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(57) Abstract: The present application relates to recombinant microorganisms useful in the biosynthesis of unsaturated ce-c24 fatty
alcohols, aldehydes, and acetates which may be useful asinsect pheromones, fragrances, flavors, and polymer intermediates. The re-
combinant microorganisms may express enzymes or enzyme variants useful for production of and/or may be modified to down regulate
pathways to shunt production toward unsaturated ce-c24 fatty alcohols, aldehydes, and acetates. The ce-c24 fatty alcohols, adehydes,
and acetates described herein may be used as substrates for metathesis reactions to expand the repertoire of target compounds and
pheromones. Also provided are methods of producing unsaturated Gy-c24 fatty alcohols, aldehydes, and acetates using the recombinant

microorganisms, aswell as compositions comprising the recombinant microorganisms and/or optionally one or more of the product
alcohols, aldehydes, or acetates.
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MICROORGANISMS FOR THE PRODUCTION OF INSECT PHEROMONES AND
RELATED COMPOUNDS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Seria No.
62/507,654, filed on May 17, 2017, which ishereby incorporated by reference in its entirety.

STATEMENT REGARDING THE SEQUENCE LISTING

[0002] The Sequence Listing associated with this application is provided in text format in
lieu of apaper copy, and ishereby incorporated by reference into the specification. The name
of the text file containing the Sequence Listing is PRVI 020 01WO SegList ST25.txt. The
text file is about 240 KB, was created on May 17, 2(1%, and isbeing submitted electronically
viaEFS-Web.

TECHNICAL FIELD

[0003] This application relates to recombinant microorganisms useful in the biosynthesis of
unsaturated cs-c2 fatty acohols, adehydes, and acetates which may be useful as insect
pheromones, fragrances, flavors, and polymer intermediates. The application further relates
to methods of producing unsaturated c&-c24 fatty alcohols, aldehydes, and acetates using the
recombinant microorganisms, as well as compositions comprising one or more of these

compounds and/or the recombinant microorganisms.
BACKGROUND

[0004] Asthe global demand for food grows, there is an increasing need for effective pest
control.  Conventional insecticides are among the most popular chemical control agents
because they are readily available, rapid acting, and highly reliable. However, the overuse,
misuse, and abuse of these chemicals have led to resistant pests, alteration of the natura

ecology, and in some cases, environmental damage.

[0005] The use of insect pheromones to control pest populations has gained increasing
popularity as a viable, safe, and environmentally friendly aternative to conventional
insecticides. Since their discovery in the late 1950s, these molecules have shown efficacy in
reducing insect populations through a variety of methods, including mass trappings, attract
and kill, and mating disruption. The latter method in particular represents a non-toxic means
of pest control and utilizes the ability of synthetic pheromones to mask naturaly occurring

pheromones, thereby causing confusion and mating disruption.
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[0006] Although pheromones have significant potential in agricultural insect control, the cost
of synthesizing pheromones using currently available techniques is very high, which prohibits
widespread use of this sustainable technology beyond high-value crops. Thus, there is an
existing need to develop novel technologies for the cost-efficient production of insect
pheromones and related fragrances, flavors, and polymer intermediates.  The present
inventors address tins need with the development of recombinant microorganisms capable of
producing a widerange of unsaturated CVC24 fatty alcohols, aldehydes, and acetates

including synthetic insect pheromones from low-cost feedstocks.

SUMMARY OF THE DISCLOSURE

[0007] The present application relates to recombinant microorganisms having a biosynthesis
pathway for the production of one or more compounds selected from unsaturated ce-c24 fatty-
alcohols, aldehydes, and acetates. The recombinant microorganisms described herein may be
used for the production of at least one compound, such as an insect pheromone, a fragrance,

or aflavoring agent, selected from unsaturated ce-c24 fatty alcohols, aldehydes, and acetates.

[0008] In one embodiment, the recombinant microorganism comprises a biosynthesis
pathway for the production of an unsaturated ce-c24 fatty adehyde or fatty acohol .
Accordingly, in afirst aspect, the application relates to a recombinant microorganism capable
of producing an unsaturated ce-c24 fatty aldehyde or fatty alcohol from an endogenous or
exogenous source of saturated ce-c24 fatty acyl-CoA, wherein the recombinant
microorganism expresses (a): a least one exogenous nucleic acid molecule encoding a fatty-
acyl desaturase that catalyzes the conversion of a saturated ce.cos fatty acyl-CoA to a
corresponding mono- or poly-unsaturated ce-c24 fatty acyl-CoA; and (b): a least one
exogenous nucleic acid molecule encoding a fatty aldehyde forming fatty-acyl reductase that
catalyzes the conversion of the mono- or poly-unsaturated ce-c24 fatty acyl-CoA from into
the corresponding mono- or poly-unsaturated ce-c24 fatty aldehyde. In some embodiments,
the mono- or poly-unsaturated ce-co4 fetty aldehyde is an insect pheromone. In some
embodiments, the mono- or poly-unsaturated ce-cos4 fatty aldehyde isafragrance or flavoring
agent. In some embodiments, the recombinant microorganism further comprises a least one
endogenous or exogenous nucieic acid molecule encoding an acetyl transferase capable of
catalyzing the conversion of the mono- or poly-unsaturated ce-c24 fatty alcohol from (b) into
a corresponding mono- or poly-unsaturated ce-cos4 fatty acetate. (c) at least one exogenous

nucleic acid molecule encoding a fatty alcohol forming fatty-acyl reductase that catalyzes the
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conversion of the mono- or poly-unsaturated ce.coa fatty acyl-CoA from (a) into the
corresponding mono- or poly-unsaturated ce.co4 fatty alcohol. In some embodiments, the
mono- or poly-unsaturated cecp4 fatty acohol is an insect pheromone. In some
embodiments, the mono- or poly-unsaturated ce.cos4 fatty alcohol is a fragrance or flavoring
agent. In some embodiments, the recombinant microorganism further comprises a least one
endogenous or exogenous nucleic acid molecule encoding an alcohol oxidase or an acohol
dehydrogenase, wherein the alcohol oxidase or alcohol dehydrogenase is capable of
catalyzing the conversion of the mono- or poly-unsaturated cecp4 fatty alcohol from (b) into
a corresponding mono- or poly-unsaturated cec24 fatty aldehyde. In some embodiments, the
recombinant microorganism furtlier comprises at least one endogenous or exogenous nucleic
acid molecule encoding an acetyl transferase capable of catalyzing the conversion of the
mono- or poly-unsaturated ce.co4 fatty alcohol from (b) into a corresponding mono- or poly-

unsaturated cecp4 fatty acetate.

[0009] In some embodiments, the fatty-acyl desaturase is a desaturase capable of utilizing a
fatty acyl-CoA as a substrate that has a chain length of 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, or 24 carbon atoms.

[0010] In some embodiments, the fatty-acyl desaturase is capable of generating a double
bond a position C5, C6, C7, C8, C9, CiQ Cl1, Cl12, or C13 in the fatty acid or its

derivatives, such as, for example, fatty' acid CoA esters.

[0011] In one exemplary embodiment, the fatty-acyl desaturase is a Z11 desaturase. In
various embodiments described herein, the ZIl desaturase, or the nucleic acid sequence that
encodes it, can be isolated from organisms of the species Agrotis segetum, Amyelois
transitella, Argyrotaenia velutiana, Choristoneura rosaceana, Lampronia capitella,
Trichopiusia ni, HeUcoverpa zea, or Thalassiosira pseudonana. Further Z} I-desaturases, or
the nucleic acid sequences encoding them, can be isolated from Bowmzhyx mori. Menducs
sexto., Diatraea gratidiosella, Farias insulana, Farias vittella. Phitelia xylostelkt, Bomhyx
mori or Diapharna niiidalis. In exemplary embodiments, the ZIl desaturase comprises a
sequence selected from GenBank Accession Nos. JX679209, JX964774, AF416738,
AF545481, EU152335, AADO03775, AAF81787, and AY493438. In some embodiments, a
nucleic acid sequence encoding a ZI | desaturase from organisms of the species Agrotis
segetum, Amyelois trcmsitella, Argyrotaenia velutiana, Choristoneura rosaceana, Lampronia
capitella, Trichopiusia ni, HeUcoverpa zea, or Thalassiosira pseudonana is codon optimized.

In some embodiments, the Zil desaturase comprises a nucleotide sequence selected from
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SEQ ID NOs: 9, 18, 24 and 26 from Trichoplusia ni. In some embodiments, the Z 1t
desaturase comprises an amino acid sequence set forth in SEQ ID NO: 49 from Trichoplusia
ni. In other embodiments, the ZIl desaturase comprises a nucleotide sequence selected from
SEQ ID NOs. 10 and 16 from Agroiis segetum. In some embodiments, the Zi| desaturase
comprises an amino acid sequence set forth in SEQ ID NO: 53 from Agroiis segetum. In
some embodiments, the Z11 desaturase comprises a nucleotide sequence selected from SEQ
ID NOs: i1 and 23 from Thalassiosira pseudonana. In some embodiments, the ZI|
desaturase comprises an amino acid sequence selected from SEQ ID NOs. 50 and 51 from
Thalassiosira pseudonana. In certain embodiments, the Z1il desaturase comprises a
nuclectide sequence selected from SEQ ID NOs: 12, 17 and 30 from Amyelois transiiella. In
some embodiments, the Z1| desaturase comprises an amino acid sequence set forth in SEQ
ID NO: 52 from Amyelois transiiella. In further embodiments, the ZI 1 desaturase comprises
a nucleotide sequence selected from SEQ ID NOs. 13, 19, 25, 27 and 31 from Helicoverpa
zea. In some embodiments, the Z1 1 desaturase comprises an amino acid sequence set forth in
SEQ ID NO: 54 from Helicoverpa zea. In some embodiments, the Z11 desaturase comprises
an amino acid sequence set forth in SEQ ID NO: 39 from S. inferens. In some embodiments,
the Z11 desaturase comprises an amino acid sequence set forth in GenBank Accession nos.
AF416738, AGH12217.1, AM21943.1, CAJ3430.2, AF441221, AAF81787.1, AF545481,
AJ271414, AY362879, ABX71630.1 and NP001299594.1, Q9N9Z8, ABX71630.1 and
AIM40221.1. In some embodiments, the Z11 desaturase comprises achimeric polypeptide. In
some embodiments, a complete or partial ZIl desaturase is fused to another polypeptide. In
certain embodiments, the N-terminal native leader sequence of a ZIl desaturase is replaced
by an oleosin leader sequence from another species. In certain embodiments, the ZI1
desaturase comprises a nucleotide sequence selected from SEQ ID NOs: 15, 28 and 29. In
some embodiments, the ZII desaturase comprises an amino acid sequence selected from
SEQ ID NOs:. 61, 62, 63, 78, 79 and 80.

[0012] In certain embodiments, the ZIl desaturase catalyzes the conversion of a fatty acyl-
CoA into a mono- or poly-unsaturated product selected from ZI11-13:Acyl~CoA, EIlI-
13:Acyl-CoA, (Z,2)-7,11-13:Acyl-CoA, ZII-14:Acyl-CoA, EII-14:Acyl-CoA, (E,E)-9,11-
14:Acyl-CoA, (E,Z2)-9,l1-14:Acyl-CoA, (Z,E)-9,ll1-14:Acyi-CoA, (Z,2)-9,1-14:Acyl-CoA,

(E,2)-9,11-15:Acyl-CoA, (Z,2)-9,11-15:Acyl-CoA, ZI11-16:Acyl-CoA, EII-16:Acyl-CoA,
(E,2)-6,i 1-16:Acyl-CoA, (E,Z2)-7,1}-16:Acy]-CoA, (E,Z2)-8,1i-16:Acy]-CoA, (EE)-9,1i-
16:Acyl-CoA, (E,Z2)-9,l1-16:Acyl-CoA, (Z,E)-9l1-16:Acyl-CoA, (Z,2)-9,1 M6:Acyl-CoA,
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(E,E)-i 1,13-16: Acyl-CoA, (E,Z2)-i 1,13-16:Acyl-CoA, (Z,E)-i 1,13-16:Acyl-CoA, (Z.,2)-
11,13-16:Acyl-CoA, (Z,E)-11,14-16:Acyl-CoA, (E,E,2)-4,6,l 1-16:Acyl-CoA, (Z,ZE)-
7,1113-16:Acyl-CoA, (EE,Z,2)-4,6,1 1,13-16:Acyl-CoA, Zl1-17:Acyl-CoA, (Z,2)-8,11-
17:Acy]-CoA, ZI11-18:Acyl-CoA, ElI-18:Acyl-CoA, (Z,2)-11,13-18:Acyl-CoA, (EE)~
11,14-18:Acyl-CoA, or combinations thereof.

[0013] In another exemplary embodiment, the fatty-acyl desaturase is a Z9 desaturase. In
various embodiments described herein, the Z9 desaturase, or the nucleic acid sequence that
encodes it, can be isolated from organisms of the species Ostrinia fumacalis, Ostrinia
nobilalis, Choristoneura rosaceana, Lampronia capitelia. Helicoverpa assulta, or
Helicoverpa zea. In exemplary embodiments, the Z9 desaturase comprises a sequence
selected from GenBank Accession Nos. AY057862, AF243047, AF518017, EU152332,
AF482906, and AAF81788. In some embodiments, a nucleic acid sequence encoding a Z9
desaturase is codon optimized. In some embodiments, the Z9 desaturase comprises a
nucleotide sequence set forth in SEQ ID NO: 20 from Ostrinia furnacalis. In some
embodiments, the Z9 desaturase comprises an amino acid sequence set forth in SEQ ID NO:
58 from Ostrinia furnacalis. In other embodiments, the Z9 desaturase comprises a nucleotide
sequence set forth in SEQ ID NO: 21 from Lampronia capitelia. In some embodiments, the
Z9 desaturase comprises an amino acid sequence set forth in SEQ ID NO: 59 from
Lampronia capitelia. In some embodiments, the Z9 desaturase comprises a nucleotide
sequence set forth in SEQ ID NO: 22 from Helicoverpa zea. In some embodiments, the Z9
desaturase comprises an amino acid sequence set forth in SEQ ID NO: 60 from Helicoverpa
zea. Other Z9 desaturase s of the present disclosure include SEQ ID Nos: 95, 97, 99, 101, 103,
and 105. In some embodiments, the overexpression of aZ9-18 specific desturase can increase

the membrane fluidity to improve the diffustion of fatty alcohols into the supernatant.

