccgacgacctgaccaactgggaggaccagceccatcgecatcgecccgaagegeaacgactecggegecttctceggeteeatgg
tggtggactacaacaacacctcecggcticttcaacgacaccatcgacccgegecagegetgegtggecatctggacctacaacaccccg
gagtccgaggagcagtacatctcctacagectggacggeggctacaccticaccgagtaccagaagaaccccgtgetggecgecaact
ccacccagttccgegacccgaaggtettctggtacgagcecctcccagaagtggatcatgaccgeggcecaagtcccaggactacaagat

cgagatctactcctccgacgacctgaagtectggaagetggagteegegticgecaacgagggcttectcggcetaccagtacgagtgece
cggectgatcgaggitccccaccgageaggaccccagceaagiectactgggtgatgtrcatctccarcaaccccggegecccggecgge

ggctecttcaaccagtacttcgteggeagcttcaacggeacceacttcgaggecticgacaaccagteeegegtggtggacttcggeaag
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SEQ ID
NO:

Nucleotide Sequence

gactactacgccectgeagaccticticaacaccgaccegacctacgggagegecctgggeatcgegtgggectecaactgggagtactce
cgccttcgtgeccaccaaccectggegctectecatgteectegtgegeaagtictcectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggceegagecgatectgaacatcageaacgeeggeccctggagecggticgecaccaacaccacgtigac
gaaggccaacagctacaacgtcgacctgtccaacageacceggeaccectggagticgagetggigtacgeegteaacaccacecagac
gatctccaagtecgtgticgeggaccicteectetggticaagggectggaggaccccgaggagtacctccgeatgggceticgaggtgtee
gegtectecticttcetggaccgegggaacageaaggtgaagitegtgaaggagaaccectacticaccaaccgeatgagegtgaacaa
ccageecttcaagagegagaacgacctgtectactacaaggtgtacggettgetggaccagaacatectggagetgtacttcaacgacg
gegacgtcgtgtccaccaacacctacttcatgaccaccgggaacgecctgggceteegtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCCCCCCGCCGCGCCCTTTGTCGCCCTCCCGGGCGCCGCGGCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG
GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgetggtegtgtgatggac

tgttgccgcecacacttgetgectigaccigigaatatecctgecgctittatcaaacagectecagtgtgtitgatetigtgigtacgcgctttigeg
agttgctagcetgcetigigctatitgcgaataccacccccageatccccticcctegtticatatcgetigeatcccaaccgeaacttatctacge
tgtectgctateccteagegetgctectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaace
tgtaaaccagceactgcaatgctgatgcacgggaagta, gtgggatgggaacacaaatggacctaggaaataacaatca
|CTCA GCCTACACGTCITCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGA CTGGGTCCC‘|

|AGCC TGGGTGGGTGCTCCCGCTCGATTIGCTCGTGTCGGAGGCGGGGCACCCCCGCTIC TC|

|TCTA TITATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAA TTC|
|AGCC TCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTITAGACGGGAAGCAACC CGC|

[TTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGCC
|GATGAGGTGC CCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCC CGGGATCA|
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACH
WCAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC
@ATGCGCCAGCTCAAGTCCCTGATCCAACTGCCCTACTTCCTGTTTTGTGTCTTCGTGTT
CTACTGGTCCTTCCCCATCGGCTGCCTCACCCATCACATCCACTTCCTGAAGTTTTCCGG
CAAGCGCAACGACATGCACACCTGGTCTGAGACCATGTGCTCTTTCTTTGGCATCCGCT
TCGTGAAGTACGGTGAGGAGAAGCTCAGCAAGGGTTCCCGCAACATCCTCTACCTGTCC
AACCACCGCTCGTGGGCCGACTTTTTCGTCGATGTCTACCTGACCGAGGGCAACGCCGC
GATGCTCAGCCGCATGCTGGTCTTCTTTGTCTTTCCCATCTTCATGACCTCGGTCGTGGT
CCTGAAGGGCATTATCCTGTTCAAGCGCGGCACGATCGCCGACAAGGAGAAGTTCAAC
GCCTGGCTGGATGTGATGCTGGAACGATCGCCCATCCCCGGAATGCTGGTCTACCCCG
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SEQ ID

NO: Nucleotide Sequence

AGGGCCATCGGTCGACGCGGCCCCACAGCCTCCCGCTGAAGCGCGGCATGCTGTACTA
CGCCCACAGCCGGGGCATGCCCGTGCAGATCATTATCTCGAACGGCAAGGAGGGCGTC
ATGTCGGAGAAGCAGCGCCGAGCGGGCTTTGGCAAGACGGTCGTGGTCGGCTTCTCTT
CGGTGATTGACACCGCGGCCTACAAGGGCAACGTCGAGGGCTTTATGGCGCGAGTGCA
GGAGGAGTGGAACAAGCTGTGGGGTCAGGTCTACTCCGCCGACCCGGCGGGCCTGLCCC
CCTCTGCGCCAAGATCCCCCGATGCTGGACTACGCGGCCAGCATGCGAACGCAGCAAC
TGGCCATCGCCGTCTTCTCCATGTTCGCCCTGGCTGGCGTGCTGTGGGTGACGTGGCG
CATGTTCGCGTGGCTGACCGCCCTGGCCGGGCCCCTGCAACACGCCCTGGCCGTGCTC
CTGCTCACCTGGTTCGCTGCGTCCATTATCGCGGGCGTGATGGGCCCGTCGCTCCCGAC
CCACTCTTCCTCGCTCCAGAATCCCCCTTCTCTGAAGGCCGACAAGAGCGTGTCGGCCG
CTGCCGCTGCCGCTGCCGCGGLCCTCCGGCGACGGGAGCCTCCACGAGGCCCCTAGCGG
CAAGGCCCCGGCTGCCGCTGCCACCCAGAACCACAACCACCAACACT GA gtaccacgeeegeg

goaaggocgtigagatggaggtacaggagtcaagtaactgaaagtttttatgataactaacaacaaagggtcgtttctggccagegaatgacaa

gaacaagattccacatttccgtgtagaggcttgccatcgaatgtgagegggecggoccgeggacccgacaaaacccttacgacg

aaaacgtggcgggcactgtccctgtagectgaagaccageaggagacgatcggaageatcacageacaggecggeccgegtetcgaaca

gagegeggeggecgeategatacctgecaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtg

tttgttgcgtagtgtgcatggtitagaataatacacttgatttcttgetcacggeaateteggettgteegeaggttcaacccecatttegga
gtctcaggtcagecgegeaatgaccagecgetacticaaggacttgeacgacaacgecgaggtgagetatgtttaggacttgattgga
aattgtcgtegacgcatattegegetecgegacageacccaageaaaatgteaagtgegttecgatttgegtecgeaggtegatgttgt
gatcgteggegecggatecgeceggtetgtectgegettacgagetgaccaageaccetgacgteegggtacgegagetgagattegat
tagacataaattgaagattaaacccgtagaaaaatttgatggtcgegaaactgtgetegattgeaagaaattgategtectecactee
geaggtcgecatcatcgageagggegttgeteceggeggeggegectggetggggogacagetgticteggecatgtgtgtacgtag
aaggatgaatttcagctggttttcgttgcacagetgtitgtgeatgatttgtttcagactattgttgaatgtttttagatttcttaggatgeat
gatttgtctgcatgegact

[0346] The construct can be written as
5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH:Ch_CCAC2762_LPAAT2:PmPGH::3’Thi
a4. Proceeding in the 5' to 3' direction, bold, lowercase sequences represent genomic DNA from
CHK22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the Ch_CCAC2762_LPAAT?2 gene, is indicated by uppercase underlined text
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followed by a linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate
reductase 3-UTR. A PmG3PDH promoter from P. moriformis, indicated by the boxed italicized
text, drives the expression of the Ch_ CCAC2762_LPAAT?2. The initiator ATG and terminator
TGA codons of the Ch_CCAC2762_LPAAT? are indicated in uppercase, bold italics, while the
remainder of the gene is indicated in bold italics. The PmPGH 3'-UTR is indicated by lowercase
underlined text followed by the CHK22 Thia4 genomic region indicated by bold, lowercase text.
[0347] Table 99 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1224. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 99: Screen of primary transformants of CHK22 with pCHK1224.

FAME Profiles — TAG Profile
Sample C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 C20:0 | C20:1 | Wz 577/603
alpha (OP:00)

pCHKI1224-1 | 0.03 | 1.25 | 2939 | 229 | 5745 | 755 | 048 | 0.21 | 0.00 4.59
pCHK1224-2 | 0.03 | 1.06 | 2588 | 3.15 | 61.04 | 693 | 047 | 027 | 0.00 1.65
pCHK1224-3 | 0.03 | 1.18 | 26.12 | 321 | 60.96 | 652 | 051 | 029 | 0.00 1.47
pCHK12244 | 0.05 | 2.02 | 27.54 | 3.09 | 57.62 | 7.54 | 063 | 023 | 0.00 3.83
pCHK12245 | 0.03 | 1.36 | 27.00 | 3.18 | 59.02 | 7.34 | 059 | 028 | 0.00 1.83
pCHK12246 | 0.03 | 1.23 | 26.13 | 337 | 60.46 | 6.86 | 0.52 | 0.30 | 0.08 1.91
pCHK12247 | 0.03 | 1.23 | 2861 | 297 | 5528 | 9.69 | 1.33 | 039 | 0.00 2.23
pCHK1224-8 | 0.03 | 1.22 | 2838 | 2.94 | 58.67 | 684 | 046 | 0.24 | 0.05 3.12
CHK22 Control | 0.04 | 14 | 258 | 269 | 61.83 | 651 | 036 | 0.16 | 0 15

Example 48: Expressing Dunaliella salina (DsalLPAAT2) in P. moriformis strain CHK22
using the PmG3PDG promoter.

[0348] DsalLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK 1225 contained 5' and 3" homology arms to permit its targeted integration into
the genome and is shown in Table 100.

Table 100: Integrative sequences for the transformation of P. moriformis with pCHK1225
encoding DsalLPAAT?.
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SEQ ID
NO:

Nucleotide Sequence

78

cectecaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtttgectecttggeacggetetacacegtegagtacgee
atgaggceggtgatggcetgtgteggttgecacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gteectetgeageagatgagegtgactttggecatticacgeactegagtgtacacaatecatttttcttaaagcaaatgactgetgatt

gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatcetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtcacceateggeatggageaggtecacttagattecegate
acccacgceacatctegctaatagtcattegttegtgtettegatcaatctcaagtgagtgtgcatggatcttggttgacgatgeggtatg

ggtttgegecgetggetgeagggtetgeccaaggeaagetaacccagetectetececgacaatactetegeaggeaaagecggtca

cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC

IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]

|ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|AT Gctgcetgeaggcecttectgticetgetggecggcttcgecgecaagatcageg

ccteecatgacgaacgagacgteegaccgeeccctggtgeacticacccccaacaagggcetggatgaacgaccceaacggectgtggta
cgacgagaaggacgccaagtggeacctgtacttccagtacaaccegaacgacaccgictgggggacgecctigtictggggeeacgec
acgtccgacgacctgaccaactgggaggaccageccatcgecatcgeecccgaagegeaacgacteeggegectictecggceteeatgg
tggtggactacaacaacacctcecggcticttcaacgacaccatcgacccgcgecagegetgegtggeeatetggacctacaacaccccg
gagtccgaggagcagtacatctectacagectggacggeggctacaccttcaccgagtaccagaagaacceegtgetggecgeecaact
ccacccagttcegegacccgaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagtectggaagetggagteegegticgecaacgagggcticctcggetaccagtacgagtgece
cggectgategaggtecceaccgageaggacccecageaagtectactgggtgatgticatctecatcaaccecggegeeccggecggce
ggctcecttcaaccagtacticgteggeagcticaacggceacccacttcgaggecttcgacaaccagtecccgegtggtggacticggeaag
gactactacgccctgeagaccticttcaacaccgacccgacctacgggagegecctgggeatcgegtgggectecaactgggagtactce
cgecttegtgeccaccaaccectggegctecteecatgtecctegtgegeaagtictecectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggceegagecgatectgaacatcageaacgeeggeccctggagecggticgecaccaacaccacgtigac
gaaggccaacagctacaacgtcgacctgtccaacageaccggeaccectggagticgagetggigtacgeegtcaacaccaceeagac
gatctccaagteegigticgeggacctcteectetggticaagggectggaggacccegaggagtaccteegeatgggcttcgaggtgtee
gegtectecticticetggaccgegggaacageaaggtgaagttcgtgaag gagaaccectacticaccaaccgeatgagegtgaacaa
ccagececttcaagagegagaacgacctgtectactacaaggigtacggettgetggaccagaacatectggagetgtacticaacgacg
gegacgtegtgtccaccaacacctacttcatgaccaccgggaacgccctgggcerccgtgaacatgacgacgggggiggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGCCGCCCCCCCGCCCGCTTTGTCCCCCTCGCGGGCCCCGCCGCCCGCCCGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
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SEQID
NO:

Nucleotide Sequence

GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG
GAAGCATCACAGCACAACCGGTgcagcagcagcetcggatagtategacacactetggacgetggtegtgigatggac

tgtigecgecacactigetgectigaccigigaatatccctgecgctittatcaaacagectcagigigtitgatctigtgigtacgegcetitigeg
agttgctagcigcetigigctatitgcgaataccacccccageatccccticectegtticatatcgetigeateccaaccgeaacttatctacge
tgtectgctateccteagegetgcetectgetectgeteactgeccctegeacagectiggttigggctecgectgtattctectggtactgeaacce
tgtaaaccagcactgcaatgctgatgcacgggaagtagtgggatgggaacacaaatggacctaggaaataacaatca
ICTCAGCCTACACGTCTTCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGACTGGGTCC(
UGCCTGGGTGGGTGCTCCCGCTCGATTGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT(
[TCTATTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
UGCCTCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTTTAGACGGGAAGCAACCCG(
[ITTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC
\GATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA|
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACH
ACAAACATITACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC
BIATGGGCCAGTCCACCCTCCAGAAGCTCATTTCCCTGCCGACGTTCTTTCTCTCGATCT
TCCTGATGTACTGGAGCCTGCCCCTCTGCACCCTGTGTGGCTACCTGCGCCTCCTGGAC
TTTAAGTCCACGCGCAAGGACATGTACAACTGGTGCCGCTTCATGACGCGTCTCTTCCG
TATCAAGGTCAAGAAGTACGGCTCCAAGTCGCTCCGCAAGGACGCGGGTCGGCATATC
CTGTACCTGTGCAACCATCGTAGCTGGACGGACTTTTTCCTCGACGCTTACCTGACCGA
GGGCAACGCCTCCCTGATGTCCCGTTGGCTCGTGTTTGCGGTCTTTCCGGTCTTCATCG
TGTCGGTGATCGTCCTCCGGGGAGTCATCCTCTTCAAGCGCGGCACCATTCTGGACAAG
GAGAAGTTTAATCGGTGGCTGGACTCGAAGATCCTGTCGACCCCGATCCCCGGCGTCCT
CGTCTACCCCGAGGGCCACCGCTCTCTGGCCGACAAGTCGCTGCCACTCAAGCGCGGC
ATGCTCTACTACGCCCACTCCCGAAAGTTCCCAGTGCAAATCATTATCTCCCGCAACAA
GGAGGACGTCCTGAGCGAGAAGACCATGAAGGCCCACTTCGGCGCCACGATTATCACG
GGCTGCTCCGACCTGATCGAGTCTGACGGCAAGGACATCAAGGTCTTTCTGTCCGAGAT
CCAGGCCGCGTGGGATGACCTGTGGGAGAAGGTGTACGCGGCCGACGCGACCGCTCTG
CCACCCCTGGAGCAGTCGAACATCCCCGAGTTCGACTACAGCATGGGGATGCGTGTCA
AGCAGCTCCTGGTCGTGTGCAGCTCGGTGCTGGTGTTTCTGGCGGCCATGGTCGTGTTT
GGTAAGCTCTCTTGCCTGATCTACGCCGCGATGGGTGACACCGAGCGCAAGGTCCTGG
TGACCCTCATCCTGTACGTCTGGTTTTTCGTGAGCATGCTCAACAGCCGGGCCCCGAGC