[0014] In certain embodiments, the Z9 desaturase catalyzes the conversion of a fatty acyl-
CoA into amonounsaturated or polyunsaturated product selected from Z9-1l:Acyi-CoA, Z9-
12:Acyl-CoA, E9-12:Acyl-CoA, (E,E)-7,9-12:Acyl-CoA, (E,Z)-7,9- 12:Acyl-CoA, (Z,E)-7,9-
12:Acyl-CoA, (Z,2)-7,9-12:Acyl-CoA, Z9-13:Acyl-CoA, E9-13:Acyl-CoA, (E,Z2)-5,9-
13:Acyl-CoA, (Z,E)-59-13:Acyl-CoA, (Z,2)-5,9-13:Acyl-CoA, Z9-14:Acyl-CoA, E9-
14:Acyl-CoA, (E,Z)-4,9- 14:Acyl-CoA, (E,E)-9,l1-14:Acyl-CoA,  (E,Z)-9,-14:Acyl-CoA,
(Z,E)-9,11-14:Acyl-CoA, (Z,2)-9,11-14:Acy]-CoA, (E,E)-9,12-14:Acy]-CoA, (Z,E)-9,12-
14:Acyl-CoA, (Z,2)-9,12-14:Acyl-CoA, Z9-15:Acyl-CoA, E9-15:Acyl-CoA, (Z,2)-6,9-
15:Acyl-CoA, Z9-16:Acyl-CoA, E9-16:Acyl-CoA, (E,E)-9,lI-16:Acyl-CoA,  (E,Z)-9,11-



WO 2018/213554 PCT/US2018/033151

16:Acyl-CoA, (Z,E)-9l-16:Acyl-CoA, (Z,2)~9,1 M6:Acyl~CoA, Z9-17:Acyl-CoA, E9-
18:Acyl-CoA, Z9-18:Acyl-CoA, (E,E)-5,9-18:Acyl-CoA, (E,E)-9,i24 8:Acyl-CoA, (Z,2)-
9,12-18:Acyl-CoA, (Z,2,2)-3,6,9~18:Acyl-CoA, (E,EE)-9,12,15-18:Acyl-CoA, (Z,2,2)-
9,12,15-18:Acyl-CoA, or combinations thereof.

[0015] In some embodiments, the recombinant microorganism may express a bifunctional

desaturase capable of catalyzing the subsequent desaturation of two double bonds,

[0016] In some embodiments, the recombinant microorganism may express more than one
exogenous nucleic acid molecule encoding a fatty-acyl desaturase that catalyzes the
conversion of a saturated cs.c24 fatty acyl-CoA to a corresponding mono- or poly-
unsaturated ce.coa fatty acyl-CoA. For instance, the recombinant microorganism may
express an exogenous nucleic acid molecule encoding a Zil desaturase and another

exogenous hucleic acid molecule encoding aZ9 desaturase.

[0017] In some embodiments, the recombinant microorganism may express a fatty-acyl
conjugase that acts independently or together with a fatty-acyl desaturase to catalyze the
conversion of a saturated or monounsaturated fatty acyl-CoA to a conjugated polyunsaturated
fatty acyl-CoA.

[0018] In one embodiment, the disclosure provides a recombinant microorganism capable of
producing a polyunsaturated ce.c24 dadehyde or fatty alcohol from an endogenous or
exogenous source of saturated or monounsaturated cecoa fatty acyl-CoA, wherein the
recombinant microorganism expresses. (a) a least one exogenous nucleic acid molecule
encoding a fatty acyl conjugase that catalyzes the conversion of a saturated or
monounsaturated ce-.co4 fatty acyl-CoA to acorresponding polyunsaturated ce.cos fatty acyl-
CoA; and (b) at least one exogenous nucleic acid molecule encoding a fatty aldehyde or fatty
alcohol forming fatty-acyl reductase that catalyzes the conversion of the polyunsaturated G/
c24 fatty acyl-CoA from (a) into the corresponding polyunsaturated ce.co4 fatty aldehyde or
fatty alcohal.

[0019] In another embodiment, the recombinant microorganism expresses a least two
exogenous nucleic acid molecules encoding fatty-acyl conjugases that catalyze the
conversion of a saturated or monounsaturated cs.co4 fatty acyl-CoA to a corresponding

polyunsaturated cecp4 fatty acyl-CoA.

[0020] In a further embodiment, the disclosure provides a recombinant microorganism

capable of producing a polyunsaturated cecps fatty acohol from an endogenous or
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exogenous source of saturated or monounsaturated ce.c24 fatty acyl-CoA, wherein the
recombinant microorganism expresses. (a) at least one exogenous nucleic acid molecule
encoding a fatty-acyl desaturase and at least one exogenous nucleic acid molecule encoding a
fatty acyl conjugase that catalyze the conversion of a saturated or monounsaturated ces-co4

fatty acyl-CoA to acorresponding polyunsaturated cs.co4 fatty acyl-CoA; and (b) a least one
exogenous nucleic acid molecule encoding a fatty alcohol forming fatty-acyl reductase that
catalyzes the conversion of the polyunsaturated ce.coa fatty acyl-CoA from (a) into the
corresponding polyunsaturated ce.co4 fatty alcohol.

[0021] In another embodiment, the recombinant microorganism expresses a least two
exogenous nucleic acid molecules encoding fatty-acyl desaturases and e least two exogenous
nucleic acid molecules encoding fatty-acyl conjugases that catalyze the conversion of a
saturated or monounsaturated ce.c24 fatty acyl-CoA to a corresponding polyunsaturated G/
cz4 fatty acyl-CoA.

[0022] In yet a further embodiment, the fatty-acyl conjugase is a conjugase capable of
utilizing afatty acyl-CoA asa substrate that has a chain length of 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 carbon atoms.

[0023] in certain embodiments, the conjugase, or the nucleic acid sequence that encodes it,
can be isolated from organisms of the species Cydiapomonella, Cydia nigricana,
Lobesia boirana, Myelois cribrella, Plodia interpunctella, Dendrolimus  punctatus,
Lampronia capitella, Spodoptera litura, Amyelois Iransitella, Manauca sexta, Bombyx rnori,
Calendula officinalis, Trichosanthes kirilowii, Punica granaium, Momordica charantia,
Impatiens balsamina, and Epiphyas postvittana. In exemplary embodiments, the conjugase
comprises a sequence selected from GenBank Accession No. or Uniprot database:
AOAQS9TBF5, AOAOM3L9ES, AOAOM3L 94, AOAOM3LAHS, AOAOM3LASS,
AOAOM3LAHS, B6CB34, XP _013183656.1,  XP_004923568.2, ALA65425.1,
NP_00 1296494.1, NP_001274330.1, Q4A181, Q75PL7, QO9FPP8, AY 178444, AY 178446,
AF182521, AF182520, Q95UJ3.

[0024] In various embodiments described herein, the fatty alcohol forming acyl-CoA
reductase, i.e., fatty alcohol forming fatty-acyl reductase, or the nucleic acid sequence that
encodes it, can be isolated from organisms of the species Agrotis segetum, Spodoptera
littoralis, Hehcoverpa amigera, Spodoptera exigua, Euglena gracilis, or Yponomeuta

evemymellus. In exemplary embodiments, the reductase comprises a sequence selected from
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GenBank Accession Nos. JX679210 and HG423128, and UniProt Accession No. I3PN86. In
some embodiments, a nucleic acid sequence encoding a fatty-acyl reductase from organisms
of the species Agrotis segetum, Spodoptera littorahs, Helicoverpa amigera, Spodoptera
exigua, Euglena gracilis, or Yponomeuta evonymellus is codon optimized. In some
embodiments, the reductase comprises anucleotide sequence set forth in SEQ ID NO: 1from
Agrotis segetum. In some embodiments, the fatty acyl reductase comprises an amino acid
sequence set forth in SEQ ID NO: 55 from Agrotis segetum. In other embodiments, the
reductase comprises a nuclectide sequence set forth in SEQ ID NO: 2 from Spodoptera
littorahs. In some embodiments, the fatty acyl reductase comprises an amino acid sequence
set forth in SEQ ID NO: 56 from Spodoptera lateralis. In some embodiments, the reductase
comprises anucleotide sequence selected from SEQ ID NOs: 3, 32, 40, 72, 74, 76 and 81. In
some embodiments, the fatty acyl reductase comprises an amino acid sequence set forth in
SEQ ID NO: 55 from Agrotis segetum. in other embodiments, the fatty acyl reductase
comprises an amino acid sequence set forth in SEQ 1D NO: 56 from Spodoptera littorahs. In
some embodiments, the fatty acyl reductase comprises an amino acid sequence selected from
SEQ ID NOs: 41 and 57 from Helicoverpa armigera. In some embodiments, the fatty acyl
reductase comprises an ammo acid sequence selected from SEQ ID NOs: 73 and 82 from
Spodoptera exigua. In some embodiments, the fatty acyl reductase comprises an amino acid
sequence set forth in SEQ ID NO: 75 from Euglena gracilis. In some embodiments, the fatty
acyl reductase comprises an amino acid sequence set forth in SEQ ID NO: 77 from

Yponomeuta evonymellus.

[0025] In some embodiments, the present disclosure teaches using multiple fatty acyl
reductase enzymes. In some embodiments, the present disclosure teaches recombinant
microorganisms comprising multiple copies of the same fatty acyl reductase. In other
embodiments, the present disclosure teaches recombinant microorganisms comprising two or
more different fatty acyl reductases. In some embodiments, the different fatty acyl reductases
utilize different co-factors. For example, the fatty acyl reductase from Euglena gracilis (SE(}
ID NO: 75) uses NADH instead of NADPH as reducing equivalent. In some embodiments,

this can alow for co-factor balancing using two or more different reductases.

[0026] In some embodiments, the fatty acyl reductase is a mutated fatty acyl reductase and
comprises an amino acid sequence selected from SEQ ID NOs: 42-48. In some embodiments,
the fatty acyl reductase isa mutated fatty acyl reductase and comprises a nucleotide sequence
selected from SEQ ID NOs: 83-89.



WO 2018/213554 PCT/US2018/033151

[0027] In certain embodiments, the fatty alcohol forming fatty-acyl reductase catalyzes the
conversion of a mono- or poly-unsaturated fatty acyl-CoA into a fatty alcohol product
selected from (Z)-3-hexenol, (Z)-3-nonenol, (Z)-5-decenol, (E)~5~decenci, (Z)-7-dodecenal,
(E)-7-dodecenoal, (E)-8-dodecenol, (Z)-8-dodecenaol, (Z)-9-dodecenol, (E)-9-dodecenol, (2)~
O-tetradecenol, (E)-9-tetradecenal, (2)-9-hexadecenal, (2)-1 1-tetradecenol, (2)-7-
hexadecenol, (Z)-ll-hexadecenol, (E)-lI-hexadecenol (E)-ll-tetradecenoi, or (Z,Z)-11,13-
hexadecadienol, (11Z,13E)-hexadecadienal, (E,E)-8, 10-dodecadienal, (E,2)-7,9-

dodecadienal, (Z)-13-octadecenol, or combinations thereof.

[0028] In some embodiments, the recombinant microorganism may express more than one
exogenous nucleic acid molecule encoding a fatty alcohol forming fatty-acyl reductase that
catalyzes the conversion of a mono- or poly-unsaturated {s-c24 fatty acyl-CoA to a

corresponding mono- or poly-unsaturated CvcC24 fatty alcohol.

[0029] In a further embodiment, the disclosure provides a recombinant microorganism
capable of producing a mono- or poly-unsaturated < Cis fatty alcohol from an endogenous or
exogenous source of saturated ce.co4 fatty acid, wherein the recombinant microorganism
comprises: (a) a least one exogenous nucleic acid molecule encoding afatty acyi desaturase
that catalyzes the conversion of a saturated ce.co4 fatty acyl-CoA to a corresponding mono-
or poly-unsaturated ceco4 fatty acyl-CoA; (b) at least one exogenous nucleic acid molecule
encoding an acyl-CoA oxidase that catalyzes the conversion of the mono- or poly-unsaturated
ce-co4 fatty acyl-CoA from (a) into a mono- or poly-unsaturated < Cis fatty acyl-CoA after
one or more successive cycle of acyl-CoA oxidase activity, with a given cycle producing a
mono- or poly-unsaturated cs.c2 fatty acyl-CoA intermediate with atwo carbon truncation
relative to a starting mono- or poly-unsaturated ce.co4 fatty acyl-CoA substrate in that cycle;
and (c) at least one exogenous nucleic acid molecule encoding a fatty alcohol forming fatty
acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated < C;s fatty
acyl-CoA from (b) into the corresponding mono- or poly-unsaturated < Cis fatty alcohol. in
some embodiments, the fatty acyl desaturase is selected from an Argyrotaenia velutinana,
Soodopiera litura, Sesamia inferens, Manduca sexta, Ostrinia niibilalis, Helicoverpa zea,
Chonsioneura rosaceana, Drosophila melanogasier, Spodopiera littoralis, Lamproma
capitella, Amyelois transitella, Trichoplusia ni, Agrotis segetum, Ostrinia furnicalis, and
Thalassiosira pseudonana derived fatty acyl desaturase. In some embodiments, the fatty acyl
desaturase has at least 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%,
87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%,
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71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%,
55%, 54%, 53%, 52%, 51%, 50%, or 50% sequence identity to a fatty acyl desaturase
selected from the group consisting of: SEQ ID NOs: 39, 49-54, 58-63, 78-80 and GenBank
Accession nos. AF416738, AGH12217.1, Al121943.1, CAJ3430.2, AF441221,
AAFR81787.1, AF545481, AJ271414, AY362879, ABX71630.1, NPOO1299594.1, QIN9ZS,
ABX71630.] and AIM4022 1.1. In some embodiments, the acyl-CoA oxidase is selected from
Table 5a. In other embodiments, the fatty alcohol forming fatty acyl reductase is selected
from an Agrotis segetum, Spodoptera exigua, Spodoptera tittoralis, Euglena gracilis,
Yponomeuta evonyrnellus and Helicoverpa armigera derived fatty alcohol forming fatty acyl
reductase. In further embodiments, the fatty alcohol forming fatty acyl reductase has a least
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%,
83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%,
67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%,
51%, 50%, or 50% sequence identity to a fatty alcohol forming fatty acyl reductase selected
from the group consisting of: SEQ ID NOs: 1-3, 32, 41-48, 55-57, 73, 75, 77 and 82. In some
embodiments, the recombinant microorganism is a yeast selected from the group consisting
of Yarrowia lipolytica, Saccharomyces cerevisiae, Candida albicans, Candida tropicalis and

Candida viswanathii .