GCCACGCAGTAGgtaccacgeccgegeggegeacctgacctgttctetegagggegectgttetgecttgegaaacaagecectg

toagCcegoCceooccy
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SEQ ID

NO: Nucleotide Sequence

catcacagcacaggecggeccgegtctcgaacagagegeggeggecgeatcgatacctgcaggacagegecatgecacgecectttgat

ggcttcaagtacgattacggtgttggattgtgtgtttgttgegtagtgtgcatggtitagaataatacacttgatttcttgetcacggeaat
cteggettgtecgeaggttecaaccccatttcggagtetcaggteagecgegeaatgaccagecgetacttcaaggacttgcacgacaa
cgeegaggtgagetatgtttaggacttgattggaaattgtegtegacgeatattegegetecgegacageacccaagceaaaatgtcaa
gtgegtteegatttgegtecgeaggtegatgttgtgategteggegeeggateegecggtetgtectgegettacgagetgaccaagea
cectgacgtecgggtacgegagetgagattcgattagacataaattgaagattaaacccgtagaaaaatttgatggtegegaaactgt
gctegattgecaagaaattgategtectecactecgeaggtegecatcatcgageagggegttgeteceggeggeggegectggetggg
gggacagctgttcteggecatgtgtgtacgtagaaggatgaatttcagetggttttcgttgcacagetgtttgtgcatgatttgtitcaga
ctattgttgaatgtttitagatttcttaggatgcatgatttgtetgcatgegact

[0349] The construct can be written as
5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: Dsal LPAAT2 :PmPGH::3’Thia4.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the DsalLPAATZ2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. A PmG3PDG promoter from P. moriformis, indicated by the boxed italicized text, drives
the expression of the Dsa/LPAAT?2. The initiator ATG and terminator TAG codons of the
DsalLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is indicated
by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed by the
CHK?22 Thia4 genomic region indicated by bold, lowercase text.

[0350] Table 101 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1225. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 101: Screen of primary transformants of CHK22 with pCHK1225.

-190-



WO 2025/096830 PCT/US2024/053965

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 lpha C20:0 | C20:1 (OP:00)

pCHK1225-1 0.03 1.15 | 26.06 | 3.07 | 61.11 | 6.63 | 0.53 | 0.24 0.00 1.69
pCHK1225-2 0.03 1.20 | 26.00 | 328 | 61.09 | 656 | 0.52 | 0.26 0.00 1.49
pCHK1225-3 0.03 1.23 | 2656 | 341 | 60.15 | 6.69 | 050 | 0.31 0.00 2.06
pCHK1225-4 0.03 1.28 | 2540 | 328 | 61.54 | 655 | 054 | 0.25 0.00 1.56
pCHK1225-5 0.03 1.21 | 2526 | 285 | 6238 | 656 | 040 | 0.17 0.00 1.59
pCHK1225-6 0.06 1.72 | 19.85 | 323 | 66.00 | 747 | 044 | 0.20 0.00 1.57
pCHK1225-7 0.03 1.22 | 2617 | 327 | 60.76 | 6.65 | 049 | 0.25 0.00 1.69
CHK22 Control | 0.04 1.4 258 | 2.69 | 61.83 | 6.51 036 | 0.16 0 1.5

Example 49: Expressing Microglena sp. YARC (MyarcLPAAT2) in P. moriformis strain
CHK?22 using the PmG3PDH promoter.
[0351] MyarcLPAAT2 was introduced into a P. moriformis strain CHK22. The expression

construct pCHK 1227 contained 5' and 3" homology arms to permit its targeted integration into

the genome and is shown in Table 102.

Table 102: Integrative sequences for the transformation of P. moriformis with pCHK1227

encoding MyarcLPAAT2.
SEQ ID _
Nucleotide Sequence
NO:
79 ccctcaactgegacgetgggaaccttctecgggeaggegatgtgegtgggtttgectecttggeacggcetetacacegtegagtacgee

atgaggceggtgatggcetgtgteggttgccacttcgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gtecctetgeageagatgagegtgactttggecatticacgeactegagtgtacacaatcecatttttettaaagceaaatgactgetgatt
gaccagatactgtaacgctgatttcgetecagatcgeacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtecacecateggeatggageaggtecacttagatteccgate
acccacgeacatctegetaatagteattegttegtgtettegatcaatetcaagtgagtgtgcatggatettggttgacgatgeggtatg
ggtttgegeegetggetgeagggtetgeccaaggceaagetaacccagetectetecccgacaatactetegeaggeaaageeggtea
cttgecttecagattgecaataaactcaattatggectetgtcatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
|GCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC|

IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]

ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]

IATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA]

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|AT Gctgcetgeaggcecttectgticetgetggecggcttcgecgecaagatcageg

cctceatgacgaacgagacgtccgaccgecccctggtgeacttcacccccaacaagggcetggatgaacgaccccaacggectgiggta
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SEQ ID
NO:

Nucleotide Sequence

cgacgagaaggacgccaagtggeacctgtacttccagtacaacccgaacgacaccgictgggggacgecectigtictggggecacgee
acgtccgacgacctgaccaactgggaggaccagceccatcgecatecgecccgaagegeaacgactecggegcecttctecggetecatgg
tggtggactacaacaacacctecggcticticaacgacaccatcgacccgegecagegetgegtggecatctggacctacaacaccecg
gagtcegaggagceagtacatctectacagectggacggeggctacaccttcaccgagtaccagaagaacceegtgetggeecgecaact
ccacccagttcegegacccgaaggtctictggtacgagcecctcccagaagtggatcatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagitcctggaagetggagicegegticgecaacgagggcttectecggcetaccagtacgagigece
cggectgatcgaggitccccaccgageaggacccecageaagtectactgggtgatgticatctecarcaaccccggegecccggecgge
ggctecttcaaccagtacticgtcggeagcticaacggcacccacttcgaggecttcgacaaccagteecgegtggtggacticggeaag
gactactacgccctgeagaccticttcaacaccgacccgacctacgggagegeectgggeatcgegtgggectccaactgggagtacte
cgccttcgtgeccaccaaccectggegctectecatgteectegtgegeaagtictcectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggecgagecgatcctgaacatcageaacgccggeccctggagecggticgecaccaacaccacgttgac
gaaggccaacagctacaacgtcgaccigiccaacageaccggeaccctggagticgagetggigtacgecgicaacaccacceagac
gatctccaagtecgtgticgeggaccicteectetggticaagggcectggaggaccccgaggagtacctccgeatgggceticgaggtgtee
gcegtectecttcttcctggaccgegggaacageaaggigaagticgtgaag gagaaccectacttcaccaaccgeatgagegtgaacaa
ccagccecttcaagagegagaacgacctgtectactacaaggigtacggettgetggaccagaacatectggagcetgtacticaacgacg
gegacgtcgtgtccaccaacacctacttcatgaccaccgggaacgccctgggcetccgtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcgegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCGCCGCGCGCTTTGTCGCCCTCCCGGGCGCCGCGGCCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGCGGCCGCGCGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG

GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgetggtegtgtgatggac

tgttgccgcecacacttgetgectigacctgigaatatecctgecgctittatcaaacagectecagtgtgtitgatetigtgigtacgcgctttigeg
agttgctagcetgcetigigctatitgcgaataccacccccageatccccticcctegtticatatcgetigeatcccaaccgeaacttatctacge
tgtectgctateccteagegetgcetectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaace
tgtaaaccagceactgcaatgctgatgcacgggaagta, gtgggatgggaacacaaatggacctaggaaataacaatca
ICTCAGCCTACACGTCTTCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGACTGGGTCC(
WGCCTGGGTGGGTGCTCCCGCTCGATIGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT(
[TCTATTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
UWGCCTCAACAAGCCGAGTTGTGCACAAGGGAGA CTAATTTTTITAGACGGGAAGCAACCCGC
[ITCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC(
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA]
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAAC]
WCAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC
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SEQ ID
NO:

Nucleotide Sequence

EIATGTCGGCGGAGAAGCTGCTCCACGCTCCATCCTTTGTCATCACCTGCCTGGTGCTGT
ACTGGTCCCTCCCTCTCTCCGTGCTGTTCGGCTACATCCGTGCCTTCCAGTGGACGGGT
CCCCGAAACGACATGTACTCTTGGGGCCAGTTCATGTCCGACTTCTTTGGTGTGAAGTT
CGTGCGCGTCGGCAACGAGAAGCTGTACAAGCCAAAGAAGGGCGCGAACGTCATCTAC
CTCTGCAACCACCGCTCCTGGGCCGACTTTTTCTGCGACGTCTACCTCACCCAGGGCAA
CGCCGCTCTCCTGTCGCGCATGCTGGTGTTTTTCATCTTTCCGTTTTTCATGTCCAGCGT
CGTGATCCTGAAGGGCGTCGTGCTGTTCAAGCGGGGCAAGGTGGTCGACAAGGACGCG
TTCAACAAGCGTCTCGACGGCAAGCTGGCGGACTCGCCCATCCCTGGCCTCCTGGTCTA
CCCAGAGGGCACGCGGAGCCTGAAGGACCTGTCTCTGCCGCTGAAGCGCGGGATGCTC
TACTTCGCGCATAGCCGCAACATTCCGGTGCAGATCGTGGTCAGCTCTGGAAAGGAGTA
CGTCCTCACCGAGAAGAAGATCCGCGCCCGCATCGGCCGCACCGTCGTGTCCACCTTCT
CCGCGAAGATCACCCCGTCCGACTTCCCATCGTGCGAGGCCTTCCTGGAGCACGTGCA
AAAGGAGTGGGACCGCCTGTGGCCCGCCGTCTTCACGGCCGACGCTGACAAGGLCCCCC
GTCCTGGTGAACGAGGACATCCCGATGCACGACTACGCGAACACCATGCGATGGGCGC
AGCTCGGAATGGCCGTGCTCTCTACCACGGTGGCGACGATCATGTTCCTCCTGAGCTGG
AAGGTCGTGGACCTGATTTTCGGCATCTTCGGGCCCCTGAAGCAGGTCCTGTACATGCT
CCTGTTCACCTGGGTGTCGGTGTCGCTCGTGGCGAGCTTCCTGGGGCCAAAGCATCTG
CCCAAGGGGGTCCTGCCCTCCCCCGTCCTGCCCCTGCCCGTGGCGCGGCCACCGLCCC
CGTCCCAGGAGCCGTCCAGCTCGGGGTCTAAGT GAgtaccacgeccgegeggegeacctgacetgttetete

acaggagtcaagtaactgaaagtttttatgataactaacaacaaa, cgtttctggecagegaatgacaagaacaagattccacattteegt,

acctgcaggacagegecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtotttgttgcgtagtgtgcatggtt

tagaataatacacttgatttcttgctcacggcaatcteggettgtececgecaggttcaaccecattteggagtetcaggtecagecgegeaat
gaccagccgcetacttcaaggacttgcacgacaacgecgaggtgagetatgtttaggacttgattggaaattgtegtegacgeatatte

gegetecgegacageacccaageaaaatgtcaagtgegttecgatttgegtecgeaggtegatgttgtgategteggegeeggateeg
ceggtetgtectgegettacgagetgaccaageacectgacgtecgggtacgegagetgagattegattagacataaattgaagatta
aacccgtagaaaaatttgatggtcgegaaactgtgetegattgeaagaaattgategtectecactecgeaggtegecatcategage
agggcegttgcteeeggeggeggegectggetggggoggacagetgtteteggecatgtgtgtacgtagaaggatgaatttcagetggtt
ttegttgcacagcetgtttgtgcatgatttgtttcagactattgttgaatgtttttagatttcttaggatgcatgatttgtctgeatgegact

[0352] The construct can be written as

5’Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH:MyarcLPAAT2:PmPGH::3’Thia4.

Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from

CHK22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
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reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the MyarcLPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. A PmG3PDH promoter from P. moriformis, indicated by the boxed italicized text, drives
the expression of the MyarcLPAAT?2. The initiator ATG and terminator TGA codons of the
MyarcLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is
indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0353] Table 103 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1227. The P. moriformis base strain CHK22 is shown as a non-
transgenic control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in
a lipid production medium. Biomass was harvested, lyophilized to dryness, and subjected to
direct transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 103: Screen of primary transformants of CHK22 with pCHK1227.

Sample FAME Profiles TAG Profile
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 | C18:3 | C20:0 | C20:1 m/z 577/603
alpha (OP:00)

pCHK1227-1 0.03 1.23 | 2732 | 280 | 59.58 | 695 | 049 | 0.25 | 0.00 242
pCHK1227-2 0.03 1.24 | 27.17 | 2.82 | 59.77 | 6.87 | 049 | 0.25 | 0.00 248
pCHK1227-3 0.03 1.24 | 2737 | 2774 | 59.53 | 698 | 049 | 0.24 | 0.00 2.49
pCHK1227-4 0.03 1.26 | 2746 | 288 | 59.40 | 6.87 | 049 | 0.25 | 0.00 2.05
pCHK1227-5 0.03 1.26 | 2724 | 2.85 | 5945 | 7.10 | 049 | 0.25 | 0.00 2.87
pCHK1227-6 0.04 1.30 | 2722 | 286 | 59.09 | 7.34 | 052 | 0.25 | 0.00 2.34
pCHK1227-7 0.03 1.26 | 2732 | 283 | 5930 | 7.12 | 0.50 | 0.25 | 0.00 2.89
CHK?22 Control | 0.04 1.27 | 2729 | 245 | 59.08 | 7.45 | 054 | 0.23 | 0.00 1.5

Example 50: Expressing Chlamydomonas sp. UWO_241 (CuwoLPAAT2) in P. moriformis
strain CHK22 using the PmG3PDH promeoter.

[0354] CuwoLPAAT2 was introduced into a P. moriformis strain CHK22. The expression
construct pCHK 1228 contained 5’ and 3" homology arms to permit its targeted integration into

the genome and is shown in Table 104.

-194-



WO 2025/096830 PCT/US2024/053965

Table 104: Integrative sequences for the transformation of P. moriformis with pCHK1228
encoding CuwoLPAAT?.

SEQID ,
Nucleotide Sequence
NO:
80 cccteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtttgecteettggeacggetetacaccegtegagtacgee

atgaggceggtgatggcetgtgteggttgccacticgtecagagacggceaagtegtecatectetgegtgtgtggegegacgetgeagea
gtecctetgeageagatgagegtgactttggecatticacgeactegagtgtacacaatcecatttttettaaagceaaatgactgetgatt
gaccagatactgtaacgctgatttegctccagategecacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtcacccateggeatggageaggtecacttagattecegate
acccacgeacatctegetaatagtcattegttegtgtettegatcaatetcaagtgagtgtgcatggatettggttgacgatgeggtatg
ggtttgegecgetggetgeagggtetgeccaaggceaagetaaccecagetectetecccgacaatactetegeaggeaaagecggtca
cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG
ATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]
IATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|

IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA

|GTCACAACCCGCAAACTGTACA|AT Gctgcetgeaggcecttectgticetgetggecggcttcgecgecaagatcageg

cctceatgacgaacgagacgtccgaccgecccctggtgeacttcacccccaacaagggcetggatgaacgaccccaacggectgiggta
cgacgagaaggacgccaagtggeacctgtacttccagtacaaccegaacgacaccgictgggggacgecctigtictggggeeacgec
acgtccgacgacctgaccaactgggaggaccagececatcgecatcgecccgaagegeaacgactecggegecttcteeggeteeatgg
tggtggactacaacaacacctccggcticticaacgacaccatcgaccegegeeagegetgegtggecatctggacctacaacaccecg
gagtccgaggagcagtacatctcctacagectggacggeggctacaccttcaccgagtaccagaagaacceegtgetggecgecaact
ccacccagticegegaccegaaggtctictggtacgagecctceccagaagtggateatgaccgeggecaagicccaggactacaagat
cgagatctactcctccgacgacctgaagtectggaagetggagteegegticgecaacgagggcticctcggetaccagtacgagtgece
cggectgategaggtecceacecgageaggacccecageaagtectactgggtgatgticatctecatcaaccecggegecccggecgge
ggctecttcaaccagtacticgteggeagcticaacggceacccacttcgaggecticgacaaccagteccgegtggitggacticggeaag
gactactacgccctgeagaccticttcaacaccgacccgacctacgggagegecctgggeatcgegtgggectecaactgggagtactce
cgecttegtgeccaccaaccectggegcetectecatgtecctegtgegeaagticteccteaacaccgagtaccaggeeaacccggagac
ggagctgatcaacctgaaggcecgagcecgatcctgaacatcagceaacgcecggcececctggagcecggticgecaccaacaccacgttgac
gaaggccaacagctacaacgtcgacctgtccaacageacceggeaccetggagticgagetggigtacgeegtcaacaccacccagac
gatctccaagteegtgttcgeggacctetecctetggttcaagggectggaggaccecgaggagtaccteegeatgggcettegaggtgtee
gegtectecticticetggaccgegggaacageaaggtgaagttcgtgaag gagaaccectacticaccaaccgeatgagegtgaacaa
ccagececttcaagagegagaacgacctgtectactacaaggigtacggettgetggaccagaacateetggagetgtacticaacgacg
gegacgtegtgtccaccaacacctacttcatgaccaccgggaacgeectgggetecgtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcgcegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
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SEQ ID
NO:

Nucleotide Sequence

TCTCTGGCGCCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCGCGGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGCGGCCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG
GAAGCATCACAGCACAACCGGTgcagcagcagcteggatagtatcgacacactetggacgetggtegtgtgatggac

tgttgccgcecacacttgctgectigaccigigaatatecctgecgctittatcaaacagecteagigtgtitgatetigtgigtacgcgcttigeg
agttgctagctgcetigigctatitgcgaataccacccccageatccccticectegtticatatcgetigeateccaaccgeaacttatctacge
tgtcctgctateccteagegctgctectgetectgeteactgeccctegeacagectiggtitgggctecgeciglatictectggtacigeaacce
fgtaaaccagcactgcaatgctgatgcac gggaagtagtgggatgggaacacaaatggacctaggaaataacaatca
ICTCAGCCTACACGTCTTCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGACTGGGTCC(
UGCCTGGGTGGGTGCTCCCGCTCGATTGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT(
[TCTATTTATCACTG CCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
UGCCTCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTTTAGACGGGAAGCAACCCG(
[TTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGCC
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA]
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAAC
W CAAACATITACTCCITAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC
EIATGGCGGCCAACA TGGCGACGTTCCCCTTCTTTCTCCTGACCTTCTTTTTCCTGTACTG
GTCCATGGCCATCGGCACCCTGGTCGGACGGGTCAAGTTTTGGCAGTACAACGGCACC
AACCGCAACGAGATGTTCGTGTGGGCCAAGCTGTGCTCGGACTTTCTGGGCGTCAAGT
ACCTGAAGACGGGCTCGGGCTCTCTCTACAAGAAGGAGCGCTGCGTGTACCTGAGCAA
CCACCGCTCCTGGGCGGACTTCTTTGTGGACGTGTACCTGACCGAGGGCATCGCGCAG
GCCATGGCGCGAACCATGGTCGGCATCGCCTTCCCCATGTTTATTGGCGCGGCTACCAT
CCTGCGAGGCATCCTCCTGTTTAAGCGGGGCTCCATCGCCAACAAGGACAAGTTCAACA
CCTGGCTCGATGACAAGCTGAACAGCTCCCCGTGCTCCTCTCTGCTCGTGTTTCCCGAG
GGCCACCGAAGCACCAAGTCCACGAGCCTGCCGCTGAAGCGCGGCATGCTGTACTACG
CGCATTCGCGCGGGCTGCCTGTGCAGGTGATCATGACGCGCGGGAAGGAGCTGGTGCT
GTCGGAGAAGCACCATCACGCGGGCTACGGCACCCAACTGATTACGGGCTTTTCCGAG
CTGGTGCTGAGCAAGGATAAGGAGTTCGAGCAGTTTTGGACCGAGGTCCAGGCGATGT
GGGACCGCATGTGGGCCGAGGTGTACAGCGTCGACCCCTCCACGGCGGTGCCTTACAC
GCAGGACGTGCCCGGCAGCGTGTACCCCCTCTCCATGTCGGTCCTGTACACCGTGTTTA
CGGTGTCGACCGTCATCTTTCTGCTCTCGACGCTCTGGATCATGGCGCGGATCTTCGGC
TTCATGATCTCCCCGCTGCCCGCGATGCTCCAAATGGTGGTCTGGGGCGCCGTCCCGGT
CACCCTGGCGGTGTCGTTCCGGGCCTCTATTATCGACAACGCCAAGACGTCCTCGTCCG

CCGTCATCAAGACCGCGAAGAAGGCGCAATGA gtaccacgecegegeggegeacctgacetgttetctcgagg
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SEQ ID
NO:

Nucleotide Sequence

ccgecggacccgacaaaacccttacgacetogstaagaaaaacgtggcggocact

gecaggacagegcecatgecacgecctttgatggettcaagtacgattacggtgttggattgtgtgtttgttgcgtagtgtgcatggtttag
aataatacacttgatttcttgctcacggcaatcteggcettgtecgeaggttcaaccccatttcggagtetcaggtcagecgegeaatgac
cagccgctacttcaaggacttgcacgacaacgecgaggtgagetatgtttaggacttgattggaaattgtegtegacgeatattegeg
cteegegacageacccaagceaaaatgteaagtgegttecgatttgegtecgeaggtegatgttgtgategteggegeeggatecgeeg
gtetgtectgegettacgagetgaccaageaccetgacgtecgggtacgegagetgagattegattagacataaattgaagattaaac
ccgtagaaaaatttgatggtcgegaaactgtgetegattgcaagaaattgategtectecactecgeaggtegecatcategageagg
gegttgeteceggeggeggegectggetggggggacagetgttcteggecatgtgtgtacgtagaaggatgaatttcagetggtttteg
ttgcacagetgtttgtgcatgatttgtttcagactattgttgaatgtttttagatttcttaggatgceatgatttgtctgeatgegact

[0355] The construct can be written as

5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: CuwoLPAAT2:PmPGH::3 Thia4.
Proceeding in the 5’ to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the CuwoLPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the CuwoLPAAT?2. The initiator ATG and terminator TGA codons of the
CuwoLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is
indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0356] Table 105 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1228. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid

production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
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transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.
Table 105: Screen of primary transformants of CHK22 with pCHK1228.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 C20:0 | C20:1
alpha (OP:00)
pCHK1228-1 0.03 1.24 | 2729 | 277 | 59.73 | 6.84 0.48 0.24 0.00 2.9
pCHK1228-2 0.03 1.24 | 27.12 | 2.79 | 59.89 | 6.87 0.47 0.24 0.00 3.33
pCHK1228-3 0.03 1.26 | 2724 | 2774 | 59.63 | 7.02 0.47 0.23 0.00 3.65
pCHK1228-4 0.03 1.25 | 2679 | 2.87 | 60.30 | 6.75 0.46 0.24 | 0.00 345
pCHK1228-5 0.03 1.26 | 27.18 | 2.89 | 59.84 | 6.73 0.48 0.24 0.00 2.79
pCHK1228-6 0.04 1.26 | 2724 | 278 | 59.84 | 6.80 0.47 0.22 0.00 3.39
pCHK1228-7 0.03 1.27 | 27.34 | 2.84 | 59.42 | 6.95 0.51 0.25 0.00 3.04
CHK22 Control | 0.04 1.27 | 27.29 | 245 | 59.08 | 7.45 0.54 0.23 0.00 1.5
Example 51: Expressing Chlamydomonas moewusii (CmoeLPAAT2) in P. moriformis strain

CHK22 using the PmG3PDH promoter.
[0357] CrmoeLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression

construct, pCHK1231, contained 5' and 3' homology arms to permit its targeted integration into

the genome and is shown in Table 106.

Table 106: Integrative sequences for the transformation of P. moriformis with pPCHK1231
encoding CmoeLPAAT2.

SEQ ID
NO:

Nucleotide Sequence

81

cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggcacggetetacacegtegagtacgee
atgaggceggtgatggctgtgteggttgecacticgtecagagacggeaagtegtecatectetgegtgtgtggegegacgetgeagea
gteectetgecageagatgagegtgactttggecatttcacgeactegagtgtacacaatecatttttettaaagcaaatgactgetgatt

gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtcacecateggeatggageaggtcecacttagattecegate
acccacgceacatctegctaatagtcattegttegtgtettcgatcaatctcaagtgagtgtgcatggatcttggttgacgatgeggtatg

ggtttgegecgetggetgeagggtetgeccaaggeaagetaacceagetectetceecgacaatactetcgcaggeaaageeggtea
cttgecttecagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGC
IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]

ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGA(]
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SEQ ID
NO:

Nucleotide Sequence

IATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|
IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA)
|GTCACAACCCGCAAACTGTACA|A TGecetgetgeaggcectteetgticetgetggeeggeticgeegecaagatcageg

cctecatgacgaacgagacgtcegaccegeeccctggtgeacttcacceccaacaagggcetggatgaacgaccccaacggectgtggta
cgacgagaaggacgccaagtggeacctgtacticcagtacaaccegaacgacaccgictgggggacgccctigtictggggeeacgcc
acgtccgacgacctgaccaactgggaggaccagcccatcgecatcgecccgaagegeaacgactecggegecttctccggeteeatgg
tggtggactacaacaacacctcecggcticttcaacgacaccatcgacccgegecagegetgegtggecatctggacctacaacaccccg
gagtccgaggagcagtacatctectacagectggacggceggcetacaccticaccgagtaccagaagaaccccgtgetggecgecaact
ccacccagttccgegacccgaaggtettctggtacgagecctcccagaagtggatcatgaccgeggecaagtcccaggactacaagat
cgagatctactcctccgacgacctgaagtectggaagetggagteegegticgecaacgagggcttcctcggcetaccagtacgagtgece
cggectgatcgaggtccccaccgagceaggaccccagceaagtectactgggtgatgtrcatctccatcaaccccggegecccggecgge
ggctccttcaaccagtacttcgteggeagcttcaacggcacccacttcgaggecttcgacaaccagteecgegtggtggacttcggeaag
gactactacgccctgeagaccttcttcaacaccgaccegacctacgggagegecctgggeatcgegtgggectccaactgggagtacte
cgccttegtgeccaccaacccctggegctectecatgteectegtgegeaagtictcectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggccgagecgatcctgaacatcageaacgccggceccctggagecggttcgecaccaacaccacgttgac
gaaggccaacagctacaacgtcgacctgtccaacageaccggeaccectggagttcgagerggigtacgecgtecaacaccacceagac
gatctccaagteegtgttcgeggacctcteectetggttcaagggectggaggaccccgaggagtaccteecgeatgggcettcgaggtgtee
gcegtectecttettectggaccgegggaacageaaggtgaagttcgtgaaggagaacccectacttcaccaaccgeatgagegtgaacaa
ccagcececttcaagagcegagaacgacctgtectactacaaggigtacggctigetggaccagaacatcctggagcetgtacticaacgacg
gegacgtcgtgtccaccaacacctacttcatgaccaccgggaacgcecectgggctecgtgaacatgacgacgggggtggacaacctgtic
tacatcgacaagttccaggtgcegegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGGCGCCCCCCCGCGCGCTTTGTCGCCCTCGCGGGCCCCGCCGCCGCCGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG
GAAGCATCACAGCACAACCGGTgcagcagcageteggatagtatcgacacactetggacgetggtegtgigatggac

tgttgccgcecacacttgcetgectigacctgtgaatatecctgecgcetittatcaaacagcecteagigtgtitgatetigtgigtacgegctttigeg
agttgctagctgcetigigctatitgcgaataccaccecccageatccccticcctegtticatatcgetigeatcccaaccgeaacttatctacge
tgtectgctateccteagegetgcetectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaace
tgtaaaccagceactgcaatgctgatgcacgggaagta, gtgggatgggaacacaaatggacctaggaaataacaatca
|CTCA GCCTACACGTCITCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGA CTGGGTCCC|

|AGCC TGGGTGGGTGCTCCCGCTCGATTIGCTCGTGTCGGAGGCGGGGCACCCCCGCTC TC|

|TCTA TITATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAA TTC|
|AGCC TCAACAAGCCGAGTTGTGCACAAGGGAGACTAATTTTITAGACGGGAAGCAACC CGC'I
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SEQ ID
NO:

Nucleotide Sequence

[ITCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC(
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA]
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAACH
UCAAACATTTACTCCTTAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC
BIATGGCCAGCTTCGTCGATCTCCTGCTCCAGTTCCCCTACTTTGGCCTGACGATCTTCTT
TTTCTACTGGTCCCCACCCCTGGCGTCCATCGTCTACCGAATCCGCTTCGCGTCGGCGG
GACCCCGCAAGGACATCTACGAGTGGACGACCGCCATGGTCCAGTTCCTCGGCGTGCG
CATCCGTCACCAAGGCAAGCAGACCCTGTACAAGAAGGAGCGCTGCGTCTACCTGTGC
AACCACCGCTCCTGGGCGGACTTTTTCGTGGACCTGCACCTGACCCAAGGCCTGGCGG
CCCCCATGAGCCGCACCATGGTGTTTTTCGCCTTCCCTGTGTTCATGAGCATTTGCATC
GTGCTCAAGGGCGTCCTCCTCTTCAAGCGCGGCACGATCGCCGACAAGACGAAGTTCA
ACAAGTGGCTGGATGACAGCCTGGGCAACAGCCCGGTGTCCTGCCTGCTCGTGTACCC
CGAGGGCCACCGCTCTACGAAGGCGAAGTCGCTGCCGCTGAAGCGCGGTATGCTGTAC
TACGCGCACAGCCGCGGCCTGCCCGTGCAGATTATCCATACCGCGGGCAAGGAGGCCG
TCCTGTCCGAGAAGCGCATGCGCGCGAGCTACGGCCAGACCCTCGTCACGGGCTITCTC
GCAGCCCATCCAGTCCAAGGACTTCAAGGACTTCGAGGCCTTCTCTGCGGAGGTCCAG
CGGAGCTGGGACGCGCTCTGGACCGAGGTGTACTCCGCGAACCCCTCCGCGCTGCCCC
CGCTGGTGCAGGAGGACGTCCCCACCGCGGACTACCCGCCTTCCATGCGCACGGGCAT
GCTCCTGGTCAGCCTGGCGGCCATCGCCCTGTTCCTGGCCTTTGTCGCGCTCCTGGCCT
ACATCACGGGCCCGGTGATGAGCCTGTTCCCCGCTCCCCTCCGCGTCCCACTCATTCTC
TTTAAGCTGTCCTGGCACGCGGCCAGCTTCCTGTACTGCCGGGCCAAGGACACCCCTG

GCAAGGTGAAGGCGGCGTGAgtaccacgeccgegeggegeacctgacctgttetetcgagggegectgttetgecttgeg

geattgaaattgttgcaaaccccacctgacagattgagggcccaggeaggaaggegttgagatggaggtacaggagtcaagtaactgaaag

tttttatgataactaacaacaaa cgtttctggccagegaatgacaagaacaagattccacatttccgtgtagaggcettgecatcgaatgtga

cgggcgggccgeggacccgacaaaacccttacgacgtggtaagaaaaacgtggcgggeactgteect

gacgatcggaageatcacageacaggecggeccgegtetcgaacagagegeggeggecgeatcgatacctgeaggacagegeeatgee

acgecctttgatggettcaagtacgattacggtgttggattgtgtotttgttgegtagtgtgcatggtitagaataatacacttgatttett

gctcacggcaatcteggcettgtecgeaggttcaaccecattteggagtetcaggtecagecgegeaatgaccagecgetacttcaagga
cttgcacgacaacgecgaggtgagcetatgtitaggacttgattggaaattgtegtegacgcatattegegetecgegacageacecaa
gcaaaatgtcaagtgegttecgatttgegtecgeaggtegatgttgtgategteggegeeggatecgeeggtetgtectgegettacga
getgaccaagceaccctgacgtecgggtacgegagetgagattcgattagacataaattgaagattaaaccegtagaaaaatttgatg
gtegegaaactgtgctegattgcaagaaattgategtectecactecgeaggtegecatcategageagggegttgeteceggeggeg
gegectggetggggggacagetgtictcggecatgtgtgtacgtagaaggatgaatttcagetggttitegtigeacagetgtitgtgea
tgatttgtttcagactattgttgaatgtttttagatttcttaggatgcatgatttgtctgeatgegact
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[0358] The construct can be written as

5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: CrnioeLPAAT2:PmPGH::3 Thia4.
Proceeding in the 5' to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK?22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the CmoeLPAAT?2 gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the CmoeLPAAT2. The initiator ATG and terminator TGA codons of the
CmoeLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is
indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0359] Table 107 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1231. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 107: Screen of primary transformants of CHK22 with pCHK1231.

FAME Profiles TAG Profile
Sample Cls3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)

pCHK1231-1 0.03 1.19 | 26.09 | 330 | 60.84 | 659 | 0.52 031 0.00 1.55
pCHK1231-2 0.04 1.29 | 21.15 | 413 | 61.84 | 950 | 0.58 041 0.00 1.52
pCHK1231-3 0.03 1.34 | 26,69 | 291 | 5884 | 826 | 0.50 0.24 0.00 4.45
pCHK1231-4 0.03 1.33 | 2634 | 343 | 59.14 | 7.80 | 0.52 0.28 0.00 4.61
pCHK1231-5 0.03 1.24 | 2627 | 330 | 60.38 | 6.81 0.55 0.28 0.00 1.53
pCHK1231-6 0.03 1.36 | 2640 | 220 | 60.87 | 7.26 | 0.31 0.16 0.00 4.49
pCHK1231-7 0.03 1.27 | 2659 | 3.12 | 59.06 | 791 0.53 0.27 0.00 4.61
pCHK1231-8 0.03 1.27 | 2639 | 297 | 59.77 | 7.68 | 049 0.21 0.00 4.79
CHK22 Control | 0.04 14 258 | 269 | 61.83 | 6.51 0.36 0.16 0 1.5
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Example 52: Expressing Oophila amblystomatis (OamblLPAAT2) in P. moriformis strain
CHK22 using the PmG3PDH promoter.
[0360] OambLPAAT?2 was introduced into a P. moriformis strain CHK22. The expression

construct pCHK1232 contained 5' and 3' homology arms to permit its targeted integration into

the genome and is shown in Table 108.

Table 108: Integrative sequences for the transformation of P. moriformis with pCHK1232
encoding OambLPAAT?.

SEQ ID
NO:

Nucleotide Sequence

82

cecteaactgegacgetgggaaccttetecgggeaggegatgtgegtgggtitgectecttggeacggetetacacegtegagtacgee
atgaggceggtgatggcetgtgteggttgecacttcgtecagagacggeaagtegtecatectetgegtgtgtggegegacgetgeagea
gtecctetgeageagatgagegtgactttggecatttcacgeactegagtgtacacaatcecatttttettaaagcaaatgactgetgatt
gaccagatactgtaacgctgatttegctccagategeacagatagegaccatgttgetgegtetgaaaatcetggattecgaattegace
ctggegetecatecatgeaacagatggegacacttgttacaattectgtecacecateggeatggageaggtecacttagatteccgate
acccacgeacatctegetaatagtcattegttegtgtettcgatcaatetcaagtgagtgtgcatggatcettggttgacgatgeggtatg
ggtttgegeegetggetgeagggtetgeccaaggeaagetaacccagetectetececgacaatactetegeaggeaaagecggtca
cttgecttccagattgecaataaactcaattatggectetgteatgecatecatgggtetgatgaatggteacgetegtgtectgacegtt
ccccagcctctggcgtcccctgccccgcccaccagcccacgccgcgcggcagtcgctgccaaggctgtctcgga
IGCTATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTG(
IATGCAACACCGATGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCT]
ICCGATGCCGCTCCAGGGCGAGCGCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGAC]
|ATTATAGCGAGCTACCAAAGCCATATTCAAACACCTAGATCACTACCACTTCTACACA|
IGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCCTCTTCCTCTTCGTTTCA
IGTCACAACCCGCAAACTGTACAU TG tgctgeaggcecttcetgticetgetggecggeticgeegecaagateageg

cctecatgacgaacgagacgteegacegeecectggtgeacticacceccaacaagggcetggatgaacgaccecaacggectgtggta
cgacgagaaggacgccaagtggceacctgtacttccagtacaacccgaacgacaccgictgggggacgccctigtictggggecacgcc
acgtccgacgacctgaccaactgggaggaccageccatcgecatcgecccgaagegeaacgacteccggegectictceggeteeatgg
tggtggactacaacaacacctecggcticticaacgacaccatcgaccegegecagegetgegtggeceatctggacctacaacaccecg
gagtccgaggagceagtacatctcctacagectggacggceggctacaccttcaccgagtaccagaagaacceegtgetggecgecaact
ccacccagttccgegacccgaaggtctictggtacgageccteecagaagtggatcatgaccgeggecaagicecaggactacaagat

cgagatctactcctecgacgacctgaagtectggaagetggagicegegttcgecaacgagggcticcteggcetaccagtacgagtgece
cggcectgatcgaggtcceccaccgageaggaccecageaagicctactgggtgatgticatctccatcaaccceggegeeccggecgge

ggctecttcaaccagtacticgteggeagcticaacggcacccacttcgaggecticgacaaccagteecgegtggtggacticggeaag

gactactacgccctgecagaccticttcaacaccgacccegacctacgggagegecctgggeatcgegtgggectccaactgggagtactc
cgecttegtgeccaccaacccctggegctectecatgtecctegtgegeaagtictcectcaacaccgagtaccaggecaacccggagac
ggagctgatcaacctgaaggecgagecgatcctgaacatcageaacgecggeccectggageeggticgecaccaacaccacgttgac

gaaggccaacagctacaacgtcgacctgtccaacagceaccggeaccctggagticgagcetggtgtacgecgtcaacaccacccagac
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SEQ ID
NO:

Nucleotide Sequence

gatctccaagteegtgttcgeggacctceteectetggttcaagggectggaggaccecgaggagtaccteegeatgggettegaggtgtee
gegtectectitcticetggaccgegggaacagceaaggigaagticgtgaag gagaaccectacttcaccaaccgeatgagegtgaacaa
ccagceccttcaagagcegagaacgacctgtectactacaaggtgtacggcettgetggaccagaacatcctggagcetgtacttcaacgacg
gegacgtegtgtecaccaacacctacttcatgaccaccgggaacgecectgggetecgtgaacatgacgacgggggiggacaacctgtic
tacatcgacaagttccaggtgcgcegaggtcaagtgactTAAGACGCCCGCGCGGCGCACCTGACCTGTTCT
CTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCG
TCTCTGCCGCCCCCCCGCGCGCTTTGTCCCCCTCGCGGGCCCCGCCCCCCCCGGGGC
GCATTGAAATTGTTGCAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGT
TGAGATGGAGGTACAGGAGTCAAGTAACTGAAAGTTTTTATGATAACTAACAACAAA
GGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGATTCCACATTTCCGTGTAGAGGC
TTGCCATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCCTTACGACGTGGT
AAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATCG
GAAGCATCACAGCACAACCGGTgcagcagcagcteggatagtatcgacacactetggacgetggtegtgtgatggac

tgitgccgcecacacttgcetgectigaccigigaatatecctgecgctittatcaaacagectecagigtgtitgatcttgtgigtacgcgctttigeg
agttgctagctgctigtgctatitgcgaataccacccccageatccccticcctegtticatatcgettgeateccaaccgeaacttatctacge
tgtectgctateccteagegcetgcetectgetectgeteactgeccctegeacagcectiggttigggctecgectgtattctectggtactgeaacc
fgtaaaccagcactgcaatgctgatgcacgggaagta, gtgggatgggaacacaaatggacctaggaaataacaatca
ICTCAGCCTACACGTCTTCTCCGATACCTTTCCCTCATTGCATTTTATGCCAGACTGGGTCCA
UGCCTGGGTGGGTGCTCCCGCTCGATIGCTCGTGTCGGAGGCGGGGCACCCCCGCTCT(
[TCTATTTATCACTGCCTCTCCCCGACCAACCCTGACGACTGTAACCCTGCCAGAAACAATT(
WGCCTCAACAAGCCGAGTTGTGCACAAGGGAGA CTAATTTTTTAGACGGGAAGCAACCCG(
[ITTCCAGAAGCATCCGGACGGGGGTAGCGAGGCTGTGTCGAGCGCCGTGGGGATCTGGC(
IGATGAGGTGCCCGAAACCCGTGTACAGCTCAGCGGCTGGGATCATCGACCCCCGGGATCA|
[TCGACCCCGTGGGCCGGGCCCCCGGACCCTATAACTAAAAGCCGACGCCAGCGCAAAAC
UWCAAACATTITACTCCITAATCCTCGCTCCTCCTTCATATACAACCACAAGTAATCAACTCACC

BIAT GGCCCTGGCGCGCTCCAGCTCCTCGTCCGCGCTCCTGCTCTGGCTGCTCCGCCTGC
CGTACTTTCTGCTCACCATCACCTTTTTCTACTGGTCCGCCACGATCGGCGCCCTGATCT
ACCGCGTCCGCTTCCTGTCTACCGGGCCGCGCAACGACATGTACGACTGGACCCTGCTC
ATGACCTCGTTCCTGGGTCTCCACTTCCACCAACTGGGTGCCCAACGCCTGCACTGCGC
GCCCCGAGTCGTGTTTCTGGCCAACCACCGAAGCTGGGCCGACTTTTTCGTCGACATCC
ACCTGACCCAGGGGACCGCCGCTCCCATGTCCCGCGCGCTGGTGGCTTTTGCGTITCCT
GTGTTCATGTGCACCGCCTGGCTCCTGCGCGGACTGATTATCTTCAAGCGCGGCGCGAT
CGAGGACAAAAAGAAGTTCAACTCGTGGCTGGACGAGCAGCTCGACGCGTCCGCGGGC
TCGAACCTCCTGGTGTACCCCGAGGGACACCGCAGCACCCGACCCACCTCCCTCCCACT
GAAGCGCGGCATGCTGTACTACGCCCACTCCCGCGGCCTGCCCGTGCAAATTATCATGA
CCGCTGGCAAGGAGTCTGTCCTGTCGGAGAAGCACCAGTGCGCGTCCTTTGGCCAACA

CCTCCTGACCAGCTTCAGCCCCGTGATCTCGTCTAAGGACAAGGACTTCGAGGTGTTCG
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SEQ ID

Nucleotide Sequence
NO:

CTACGGAGGTCCAGCAACGCTGGGATTCGCTGTGGCGCGAGGTGTTTAGCACGTCGAC
CCAAGGCGTCCCCCTCCTGCACCAGGCCAGCGTCCCACTCTTCGACTACCCTCCCGCTG
TCCGCACGCACATGGCTCTCGCTTCCAGCGCCTTCATCCTGATGCTGCTCCTGGCCGCG
GGCGCGGCCGTCCTGGCCGTCCGCGCTACCCTGGCCCTGATGCCGCCCGTCCTCCAGG
TCGTGGTCCTCGCTGCCAGCTCCCTCCTGATGCTCGCGTCCTTTCTGACGTCGGLCTGCC
ATCACCTCGTCCACCACGACCACGACCACGACCACGCGACAGCCCCAGGCTGTGGCCG