[0030] In some embodiments, the recombinant microorganism further comprises a least one
endogenous or exogenous nucleic acid molecule encoding an acyltransferase that preferably
stores < Ci8 fatty acyl-CoA. In some embodiments, the acyltransferase is selected from the
group consisting of glycerol-3 -phosphate acyl transferase (GPAT), lysophosphatidic acid
acyltransferase (LPAAT), glycerolphospholipid acyltransferase (GPLAT) and diacylglycerol
acyltransferases (DGAT). In some preferred embodiments, the acyltransferase is selected

from Table 5b.

[0031] In some embodiments, the recombinant microorganism further comprises a least one
endogenous or exogenous nucleic acid molecule encoding an acylglycerol lipase that
preferably hydrolyzes ester bonds of >C16, of >Cl14, of >C12 or of >C10 acylglycerol

substrates. In some embodiments, the acylglycerol lipase is selected from Table 5c.

[0032] In some embodiments, the recombinant microorganism comprises a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous enzymes
that catalyzes a reaction in a pathway that competes with the biosynthesis pathway for the

production of a mono- or poly-unsaturated < Cix fatty alcohol. In further embodiments, the
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recombinant microorganism comprises a deletion, disruption, mutation, and/or reduction in
the activity of one or more endogenous enzyme selected from: (i) one or more acyl-CoA
oxidase; (ii) one or more acyltransferase: (iii) one or more acylglycerol lipase and/or sterol
ester esterase; (iv) one or more (fatty) alcohol dehydrogenase; (v) one or more (fatty) alcohol

oxidase; and (vi) one or more cytochrome P450 monooxygenase.

[0033] In some preferred embodiments, one or more genes of the microbial host encoding
acyl-CoA oxidases are deleted or down-regulated to eliminate or reduce the truncation of
desired fatty acyl-CoAs beyond a desired chain-length. In some embodiments, the
recombinant microorganism comprises a deletion, disruption, mutation, and/or reduction in
the activity of one or more endogenous acyl-CoA oxidase enzyme selected from the group
consisting of Y lipofytica POX 1 (YALIOE32835g), Y. lipolytica POX2 (YALIOFI0857g). Y.
lipolytica POX3 (YALIOD24750gj, Y. lipolytica POX4 (YALIOE27654g), Y. lipolytica
POX5 (YALIOC23859g), Y. lipolytica POX6 (YALIOEO6567g); S. cerevisiae POX1
(YGL205W); Candida POX2 (Ca0 19. 1655, Ca0 19.9224, CTRG_02374, M 18259), Candida
POX4 (Ca019.1652, Ca()19.9221, CTRGJ32377, M12160), and Candida POX5
(Ca019.5723. Ca0l9. 13146, CTRG 02721, M12161).

[0034] In some embodiments, a recombinant microorganism capable of producing a mono-
or poly-unsaturated < Cis fatty acohol, fatty adehyde and/or fatty acetate from an
endogenous or exogenous source of saturated cCs-C2: fatty acid is provided, wherein the
recombinant microorganism expresses one or more acyl-CoA oxidase enzymes, and wherein
the recombinant microorganism is manipulated to delete, dismpt, mutate, and/or reduce the
activity of one or more endogenous acyl-CoA oxidase enzymes. In some embodiments, the
one or more acyl-CoA oxidase enzymes being expressed are different from the one or more
endogenous acyl-CoA oxidase enzymes being deleted or downregulated. In other
embodiments, the one or more acyl-CoA oxidase enzymes that are expressed regulate chain
length of the mono- or poly-unsaturated < Cis fatty alcohol, fatty aldehyde and/or fatty
acetate. In other embodiments, the one or more acyl-CoA oxidase enzymes being expressed

are selected from Table 5a

[0035] In some embodiments, the recombinant microorganism comprises a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous
acyltransferase enzyme selected from the group consisting of Y. lipolytica Y ALI0C00209g,
Y. lipolytica YAL10E18964g, Y. lipolytica YALIOF19514g, Y. lipolytica YAL10C14014g, Y.
lipolytica YALIOE16797g, V. lipolytica YALIOE32769g, and Y. lipolytica YALIOD079864g,

11
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S. cerevisiae YBLOIllw, S. cerevisiae YDL052c, S. cerevisae YOR175C, S. cerevisiae
YPR139C, S. cerevisiae YNR0OO8w, and S. cerevisiae YGR245c, and Candida 1503 02577,
Candida CTRG_02630, Candida Ca019.250, Candida Ca019.7881, Candida CTRG_02437,
Candida Ca019.1881, Candida Ca0 19.9437, Candida CTRG_01687, Candida Ca019.1043,
Candida Ca019.8645, Candida CTRG 0475Q, Candida Ca019.13439, Candida
CTRG 04390, Canada Ca019.6941, Canada Ca019.14203, and Candida CTRG 06209.

[0036] In some embodiments, a recombinant microorganism capable of producing a mono-
or poly-unsaturated < Cis fatty alcohol, faity aldehyde and/or fatty acetate from an
endogenous or exogenous source of saturated cecaa fatty acid is provided, wherein the
recombinant microorganism expresses one or more acyitransferase enzymes, and wherein the
recombinant microorganism is manipulated to delete, dismpt, mutate, and/or reduce the
activity of one or more endogenous acyitransferase enzymes. In some preferred
embodiments, one or more genes of the microbial host encoding GPATs, LPAATs, GPLATS
and/or DGATs are deleted or downregulated, and replaced with one or more GPATS,
LPAATs, GPLATs, or DGATs which prefer to store short-chain fatty acyl-CoAs. In some
embodiments, the one or more acyitransferase enzymes being expressed are different from
the one or more endogenous acyitransferase enzymes being deleted or downregulated. In
other embodiments, the one or more acyitransferase enzymes being expressed are selected

from Table Sb.

[0037] In some preferred embodiments, one or more genes of the microbial host encoding
acylglycerol lipases (mono-, di-, or triacyiglycerol lipases) and sterol ester esterases are
deleted or downregulated and replaced with one or more acylglycerol lipases which prefer
long chain acylglycerol substrates. In some embodiments, the recombinant microorganism
comprises a deletion, disruption, mutation, and/or reduction in the activity of one or more
endogenous acylglycerol lipase and/or sterol ester esterase enzyme selected from the group
consisting of Y. lipolytica YAL10E32035g, Y. lipolytica YALiOD17534g, Y. lipotytica
YALIOFIOOIOg, Y. lipolytica YALIOC14520g, and Y. lipolytica YALIOE00528g, S.
cerevisiae YKL140w, S. cerevisiae YMR313c, S. cerevisiae YKR089c, S. cerevisiae
YORO081C, S. cerevisiae YKL094W, S. cerevisiae YLLO12W, and S. cerevisiae YLR020C,
and Candida Ca019.2050, Candida Ca0 199598, Candida CTRG_ 01138, Candida
W5Q_ 03398, Candida CTRG 00057, Candida Ca019.5426, Candida Ca019.12881,
Candida CTRG 06185 Candida Ca019.4864. Candida Ca019. 12328, Candida
CTRG_03360, Candida Ca019.6501, Candida Ca019.13854, Candida CTRG 05049,

12
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Candida Ca.019.1887, Candida Ca{319.9443, Candida CTRG 01683, and Candida
CTRG_04630.

[0038] In some embodiments, the recombinant microorganism comprises a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous cytochrome
P450 monooxygenases selected from the group consisting of Y. lipolytica YALIOE25982¢g
(ALK 1}, Y. lipolytica YALIOFO1320g (ALK?2), Y. lipolytica YALIOE23474g (ALK3), Y.
lipolytica YALIOB138{6g (ALK4), Y. lipolytica YALIOB13838g (ALKS5), Y. lipolytica
YALIOB01848g (ALK®6), V. lipolytica YALIOAI5488g (ALK7), Y. lipolytica
YALIOCI2122g  (ALKS8), V. lipolytica YALIOB06248g (ALK9), Y. lipolytica
YAUOB207G2g {ALK1#), 5. lipolytica YALIOC10054g {ALK11} and Y. lipolytica
YALIOA2()130g ¢tA LK 12},

[0039] In some embodiments, a recombinant microorganism capable of producing a mono-
or poly-unsaturated < Cis fatty alcohol, fatty aldehyde and/or fatty acetate from an
endogenous or exogenous source of saturated Cs-Czs fatty acid is provided, wherein the
recombinant microorganism expresses one or more acyigiycerol lipase and/or sterol ester
esterase enzymes, and wherein the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous acyigiycerol lipase
and/or sterol ester esterase enzymes. In some embodiments, the one or more acyigiycerol
lipase and/or sterol ester esterase enzymes being expressed are different from the one or more
endogenous acyigiycerol lipase and/or sterol ester esterase enzymes being deleted or
downregulated. In some embodiments, the one or more endogenous Or exogenous
acyigiycerol lipase and/or sterol ester esterase enzymes being expressed prefer to hydroiyze
ester bonds of long-chain acylglycerols. In other embodiments, the one or more acyigiycerol

lipase and/or sterol ester esterase enzymes being expressed are selected from Table Sc.

[0040] fn some embodiments, the fatty acyl desaturase catalyzes the conversion of a fatty
acyl-CoA into a mono- or poly-unsaturated intermediate selected from E5-1 0:Acyl-CoA, E7-
12:Acyl-CoA, E9-14:Acyl-CoA, EII-16:Acyl-CoA, E13-18:Acyl-CoA,Z7-12:Acyl-CoA,
Z9-14:Acyl-CoA, Zli-16:Acyl-CoA, Z13-18:Acyl-CoA, Z8-12:Acyl-CoA, Z10-14:Acyl-
CoA, Z12-16:Acyl-CoA, Z14-18:Acyl-CoA, Z7-10:Acyl-coA, Z9-12:Acyl-CoA, ZII-
14:Acyl-CoA, Z13-16:Acyl-CoA, Z15-18:Acyl-CoA, ET7-10:Acyl-CoA, E9-12:Acyl-CoA,
Ell-14:Acyl-CoA. E13-16:Acyl-CoA, E15-18:Acyl-CoA, E5Z7-12:Acyl-CoA, E7Z9-
12:Acyl-CoA, E9Zil-14:Acyl-CoA, ElIZ13-16:Acyl-CoA, E13715-18:Acyl-CoA, E6ES-
10:Acyl-CoA, ESE10-12:Acyl-CoA, E1OE12-14:Acyl-CoA, EI12E14-16:Acy!-CoA,Z5ES-
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10:Acyl-CoA, Z7E10-1 2:Acyl-CoA, Z9E12-14:Acyl-CoA, Z1IE14-16:Acyl-CoA, Z13E16-
18:Acyl-CoA, Z3-10:Acyl-CoA, Z5-12:Acyl-CoA, Z7-14:Acyl-CoA, Z9-16:Acyl-CoA, Z\i-
18:Acyl-CoA,Z375-10:Acyi-CoA, Z577-12:Acyl-CoA,  Z779-14:Acyl-CoA,  Z9Z11-
16:Acyl-CoA, ZI11Z13-16:Acyl-CoA, and Z13715-18:Acy]-CoA. In further embodiments,
the mono- or poly-unsaturated < Cis fatty alcohol is selected from the group consisting of E5-
10:0H, Z8- 12:0H, Z9- 12:QH, Z11-14:QH, Zi1-16.014, Hii-24.0 H, ESE10- 12:0H, E7Z9-
12:0H, Z11213-16QH, £3-14:0H. Z9- 16:0H, and Z 13-18:0H.

[0041] In some embodiments, the recombinant microorganism further comprises a least one
endogenous or exogenous nucleic acid molecule encoding an aldehyde forming fatty acyi-
CoA reductase capable of catalyzing the conversion of the mono- or poly-unsaturated < Cis
fatty acid into a corresponding < Cis fatty aldehyde. In some preferred embodiments, the
aldehyde forming fatty acyl-CoA reductase is selected from the group consisting of
Acinetobacter calcoaceticus AOA1C4HN78, A. calcoaceticus N9DA85, A. calcoaceticus
R8XW?24, A. calcoaceticus AOAIAOGGM5, A. calcoaceticus AOA117N158, and Nostoc
punctiforme Y P_001865324. In some embodiments, the recombinant microorganism further
comprises a least one endogenous or exogenous nucleic acid molecule encoding an alcohol
oxidase or an acohol dehydrogenase capable of catalyzing the conversion of the mono- or
poly-unsaturated < Cis fatty acohol into a corresponding < Cis fatty aldehyde. in some
preferred embodiments, the < Cis fatty aldehyde is selected from the group consisting of Z9-
16:Aid. Z11-16:Aid. Z1 1 13-16:Ald, and Z 13- 18:Ald.

[0042] In some embodiments, the recombinant microorganism further comprises: at least one
endogenous or exogenous nucleic acid molecule encoding an enzyme selected from an
alcohol oxidase, an alcohol dehydrogenase capable of catalyzing the conversion of the mono-
or poly-unsaturated < Cis fatty alcohol mto a corresponding < Cis fatty aldehyde; and at least
one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase capable
of catalyzing the conversion of the mono- or poly-unsaturated < Cis fatty alcohol into a
corresponding < Cis fatty acetate. In some preferred embodiments, the mono- or poly-
unsaturated < Cis fatty aldehyde and < Cis fatty acetate is selected from the group consisting
of E5-10:Ac, Z7- 12:Ac, Z8- 12:Ac, Z9-12:Ac, E7Z9-12:Ac, Z9-14:Ac, Z9E12- 14:Ac, EII-
14:Ac, Z11-14:Ac, Z1i-16:Ac. Z9-16:Ac, Z9-16:Ald, ZI11-16:Ald,Z 11Z13-16:Ald, and Z 13-
18:Ald.

[0043] In some embodiments, the disclosure provides a method of engineering a

microorganism that is capable of producing a mono- or poly-unsaturated < Cis fatly alcohol
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from an endogenous or exogenous source of saturated ce-c24 fatty acid, wherein the method
comprises introducing into a microorganism the following: (&) a least one exogenous nucleic
acid molecule encoding afatty acyl desaturase that catalyzes the conversion of a saturated cs-
cx fatty acyl-CoA to a corresponding mono- or poly-unsaturated ce.cosa fatty acyl-CoA; (b)
at least one exogenous nucleic acid molecule encoding an acyl-CoA oxidase that catalyzes
the conversion of the mono- or poly-unsaturated ce-c24 fatty acyl-CoA from (@) into a mono-
or poly-unsaturated < C18 fatty acyl-CoA after one or more successive cycle of acyl-CoA
oxidase activity, with a given cycle producing a mono- or poly-unsaturated ca-c22 fatty acyl-
CoA intermediate with a two carbon truncation relative to a stalling mono- or poly-
unsaturated ce-c24 fatty acyl-CoA substrate in that cycle; and (c) at least one exogenous
nucleic acid molecule encoding a fatty alcohol forming fatty acyl reductase that catalyzes the
conversion of the mono- or poly-unsaturated < CI8 fatty acyl-CoA from (b) into the
corresponding mono- or poly-unsaturated < cig fatty alcohol. In some embodiments, the
microorganism is MATA ura3-302::SUC2 Apoxt Apox2 Apox3 Apox4 Apox5 Apoxp Afadh
Aadh} Aadh2 Aadh3 Aadh4 Aadh3 Aadh6 Aadh7 Afaol ::URAS.