ACAAGGGCTCGAAGGAGTCCTAGgtaccacgeccgegeggegeacctgacctgttetetegagggegectgttetgect

aagtttttatgataactaacaacaaa tegtttctggccagegaatgacaagaacaagattccacatttcegtgtagaggcttgccatcgaat

gggccgeggacccgacaaaacccttacgacgtgetaagaaaaacgtggegggcactgtecctgtagectgaagaccage

cgatacctgcaggacagegee
atgccacgcecectttgatggettcaagtacgattacggtgttggattgtgtgttgttgegtagtgtgeatggtttagaataatacacttgat
ttcttgetcacggcaatcteggcettgtecgeaggttcaaccecatttcggagtetcaggteagecgegeaatgaccagecegetacttcaa
ggacttgcacgacaacgecgaggtgagetatgtttaggacttgattggaaattgtegtegacgcatattegegeteegegacageace
caagcaaaatgtcaagtgegttecgatttgegtecgeaggtegatgttgtgategteggegeeggatecgeceggtetgtectgegetta
cgagctgaccaageaccctgacgtecgggtacgegagetgagattcgattagacataaattgaagattaaacccegtagaaaaatttg
atggtcgcgaaactgtgctegattgcaagaaattgategtectecactecgeaggtegecatcategageagggegttgeteecggeg
geggegectggetggggggacagetgticteggecatgtgtgtacgtagaaggatgaatttcagetggttttegtigecacagetgtttgt
gcatgatttgtttcagactattgttgaatgtitttagatttcttaggatgcatgatttgtetgeatgegact

[0361] The construct can be written as

5°Thia4::CrTUB2:ScSUC2:PmPGH:CvNR:PmG3PDH: OambLPAAT2:PmPGH::3’Thia4.
Proceeding in the 5’ to 3’ direction, bold, lowercase sequences represent genomic DNA from
CHK22 that permit targeted integration at the Thia4 locus via homologous recombination, the C.
reinhardtii B-tubulin promoter driving expression of the yeast sucrose invertase gene (conferring
the ability of CHK22 to metabolize sucrose) is indicated by boxed uppercase text. The initiator
ATG and terminator TAA for invertase are indicated in uppercase, bold italics while the coding
region is indicated in lowercase italics. The P. moriformis PmPGH 3'-UTR that enables
amplification of the OambLPAAT? gene, is indicated by uppercase underlined text followed by a
linker, indicated by lowercase, bold italics, which contains a C. vulgaris nitrate reductase 3'-
UTR. The P. moriformis PmG3PDH promoter, indicated by the boxed italicized text, drives the
expression of the OambLPAAT?2. The initiator ATG and terminator TAG codons of the
OambLPAAT? are indicated by uppercase, bold italics, while the remainder of the gene is
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indicated by bold italics. The PmPGH 3'-UTR is indicated by lowercase underlined text followed
by the CHK22 Thia4 genomic region indicated by bold, lowercase text.

[0362] Table 109 shows the fatty acid/TAG profiles of seven primary transformants of CHK22
transformed with pCHK1232. The P. moriformis base strain CHK22 is shown as a non-transgenic
control. Strains were grown for 120 hrs in a 50-mL conical tube at 200 rpm at 28 °C in a lipid
production medium. Biomass was harvested, lyophilized to dryness, and subjected to direct
transesterification to generate FAMEs for subsequent quantitation and characterization by
GC/FID. TAG analysis was conducted using the LCMS method as described above.

Table 109: Screen of primary transformants of CHK22 with pCHK1232.

FAME Profiles TAG Profile
Sample C18:3 m/z 577/603
C12:0 | C14:0 | C16:0 | C18:0 | C18:1 | C18:2 alpha C20:0 | C20:1 (OP:00)

pCHK1232-1 0.15 | 3.52 | 26.66 | 2.19 | 48.87 | 1520 | 1.38 | 0.28 0.00 2.45
pCHK1232-2 008 | 2.61 | 2732 | 245 |58.12 | 755 | 034 | 0.21 0.00 1.86
pCHK1232-3 0.07 | 231 | 2785 | 406 | 57.08 | 6.64 | 0.59 | 0.29 0.00 1.54
pCHK1232-4 0.04 1.37 | 2580 | 354 | 60.00 | 7.29 | 0.55 | 0.29 0.00 2.31
pCHK1232-5 0.05 1.67 | 2741 | 292 | 58.02 | 815 | 040 | 0.23 0.00 1.99
pCHK1232-6 0.03 1.27 | 2615 | 351 | 6039 | 6.87 | 052 | 0.25 0.00 2.74
pCHK1232-7 0.04 1.32 | 2726 | 273 | 5553 | 10.51 | 0.76 | 0.37 0.00 1.54
pCHK1232-8 0.07 1.97 | 2597 | 3.09 | 55.03 | 11.16 | 091 | 0.38 0.00 2.09
CHK22 Control | 0.04 14 25.8 | 2.69 | 61.83 | 6.51 036 | 0.16 0 1.5

[0363] The amino acid sequences of various LPAATSs disclosed herein were compared with the
amino acid sequence of CrLPAAT?2 to generate a sequence percent identity (%). The results are
shown in Table 110. The resulting phenotypes of expressing these LPAATSs in the non-transgenic
cell line CHK?22 are indicated with the OP:0O ratio.

[0364] In some embodiments, a microalgal cell provided herein comprises an exogenous gene
that encodes for an LPAAT in Table 110. In some embodiments, the exogenous gene can
comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to a
LPAAT in Table 110.

Table 110: Percent identity against CrLPAAT?2 and OP:00 Ratio
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GenBank Protein | Identit TAG profile
Gene name Organism ID/Accession size (%) Y1 mz (577/603)
Number ’ oP:00
CiLPAAT?2 Chlamydomonas reinhardtii XP_001699586.2 | 325aa 100.0 345
CILPAAT2 Chlamydomonas incerta KAG2426747.1 325 aa §89.8 221
VILPAAT2 Volvox reticuliferus GIM16764.1 156 aa 80.8 1.69
ChsLPAAT?2 Chlamydomonas schloesseri KAG2454274.1 378 aa 772 1.99
Edaphochlamys
EdLPAAT2 SRR13719274 324 aa 76.9 1.8
debaryana_SRR13719274
Vitreochlamys sp. CL-
VitrLPAAT?2 SRR13719283 328 aa 70.2 4.3
2021_SRR13719283
Colemanosphaera
CchaLPAAT2 SRR13719279 324 aa 69.2 2.6
charkowiensis_SRR13719279
VaLPAAT2 Volvox africanus GIL63906.1 324 aa 69.2 1.96
AgLPAAT2 Astrephomene gubernaculifera GFR47784.1 354 aa 69.1 221
Gonium
GvirLPAAT2 SRR13719236 326 aa 68.8 3.6
viridistellatum_SRR13719236
Vitreochlamys
VaulLPAAT2 SRR13719273 325 aa 68.7 4.6
aulata_SRR13719273
Gonium
GmulLPAAT?2 SRR13719234 324 aa 68.6 4.2
multicoccum_SRRI13719234
Volvulina
VcomLPAAT?2 SRR&88100 326 aa 68.5 4.4
compacta_SRR888100
Pleodorina
PjapLPAAT2 SRR1371926 324 aa 67.7 2
Jjaponica_SRR13719268
Pandorina
PmorLPAAT?2 SRR13719246 325 aa 67.2 2
morum_SRR13719246
Volvulina
VbolLPAAT?2 SRR13719245 325 aa 66.9 2.1
boldii_SRR13719245
Eudorina
EcylLPAAT2 SRR13719256 325 aa 66.3 2
cylindrica_SRRI13719256
Volvox carteri f.
VcearfLPAAT2 SRR13719248 326 aa 654 3.4

weismannia_SRRI13719248
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GenBank . . TAG profile
Gene name Organism ID/Accession Pl:i);gm Id(e;t)l ty m/z (577/603)
Number ’ oP:00
VferLPAAT2 Volvox ferrisii_SRR13719278 SRR13719278 325 aa 654 3.8
Gonium
GoctLPAAT?2 SRR13719233 351 aa 65.2 1.63
octonarium_SRR13719233
Volvulina
VsteLPAAT2 SRR13719272 326 aa 63.3 1.92
steinii_SRR13719272
EdLPAAT2 Edaphochlamys debaryana KAG2489453.1 325 aa 60.1 3.78
CeLPAAT2 Chlamydomonas eustigma GAX78532.1 253 aa 55.3 1.59
Ch_CCAC2762 Chlamydomonas sp.
ERR3487411 386 aa 48.6 4.59
_LPAAT2 CCAC2762_B_ERR3487411
VcLPAAT2 Volvox carteri_98847 XP_002957774.1 303 aa 47.5 1.58
Chlamydomonas
CnivLPAAT?2 SRR12517273 360 aa 45.8 1.59
nivalis_SRR12517273
Chlamydomonas_moewusii_S
CmoeLPAAT?2 SRR13719241 336 aa 454 4.79
RR13719241
PedLPAAT?2 Pedinophyceae sp.YPF-701 CAG9465508.1 340 aa 454 4.47
Microglena
MyarcLPAAT2 SRR18294403 362 aa 45.1 2.87
sp.YARC_SRR18294403
Dunaliella
DsalLPAAT2 SRR9129444 335 aa 44.5 2.06
salina_SRR9129444
DsLPAAT?2 Dunaliella salina KAF5838861.1 333 aa 442 2.35
Volvox carteri f.
VcLPAAT2 XP_002947580.1 | 624 aa 434 1.59
nagariensis_120491
Oophila
OambLPAAT?2 SRR5445907 359 aa 424 2.74
amblystomatis_SRR5445907
ChdeLPAAT2 Chlorella desiccata KAH7617329.1 372 aa 415 1.71
Scenedesmus sp. NREL 46B-
SceLPAAT2 D3 KAF6259536.1 358 aa 414 1.64
ChsoLPAAT2 Chlorella sorokiniana PRWS57325.1 363 aa 413 1.53
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GenBank . . TAG profile
Gene name Organism ID/Accession Pl:i);gm Id(e;t)l ty m/z (577/603)
Number ’ 0P:00
Chlamydomonas_sp.UWO_24
CuwoLPAAT?2 SRR13696614 341 aa 40.6 3.65
1_SRRI13696614
MCcLPAAT2 Micractinium conductrix PSC72189.1 426 aa 40.3 1.55
RSLPAAT2 Raphidocelis subcapitata GBF93205.1 380 aa 39.8 1.58
ChvaLPAAT2 Chlorella variabilis XP_005852243.1 | 357 aa 39.8 1.58
ChvuLPAAT2 Chlorella vulgaris KAI3438340.1 360 aa 39.5 1.63
Auxenochlorella
ApLPAAT2 XP_011401335.1 | 385aa 37.0 1.58
protothecoides
ChprLPAAT2 Chloropicon primus QDZ21586.1 335 aa 329 1.62
CosLPAAT2 Coccomyxa subellipsoidea XP_005647638.1 197 aa 30.2 1.63
Bathycoccus
BpraLPAAT?2 ERR2041002 334 aa 29.1 1.66
prasinos_ERR2041002
OILPAAT2 Ostreococcus lucimarinus XP_001421357.1 286 aa 26.8 1.63
Pycnococcus provasolii_
PproLPAAT2 ERR2041000 326aa 227 1.64
ERR2041000
NoLPAT4 Nannochloropsis oceanica BAW99690.1 445 aa 15.3 1.55
CrLPAATI1 Chlamydomonas reinhardtii XP_042921325.1 332 aa 13.6 1.59
CrLPAATI-
Chlamydomonas reinhardtii XP_042921325.1 302aa 13.6 1.69
ACST*
S11848 Synechocystis sp.PCC6803 WP_010873224.1 | 225aa 13.3 1.6
EcplsC Escherichia coli HBN6599230.1 245 aa 12.4 1.59
AGPAT1 Homo sapiens NP_001358366.1 | 283 aa 12.1 3.6
BnBAT2-
Brassica napus NP_001302928.1 258 aa 11.9 1.9
ACST*
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GenBank . . TAG profile
Gene name Organism ID/Accession Pl:i);gm Id(e;t)l ty m/z (577/603)
Number ’ oP:00
NoLPAT3 Nannochloropsis oceanica BAW99691.1 482 aa 11.1 1.6
BnBAT2 Brassica napus NP_001302928.1 344 aa 10.3 1.57

[0365] The amino acid sequences were compared with the amino acid sequence of PedLPAAT?2

to generate a sequence percent identity (%). The results are shown in Table 111. The resulting

phenotype of expressing these LPAATs in CHK?22 is indicated with the OP:OQO ratio.

[0366] In some embodiments, a microalgal cell provided herein comprises an exogenous gene

that encodes for an LPAAT in Table 111. In some embodiments, the exogenous gene can

comprise a sequence with at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at

least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to a
LPAAT in Table 111.
Table 111: Percent identity against PedLPAAT?2 and OP:00 Ratio

TAG profile
GenBank . .
. . Protein | Identity m/z
Gene name Organism ID/Accession .
Number size (%) (577/603)
OP:00
PedLPAAT2 Pedinophyceae sp.YPF-701 CAGY9465508.1 340 aa 100 4.47
Volvulina
VcomLPAAT?2 SRR888100 326 aa 45.9 4.4
compacta_SRRSEE8100
Chlamydomonas
CmoeLPAAT2 SRR13719241 336 aa 459 4.79
moewusii_SRR13719241
Colemanosphaera
CchaLPAAT2 | charkowiensis_SRRI137192 SRR13719279 324 aa 43.8 2.6
79
VaLPAAT?2 Volvox africanus GIL63906.1 324 aa 43.5 1.96
Volvox
VferLPAAT2 SRR13719278 325 aa 43.5 3.8
ferrisii_SRR13719278
Gonium
GvirLPAAT2 viridistellatum_SRR137192 SRR13719236 326 aa 43.5 3.6
36
Volvox carteri f.
VcarfLPAAT2 SRR13719248 326 aa 43.5 34
weismannia_SRR13719248
Volvulina
VsteLPAAT2 SRR13719272 326 aa 43.5 1.92
steinii_SRRI13719272