[0044] In some embodiments, the disclosure provides a method of producing a mono- or
poly-unsaturated < Cis fatty alcohol, fatty aldehyde or fatty acetate from an endogenous or
exogenous source of saturated cscos  fatty acid, comprising: cultivating a recombinant
microorganism described herein in a culture medium containing a feedstock that provides a
carbon source adequate for the production of the mono- or poly-unsaturated < Cis fatty
alcohol, fatty aldehyde or fetty acetate. In some embodiments, the method further comprises a
step of recovering the mono- or poly-unsaturated < C;sfatty acohol, faity aldehyde or fatty-
acetate. In further embodiments, the recovery step comprises distillation. In yet further

embodiments, the recovery step comprises membrane-based separation.

[0045] In some embodiments, the mono- or poly-unsaturated < Cis fatty alcohol is converted
into a corresponding < Cis fatty aldehyde using chemical methods. In further embodiments,
the chemical. methods are selected from TEMPO-bleach, TEMPO-copper-air, TE MPO-
Phl(OAc)2, Swem oxidation and noble rnetal-air. In some embodiments, the mono- or poly-
unsaturated < Cis fatty alcohol is converted into a corresponding < Cis fatty acetate using
chemical methods. In further embodiments, the chemical methods utilize a chemica agent
selected from the group consisting of acetyl chloride, acetic anhydride, butyryl chloride,

butyric anhydride, propanoyl chloride and propionic anhydride in the presence of 4-N, N-
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dimethylaminopyridine (DM AP) or sodium acetate to esterify the mono- or poly-unsaturated
< Ci8 fatty alcohol to the corresponding < Cis fatty acetate.

[0046] In a further embodiment, the disclosure provides a recombinant Yarrowia lipolytica
microorganism capable of producing a mono- or poly-unsaturated ce-c24 fatty alcohol from
an endogenous or exogenous source of saturated ce-cp4 fatty acid, wherein the recombinant
Yarrowia lipolytica microorganism comprises. (a) a least one nucleic acid molecule
encoding a fatty acyl desaturase having a least 99%, 98%, 97%, 96%, 95%, 94%, 93%,
92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%,
76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%,
60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 5} %, 50%, or 50% sequence identity to a
fatty acyl desaturase selected from the group consisting of SEQ ID NOs. 54, 60, 62, 78, 79 ,
80, 95, 97, 99, 101, 103, and 105 that catalyzes the conversion of a saturated ce-c24 fatty
acyl-CoA to a corresponding mono- or poly-unsaturated ce-c24 fatty acyi-CoA: and (b) at
least one nucleic acid molecule encoding a fatty alcohol forming fatty acyl reductase having
95% sequence identity to afatty alcohol forming fatty acyl reductase selected from the group
consisting of SEQ ID NOs. 41-48, 57, 73, 75 and 77 that catalyzes the conversion of the
mono- or poly-unsaturated ce-.co4 fatty acyl-CoA from (a) into the corresponding mono- or

poly-unsaturated ce-c24 fatty alcohol.

[0047] In some embodiments, the recombinant Yarrowia lipolytica microorganism comprises
a deletion, disruption, mutation, and/or reduction in the activity of one or more endogenous
enzymes that catalyzes areaction in a pathway that competes with the biosynthesis pathway
for the production of a mono- or poly-unsaturated CvC24 fatty alcohol. In some preferred
embodiments, the recombinant Yarrowia lipolytica microorganism comprises a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous enzyme
selected from the following: (i) one or more acyl-CoA oxidase selected from the group
consisting of YAL10E32835g (POX1), YALIOF10857g (POX2), YALIOD24750g (POX3),
YALIOE27654g (POX4), YALI0OC23859g (POX5), YALIOEO6567g (POX6); (ii) one or
more (fatty) alcohol dehydrogenase selected from the group consisting of YALIOF09603g
(FADH), YALIOD25630g (ADH1), YAL10E17787g (ADH2), YALIOA16379g (ADH3),
YALIOE158:89 (ADH4), YALIOD02167g (ADH5), YALIOA 151479 (ADHS6),
YALIOEQ7766g (ADH7); (iii) a (fatty) alcohol oxidase YALTO0B14014g (FAO1); (iv) one or
more cytochrome P450 enzyme selected from the group consisting of YALIOE25982g
(ALKI),YALIOF01320g (ALK?2), YALIOE23474g (ALK3), YALIOB13816g (ALK4),
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YALIOB13838g  (ALK5), YALIOBO1848g (ALK6), YALIOA15488g  (ALK?7),
(YALIOC12122g  (ALKS8),YALIOB06248g  (ALK9),  YALIOB20702g  (ALK10),
YALIOC10054g (ALK11) and YALIOA20130g (Alkl2); YAS! (YALI1CO03349), Yas2
(YALIOE32417), Gsyli (YALIOF18502), HFD1 (YALIOF23793), HFD2 (YALIOE15400),
HFD3 (YALIOA17875), HFD4 (YALI0B01298), SDR (YALIOA19536); and (V) one or more
diacylglycerol acyltransferase selected from the group consisting of YALIOE32791g (DGA1)
and YALIODO7986g (DGAZ2). In other preferred embodiments, the recombinant Yarrewvia
lipofytica microorganism comprises a deletion of one or more endogenous enzyme selected
from the following: (i) one or more acyl-CoA oxidase selected from the group consisting of
YALIOE32835g  (POX1), YALIOF10857g  (POX2), YALIOD24750g  (POX3),
YAI, TOE27654g (POX4), YALIOC23859g (POX5), YAI,TOE06567g (POX6); (ii) one or
more (fatty) alcohol dehydrogenase selected from the group consisting of YALIOF09603g
(FADH), YALIOD25630g (ADH1), YALIOE17787g (ADH2), YALIOA16379g (ADH3),
YALIOE15818g  (ADH4), YALIOD02167g (ADH5), YALIOA15147g  (ADHS),
YALIOEQ7766g (ADH7); (iii) a (fatty) alcohol oxidase YALIOB140!4g (FAOQI); (iv) one or
more cytochrome P450 enzyme selected from the group consisting of YALIOE25982¢g
(ALKI),YALIOF01320g (ALK2), YAL10E23474g (ALK3), YALIOB13816g (ALK4),
YALIOB13838g  (ALK5), YALIOBO1848g  (ALK6), YALIOA15488g  (ALK?7),
(YALIOC12122g  (ALKS8),YALIOB06248g  (ALK9),  YALIOB20702g  (ALK10),
YALIOC10054g (ALK11) and YALIOA20130g (Aikl2); and (v) one or more diacylglycerol
acyltransferase selected from the group consisting of YALIOE32791g (DGAL1) and
YALIOD07986g (DGA?2).

[0048] In some embodiments, the fatty acyl desaturase catalyzes the conversion of a
saturated fatty acyl-CoA into a mono- or poly-unsaturated intermediate selected from z9~
14:Acy]-CoA, Z11-14;Acyl-CoA, Ell-14:Acyl-CoA, Z9-16:Acy]-CoA, and ZII-16:Acyl-
CoA. In other embodiments, the mono- or poly-unsaturated ce.cos4 fatty acohol is selected
from the group consisting of 29-14:GH, / 'i-14:0H, Eil-14:GH, Z9-16:0H, ZII-16:0H,
Z11713-16:0H, and Z13-18:0H.

[0049] In some embodiments, the recombinant Yarrowia lipofytica microorganism further
comprises @ least one endogenous or exogenous nucleic acid molecule encoding an alcohol
oxidase or an alcohol dehydrogenase capable of catalyzing the conversion of the mono- or
poly-unsaturated cs.cos fatty alcohol into a corresponding csco4 fatty adehyde. In some

embodiments, the alcohol dehydrogenase is selected from Table 3a. In some embodiments,
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the c6-Cz4 fatty aldehyde is selected from the group consisting of Z9-14:Ald, Z11-14: Ald,
Ell-14:Ald, Z9-16:Ald, ZII-16:Ald, ZIIZI3-16:Ald  and Z13-18:Ald.

[0050] In some embodiments, the recombinant Yarrowia lipolytica microorganism further
comprises: at least one endogenous or exogenous nucleic acid molecule encoding an alcohol
oxidase or an acohol dehydrogenase capable of catayzing the conversion of the mono- or
poly-un saturated cecp4 fatty alcohol into a corresponding c&-c24 fatty aldehyde; and at least
one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase capable
of catalyzing the conversion of the mono- or poly-unsaturated cec24 fatty alcohol into a
corresponding cecos4 fatty acetate. in some embodiments, the mono- or poly-unsaturated Cs-
c24 fatty aldehyde and ce.cos fatty acetate is selected from the group consisting of Z9-14:Ac,

Zll-14:Ac, ElI-14:Ac, Z9-16:Ac, ZI1I-16:Ac, Z11Z13-16:Ac, Z13-18:Ac, Z9-14:Ald, ZII-

14:Ald, E11-14:Ald, Z9-16:Ald, ZII-16:Ald, ZIIZ13-16:Ald  and Z13-18:Ald.

[0051] In some embodiments, the fatty acyl desaturase does not comprise a fatty acyl
desaturase comprising an amino acid sequence selected from the group consisting of SEQ ID
NOs: 64, 65, 66 and 67. In other embodiments, the fatty acyl desaturase does not comprise a
fatty acyl desaturase selected from an Amyelois transitella, Spodoptera littoralis, Agrotis
segelum, or Trichophisiani derived desaturase.

[0052] In some embodiments, the disclosure provides a method of engineering a Yarrowia
lipolytica microorganism that is capable of producing a mono- or poly-unsaturated ce.cs

fatty alcohol from an endogenous or exogenous source of saturated cecos4 fatty acid, wherein
the method comprises introducing into the Yarrowia lipolytica microorganism the following:

(a) at least one nucleic acid molecule encoding a fatty acyl desaturase having at least 99%,
98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%,
82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%,
66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 51%,
50%, or 50% sequence identity to a fatty acyl desaturase selected from the group consisting

of SEQ ID NOs: 39, 54, 60, 62, 78, 79, 80, 95, 97, 99, 101, 103, and 105 that catalyzes the
conversion of a saturated cecosa fatty acyi-CoA to a corresponding mono- or poly-
unsaturated C&-C24 fatty acyl-CoA; and (b) at least one nucleic acid molecule encoding a fatty
alcohol forming fatty acyl reductase having 95% sequence identity to afatty alcohol forming
fatty acyl reductase selected from the group consisting of SEQ ID NOs: 41-48, 55, 56, 57, 73,
75 and 77 that catalyzes the conversion of the mono- or poly-unsaturated ce.cosa fatty acyi-

CoA from (@) into the corresponding mono- or poly-unsaturated cec24 fatty alcohol. In some
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embodiments, the microorganism is MATA ura3-302::SUC2 Apoxi Apox2 Apox3 Apox4
Apox5 Apoxs Afadh Aadhi Aadh2 Aadh3 Aadh4 Aadh5 Aadh6 Aadh7 Afaol::URA3.

[0053] In some embodiments, the disclosure provides a method of producing a mono- or
poly-unsaturated cs-cz4 fatty alcohol, fatty aldehyde or fatty acetate from an endogenous or
exogenous source of saturated ce.cosa fatty acid, comprising: cultivating a recombinant
microorganism described herein in a culture medium containing a feedstock that provides a
carbon source adequate for the production of the mono- or poly-unsaturated ce.cos4 fatty
alcohol, fatty aldehyde or fatty acetate. In some embodiments, the method further comprises a
step of recovering the mono- or poly-unsaturated CvC24 fatty alcohol, fatty aldehyde or fatty
acetate. In further embodiments, the recovery step comprises digtillation. In yet further

embodiments, the recovery step comprises membrane-based separation.

[0054] In some embodiments, the mono- or poly-unsaturated cecp4 fatty acohol is
converted into a corresponding cecos fatty adehyde using chemical methods. In further
embodiments, the chemical methods are selected from TEMPO-bleach, TEMPO-copper-air,
TEMPQ-Phi(QAC)2, Swern oxidation and noble metal-air. In some embodiments, the mono-
or poly-unsaturated ce.co4 fatty alcohol is converted into a corresponding ce.co4 fatty acetate
using chemical methods. In further embodiments, the chemica methods utilize a chemical
agent selected from the group consisting of acetyl chloride, acetic anhydride, butyryl
chloride, butyric anhydride, propanoyl chloride and propionic anhydride in the presence of 4-
N, N-dimethylaniinopyridine (DMAP) or sodium acetate to esterify the mono- or poly-
unsaturated ce.coa fatty alcohol tothe corresponding ce-.cos fatty acetate.

[0055] In addition to the biosynthetic pathway described in the first aspect above, the present
application provides an additional biosynthetic pathway for the production of an unsaturated
ce-co4 fatty acohol utilizing a saturated ce.co4 fatty acyl-ACP intermediate derived from a
ce-coa fatty acid. Accordingly, in a second aspect, the application relates to a recombinant
microorganism capable of producing an unsaturated ce.co4 fatty acohol from an endogenous
or exogenous source of cec24 fatty acid, wherein the recombinant microorganism expresses
(a): a least one exogenous nucleic acid molecule encoding an acyl-ACP synthetase that
catalyzes the conversion of acecos fatty acid to a corresponding saturated ce.co4 fatty acyl-
ACP; (b) a least one exogenous nucleic acid molecule encoding a fatty-acyl-ACP desaturase
that catalyzes the conversion of a saturated ce.cos4 fatty acyl-ACP to a corresponding mono-
or poly-unsaturated cec24 fatty acyl-ACP; (c) one or more endogenous or exogenous nucleic

acid molecules encoding a fatty acid synthase complex that catalyzes the conversion of the
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mono- or poly-unsaturated ce.co4 fatty acyl-ACP from (b) to a corresponding mono- or poly-
unsaturated cs-c 24 fatty acyl-ACP with atwo carbon elongation relative to the product of (b);
(d): a least one exogenous nucleic acid molecule encoding a fatty aldehyde forming fatty-
acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated ce.cos4 fatty
acyl-ACP from (c) into a corresponding mono- or poly-unsaturated ce.cos4 fatty adehyde;
and (¢) a& least one endogenous or exogenous hucleic acid molecule encoding a
dehydrogenase that catalyzes the conversion of the mono- or poly-unsaturated cecps4 fatty
aldehyde cecosa from (d) into a corresponding mono- or poly-unsaturated ce.coa fatty
alcohal. In some embodiments, the mono- or poly-unsaturated ce.coa fatty alcohol is an
insect pheromone. In some embodiments, the mono- or poly-unsaturated ce-cos fatty acohol
is a fragrance or flavoring agent. In some embodiments, the recombinant microorganism
further comprises at least one endogenous or exogenous nucleic acid molecule encoding an
alcohol oxidase or an alcohol dehydrogenase, wherein the acohol oxidase or alcohol
dehydrogenase is capable of catalyzing the conversion of the mono- or poly-unsaturated Cs-
c24 fatty acohol from (€) into a corresponding mono- or poly-unsaturated cecos  fatty-
aldehyde. In some embodiments, the recombinant microorganism further comprises at least
one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase capable
of catalyzing the conversion of the mono- or poly-unsaturated cecz4 fatty acohol from (e)

into a corresponding mono- or poly-unsaturated ce.coa fatty acetate.