-209-



WO 2025/096830 PCT/US2024/053965
GenBank . . TAG profile
. . Protein | Identity m/z
Gene name Organism ID/Accession . P 577/603
Number stze (%) ( )
OP:00
Volvox carteri f.
VcLPAAT2 V2 XP_002947580.1 624 aa 43.5 1.59
nagariensis_120491
Chlamydomonas
CrLPAAT2 XP_001699586.2 325aa 43.2 3.45
reinhardtii
Volvulina
VbolLPAAT?2 SRR13719245 325 aa 43.2 2.1
boldii_SRR13719245
Astrephomene
AglLPAAT2 GFR47784.1 354 aa 42.9 221
gubernaculifera
CiLPAAT2 Chlamydomonas incerta KAG2426747.1 325 aa 42.9 221
Vitreochlamys sp. CL-
VitrLPAAT?2 SRR13719283 328 aa 42.9 43
2021_SRRI13719283
Chlamydomonas sp.
Ch_CCAC2762_
CCAC2762_B_ERR348741 ERR3487411 386 aa 42.9 4.59
LPAAT2
1
EJdLPAAT2 Edaphochlamys debaryana KAG2489453.1 325 aa 42.6 3.78
Chlamydomonas
ChsLPAAT2 KAG2454274.1 378 aa 42.6 1.99
schloesseri
Eudorina
EcylLPAAT2 SRR13719256 325 aa 42.4 2
cylindrica_SRRI13719256
Gonium
GoctLPAAT2 SRR13719233 351 aa 42.4 1.63
octonarium_SRR13719233
Pleodorina
PjapLPAAT2 SRR1371926 324 aa 42.4 2
Jjaponica_SRR13719268
Gonium
GmulLPAAT2 | multicoccum_SRRI1371923 SRR13719234 324 aa 42.1 4.2
4
Oophila
OambLPAAT2 | amblystomatis_SRR544590 SRR5445907 359 aa 41.5 2.74
7
Pandorina
PmorLPAAT2 SRR13719246 325aa 41.2 2
morum_SRR13719246
Edaphochlamys
EJdLPAAT2 SRR13719274 324 aa 40.6 1.8
debaryana_SRR13719274
Vitreochlamys
VaulLPAAT2 SRR13719273 325 aa 40.0 4.6
aulata_SRR13719273
DsLPAAT?2 Dunaliella salina KAF5838861.1 333 aa 40.0 2.35
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GenBank . . TAG profile
. . Protein | Identity m/z
Gene name Organism ID/Accession . P 577/603
Number stze (%) ( )
OP:00
Dunaliella
DsalLPAAT2 SRR9129444 335 aa 39.4 2.06
salina_SRR9129444
Chlamydomonas
CuwoLPAAT2 | sp.UWO_241_SRR136966 SRR13696614 342 aa 39.4 3.65
14
RsLPAAT2 Raphidocelis subcapitata GBF93205.1 380 aa 394 1.58
Ce LPAAT2 Chlamydomonas eustigma GAX78532.1 253 aa 38.8 1.59
Microglena
MyarcLPAAT?2 SRR18294403 362 aa 385 2.87
sp.YARC_SRR18294403
Scenedesmus sp. NREL
SceLPAAT2 KAF6259536.1 358 aa 37.1 1.64
46B-D3
McLPAAT2 Micractinium conductrix PSC72189.1 426 aa 36.8 1.55
Chlamydomonas
CnivLPAAT2 SRR12517273 360 aa 36.2 1.59
nivalis_SRRI12517273
VcLPAAT?2 Volvox carteri_98847 XP_002957774.1 303 aa 359 1.58
ChvuLPAAT2 Chiorella vulgaris KAI3438340.1 360 aa 35.0 1.63
ChdeLPAAT?2 Chlorella desiccata KAH7617329.1 372 aa 34.7 1.71
Auxenochlorella
ApLPAAT?2 XP_011401335.1 385 aa 34.7 1.58
protothecoides
ChsoLPAAT2 Chlorella sorokiniana PRWS57325.1 363 aa 33.8 1.53
ChvaLPAAT2 Chlorella variabilis XP_005852243.1 357 aa 332 1.58
ChprLPAAT?2 Chloropicon primus QDZ21586.1 335aa 28.8 1.62
Bathycoccus
BpraLPAAT?2 ERR2041002 334 aa 27.9 1.66
prasinos_ERR2041002
OILPAAT2 Ostreococcus lucimarinus XP_001421357.1 286 aa 253 1.63
VILPAAT2 Volvox reticuliferus GIM16764.1 156 aa 25.0 1.69
Pycnococcus
PproLPAAT2 ERR2041000 326 aa 23.2 1.64
provasolii_ERR2041000
CosLPAAT2 Coccomyxa subellipsoidea XP_005647638.1 197 aa 22.9 1.63
NoLPAT4 Nannochloropsis oceanica BAW99690.1 445 aa 16.2 1.55
Chlamydomonas
CrLPAAT1 XP_042921325.1 332 aa 12.9 1.59
reinhardtii
CrLPAATI1- Chlamydomonas
XP_042921325.1 302 aa 12.9 1.69
ACST* reinhardtii
AGPAT1 Homo sapiens NP_001358366.1 283 aa 12.6 3.6
NoLPAT3 Nannochloropsis oceanica BAW99691.1 482 aa 12.1 1.6
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TAG profile
GenBank . .
. . Protein | Identity m/z
Gene name Organism ID/Accession . P
Number size (%) (577/603)
OP:00
EcplsC Escherichia coli HBN6599230.1 245 aa 10.9 1.59
BnBAT2-ACST* Brassica napus NP_001302928.1 258 aa 10.3 1.9
Synechocystis sp.
S111848 WP_010873224.1 225 aa 10.3 1.6
PCC6803
BnBAT?2 Brassica napus NP_001302928.1 344 aa 10.3 1.57

[0367] Table 112 shows the amino acid sequences of LPAATSs described herein.

[0368] In some embodiments, a microalgal cell provided herein comprises an exogenous gene

that encodes for an LPAAT in Table 112. In some embodiments, the exogenous gene can

comprise a sequence that encodes for an enzyme with at least 50%, at least 60%, at least 70%, at

least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or

100% sequence identity to a LPAAT in Table 112. In some embodiments, the exogenous gene

can comprise a sequence that encodes for an enzyme with at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to any one of SEQ ID NO: 83-106, 155, and 156.

Table 112: LPAAT Amino Acid Sequences

SEQID
NO:

LPAAT

Amino Acid Sequence

83

VcomLPAAT2

MSLISKALSLPSFLLSVFVFYWSLPIFAIPYRIRFANVGKR
NDMLDWAKALFAFFRVTVLKQGEQGLYRGGPCLYLCN
HRSWADFFVDVYLTEGRAALMSRWLVFFVFPVFCTSCL
ILRGIVLFKRGTILDKEAFNAWLDATLRRSTVPGLLIYPE
GHRSLKPTSLPLKRGMLHFAYSRRLPVQLIVTRGKEDIL
SEKTMAMKYGRTLVTTYSKVLKPTDYDSFDAFMGDVQ
TSWDAGWKASYEAPTKGVPQLSMAGAHEYDYPATMR
WQQLAITLFSIVVFAAVLYGTWWGLGAVLAAAGPLGQ
QVVVVLAATSWLGASLIRSCR

84

VitrLPAAT2

MSLISKASSLPSFLFSVFVFYWSLPIFAVPYRIRFANMGK
RNDMLDWAKALVAFFRVTVLKQGEQGLYRGGTCLYL
CNHRSWADFFIDVYLTEGRAALMSRWLVFFVFPVECTS
CLILRGIVLFKRGTILDKEAFNAWLDATLRRSIVPGLVV
YPEGHRSLKPTSLPLKRGMLHFAFGRQLPVQLIVTRGKE
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SEQID
NO:

LPAAT

Amino Acid Sequence

DVLSEKTMAMKYGRTLVTSYSKVLKPSDYASFDAFMT
DIQTCWDSCWRAAYEAPTKGVPQLSMVGAHEYDYPRT
IWWQQLWITLASILIFAGVLYGTWRGLASLLAAATTSG
ALGPQVLVTVAAAWAGSSLLRSLL

85

CchalLPAAT?2

MSIVTKVLNLPSFLFSVFVFYWSLPLFAILYRIRFANVGK
RNDMLDWAKTLVGFFHVTILKQGELSLYRDGPCLYLC
NHRSWADFFIDTYLTEGRAALMSRWLVYFVFPVECTSV
NLRGIVLFKRGSIADKEAFNAWLDATLRKSIVPALLVYP
EGHRSLRPTSLPLKRGMLHYAYSRRLPVQLIVTSGKEA
VMSEKTMSVRFGRTLVTTYSKVLRPADYPTFDAFFSDI
QATWDGCWDAAYKQPSAGAPQLRLVDPHGYNYPARM
WWLQLGVTLLSIGVMAAVIAASWWGLGALLAATGPA
KQVVLGVVVSLLGASLLRSCL

86

PjapLPAAT2

MSVIYKALSLPSFLESVFVFYWSLPLFASVYRIRFANFGK
RNDMLDWAKALVAFFRVTVLKQGEMSLYRGGPCLYL
CNHRSWADFFIDTYLTEGRAALMSRWLVYFVFPVECTS
VLILRGIVLFKRGHIVDKEAFNAWLDATLFKSTVPGLLV
YPEGHRSLKPASLPLKRGMLHFAFSRKLPVQVICTRGKE
EVLCEKTLSARWGRTLVVTESKVIKPSEYDSFDAFFNDV
QSTWDACWQLSYHQPTAGVPELSMKDAHEYDYPRSM
WWLQLGITLLSFIILAAVLWGSWVAVRAGFATLGSVQQ
AVVLGTAGWIGASMVCGFL

87

VbolLPAAT?2

MSALKKALSLPSFLFSVFVFYWSLPIFASVYRIRFARAG
KRNDMLDWATSLVAFFRVTVLKQGQFSIYRGGPCIYLC
NHRSWADFFIDMYLTEGRAAFMSRWMVFFVFPVFCSA
VLILKGIILFKRGRILDKEAFNAWLDATLAKSTIPGLVVY
PEGHRSLKPTSLPLKRGMLHYAFSRKIPVQLIVTRGKEE
VLSEKTLSMRFGRTLVTSYSKVMKPSDYGSFDAFMTDV
QSGWDQCWKEAYSAPTHGLPQLSMAGATEYDYPASM
RWQHLAMTLFSIVVFAGVLAASWWGVGALLSAAGPTG
KQVVVLLASCWFGASLLRSFL
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SEQID
NO:

LPAAT

Amino Acid Sequence

88

PmorLPAAT2

MSLVTKFLSLPSFLESVFIFYWSLPIFAIPYRIRFANVGKR
NDMLDWAKALVGFFRVTVLKPGATSVYRGGPCLYLCN
HRSWADFFIDVYLTQGQSALMSRWLVFFVFPVFCTSCLI
LRGIVLFKRGTILDKEAFNAWLDATRARSIVPGLVVYPE
GHRSLKPTSLPLKRGMIHYAFSRRLPVQLIVTSGKEHVL
SEKTMSVKFGKTLVTSYSKPLKPSDYATFDAFMADIQS
NWDQCWKEAYTAPARGMPEVSMAGAHSYAYPRLTW
CLQLAITVVSIVILGGVLAGSWRGAAAVLAAAGPVGQQ
VLVSLLALWAGVSLLRSFL

89

VcarfLPAAT2

MSITSKALSLPSFLFTVFVFYWSLPLFAITYRIRFANVGKR
NDMLDWAKALVAFFRVTVLKQGEMSLYRGGRCLYLC
NHRSWADFFIDTYLTEGRAALMSRWMVFFAFPVESTSV
LILRGIVLFKRGHIADKEAFNSWLDATLRKSTVPALLVY
PEGHRSLKPRSLPLKRGMLHFAFSRQLAVQMVITRGKE
EVLSEKTCSARWGRTLVTTYSKVIKPTDYDSFDAFFNEI
QTTWDACWQLSYHQPTEGVPQLSLKGAHEYDYPVNM
WWLQLGVTLLSITILVAVLYGSWVALRAGVSSLGSSIT
QQAVVLGVAGWLGVSLLRSFL

90

EcylLPAAT2

MSLISKALSLPSFLFSVFVFYWSLPFFATTYRIRFANVGK
RNDMLDWAKTLVAFFRVTVLKQGNMSLYRGGRCLYL
CNHRSWADFFIDTYLTEGRAALMSRWLVYFVFPVECTS
VIILRGIVLFKRGHIADKEAFNAWLDATFSRSIVPGLLVY
PEGHRSLKRTSLPLKRGMMHYAYSRRIPVQLIVTRGKE
EVLSEKTLSARWGRTLVTTYSKVLKPSDYDSFDAFFNDI
QAQWDACWKTSYDTPAAGVPQLSMVDAHEYDYPRRM
WWLQLGMTLLSIVILAAVLWGSWLGIRAGLATLGSLQ
QQAVVWGASGWLGASLLLSFF

91

GmulLPAAT?2

MGAAGKLLSLPSFLFSVFVFYWSLPIFALVYRIRFASSGR
RNDMLDWAKSIVRFFGVTVVKVGENSLYREGPCLYLC
NHRSWADFFIDAYLTEGRAALMSRWLVFFVFPVECTSC
LILRGIVLFKRGTIADKEGFNRWLDSKLGSSHVPGLLVY
PEGHRSLRPSSLPLKRGMLHYAYGRKLAVQIICTAGKE
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SEQID
NO:

LPAAT

Amino Acid Sequence

GVMSEKTMAVHFGRTLVTTESQVLRPSEYPTFDAFFAA
VQSAWDASWKAANQTPSAGLPRLSMEGAQDYDYPPA
MRAQQLGVTLLSFVVFGGALLVTWRLLAALLAAAGAA
QQAVALLLAGWTGVSMLRSFL

92

GvirLPAAT2

MGAASKLLGLPSFLFSVFVFYWSLPIFAIVYRIRFASPGR
RNDMLDWAKSIVGFFGVAVHKAGTNSLYRDGPCLYLC
NHRSWADFFIDAYLTEGRAALMSRWLVFFVFPVECTSC
LILRGIVLFKRGTIADKEAFNSWLDATLGRSIVPGLLVYP
EGHRSLRPASIPLKRGMLHYAFGRKILPVQVVCTAGKE
GVMSEKTMAVRFGRRLVTNFSQVIRPADFPTFDAFSAA
VQSAWDGCWKAAYETPAAGLPRLSMEGSHEYEYDYP
APMRVLQVCITLLSIVLFLGVLLGSWRALAAALAAAGA
AQQVVVALLATWLGASMLRSCL

93

VierLPAAT2

MSFISKAVGLPSFLFESVFVFYWSLPIFALTYRIRFASKGK
RNDMLEWAKALVRFFGVKVLTQGEHSLYRGGPCLYLC
NHRSWADFFIDAYLTEGRAALMSRWLVYFVFPIFCTSV
MVLRGIVLFKRGTIADKEAFNAWLDAKMKSSTIPGLLV
YPEGHRSLKRTSLPLKRGMLHFAFSRGLPVQLVMCAGK
EEVLSEKRMAVRFGRTLVATYSEVLKPGNYPTFDAFFS
GIQTAWDSCWQAAYKQPPEGAAPLPMVNTTEYDYPPR
MRRLQLIVTLLSIVVLAAVLAGSVLVTVVAAAAVGPMP
AGVVVAVLASWLGGSMLRSFL

94

VaulLPAAT?2

MGAASKVLGLPSFLFSVFVLYWSLPIFAVLYRIRFAKMI
GKRNDVLDWAKSLVRFFGITVLRQGQEQLYTGGPCLY
LCNHRSWADFFLDVYLTEGHAAVMSRWLVYFVFPVEC
TSCLILKTIVLFKRGTIRDKEGFNRWLDAVLARSNVPGL
LVFPEGHRSLRPASLPLKRGMLHYAYGRKLAIQMVVTR
GKEEVMSEKTMAVRFGRTLVTTYSKVLRPADYPDFEAF
FADLQSTWDGCWEAAYRKPREDAVRHSLGAAPGFHYP
FATRVAQLGATLGSIALFGLVLVGCWRGLAAALAATG
AAQQAVAALLAVWVGGSMLRSFL
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SEQID
NO:

LPAAT

Amino Acid Sequence

95

Ch_CCAC2762_
LPAAT2

MRQLKSLIQLPYFLECVFVEYWSFPIGCLTHHIHFLKESG
KRNDMHTWSETMCSFEGIRFVKYGEEKLSKGSRNILYL
SNHRSWADFFVDVYLTEGNAAMLSRMLVFFVFPIFMTS
VVVLKGIILFKRGTIADKEKFNAWLDVMLERSPIPGMLV
YPEGHRSTRPHSLPLKRGMLYY AHSRGMPVQIIISNGKE
GVMSEKQRRAGFGKTVVVGFSSVIDTAAYKGNVEGFM
ARVQEEWNKLWGQVYSADPAGLPPLRQDPPMLDYAA
SMRTQQLAIAVFSMFALAGVLWVTWRMFAWLTALAG
PLQHALAVLLLTWFAASIIAGVMGPSLPTHSSSLQNPPS
LKADKSVSAAAAAAAAASGDGSLHEAPSGKAPAAAAT
QNHNHQH

96

DsalLPAAT?2

MGQSTLQKLISLPTFFLSIFLMYWSLPLCTLCGYLRLLDF
KSTRKDMYNWCRFMTRLFRIKVKKYGSKSLRKDAGRH
ILYLCNHRSWTDFFLDAYLTEGNASLMSRWLVFAVFPV
FIVSVIVLRGVILFKRGTILDKEKFNRWLDSKILSTPIPGV
LVYPEGHRSLADKSLPLKRGMLYYAHSRKFPVQIIISRN
KEDVLSEKTMKAHFGATIITGCSDLIESDGKDIKVFLSEI
QAAWDDLWEKVYAADATALPPLEQSNIPEFDYSMGMR
VKQLLVVCSSVLVFLAAMVVFGKLSCLIYAAMGDTER
KVLVTLILY VWFFVSMLNSRAPSATQ

97

MyarcLPAAT2

MSAEKLLHAPSFVITCLVLYWSLPLSVLFGYIRAFQWTG
PRNDMYSWGQFMSDFFGVKFVRVGNEKLYKPKKGAN
VIYLCNHRSWADFFCDVYLTQGNAALLSRMLVFFIFPFF
MSSVVILKGVVLFKRGKVVDKDAFNKRLDGKLADSPIP
GLLVYPEGTRSLKDLSLPLKRGMLYFAHSRNIPVQIVVS
SGKEYVLTEKKIRARIGRTVVSTFSAKITPSDFPSCEAFL
EHVQKEWDRLWPAVFTADADKAPVLVNEDIPMHDYA
NTMRWAQLGMAVLSTTVATIMFLLSWKVVDLIFGIFGP
LKQVLYMLLFTWVSVSLVASFLGPKHLPKGVLPSPVLP
LPVARPPPPSQEPSSSGSK

98

CuwoLPAAT2

MAANMATFPFFLLTFFFLYWSMAIGTLVGRVKFWQYN
GTNRNEMFVWAKLCSDFLGVKYLKTGSGSLYKKERCV
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SEQID
NO:

LPAAT

Amino Acid Sequence

YLSNHRSWADFFVDVYLTEGIAQAMARTMVGIAFPMFI
GAATILRGILLFKRGSIANKDKFNTWLDDKLNSSPCSSL
LVFPEGHRSTKSTSLPLKRGMLYYAHSRGLPVQVIMTR
GKELVLSEKHHHAGYGTQLITGFSELVLSKDKEFEQFW
TEVQAMWDRMWAEVYSVDPSTAVPYTQDVPGSVYPL
SMSVLYTVFTVSTVIFLLSTLWIMARIFGEMISPLPAMLQ
MVVWGAVPVTLAVSFRASIIDNAKTSSSAVIKTAKKAQ

99

CmoeLPAAT2

MASFVDLLLQFPYFGLTIFFFYWSPPLASIVYRIRFASAG
PRKDIYEWTTAMVQFLGVRIRHQGKQTLYKKERCVYL
CNHRSWADFFVDLHLTQGLAAPMSRTMVFFAFPVEMSI
CIVLKGVLLFKRGTIADKTKFNKWLDDSLGNSPVSCLL
VYPEGHRSTKAKSLPLKRGMLY YAHSRGLPVQIIHTAG
KEAVLSEKRMRASYGQTLVTGFSQPIQSKDFKDFEAFS
AEVQRSWDALWTEVYSANPSALPPLVQEDVPTADYPPS
MRTGMLLVSLAAIALFLAFVALLAYITGPVMSLFPAPLR
VPLILFKLSWHAASFLYCRAKDTPGKVKAA

100

OambLPAAT2

MALARSSSSSALLLWLLRLPYFLLTITFFYWSATIGALIY
RVRFLSTGPRNDMYDWTLLMTSFLGLHFHQLGAQRLH
CAPRVVFLANHRSWADFFVDIHLTQGTAAPMSRALVAF
AFPVFMCTAWLLRGLIIFKRGAIEDKKKFNSWLDEQLD
ASAGSNLLVYPEGHRSTRPTSLPLKRGMLYYAHSRGLP
VQIIMTAGKESVLSEKHQCASFGQHLLTSFSPVISSKDK
DFEVFATEVQQRWDSLWREVEFSTSTQGVPLLHQASVPL
FDYPPAVRTHMALASSAFILMLLLAAGAAVLAVRATLA
LMPPVLQVVVLAASSLLMLASFLTSAAITSSTTTTTTTT
RQPQAVADKGSKES

101

EdLPAAT2
(Edaphochlamys
debaryana_SRR
13719274)

MSALNKALGLPSFLESVFVFYWSLPIFATFYRIRFASNG
KRNDVLDWAKSLVRFFGVTVLQQGEHSLYRGGACLYL
CNHRSWADFFIDAYLTQGLAALMSRWLVYFVFPVECTS
CMILRGVVLFKRGTIADKDAFNKWLDDTLGSSPVPGLL
VYPEGHRSIKPTSLPLKRGMLHYAYSRKKPVQIIITRGK
DEILSEKTLAVHFGRTVVTTFSKVLRPADYATFEAFFTE

-217-



WO 2025/096830

PCT/US2024/053965

SEQID
NO:

LPAAT

Amino Acid Sequence

LQSTWDSCWVAAYTTPIAGIPRLSMADPHAYDYSSTMR
AQQLAITLFSILVLVGVLAGSWRVWTAVLAATGTAQTV
VVLVLASWVGTSMLRSFL

102

VsteLPAAT?2

MSFLGKALSFPAFLFSVFVFYWSLPIFASVYRIRFVKRG
KRNDMLDWAKSLVDFFRVRVLKQGENSLYRGGRCLYL
CNHRSWADFFLDMYLTEGRAAFMSRWMVFFVFPVFECS
ACLVLRGIVFFKRGIIRDKEAFNAWLDATLSRSIVPGLV
VYPEGHRSLRPTSLPLKRGMLHFAFDRRLPVQVIVTSGK
EGVLSEKTLAMRFGCTLVVSYSKVLKPSEYDTFEAFMS
DVQAQWDTCWKAVYGSPTTGAPELSMVGAHQYDYPL
SMRVQHVAMTLLSIGIMGAVVIGSWRGWNAVLLALGG
PVVQQAVVLLGAAWLGVSLLRSCL

103

GoctLPAAT?2

MTTMREEKWHTQQADVGAKSTASKAERVGATSKLLG
FPSFLFSVFVLYWSLPIFAILY QIRFASPGRRNNSLDWAK
SLVGFFGVTVVKTGEDSLYRGGPCLYLCNHRSWADFFI
DAYLTEGRAALMSRWLVFFVFPVFLTAVRIIRGVVLFK
RGAVADKEAFNAWLDATLKRSVVPGLLVYPEGHRSLR
PTSLPLKRGMLHFAYGRKLPVQIIVTAGKESVMSEKAL
AVHFGRALVTKFSRALRPTDYPGFDAFFAAVQSTWDEC
WKAAYGTPAAGTPRLTIDGAHGYDYPPLMRWQLLVVT
LLCILLFGGVLLASWRALAALLAAAGAARRAVVLLLAL
WVGASASRSFV

104

CnivLPAAT2

MARGSGSIGRRPGWLSLLLDLPAFLLAIFILYWSSALGA
ALGYIRFTKMRGLRDDTFEWSKFMLHAFAVRIVRLGPV
LPYRQSPCMYLCNHRSWADFFVDTYCTEGRSALMSRW
LVWWVFPVFMSVCRIIGGVVLFKRGAVFDKEKFNAWI
DKRLTEVPGHSLLVFPEGHRSISSSSLVLKRGMLHYAHS
RKLPVQVVLSAGKEGVLSETRQCVRFGRTVVVTYADVI
KSGDFPNFDDFLATVQSTWEEKWRQVHSAPKDGLPAL
DPVGMSFEYTPTTRWRHVAATLSSYVFMAVVLYASWQ
AAAYALLAMGPLAPVISTILVVWSAVSLTLAWLPERTP
SARHWAAPATNGPVASSPVD
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SEQID
NO:

LPAAT

Amino Acid Sequence

105

PproLPAAT2

MSLVTEILLRITFCVDLFLLQIVIPLLALLYSPRDAGTHN
MSAWTSKMLGYRIHKAGQNTCYVPEEKSTRVMYLAN
HRSWGDFIVDRLLTGFRGGSLSRIMVIVGIPMPATLAWL
GSGQRGTSALWFFKRAKGATPALWATLDRNFEVAIEK
AVVVYPEGHRNRSDKPLPIRTGTLRYAFDRNVHVQVLI
AEGKERVINEAQLVTRRSPNVVTVSESDPIVPKNYSTFE
GFHGAVCEAWRTTWLAAYGAAAEAGYCAPPPALGPD
GMAESATAADHKRIHRPPAAVPWTPPNPGPPPNQHASL
GMHMARLCIVGAISAAAYYTLYE

106

BpraLPAAT2

MGLSSPSKKLESPSSSRDKYVEDTRSLAEKGYVHLIALLIAF
PILAFSYPLSLLUTRGTLHGVWNESKEIRPPITQIWADFMT
SKVMNVREKIVSQKQLYRDGKCVYLCNHRAWADFFID
MSLCEGRSFTLSRMLVMYVEFPVEFMVPAVEVGAVFPFRR
DKGGGHEELNNSIDKHWSRFEQYFPGFLOYPEGTRNIKP
HSLPLKROMLRYAHSRKUPVOQHICAGKEKVLSQKRFAA
ERNHVLPVAYSSVIHSDSYPVEEDFAEAIRHSWADEWA
NAYNHENKMEKLKDFKPSERTIRYERWYDFFTTGTVVS
FEVFCALVANVLQUFPEHELGHA

155

CrLPAATI1-
ACST*

MARKSSLAQAAPVAPSPSAKPELPARSALVCHAAAASV
PLPNSDSAPQPNVLLAKIRAIMFFAWSFLLSLPLFVTMM
VMAPLVLAFDKYRRLAQHFVNNLWACASTAPFYKVTII
GRENLPPPDKPVVYVANHQSFLDIYSLFHLQRPFKFISKT
SNFLIPIGWSMFLTGHVMINRVDRRSQLKCLQQCRDLL
AEGAPVLFFPEGTRSLDCKMAGFKKGAFSVAAKAGVE
VVPITLLGTGSLMPSGKESQLRPGQVTIVVHKALPPNKN
ADQLCDAARQAVASSLPPELVGSATEMAPDEQ

156

BnBAT2-ACST*

MSDLSGAATPESTYPEPEIKLSSRLRGICFCLVAGISAIVL
IVLMIIGHPFVLLFDRYRRKFHHFIAKLWASISIYPFYKT
DIQGLENLPSSDTPCVYVSNHQSFLDIYTLLSLGQSYKFI
SKTGIFVIPVIGWAMSMMGVVPLKRMDPRSQVDCLKR
CMELVKKGASVFFFPEGTRSKDGRLGPFKKGAFTIAAK
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SEQ ID

NO: LPAAT Amino Acid Sequence

SKADVLCEEARNKIAESMNLLS

TGVPVVPITLMGTGKIMPTGSEGILNHGDVRVIIHKPIYG

[0369] Table 113 shows conserved LPAAT motifs and the percent identity (%) of the most active

LPAATSs across the entire LPAAT protein relative to PedLPAAT?2. The transmembrane domains

of these LPAATSs were compared and the schematic diagrams of the LPAATSs are shown in FIG.

11. The LPAAT catalytic domain NHX4D> is shown 1o a shaded bar, binding motl EGTR or

EGHR 15 shown in a black bar, and transmembrane domains are indicaied by g gray bar

Table 113: Percent identity against PedLPAAT?2 and LPAAT motifs

LPAAT Motifs
Gene name Percent I
identity (%) I (NHX4D) III (EGXR) IV (Proline)
(F/Y)XXR)
NHRSWAD | GIVLFKRG | LLLYPEGTRNT | PFQIIVITNKE
PedLPAAT?2 100 (SEQIDNO: | (SEQID | KP(SEQIDNO: | (SEQID NO:
107) NO: 110) 120) 135)
NHRSWAD | GIVLFKRG | LLIYPEGHRSL | PVQLIVTRGK
VcomLPAAT?2 45.882 (SEQ ID NO: (SEQ ID KP (SEQ ID NO: | E(SEQID NO:
108) NO: 111) 121) 136)
NHRSWAD GVLLFKR | LLVYPEGHRST | PVQIIHTAGK
CmoeLPAAT?2 45.882 (SEQIDNO: | G(SEQID K (SEQID NO: E (SEQID NO:
108) NO: 112) 122) 137)
NHRSWAD | GIVLFKRG | LLVYPEGHRSL | PVQLIVTSGK
CchaLPAAT2 43.824 (SEQ ID NO: (SEQID R (SEQ ID NO: E (SEQID NO:
108) NO: 111) 123) 138)
NHRSWAD | GIVLFKRG | LLVYPEGHRSL | PVQLVMCAG
VferLPAAT?2 43.529 (SEQIDNO: | (SEQID K (SEQ ID NO: KE (SEQ ID
108) NO: 111) 124) NO: 139)
NHRSWAD | GIVLFKRG | LLVYPEGHRSL | PVQVVCTAG
GVirLPAAT?2 43.529 (SEQIDNO: | (SEQID R (SEQ ID NO: KE (SEQ ID
108) NO: 111) 123) NO: 140)
NHRSWAD | GIVLFKRG | LLVYPEGHRSL | AVQMVITRG
VcarfLPAAT?2 43.529 (SEQ ID NO: (SEQID K (SEQID NO: KE (SEQID
108) NO: 111) 124) NO: 141)
NHRSWAD | GIVLFKRG | LLVYPEGHRST | PVQIVVTRGK
CrLPAAT2 43.235 (SEQ ID NO: (SEQID K (SEQID NO: D (SEQ ID NO:
108) NO: 111) 122) 142)
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LPAAT Motifs
Gene name Percent I
identity (%) | I(NHX4D) III (EGXR) IV (Proline)
(F/Y)XXR)
NHRSWAD GIILFKRG | LVVYPEGHRSL | PVQLIVTRGK
VbolLPAAT2 43.235 (SEQ ID NO: (SEQID K (SEQID NO: E (SEQ ID NO:
108) NO: 113) 125) 136)
NHRSWAD | GVIFIDRK | LLVYPEGHRSL | PVQIITRGKE
AgLPAAT2 42.941 (SEQ ID NO: (SEQID K (SEQID NO: (SEQID NO:
108) NO: 114) 124) 143)
NHRSWAD | GIVLFKRG | LLVYPEGHRST | PVQVIITRGK
CiLPAAT2 42.941 (SEQ ID NO: (SEQID K (SEQID NO: D (SEQ ID NO:
108) NO: 111) 122) 144)
NHRSWAD | GIVLFKRG | LVVYPEGHRSL | PVQLIVTRGK
VitrLPAAT?2 42.941 (SEQID NO: (SEQID K (SEQ ID NO: E (SEQ ID NO:
108) NO: 111) 125) 136)