[0056] In some embodiments, acyl-ACP synthetase is a synthetase capable of utilizing a fatty
acid as a substrate that has a chain length of 6, 7, 8, 9, 10, i1, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, or 24 carbon atoms.

[0057] In various embodiments described herein, the acyl-ACP synthetase, or the nucleic
acid that encodes it, can be isolated from organisms of the species Vibrio harveyi,

Rhodotorula glutinis, or Yarrowia lipolytica.

[0058] In some embodiments, the fatty-acyl-ACP desaturase is a soluble desaturase. In
various embodiments described herein, the fatty-acyl-ACP desaturase, or the nucleic acid that
encodes it, can be isolated from organisms of the species Pelargonium hortorum, Asclepias

syriaca, or Uncaria tomentosa.

[0059] In some embodiments, the recombinant microorganism may express more than one

exogenous hucleic acid molecule encoding a fatty-acyi desaturase that catalyzes the
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conversion of a saturated Cs-Ca fatty acyl-ACP to a corresponding mono- or poly-
unsaturated ce-cos4 fatty acyl-ACP.

[0060] Asdescribed above, fatty acid elongation enzymes, i.e., afatty acid synthase complex,
can be utilized b extend the chain length of a mono- or poly-unsaturated ce-co4 fatty acyl-
ACP by two additiona carbons a the apha carbon. In some embodiments, the two
additional = carbons are derived from endogenous malonyl-CoA. In one embodiment, the one
or more nucleic acid molecules encoding a fatty acid synthase complex are endogenous
nucleic acid molecules, i.e., the nucleic acid molecule(s) igare native to the recombinant
microorganism.  In another embodiment, the one or more nucleic acid molecules encoding a

fatty acid synthase complex are exogenous nucleic acid molecules.

[0061] In various embodiments described herein, the fatty aldehyde forming acyl-ACP
reductase, i.e., fatty aldehyde forming fatty-acy! reductase, or the nucleic acid sequence that
encodes it, can be isolated from organisms of the species can be isolated from organisms of

the species Pelargonium horiorum, Asclepias syriaca, and Uncaria tomentosa.

[0062] As noted above, the recombinant microorganism according to the second aspect
comprises at least one endogenous or exogenous nucleic acid molecule encoding a
dehydrogenase capable of catalyzing the conversion of the mono- or poly-unsaturated ce-c24
fatty aldehyde from (d) into a corresponding mono- or poly-unsaturated ce-c2s4 fatty alcohol.
In one embodiment, the dehydrogenase isencoded by an endogenous nucleic acid molecule.
In another embodiment, the dehydrogenase is encoded by an exogenous nucleic acid
molecule. In exemplary embodiments, the endogenous or exogenous nucleic acid molecule
encoding a dehydrogenase is isolated from organisms of the species Saccharomyces

cerevisiae, Escherichia coti, Yarrowia lipoiytica, or Candida tropicalis.

[0063] In addition to the biosynthetic pathway described in the first and second aspects
above, the present application provides an additional biosynthetic pathway for the production
of an unsaturated Cs-Cp¢ fatty alcohol utilizing a saturated ce-C24 fatty acyl-ACP
intermediate derived from a CvC24 fatty acid. Accordingly, in athird aspect, the application
relates to a recombinant microorganism capable of producing an unsaturated C&-C24 fatty
alcohol from an endogenous or exogenous source of cecosa fatty acid, wherein the
recombinant microorganism expresses (@): at least one exogenous nucleic acid molecule
encoding an acyl-ACP synthetase that catalyzes the conversion of a ceco4 fatty acid to a

corresponding saturated ce-cos4 fatty acyl-ACP; (b) a least one exogenous nucleic acid
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molecule encoding a fatty-acyl-ACP desaturase that catalyzes the conversion of a saturated
CvC24 fatty acyl-ACP to a corresponding mono- or poly-unsaturated ce.cos fatty acyl-ACP,
(c) a least one exogenous fatty acyl-ACP thioesterase that catalyzes the conversion of the
mono- or poly-unsaturated ce-c24 fatty acyl-ACP from (b) to a corresponding mono- or poly-
unsaturated ce-c2¢ fatty acid; (d) one or more endogenous or exogenous nucleic acid
molecules encoding an elongase that catalyzes the conversion of the mono- or poly-
unsaturated Cc&-c24 fatty acyl-CoA derived from CoA activation of the mono- or poly-
unsaturated ce.cos fatty acid from (c) to a corresponding mono- or poly-unsaturated ce6-C24
fatty acyl-CoA with atwo carbon or greater elongation relative to the product of (c); and (€):
a least one exogenous nucleic acid molecule encoding a fatty alcohol forming fatty-acyl
reductase that catalyzes the conversion of the mono- or poly-unsaturated cscos4 fatty acyl-
CoA from (d) into a corresponding mono- or poly-unsaturated ce-c24 fatty acohol. In some
embodiments, the mono- or poly-unsaturated cs.co4 fatty alcohol isan insect pheromone. In
some embodiments, the mono- or poly-unsaturated cec2s4 fatty alcohol is a fragrance or
flavoring agent. In some embodiments, the recombinant microorganism further comprises at
least one endogenous or exogenous nucleic acid molecule encoding an alcohol oxidase or an
alcohol dehydrogenase, wherein the alcohol oxidase or alcohol dehydrogenase is capable of
catalyzing the conversion of the mono- or poly-unsaturated ce.cos4 fatty alcohol from (€) into
a corresponding mono- or poly-unsaturated ce-c24 fatty aldehyde. In some embodiments, the
recombinant microorganism further comprises at least one endogenous or exogenous nucleic
acid molecule encoding an acetyl transferase capable of catalyzing the conversion of the
mono- or poly-unsaturated ce-c24 fatty alcohol from (€) into a corresponding mono- or poly-

unsaturated ce.co4 fatty acetate

[0064] In some embodiments according to this third aspect, afatty acyl-ACP thioesterase can
be utilized to convert a mono- or poly-unsaturated ce-co4 fatty acyl-ACP into a
corresponding mono- or poly-unsaturated cecos fatty acid. In a some embodiments, soluble
fatty acyl-ACP thioesterases can be used to release free fatty acids for reactivation to a CoA
thioester. Fatty acyl-ACP thioesterases that can be included within the embodiment include,
but are not limited to, including Q41635, Q39473, P05521.2, AEM72519, AEM72520,
AEM72521, AEM72523, AAC49784, CABG60830, EER87824, EER96252, ABN54268,
AAQ077182, CAH09236, ACL08376, and homologs thereof may be used. In some
embodiments, the mono- or poly-unsaturated ce-c24 fatty acyl-CoA may serve as a substrate

for an elongase, which can be utilized to extend the chain length of a mono- or poly-
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unsaturated ce.co4 fatty acyl-CoA by two additional carbons a the alpha carbon. In some

embodiments, the two additional carbons are derived from endogenous malonyl-CoA.

[0065] Asdescribed above, in some embodiments, the recombinant microorganism according
to the first, second, or third aspect further comprises at least one endogenous or exogenous
nucleic acid molecule encoding an alcohol oxidase capable of catalyzing the conversion of a
mono- or poly-unsaturated cec24 fatty acohol into a corresponding mono- or poly-
unsaturated ce-c24 fatty aldehyde. In certain embodiments, the alcohol oxidase, or the
nucleic acid sequence that encodes it, can be isolated from organisms of the species Candida
boidinii, Komagataella pastoris, Tanacetum wvulgare, Smmondsia chinensis. Arabidopsis
thaliana, Lotus japonicas, or Candida tropicalis. In exemplar}- embodiments, the acohol
oxidase comprises a segquence selected from GenBank Accession Nos. Q00922, F2QY 27,
Q6QIR6, Q8LDPO, and L7VFV2.

[0066] Asdescribed above, in some embodiments, the recombinant microorganism according
to the first or second aspect further comprises a least one endogenous or exogenous nucleic
acid molecule encoding an acetyl transferase capable of catalyzing the conversion of a ce.co4
fatty alcohol into a corresponding cs.cos fatty acetate. In certain embodiments, the acetyl
transferase, or the nucleic acid sequence that encodes it, can be isolated from organisms of
the species Saccharomyces cerevisiae, Danaus plexippus, Heliotis virescens, Bombyx mori,
Agrotis ipsilon, Agrotis segetum, Euonymus alatus. In exemplar}' embodiments, the acetyl
transferase comprises a sequence selected from GenBank Accession Nos. AY 242066,
AY 242065, AY242064, AY 242063, AY?242062, EHJ65205, ACX53812, NP 001182381,
EHJ65977, EHJ68573, KJ579226, GU5S594061, KTA99184.1, AIN34693.1, AY605053,
XP_002552712.1, XP_ 503024.L XP_505595.1, and XP 505513.1.

[0067] In dternative embodiments, the fatty alcohol may be converted into a fatty acetate
using chemical methods, e.g., via chemical catalysis utilizing achemical agent such as acetyl
chloride, acetic anhydride, butyryl chloride, butyric anhydride, propanoyl chloride and

propionic anhydride.

[0068] In some embodiments, the recombinant microorganism comprising a biosynthesis
pathway for the production of an unsaturated ce.cos fatty alcohol, aldehyde, or acetate may
further be engineered to express one or more nucleic acids encoding protein or polypeptide
which, when expressed, istoxic to an insect. Exemplary toxicant producing genes suitable

for the present disclosure can be obtained from entomopathogenic organism, such as Bacillus
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thiiringiensis, Pseudomonas aerugizosa, Serratia marcescens, and members of the genus
Streptomyces. in an exemplary embodiment, the recombinant microorganism comprising a
biosynthesis pathway for the production of an unsaturated ce-cos fatty alcohol, aldehyde, or
acetate may further be engineered to express anucleic acid encoding a Bacillus thuringiensis
("Bi") toxin. In additional or alternative embodiments, the recombinant microorganism
comprising a biosynthesis pathway for the production of an unsaturated cs-cos fatty acohol,
aldehyde, or acetate may further be engineered to express anucleic acid encoding other toxic

proteins such as spider verom.

[0069] In some embodiments, the recombinant microorganism comprising a biosynthesis
pathway for the production of an unsaturated ccc24 fatty alcohol, aldehyde, or acetate may
further be engineered to express an RNAi molecule which, when expressed, produces an

oligonucleotide that istoxic to an insect.

[0070] In some embodiments, the recombinant microorganism comprising a biosynthesis
pathway for the production of an unsaturated ce-c24 fatty alcohol, aldehyde, or acetate may
further be engineered to express a metabolic pathway which, when expressed, produces a
small molecule that istoxic to an insect. Non-limiting examples of toxic small molecules

include azadirachtin, spinosad, avermectin, pyrethnns, and various terpenoids.

[0071] In various embodiments described herein, the recombinant microorganism comprising
abiosynthesis pathway for the production of an unsaturated ce-c24 fatty alcohol, aldehyde, or
acetate may be a eukaryotic microorganism, such as a yeast, a filamentous fungi, or an algae,
or alternatively, a prokaryotic microorganism, such as a bacterium. For instance, suitable
host cells can include cells of a genus selected from the group consisting of Yarrowia,
Candida, Saccharomyces, Pichia, Hansenula, Clostridium, Zymomonas, Escherichia,
Salmonella, Rhodococcus, Pseudomonas, Bacillus, Lactobacillus, Enterococcus, Alcaligenes,
Klebsiella, Paenibacillus, Arthrobacter,  Corynebacterium  Brevibacterium, and

Sreptomyces.

[0072] In some embodiments, the recombinant microorganism comprising a biosynthesis
pathway for the production of an unsaturated ce-c24 fatty alcohol, aldehyde, or acetate is a
yeast. Examples of suitable yeasts include yeasts of a genus selected from the group
consisting of Yarrowia, Candida, Saccharomyces, Pichia, Hansenula, Kluyveromyces,
Issatchenkia, Zygosaccharomyces, Debaryomyces, Schizosaccharomyces, Pachysolen,

Cryptococcus, Trichosporon, Rhodotorula, or Myxozyma. In certain embodiments, the yeast
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is an oleaginous yeast. Exemplary oleaginous yeasts suitable for use in the present disclosure
include members of the genera Yarrowia, Candida, Rliodotorula, Rhodosporidium,
Cryptococcus, Trichosporon, and Lipomyces, including, but not limited to the species of
Yarrowia lipolytica, Candida tropicalis, Rhodosporidium toruloid.es, Lipomyces starkey, L.
lipoferiis, C. revkaufi, C. pulcherrirna, C. utilis, Rhodotorula minula, Trichosporon pullans,

T. cutaneum, Cryptococcus cur wriS, R. glutims, and R. graminis.

[0073] Aswill be understood in the art, endogenous enzymes can convert critical substrates
and/or intermediates upstream of or within the unsaturated ce-c24 fatty alcohol, aldehyde, or
acetate biosynthesis pathway into unwanted by-products. Accordingly, in some embodiments,
the recombinant microorganism is manipulated to delete, disrupt, mutate, and/or reduce the
activity of one or more endogenous enzymes that catalyzes a reaction in a pathway that
competes with the unsaturated cecos fatty alcohol, aldehyde, or acetate biosynthesis
pathway.

[0074] In one embodiment, the recombinant microorganism is manipulated to delete, disrupt,
mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes the
conversion of afatty acid into a w-hydroxyfatty acid. In the context of a recombinant yeast
microorganism, the recombinant yeast microorganism is engineered to delete, disrupt, mutate,
and/or reduce the activity of one or more enzyme selected from XP_504406, XP 504857,
XP_504311, XP_500855, XP_500856, XP_500402, XP_500097, XP_501748, XP_500560,
XP_501148, XP_501667, XP_500273, BAA02041, CAA39366, CAA39367, BAA02210,
BAA02211, BAA02212, BAA02213, BAA02214, AA073952, AAO073953, AA073954,
AA073955, AAQ073956, AA073958, AA073959, AAQ73960, AA073961, AA073957,
XP_002546278, or homologs thereof. In the context of a recombinant bacteria
microorganism, the recombinant bacterial microorganism is engineered to delete, disrupt,
mutate, and/or reduce the activity of one or more enzyme selected from BAM49649,
AABB80867, AABI7462, ADL27534, AAU24352, AAA87602, CAA34612, ABM17701,
AAA25760, CABS 1047, AAC82967, WP_01 1027348, or homologs thereof.

[0075] In another embodiment, the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
the conversion of afatty acyl-CoA into «,3-enoyl-CoA. In the context of arecombinant yeast
microorganism, the recombinant yeast microorganism is engineered to delete, disrupt, mutate,
and/or reduce the activity of one or more enzyme selected from CAA04659, CAA04660,
CAA04661, CAA04662, CAA04663, CAG79214, AAA34322, AAA34361, AAA34363,
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CAA29901, BAAO04761, AAA34891, or homologs thereof. In the context of a recombinant
bacterial microorganism, the recombinant bacterial microorganism is engineered to delete,
disnipt, mutate, and/or reduce the activity of one or more enzyme selected from AABO08643,
CAB15271, BAN55749, CAC445186, ADK 16968, AEI37634, WP_000973047,
WPJ325433422, WP_035 184107, WP_ 026484842, CEL 80920, WP_ 0268 18657,
WP 005293707, WP_005883960, or homologs thereof.

[0076] In embodiments where the recombinant microorganism isa yeast microorganism, the
recombinant microorganism is manipulated to delete, disrupt, mutate, and/or reduce the
activity of one or more enzyme involved in peroxisome assembly and/or peroxisome enzyme
import. The recombinant yeast microorganism isengineered to delete, disnipt, mutate, and/or
reduce the activity of one or more enzyme selected from XP 505754, XP_ 501986,
XP 501311, XPJ504845 ~XP 503326, XP_504029, XP_002549868, XP_002547156,
XP_002545227, XP_002547350, XP_002546990, EIW11539, EIW08094, EIW1 1472,
EIW09743, EIW08286, or homologs thereof.

[0077] In another embodiment, the recombinant microorganism is manipulated to delete,
disnipt, mutate, and/or reduce the activity of one or more endogenous reductase or desaturase
enzymes that interferes with the unsaturated (Cs.co4 fatty alcohol, aldehyde, or acetate, i.e,

catalyzes the conversion of apathway ' substrate or product into an unwanted by-product.

[0078] In another embodiment, the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous alcohol oxidase or
alcohol dehydrogenase enzymes that catalyzes the unwanted conversion of the desired
product, eg., unsaturated cC&-C24 fatty alcohol into a corresponding unsaturated cCs-c2: fatty
aldehyde.

[0079] In another embodiment, the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
a reaction in a pathway that competes with the biosynthesis pathway for one or more
unsaturated fatty acyl-CoA intermediates. In one embodiment, the one or more endogenous
enzymes comprise one or more diacylglycerol acyltransferases. In the context of a
recombinant yeast microorganism, the recombinant yeast microorganism is engineered to
delete, disrupt, mutate, and/or reduce the activity of one or more diacylglycerol
acyltransferases selected from the group consisting of YALIOE32769g, YALIOD07986g and

CTRG_06209, or homolog thereof. In another embodiment, the one or more endogenous
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enzymes comprise one or more glycerolphospholipid acyltransferases. In the context of a
recombinant yeast microorganism, the recombinant yeast microorganism is engineered to
delete, disrapt, mutate, and/or reduce the activity of one or more glycerolphospholipid
acyltransferases selected from the group consisting of YALTOEI6797g and CTG_04390, or
homolog thereof. In another embodiment, the one or more endogenous enzymes comprise
one or more acyi-CoA/steroi acyltransferases. In the context of a recombinant yeast
microorganism, the recombinant yeast microorganism is engineered to delete, disrupt, mutate,
and/or reduce the activity of one or more acyl-CoA/sterol acyltransferases selected from the
group consisting of YALIOF065789, CTRG 01764 and CTRG 01765, or homolog thereof.

[0080] In another embodiment, the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
a reaction in a pathway that oxidizes fatty aldehyde intermediates. In one embodiment, the
one or more endogenous enzymes comprise one or more fatty aldehyde dehydrogenases. In
the context of a recombinant yeast microorganism, the recombinant yeast microorganism is
engineered to delete, disrupt, mutate, and/or reduce the activity of one or more fatty aldehyde
dehydrogenases selected from the group consisting of YALIOA17875g, YALIOE15400g,
YALIOB01298g, YALIOF23793g, CTRG_05010 and CTRG_04471, or homolog thereof.

[0081] In another embodiment, the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
areaction in a pathway that consumes fatty acetate products. In one embodiment, the one or
more endogenous enzymes comprise one or more sterol esterases. In the context of a
recombinant yeast microorganism, the recombinant yeast microorganism is engineered to
delete, disrupt, mutate, and/or reduce the activity of one or more sterol esterases selected
from the group consisting of YALIOE32035g, YALIOE00528g, CTRG 01138, CTRG_01683
and CTRG_ 04630, or homolog thereof. In another embodiment, the one or more endogenous
enzymes comprise one or more triacyiglycerol lipases. In the context of a recombinant yeast
microorganism, the recombinant yeast microorganism is engineered to delete, disrupt, mutate,
and/or reduce the activity of one or more triacyiglycerol lipases selected from the group
consisting of YALIOD17534g, YALIOFIOOIOg, CTRG 00057 and CTRG 06185, or
homolog thereof. In another embodiment, the one or more endogenous enzymes comprise
one or more monoacylglycerol lipases. In the context of a recombinant yeast microorganism,
the recombinant yeast microorganism is engineered to delete, disrupt, mutate, and/or reduce

the activity of one or more monoacylglycerol lipases selected from the group consisting of
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YALIOC14520g, CTRG__ 03360 and CTRG 05049, or homolog thereof. In another
embodiment, the one or more endogenous enzymes comprise one or more extracellular
lipases. In the context of a recombinant yeast microorganism, the recombinant yeast
microorganism is engineered to delete, disrupt, mutate, and/or reduce the activity of one or
more extracellular lipases selected from the group consisting of YALIOA20350g,
YALIOD19184g,  YALIOB0936lg, CTRG 05930, CTRG 04183, CTRG 02799,
CTRG_03052 and C'TRG_03885, or homolog thereof.

[0082] In embodiments where the recombinant microorganism is ayeast microorganism, one
or more of the exogenous unsaturated ce.co4 fatty alcohol, aldehyde, or acetate pathway
genes encodes an enzyme that is localized to a yeast compartment selected from the group
consisting of the cytosol, the mitochondria, or the endoplasmic reticulum. In an exemplary
embodiment, one or more of the exogenous pathway genes encodes an enzyme that is
localized to the endoplasmic reticulum. In another embodiment, a least two exogenous
pathway genes encode an enzyme that is localized to the endoplasmic reticulum. In yet
another embodiment, all exogenous pathway genes encodes an enzyme that is localized to the

endoplasmic reticulum.

[0083] In additional embodiments, the present application provides methods of producing an
unsaturated ce.co4 fatty alcohol, aldehyde, or acetate using a recombinant microorganism as
described herein. In one embodiment, the method includes cultivating the recombinant
microorganism in a culture medium containing a feedstock providing a carbon source until
the unsaturated ce.co4 fatty acohol, aldehyde, or acetate is produced and optionaly,
recovering the unsaturated ce.cos fatty alcohol, aldehyde, or acetate. Once produced, the
unsaturated ce.co4 fatty alcohol, aldehyde, or acetate may be isolated from the fermentation
medium using various methods known in the art including, but not limited to, distillation,

membrane -based separation gas stripping, solvent extraction, and expanded bed adsorption.

[0084] In some embodiments, the recombinant microorganism, eg., a yeast, may be
recovered and produced in dry particulate form. In embodiments involving yeast, the yeast
may be dried to produce powdered yeast. In some embodiments, the process for producing
powdered yeast comprises spray drying aliquid yeast composition in air, optionally followed
by further drying. In some embodiments, the recombinant microorganism composition will

comprise the unsaturated cs.co4 fatty alcohol, aldehyde, or acetate when dried.
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[0085] As described herein, preferred recombinant microorganisms of the disclosure will
have the ability to utilize alkanes and faity acids as carbon sources. However, as will be
understood in the art, a variety of carbon sources may be utilized, including but not limited
to, various sugars {eg. dlucose, fructose, or sucrose), glycerol, acohols (eg. ethanal),
organic acids, lignocellulose, proteins, carbon dioxide, carbon monoxide, as well as the
aforementioned alkanes and fatty acids. In some embodiments, the recombinant
microorganism will convert the carbon source to the unsaturated ceco4 fatty alcohol,

aldehyde, or acetate under aerobic conditions.

[0086] As highlighted above, the present application provides methods of producing one or
more unsaturated ce.coa fatty alcohols, aldehydes, or acetates using a recombinant
microorganism as described herein.  In some embodiments, the product is an insect
pheromone. Aswill be appreciated by the skilled artisan equipped with the instant disclosure,
avariety of different exogenous and endogenous enzymes can be expressed in a recombinant
host microorganism to produce adesired insect pheromone. Exemplary insect pheromones in
the form of fatty acohols, fatty aldehydes, or fatty acetates capable of being generated using
the recombinant microorganisms and methods described herein include, but are not limited
to, (2)-1 |-hexadecenal, (Z)-l |-hexadecenyl acetate, (Z)-9-tetradecenyl acetate, (Z,2)-11,13~
hexadecadiendl, (92, 11 E)-hexadecadienal, (E,E)-8, 10-dodecadien- I-ol, (7E,92)-
dodecadienyl acetate, (Z)-3-nonen-l-oi, (Z)-5-decen-l1-ol, (Z)-5-decenyi acetate, (E)-5-decen-
I-ol, (E)~5-deeenyl acetate, (Z)-7~dodecen~l -ol, (Z)-7-dodecenyl acetate, (E)-8-dodecen-I-ol,

(E)-8-dodecenyl acetate, (Z)-8-dodecen- i~ol, (Z)-8-dodecenyl acetate, (Z)-9-dodecen-I -ol,
(2)-9-dodecenyl acetate, (Z2)-9-tetradecen- 1-ol, (Z)- 1l-tetraceden- 1-ol, (Z)- 11-tetracedenyl
acetate, (E)- 11-tetradecen- 1-ol, (E)-I|-tetradecenyl acetate, (Z)-7-hexadecen- I-ol, (Z)-7-
hexadecenal, (Z)-9-hexadecen- |-ol, (Z)-9-hexadecenal, (Z)-9-hexadecenyl acetate, (2)- |-
hexadecen- |-ol, (Z)-13-octadecen-l -ol, (Z2)-13- hexadecenyl acetate, and (2)-13-
octadecenayl acetate, and (Z)- 13-octadecenal.

[0087] In another embodiment of the present application, compositions comprising one of
more of the insect pheromone-producing recombinant microorganisms described herein can
be provided. In certain embodiments, the composition may further comprise one or more
insect pheromones produced by the recombinant microorganism. In further embodiments,
the may additionally comprise one or more toxic proteins or polypeptides produced by the

recombinant microorganism.

BRIEF DESCRIPTION OF DRAWINGS

29



WO 2018/213554 PCT/US2018/033151

[0088] Illustrative embodiments of the disclosure are illustrated in the drawings, in which:

[0089] Figure 1 illustrates the conversion of a saturated fatty acyl-CoA to an unsaturated
fatty alcohol.

[0090] Figure 2 illustrates the conversion of a saturated fatty acid to a mono- or poly-
unsaturated fatty aldehyde, alcohol, or acetate.

[0091] Figure 3illustrates an additional pathway for the conversion of a saturated fatty acid
to amono- or poiy-unsaturated fatty aldehyde, alcohol, or acetate

[0092] Figure 4 illustrates a pathway for the conversion of a saturated fatty acid to various

trienes, dienes, epoxides, and odd-numbered pheromones.

[0093] Figure 5 shows Zll-hexadecenol production from W303A and BY4742 APOX1.
Strain expressing empty vector (EV), S. littoralis reductase (FAR-SL), Il. arrnigera reductase
(FAR-HA), A. segetum reductase (FAR-AS). Error bars represent standard deviation derived
from N=2 hiologically independent samples.

[0094] Figure 6A-Figure 6B shows sample chromatograms of biotransformation product of
Z1 1-hexadecenoic acid using S. cerevisiae expressing either an empty vector (Figure $A), or
Helicoverpa arrnigera acohol-forming reductase (Figure 6B). Black lines: no substrate

added. Purple line: Z} 1-hexadecenoic acid was added as substrate.

[0095] Figure 7A-Figure 7B shows a comparison of GC-MS fragmentation pattern of ZII-
hexadecenol authentic compound (Figure 7A), and Zll-hexadecenol biologically derived
(Figure 7B).

[0096] Figure 8 shows biomass a the time of harvesting for product analysis of W303A
(wild type) and BY4742 APOX 1 (beta-oxidation deletion mutant). Strain expressing empty
vector (EV), S. littoralis reductase (FAR-SL), H. arrnigera reductase (FAR-HA), A. segetum
reductase (FAR-AS). Error bars represent standard deviation derived from N=2 biologically

independent samples.

[0097] Figure 9 shows a Zll-hexedecenol calibration curve constructed using an authentic
standard. The samples were generated with the extraction and analysis method described in
Materials and Methods of Example 3. Error bars represent standard deviation derived from N

= 3 samples.
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[0098] Figure 10 shows apOLEl cassette comprising an extended OLE! promoter segquence
(light yellow), OLE!I promoter (orange), OLE1 leader sequence (dark grey), a synthon such
as an insect desaturase segquence (light grey), and the VSP13 terminator sequence (blue).

[0099] Figure IlA-Figure 11E shows validation of the pOLEl cassette, and
complementation assay. Figure HA: YPD + pamitoleic acid; Figure 11B: YPD --
pamitoieic acid; Figure 11C: CM-Ura glucose + palmitoleic acid; Figure 11D: CM-Ura
glucose - pamitoleic acid; Figure HE: Map of strains in Figure 11 A-Figure iiD. Dasher =
GFP synthon.

[0100] Figure 12A shows complementation of AOLElI growth without UFA on YPD.

[0101] Figure 12B shows complementation of AOLEl growth without UFA on CM-Ura
glucose.