NHRSWAD | GIILFKRG | MLVYPEGHRS | PVQIISNGKE
42.941 (SEQ ID NO: (SEQ 1D TR (SEQ ID NO: (SEQID NO:

Ch_CCAC2762_L

PAAT2
108) NO: 113) 126) 145)
NHRSWAD | GIILFKRG | MLVYPEGHRSI | PVQVIITRGK
EdLPAAT?2 42.647 (SEQIDNO: | (SEQID K (SEQID NO: | D (SEQ ID NO:
108) NO: 113) 127) 144)
NHRSWAD | GIVLFKRG | LLVYPEGHRSL | PVQLIVTRGK
EcylLPAAT2 42353 (SEQIDNO: | (SEQID K (SEQID NO: | E (SEQ ID NO:
108) NO: 111) 124) 136)
NHRSWAD | GIVLFKRG | LLVYPEGHRSL | LPVQVICTRG
PjapLPAAT2 42353 (SEQIDNO: | (SEQID K (SEQ ID NO: KE (SEQ ID
108) NO: 111) 124) NO: 146)
NHRSWAD | GIVLFKRG | LLVYPEGHRSL | AVQIICTAGK
GmulLPAAT?2 42.059 (SEQIDNO: | (SEQID R(SEQIDNO: | E(SEQID NO:
108) NO: 111) 123) 147)
NHRSWAD | GLIFKRG | LLVYPEGHRST | PVQIIMTAGK
OambLPAAT?2 41471 (SEQIDNO: | (SEQID R(SEQIDNO: | E(SEQID NO:
108) NO: 115) 128) 148)
NHRSWAD | GIVLFKRG | LVVYPEGHRSL | LPVQLIVTSG
PmorLPAAT2 41.176 (SEQIDNO: | (SEQID K (SEQ ID NO: KE (SEQ ID
108) NO: 111) 125) NO: 149)
NHRSWAD | GIVLFKRG | LLVFPEGHRSL | AIQMVVTRG
VaulLPAAT2 40 (SEQIDNO: | (SEQID R (SEQ ID NO: KE (SEQ ID
108) NO: 111) 129) NO: 150)
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LPAAT Motifs
Gene name Percent I
identity (%) | I(NHX4D) III (EGXR) IV (Proline)
(F/Y)XXR)
NHRSWTD GVILFKR MLVYPEGHRS PVQIIISRNKE
DsLPAAT2 40 (SEQ ID NO: (SEQ ID LA (SEQ ID NO: (SEQ ID NO:
109) NO: 116) 130) 151)
NHRSWTD | GIVLFKRG | VLVYPEGHRSL | PVQIIISRNKE
DsalLPAAT2 39412 (SEQ ID NO: (SEQID A (SEQ ID NO: (SEQID NO:
109) NO: 111) 131) 151)
NHRSWAD | GILLFKRG | LLVFPEGHRST | PVQVIMTRGK
CuwoLPAAT?2 39412 (SEQ ID NO: (SEQID K (SEQID NO: E (SEQID NO:
108) NO: 117) 132) 152)
NHRSWAD GVVLFKR | LLVYPEGTRSL | PVQIVVSSGK
MyarcLPAAT2 38.529 (SEQIDNO: | G(SEQID K (SEQ ID NO: E (SEQ ID NO:
108) NO: 118) 133) 153)
NHRSWAD GIVLFKR WVFPEGTRNH PIVPIVMSSY
AGPAT1 12.647 (SEQID NO: (SEQID N (SEQID NO: (SEQID NO:
108) NO: 119) 134) 154)

Example 53 Composition of the OPO Oil
[0370] The average fatty acid content for eight representative lots of high sn-2 palmitic acid
Prototheca moriformis algal oil derived from the strain and methodology described in Example

32 above, is provided in Table 114.

Table 114: Average Fatty Acid Composition of the TAG of high sn-2 palmitic acid Prototheca
moriformis algal oil

Fatty Acid Wt.% of Total Fatty Acids
C16:0 315
C18:0 2.6
C18:1n-9 55.2
C18:2n-6 6.3
Other FA 4.4
Total 99.4

[0371] Oleic acid is mainly esterified to the external positions (sn 1/3) of the TAGs (Table 115)
while the middle position (sn-2) is mainly occupied by palmitic acid (Table 116). Approximately
70% of total palmitic acid is esterified in the sn-2 position. TAG analysis on eight OPO algal oil
lots confirms that TAGs with oleic acid esterified at the sn-/ and sn-3 positions and palmitic acid
esterified at the sn-2 position (i.e., 1,3-dioleoyl-2-palmitoyl-glycerol or OPO) represent more

than 40% of TAG species in OPO algal oil of the present disclosure.
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Table 115: Fatty Acid Profile of the sn-1/3 Positions in High sn-2 Palmitic Acid Prototheca
moriformis Algal Oil

Fatty Acid % of Total Fatty Acids
C16:0 33
C18:0 4.7
C18:1n-9 80.3
C18:2n-6 8.4
Other FA 3.3

Table 116: Fatty Acid Profile of the sn-2 Position in High sn-2 Palmitic Acid Prototheca
moriformis Algal Oil

Fatty Acid % of Total Fatty Acids
C16:0 69.3
C18:0 0.5
C18:1n-9 22.8
C18:2n-6 3.7
Other FA 3.7

Example 54 Comparison of the Composition of Oil Mix Formulated with OPO Oil

[0372] OPO algal oil can be used as a human milk fat substitute intended to be used as an at least
partial replacement for vegetable oils in conventional infant formulas for infants born at term up
to a level of, for example, 60% of the total lipid composition of the formula. Examples of oil
blends for infant formulas comprised of OPO algal oil in combination with other vegetable oils

are reported in Table 117.

Table 117: Examples of oil mixes formulated with OPO algal oil in combination with
conventional vegetable oils to be used in infant formula. All values in g of oil per 100 g of oil mix

Qil Oil Mix 1 Oil Mix 2 Qil Mix 3
OPO algal oil 50 55 60
Sunflower oil 22 22 22
Canola oil 19 19 18
Coconut oil 9 4 0
Total 100 100 100

[0373] The combinations of the algae oil with vegetable oils as exemplified in Table 117, provide
a fatty acid composition that is primarily enriched with oleic, palmitic, linoleic, lauric, myristic,

capric, and a-linolenic acids are shown in Table 118.

Table 118: Fatty acid composition of the oil mixes formulated with OPO algal oil in combination
with conventional vegetable oils to be used in infant formula.

Fatty acid profile (g per 100g of fatty Oil Mix 1 Oil Mix 2 Oil Mix 3
acids)

C8:0 0.7 0.3 0.0
C10:0 0.5 0.2 0.0
C12:0 42 1.9 0.0
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Fatty acid profile (g per 100g of fatty Oil Mix 1 Oil Mix 2 Oil Mix 3
acids)

C14:0 1.7 0.8 0.0
C16:0 18.8 19.9 21.2
C18:0 2.6 2.6 2.7
C18:1n-9 47.1 49.5 52.7
C18:2n-6 18.7 19.0 19.4
C18:3n-3 1.7 1.7 1.8
Other fatty acids 3.8 4.0 2.2

[0374] When compared to the fatty acid composition of human breast milk (Table 119), the
content of total palmitic acid is in the range of the palmitic acid observed in human milk. The
data set displayed in Table 119 has been computed from a series of original studies representing a
total of 835 samples of mature human milk collected in 10 countries described below:

® Yuhas et al. 2006: Australia (n=48), Canada (n=48, Chile (n=50), Japan (n=51),

Mexico (n=46), Philippines (n=54), UK (n=44) and USA (n=49)
e Thakkar et al. 2013: Singapore (n=50)
* Giuffrida et al. 2016: China (n=345)

Table 119: Fatty acid composition of human milk samples (N=835) collected in several countries
(Yuhas et al., 2006; Thakkar et al., 2013 and Giuffrida et al., 2016)

Fatty acid profile (g per 100g of fatty Average Min Max
acids)

C8:0 02 0.2 0.3

C10:0 1.7 1.4 24

C12:0 6.0 4.2 13.8
C14:0 6.1 3.6 12.1
C16:0 20.6 18.6 233
C18:0 5.8 4.8 6.8

C18:1n-9 314 21.9 36.5
C18:2n-6 14.1 7.9 22.8
C18:3n-3 1.2 0.4 2.0

Other fatty acids 0.2 0.2 0.3

Example 55 Levels of Palmitic Acid in Microalgal Oil

[0375] The combinations of the algae oil with vegetable oils as exemplified in Table 117 above
provide high levels of palmitic acid esterified in sn-2 position as shown in Table 120. The level
of sn-2 palmitic acid reported in human milk is in the range of 67.8 + 4.6% as reported in the
literature (Giuffrida et al., 2019). The level of sn-2 palmitic acid provided by the algae OPO oil
used in combination with other vegetable oils is in the range of the level observed in human milk

(Table 116).
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Table 120: Level of palmitic acid in sn-2 position in oil mixes formulated with OPO algal oil in

combination with conventional vegetable oils to be used in infant formula.

Fatty acid Oil Mix 1 Qil Mix 2 QOil Mix 3
Palmitic acid (PA) in sn-2 position (% of 63 65 66
total PA)

[0376] Table 120 shows the fatty acid profile of (1) the total TAGs, (2) sn-1(3) positions and (3)
sn-2 position of (a) the parent Prototheca moriformis microalgae strain, (b) the high palmitic acid
strain generated from the parent strain by mutagenesis and (c) the OPO strain engineered by
insertion of an LPAAT gene is illustrated in Table 121. Data is expressed in grams per 100 grams
of total fatty acids.

Table 121: Comparison of the fatty acid profile of the parent strain (CHK22), high-palmitic acid
(CHK100) strain, and the OPO engineered strain (Example 32).

CHK?22 (Parent strain) CHK100 OPO engineered strain
Fatty acid TAG  sn-1(3) sn-2 TAG sn-1(3) sn-2  TAG sn-1(3) sn-2
C16:0 25.3 36.5 3 30.3 35 6 31.5 33 69.3%
C18:0 3.3 4.7 0.5 2.3 4.7 0.5 2.6 4.7 0.5
C18:1n-9 61.1 48.9 85.6 57.4 50.8 81.6 552 80.3 22.8
C18:2n-6 6.9 6.1 8.4 6.3 6 8.5 6.3 8.4 3.7
Other FA 34 3.9 2.5 3.8 3.5 3.3 44 3.3 3.7

*When expressed in g per 100 g of total palmitic acid, the level of palmitic acid esterified in the
internal (sn-2) position is 73.3%.

[0377] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions will now occur to those skilled in
the art without departing from the invention. It should be understood that various alternatives to
the embodiments of the invention described herein may be employed in practicing the invention.
It is intended that the following claims define the scope of the invention and that methods and

structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED IS:

1. An algal oil comprising triglycerides (TAGs), wherein:

a. a total TAG content of the algal oil has a fatty acid profile comprising about 25 wt.
% to about 35 wt. % of C16:0 fatty acid; about 1.5 wt. % to about 3.0 wt. % C18:0
fatty acid; about 48 wt. % to about 58 wt. % of C18:1 n-9 fatty acid; about 4.5 wt.
% to about 7.5 wt. % of C18:2 n-6 fatty acid; and about 2 wt. % to about 6 wt. % of
other fatty acids;

b. a sn-1(3) position of a TAG has a fatty acid profile comprising about 1.5 wt. % to
about 4.5 wt. % of C16:0 fatty acid; about 1.5 wt. % to about 4.5 wt. % of C18:0
fatty acid; about 70 wt. % to about 90 wt. % of C18:1 n-9 fatty acids; about 5.5 wt.
% to about 9 wt. % 18:2 n-6 fatty acids, and about 1.5 wt. % to about 4 wt.% of
other fatty acids; and

c. a sn-2 position of a TAG has a fatty acid profile comprising about 65 wt. % to
about 75 wt. % of C16:0 fatty acid; about 0.1 wt. % to 1wt. % of C18:0 fatty acid;
about 18 wt. % to and 25 wt. % of C18:1 n-9 fatty acids; about 1 wt. % to about 5
wt. % 18:2 n-6 fatty acids; and about 1 wt. % to about 5 wt. % of other fatty acids;

wherein the algal oil is derived from a modified microalgae strain.

2. The algal oil of claim 1, wherein the modified microalgae strain is a genetically modified

microalgal strain.

3. The algal oil of claim 1, wherein the modified microalgae strain is derived from classical

strain improvement.

4. The algal oil of claim 1, wherein the modified microalgae strain is derived from both classical

strain improvement and genetic modification.

5. The algal oil of any of the above claims, wherein the algal oil is produced from a Prototheca

cell.
6. The algal oil of any of the above claims, wherein the algal oil is non-naturally occurring.
7. A composition comprising the algal oil of any one of claims 1-6, and one or more excipients.

8. The composition of claim 7, wherein the composition is a nutritional supplement for humans

or animals.
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The composition of claim 7, wherein the composition is an infant formula.

The composition of claim 9, wherein the infant formula comprises one or more of whey,

casein, lactose, vitamin D, human milk oligosaccharides (HMOs), and antibodies.
The composition of claim 9, wherein the infant formula further comprises plant proteins.
An oil blend comprising:

a. about 50-60 g algal oil per 100 g of the oil blend, wherein the algal oil comprises
TAGs,

wherein at least about 60% of fatty acids in an sn-2 position of the TAGs is a C16:0 fatty
acid;

b. about 20-30 g sunflower oil per 100 g of the oil blend; and

c. about 15-25 g of canola oil per 100 g of the oil blend.

The oil blend of claim 12 further comprising at least about 3-10 g of coconut oil per 100 g of
the oil blend.

The oil blend of claim 12 wherein the algal oil is the algal oil of any one of claims 1-6.

A composition comprising the oil blend of any one of claims 12-14, and one or more

excipients.

The composition of claim 15, wherein the composition is a nutritional supplement for humans

or animals.
The composition of claim 15, wherein the composition is an infant formula.

The composition of claim 15, wherein the infant formula comprises one or more of whey,

casein, lactose, vitamin D, human milk oligosaccharides (HMOs), and antibodies.
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