[0102] Figure OA shows the full fatty acid spectrum of a AOLEl strain expressing: S.
cerevisiae OLE! desaturase (blue), chimeric T. ni desaturase (red).

[0103] Figure 13B shows a focused fatty acid spectrum within 5.5-min - 8-min retention
time of S. cerevisiae AOLEl strain expressing S. cerevisiae OLE! desaturase (red) and
chimeric /. ni desaturase (blue).

[0104] Figure 14A-Figure 14B shows acomparison of GC-MS fragmentation pattern of (Z)-
11-hexadecenoic acid from an authentic compound (Figure 14A) and biologically derived
(Figure 14B).

[0105] Figure 15 shows C16 fatty alcohol production from AOLEIl expressing various fatty-
alcohol pathway variants in culture supplemented with palmitic and pamitoleic acid. Error
bars represent 5% uncertainty of metabolite quantification accuracy.

[0106] Figure 16 shows representative chromatograms of biotransformation product Ci6
fatty acids using S. cerevisiae expressing fatty alcohol pathways TN _desat - HA_reduc when
fed with palmitic acid (black) and when fed with pamitic and pamitoleic acids (orange).
Profile of a negative control strain (harboring an empty vector) fed with palmitic acid
(purple).

[0107] Figure 17 shows that (Z)-11-hexadecenoic acid was detected in the cell pellets of S.
cerevisiae  expressing fatty  alcohol pathways TN desat-SL reduc (blue),
SC_desat-HA_reduc (red), TN desat-HA reduc (green), SC desat-SL _reduc (pink).

[0108] Figure 18 shows C16 fatty alcohol production from AOLEI expressing various fatty
alcohol pathway variants in culture supplemented with pamitic acid only. Error bars

represent 5% uncertainty of metabolite quantification accuracy.
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[0109] Figure 19A-Figure 19C shows detection of (Z)-lI-hexadecenol. Figure 19A:
Fragmentation partem of an authentic standard. The m/z 297.3 was used in follow up
experiments to selectively detect the alcohol. To aso detect the internal standard, the masses
208 and 387.3 were included too. Figure 19B: In addition to the detection of the specific
mass fragment, the retention time was used as second stage confirmation. The retention time
is6.22. Figure 19C: Comparison of the two different regioisomers 9z~ and 11Z-hexadecenol

when detected in SIM mode (297.3) with the same method.

[0110] Figure 20 shows pXICL expression cassette architecture. The C. albicans OLE1
leader-/!. segetum desaturase fusion is also shown.

[0111] Figure 21A-Figure 21D shows mCherry control integration. Figure 21A: Negative
(water-only) control transformation plate. Figure 21B: pPV 0137 mCherry transformation
plate. Figure 21C: Patch plates from negative control clones. Figure 21%: Patch plates from
pPVO 137 clones.

[0112] Figure 22 shows integration efficiency as a function of total observed colonies. A
control plate with no DNA added to the transformation was obsen:ed to have 350 colonies
(indicated by orange ling). The fraction of clones confirmed to be positive integrants is
positively correlated with total colony count. A sharp increase is observed above 6,000 total
colonies. The data suggests that the presence of positive integrants increases the observed
background growth. For some transformations the efficiency was high enough that the
background population was small relative to the positive integrant population.

[0113] Figure 23 shows a chromatogram overlay of Candida tropicalis SPV053 strains.
Compared to the mCherry (red) control experiment a clear peak at 6.22 min is observable for
the A. transitella (blue) and H. zea (green) desaturase. Therefore, the formation of Z-II-

hexadecenoic acid isonly observable in strains expressing an active # i 1-desaturase.

[0%114] Figure 24A-Figure 24E shows confirmation of the 117-regioisomer. Figure 24A:
The specific peak with an ion fragment of 245 m/z was only observed in C. tropicalis
SPV053 expressing either the Zll-desaturase from A. transitella or H. zea. Figure 24B: The
fragmentation patterns of the authentic standard. Figure 24D: The fragmentation patterns of
the newly formed compound in samples with expressed desaturase from H. zea match those
of the standard. Figure 24E: The fragmentation patterns of the newly formed compound in
samples with expressed desaturase from A. transitella match those of the standard. Figure
24C: Tire fragmentation patterns of the mCherry control significantly differ from those of

Figure 24B, Figure 245 and Figure 24E.
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[0115] Figure 25A-Figure 25B shows a GC-FID cliromatogram of different C. tropicalis
SPV053 strains incubated with methyl tretradecanoate. Figure 25A: Overall spectrum. The
occurrence of the ZH-C16:! peak is observable for the strains expressing the ZII-

desaturases from A. transitellaand H . zea. Figure 25B: Zoom of the C14 to C18 area. A new
peak is visible at 4.8 min, which could correspond to ZI [-C14:l. Another peak near Z9-
C18: lisalso visible, which could correspond to Z11-C18:i .

[0116] Figure 26 shows only codon optimized H. zea desaturase variants produce detectable
Z| 1-hexadecenoic acid in SPV140 screen. control=pPVI 1 integrants of SPV 140, T. ni
native -T. ni Z11 desaturase with native codon usage (pPV195), T. ni HS opt ==T. ni Z11
desaturase with Homo sapiens codon optimization (pPv196), T. ni HS opt Y| leader =T. ni
ZIl desaturase with Homo sapiens codon optimization and swapped Y. lipolytica OLE1
leader sequence (pPV197), H. zea native ~H. zea Z11 desaturase with native codon usage
(pPV198), H. zea HS opt = H. zea Z11 desaturase with Homo sapiens codon optimization
(PPV199), H. zea HS opt Y| leader = H. zea ZI| desaturase with Homo sapiens codon
optimization and swapped Y. lipolytica OLE1 leader sequence (pPV200), A. transitella native
,,,,,, » transitella Z11 desaturase with native codon usage (pPV201). All data average of 3
biologica replicates. Error bars represent standard deviation.

[0117] Figure 27 shows only codon optimized H . zea desaturase variants produce detectable
Zll-hexadecenoic acid in SPV300 screen. Labels indicate parent strain and piasmid of
desaturase expression cassette. pPV101=nrGFP control, pPV198=H zea Zi| desaturase with
native codon usage, pPY 199=H . zea Z| 1 desaturase with Homo sapiens codon optimization,
pPV200= H. zea Z1i desaturase with Homo sapiens codon optimization and swapped Y.
lipolytica OLE1 leader sequence, pPv 201= A. transitella ZIl desaturase with native codon
usage.

[0118] Figure 28 shows final cell densities for desaturase screen in SPV140 and SPV 300
backgrounds. SPV300 strains with integrated desaturase cassettes grew to higher cell
densities.

[0119] Figure 29 shows individual isolate Zll-hexadecenoic acid titers for SPV140 and
SPV 300 strains expressing H. zea 7A 1 desaturase with H. sapiens codon optimization.

[0120] Figure 30 shows a cliromatogram overlay of extracted metabolites for Z11-160H

producing strain (SPV0490) versus control strain (SPV0488) of Candida viswanathii
(tropicalis).
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[0121] Figure 31 illustrates pathways that cars be deleted or disrupted to reduce or eliminate
competition with the biosynthesis pathway for the production of a mono- or poly-unsaturated

c 6-c 24 fatty alcohol, adehyde, or acetate.

[0122] Figure 32A-Figure 328 shows Z9-160H and Z1i-160F titers in YPD (Figure 32A)
and Semi-Defined C:N~80 (Figure 32B) media for pEXP clones. Ten isolates expressing the
H. zea desaturase under the TEF promoter and H. armigera reductase under the EXP
promoter from two independent competent cell preparations (Comp. Cell Preparation 1,
Comp. Cell Preparation 2) were compared to a parental negative control (SPV300) and a
desaturase only negative control (SPV459 Hz desat only). Error bars represent the SEM
(standard error of the mean) measured from technical replicates for each strain and condition
(N=2). *One replicate from Clone 5 and Clone 18 under the Semi-Defined C:N=80 condition
was lost during sample work-up so the titers for that condition are from a single data point
(N=I, Comp. Ceil Preparation 1Clone 18 and Comp. Cell Preparation 2 Clone 5).

[0123] Figure 33A-Figure 33B shows profiles of 16-carbon fatty acid species in YPD
(Figure 33A) and Semi-Defined C:N=80 (Figure 33B) media for pEXPI clones. The 16-
carbon lipid profiles of 5 select clones expressing the H. zea desaturase under the TEF
promoter and H. armigera reductase under the EXP promoter are compared to a parenta

negative control (SPV300) and a desaturase only negative control (SPV459 Hz desat only).
Error bars represent the SEM (standard error of the mean) measured from technical replicates
for each strain and condition (N=2).

[0124] Figure 34 shows Z9-160H and Z11-160H titers in Semi-Defined C:N=80 media for
pPTALI clones. Nine isolates expressing the H. zea desaturase ‘under the TEF promoter and H.
armigera reductase under the TAL promoter were compared to a parental negative control

(SPV300) and positive Bdr pathway controls using the EXP promoter to drive H. armigera
FAR expression (SPV575, SPV578). Error bars represent the SEM (standard error of the
mean) measured from technical replicates for each strain and condition. (N=2).

[0125] Figure 35 shows profiles of 16-carbon fatty acid species in Semi-Defined C:N=80
medium for pTALI clones. The 16-carbon lipid profiles of 5 select clones expressing the H.
zea desaturase under the TEF promoter and /. armigera reductase under the EXP promoter

are compared to a parental negative control (SPV300) and positive Bdr pathway controls
using the EXP promoter to drive H. armigera FAR expression (SPV575, SPV578). Error bars

represent the SEM (standard error of the mean) measured from technical replicates for each
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strain and condition (N=2).* indicates clones for which one of the replicates was lost during
sample processing, N=I.

[0126] Figure 36 shows full Bdr pathway pTALI screen (strains expressing H. zea ZII
desaturase (pTEF) and H. armigera FAR) full lipid profiles in Semi-Defined C:N=80
medium after 48 hours of bioconversion. Error bars represent the SEM (standard error of the
mean) measured from technical replicates for each strain and condition (N=2).* indicates
clones for which one of the replicates was lost during sample processing, N=I .

[0127] Figure 37A-Figure 37B shows SPV471 (H222 APAAAF expressing hative Y.
lipolytica OLEl and H. armigera FAR) Z9-160 H (Figure 37A) and fatty acid (Figure 37B)
titers in Semi-Defined C:N=80 medium after 24 hours of bioconversion. Error bars represent
the SEM (standard error of the mean) measured from technical replicates for each strain and
condition (N=2).

[0128] Figure 38 shows SPV471 (H222 APAAAF expressing native Y. lipolytica OLEl and
H armigera FAR) full lipid profiles in Semi-Defined C:N=80 medium after 24 hours of
bioconversion.

[0129] Figure 39A-Figure 39B shows SPV471 (H222 APAAAP expressing native Y.
lipolytica OLElI and H. armigera FAR) Z9-160 H (Figure 39A) and Z9-16Acid (Figure
39B) titer time courses. Bioconversion of 16Acid was conducted in Semi-Defined C:N=80
medium using amethyl palmitate (16Acid) substrate.

[0130] Figure 48 shows examples of acyl-CoA intermediates generated through selective [3-
oxidation controlled by acyl-CoA oxidase activity.

[0131] Figure 41 shows ZII- 14Acid (methyl myristate fed - 14ME) and ZII-16Acid
(methyl palmitate fed - 16ME) titers of characterized All desaturases. SPV300=desaturase
library integration parent. SPV298=prototrophic parent of SPV300, negative control.
SPV459=SPV 300 with current best desaturase (Helicoverpa zea, SEQ ID NO: 54), positive
control. The desaturase in DST006 is genetically equivalent to the H. zea desaturase
expressed in SPV459 and served as an interna library control.

[0132] Figure 42 shows C14 and C18 product profiles of SPV298 (hegative control, parent
strain) and SPV459 (SPV298 lineage with H. zea desaturase, SEQ ID NO: 54) fed on either
methyl palmitate (16ME) or methyl myristate (14ME).

[0133] Figure 43 shows bioinformatic anaysis of potential serine, threonine and tyrosine
phosphorylation sites of the H. amigera FAR enzyme (SEQ ID NO: 41). The horizontal line
resembles the threshold for potential phosphorylation.
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[0134] Figure 44 shows bicinformatic analysis of potential serine and threonine
phosphorylation sites of the Helicoverpa amigera derived FAR enzyme upon expression in
yeast. The used server (world wide web address. ebs.dm.dk/serac6s/NetPhosY east/:  Blom,
N., Gammeltoft, S. & Brunak, S. Sequence and structure-based prediction of eukaryotic
protein phosphoiylation sites. J. Moal. Biol. 294, 1351-1362 (1999)) predicts phosphoryiated
amino acids specifically in yeast. The horizontal line resembles the threshold for possible
phosphoiylation sites.

[0135] Figure 45 shows analysis of the Z9/Z211-160H titers of HaFAR mutant library upon
expression in Y. lipolytica SPV603. * Indicates a second copy of the HaFAR enzyme in
addition to the existing copy of the parental strain.

[0136] Figure 46 shows analysis of the Z9/Z11-16Acid titers of HaFAR mutant library upon
expression in Y. lipolytica SPV603. * Indicates a second copy of the HaFAR enzyme in
addition to the existing copy in the parental strain.

[0137] Figure 47 shows analysis of the fatty alcohol titers of selected strains expressing
HaFAR and derived mutants. Strains were cultivated in shake flasks over a period of 72h
after addition of 10 g/L methyl palmitate. * Indicates a second copy of the HaFAR enzyme in
addition to the existing copy in the parental strain. The analysis is based on technical
quadruplicates.

[0138] Figure 48 shows analysis of the fatty acid titers of selected strains expressing HaFAR
and derived mutants. Strains were cultivated in shake flasks over a period of 72h after
addition of 10 g/L methyl palmitate. * Indicates a second copy of the HaFAR enzyme in
addition to the existing copy in the parental strain. The analysis is based on technical
quadruplicates.

[0139] Figure 49 shows analysis of the fatty alcohol titers of selected strains expressing
HaFAR and derived mutants. Strains were cultivated in shake flasks over a period of 20h
upon addition of 10 g/L methyl palmitate. The analysis is based on technical quadruplicates.
[0140] Figure 50 shows analysis of the fatty alcohol titers of selected strains in atime course
experiment in shake flasks. A copy of the enzyme HaFAR or HaS195A was introduced into
the strains SPV1053 (Adgal AURA, Aleu, leu2: :pTEF-HZ_Z 1l _desat HstXPR2 loxP) and
SPV1054 (Adga2 AURA, Aleu, leu2::pTEF-HZ ZIl desat Hs-tXPR2 loxP).  Cultivation
was performed asbiological triplicates in shake flasks. Strains were cultivated in shake flasks
over aperiod of 72h upon addition of 10 g/L methyl palmitate.
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[0141] Figure 51 shows anaysis of the fatty acid titers of selected strains in atime course
experiment in shake flasks. A copy of the enzyme HaFAR or HaS195A was introduced into
the strains SPV1053 (Adga AURA, Aleu, leu2::pTEF-HZ_ZIl_desat Hs-tXPR2_|IoxP) and
SPV1054 (Adga2 AURA, AlLeu, leu2:pTEF-HZ ZI | _desat HstXPR2 loxP).  Cultivation
was performed asbiological triplicates in shake flasks. Strains were cultivated in shake flasks
over aperiod of 72h upon addition of 10 g/L methyl pamitate.

[0142] Figure 52 shows analysis of the fatty alcohol titers of new strains in a FAR library
screening in 24 well plates. A copy of each respective FAR enzyme from Table 24 was
introduced into the strain SPV1054 (Adga2 AURA, Aleu, leu2:pTEF-HZ_ZIl desat Hs
tXPR2 loxP). Cultivation was performed as biological quadruplicates in 24 well plates.
Strains were cultivated over aperiod of 96h upon addition of 10 g/L methyl palmitate.

[0143] Figure 53 shows analysis of the fatty acid titers of new strains in a FAR library
screening in 24 well plates. A single copy of each respective FAR enzyme from Table 24 was
introduced into the strain SPV1054 (Adga2 AURA, Aleu, leu2: :.pTEF-HZ Z 1l _desat Hs
tXPR2_loxP), Cultivation was performed as biological quadruplicates in 24 well plates.
Strains were cultivated over aperiod of 96h upon addition of 10 g/L methyl palmitate.

[0144] Figure 54 shows a biosynthetic pathway capable of using tetradecyl-ACP (14:ACP)
inputs to produce ablend of E- and Z- tetradecenyl acetate (El 1~14:0Ac and Z11-14:0AC)
pheromones in arecombinant microorganism of the present disclosure.

SEQUENCES

[0145] A sequence listing for SEQ ID NO: 1- SEQ ID NO: 105 is part of this application
and is incorporated by reference herein. Hie sequence listing is provided at the end of this
document, and is separately provided in computer readable format.

DETAILED DESCRIPTION

Definitions

[0146] The following definitions and abbreviations are to be used for the interpretation of
the disclosure.

[0147] As used herein and in the appended claims, the singular forms "a" "an,” and "the"
include plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to "a pheromone” includes a plurality of such pheromones and reference to “"the
microorganism” includes reference to one or more microorganisms, and so forth.

[0148] Asused herein, the terms "comprises,” "comprising,” "includes” "including," "has,

"having, "contains," "containing,” or any other variation thereof, are intended to cover anon-
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exclusive incluson. A composition, mixture, process, method, article, or apparatus that
comprises alist of elements isnot necessarily limited to only those elements but may include
other elements not expressly listed or inherent to such composition, mixture, process, method,
article, or apparatus. Further, unless expressly stated to the contrary, “or" refers to an
inclusive "or" and not to an exclusive "or."

[0149] The terms "about" and "around,” as used herein to modify a numerical value,
indicate a close range surrounding that explicit value. If "X" were the value, "about X" or
"around X" would indicate a value from 0.9X to l.iX, or, in some embodiments, a vaue
from 0.95X to 1.05X. Any reference to "about X" or "around X" specificaly indicates a
least the values X, 0.95X, 0.96X, 0.97X, 0.98X, 0.99X, 1.01X, 1.02X, 1.03X, 1.04X,
and 1.05X. Thus, "about X" and "around X" are intended to teach and provide written
description support for a claim limitation of, e.g., "0.98X."

[0150] As used herein, the terms "microbial,” "microbial organism,” and "microorganism’
include any organism that exists as a microscopic cell that isincluded within the domains of
archaea, bacteria or eukarya, the latter including yeast and filamentous fungi, protozoa,
algae, or higher Protista. Therefore, the term is intended to encompass prokaryotic or
eukaryotic ceils or organisms having a microscopic size and includes bacteria, archaea, and
eubacteria of al species as well as eukaryotic microorganisms such as yeast and fungi. Also
included are cell cultures of any speciesthat can be cultured for the production of a chemical.

[0151] As described herein, in some embodiments, the recombinant microorganisms are
prokaryotic microorganism. In some embodiments, the prokaryotic microorganisms are
bacteria. "Bacteria', or "eubacteria’, refers to a domain of prokaryotic organisms. Bacteria
include at least eleven distinct groups as follows. (1) Gram-positive (gram+) bacteria, of
which there are two major subdivisions. (1) high G+C group {Actinomycetes, Mycobacteria,
Micrococcus, others) (2) low G+C group (Bacillus, Clostridia, Lactobacillus, Staphylococci,
Sreptococci, Mycoplasmas); (2) Proteobacteria, e.g.. Purple photosynthetic +non-
photosynthetic Gram-negative bacteria (includes most “common” Gram-negative bacteria);
(3) Cyanobacteria, e.g., oxygenic phototrophs, (4) Spirochetes and related species. (5)
Planctomyces,; (6) Bacteroides, Flavobacteria; (7) Chlamydia; (8) Green sulfur bacteria; (9)
Green non-sulfur bacteria (also anaerobic phototrophs); (10) Radioresistant micrococci and
relatives; (11) Thermotoga and Thermosipho thermophiles.

[0152] "Gram-negative bacteria® include cocci, nonenteric rods, and enteric rods. The genera

of Gram-negative bacteria include, for example, Neisseria, Spirillum, Pasteurella, Brucella,
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Yersinia, Francisella, Haemophilus, Bordetella, Escherichia, Salmonella, Shigella,
Klebsiella, Proteus, Vibrio, Pseudomonas, Bacteroides, Acetobacter, Aerobacier,
Agrobacierium, Azotobacter, Spirilla, Serratia, Vibrio, Rhizobium, Chlamydia. Rickettsia,
Treponema, and Fusobacterium.

[0153] "Gram positive bacteria’ include cocci, nonsporulating rods, and sporulating rods.
The genera of gram positive bacteria include, for example, Actinomyces, Bacillus,
Clostridium, Corynehacterium, Erysipelothrix, Lactobacillus, Listeria, Mycobacterium,
Myxococcus, Nocardia, Staphylococcus, Streptococcus, and Streptomyces.

[0154] The term “recombinant microorganism” and “recombinant host cell* are used
interchangeably herein and refer to microorganisms that have been genetically modified to
express or to overexpress endogenous enzymes, to express heterologous enzymes, such as
those included in a vector, in an integration construct, or which have an alteration in
expression of an endogenous gene. By "alteration” it is meant that the expression of the gene,
or level of aRNA molecule or equivalent RNA molecules encoding one or more polypeptides
or polypeptide subunits, or activity of one or more polypeptides or polypeptide subunits is up
regulated or down regulated, such that expression, level, or activity is greater than or lessthan
that observed in the absence of the alteration. For example, the term "ater" can mean
"inhibit," but the use of the word "alter" is not limited to this definition. It isunderstood that
the terms "recombinant microorganism” and "recombinant host cell" refer not only to the
particular recombinant microorganism but to the progeny or potential progeny of such a
microorganism. Because certain modifications may occur in succeeding generations due to
either mutation or environmental influences, such progeny may not in fact, beidentical tothe
parent cell, but are till included within the scope of the term as used herein.

[0155] The term "expression” with respect to a gene sequence refers to transcription of the
gene and, as appropriate, trandation of the resulting mRNA transcript to a protein. Thus, as
will be clear from the context, expression of a protein results from transcription and
trandation of the open reading frame sequence. The level of expression of a desired product
in ahost cell may be determined on the basis of either the amount of corresponding mRNA
that is present in the cell, or the amount of the desired product encoded by the selected
sequence. For example, mRNA transcribed from a selected sequence can be quantitated by
gRT-PCR or by Northern hybridization (see Sambrook et ai, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press (1989)). Protein encoded by a
selected sequence can be quantitated by various methods, e.g., by ELISA, by assaying for the
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biological activity of the protein, or by employing assays that are independent of such
activity, such as western blotting or radioimmunoassay, using antibodies that recognize and
bind the protein. See Sambrook etal, 1989, supra.

[0156] The term "polynucleotide" is used herein interchangeably with the term "nucleic
acid" and refers to an organic polymer composed of two or more monomers including
nucleotides, nucleosides or analogs thereof, including but not limited to single stranded or
double stranded, sense or antisense deoxyribonucleic acid (DNA) of any length and, where
appropriate, single stranded or double stranded, sense or antisense ribonucleic acid (RNA) of
any length, including ssRNA. The term "nucleotide" refers to any of several compounds that
consist of a ribose or deoxyribose sugar joined to a purine or a pyrimidine base and to a
phosphate group, and that are the basic structural units of nucleic acids. The term
"nucleoside” refers to a compound (as guanosine or adenosine) that consists of a purine or
pyrimidine base combined with deoxyribose or ribose and is found especially in nucleic
acids. The term "nucleotide analog® or "nucleoside analog" refers, respectively, to a
nucleotide or nucleoside in which one or more individual atoms have been replaced with a
different atom or with a different functional group. Accordingly, the term polynucleotide
includes nucleic acids of any length, DNA, RNA, analogs and fragments thereof. A
polynuclectide of three or more nucleotides is also caled nucleotidic oligomer or
oligonucleotide.

[0157] it is understood that the polynucleotides described herein include "genes' and that the
nucleic acid molecules described herein include "vectors' or "plasmids.” Accordingly, the
term "gene', also called a "structural gene' refers to a polynucleotide that codes for a
particular sequence of amino acids, which comprise all or part of one or more proteins or
enzymes, and may include regulatory (non-transcribed) DNA sequences, such as promoter
sequences, which determine for example the conditions under which the gene is expressed.
The transcribed region of the gene may include untranslated regions, including introns, 5~
untrandated region (UTR), and 3-UTR, aswell asthe coding sequence.

[0158] The term "enzyme" as used herein refers to any substance that catalyzes or promotes
one or more chemical or biochemica reactions, which usualy includes enzymes totally or
partially composed of a polypeptide or polypeptides, but can include enzymes composed of a
different molecule including polynucleotides.

[0159] As used herein, the term "non-naturally occurring,” when used in reference to a

microorganism organism or enzyme activity of the disclosure, is intended to mean that the
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microorganism organism or enzyme has at least one genetic ateration not normally found
in a naturally occurring strain of the referenced species, including wild-type strains of the
referenced species. Genetic aterations include, for example, modifications introducing
expressible nucleic acids encoding metabolic polypeptides, other nucleic acid additions,
nucleic acid deletions and/or other functional disruption of the microorganism's genetic
material. Such modifications include, for example, coding regions and functional fragments
thereof, for heterologous, homologous, or both heterologous and homologous polypeptides
for the referenced species. Additiona modifications include, for example, non-coding
regulator}' regions in which the modifications alter expression of a gene or operon.
Exemplary non-naturally occurring microorganism or enzyme activity includes the
hydroxylation activity described above.

[0160] The term "exogenous' as used herein with reference to various molecules, eg.,
polynucleotides, polypeptides, enzymes, etc., refers to molecules that are not normally or
naturally found in and/or produced by a given yeast, bacterium, organism, microorganism, or
cel in nature.

[0161] Onthe oilier hand, the term "endogenous’ or "native" as used herein with reference to
various molecules, eg., polynucleotides, polypeptides, enzymes, etc., refers to molecules that
are normally or naturally found in and/or produced by a given yeast, bacterium, organism,
microorganism, or cell in nature.

[0162] Theterm "an endogenous or exogenous source of saturated ce-co4 fatty acid" as used
herein refers to a source of saturated ce-coa fatty acid originating from within the
microorganism (endogenous), such as when a saturated ce-c24 fatty acid is produced or
synthesized inside the microorganism, or originating from outside the microorganism
(exogenous), such as when a saturated cs-c2s fatty acid is provided to the microorganism
during the course of culturing or cultivating the microorganism in media in flasks or other
containers.

[0163] The term "heterologous’ as used herein in the context of amodified host cell refers to
various molecules, eg., polynucleotides, polypeptides, enzymes, etc., wherein at least one of
the following istrue: (a) the molecule(s) ig/are foreign (“exogenous') to (i.e., not naturally-
found in) the host cell; (b) the molecule(s) idare naturaly found in (eg. , is "endogenous to")
a given host microorganism or host cell but is either produced in an unnatural location or in
an unnatural amount in the cell; and/or (c) the molecule(s) differ(s) in nuclectide or amino

acid sequence from the endogenous nucleotide or amino acid sequence(s) such that the
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molecule differing in nucleotide or amino acid sequence from the endogenous nucleotide or
amino acid as found endogenously is produced in an unnatural (e.g., greater than naturally
found) amount inthe cell.

[0164] As used herein, the term "homologous sequences’ "homolog™ "homologs' or
"orthologs" refersto related sequences (nucleic or amino acid) that are functionaly related to
the referenced sequence. A functional relationship may be indicated in any one of a number
of ways, including, but not limited to: (a) degree of sequence identity and/or (b) the same or
similar biological function. Use of the term homolog in this disclosure refers to instances in
which both (a) and (b) are indicated. The degree of sequence identity may vary, but in one
embodiment, isat least 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%,
87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%,
71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%,
55%, 54%, 53%, 52%, 51%, 50%, or 50% sequence identity when using standard sequence
aignment programs known in the art (e.g., Clustal Omega alignment using default
parameters). Homology can be determined using software programs readily available in the
art, such as those discussed in Current Protocols in Molecular Biology (F.M. Ausubel ei al.,
eds., 1987) Supplement 30, section 7.718, Table 7.71. Some alignment programs are
MacVector (Oxford Molecular Ltd, Oxford, U.K.) and ALIGN Plus (Scientific and
Educational Software, Pennsylvania). Other non-limiting alignment programs include
Sequencher (Gene Codes, Ann Arbor, Michigan), AlignX, and Vector N171 (Invitrogen,
Carlshad, CA). Thus, areference to ahomolog in the present disclosure will be understood as
referencing arelated sequence with the same or similar biological function, and ahigh degree
of sequence identity as described above.

[0165] The term "fatty acid" as used herein refers to a compound of structure R-COOH,
wherein R is a c&to C24 saturated, unsaturated, linear, branched or cyclic hydrocarbon and
the carboxvl group is a position 1. In aparticular embodiment, R is a Ceto c24 saturated or
unsaturated linear hydrocarbon and the carboxvl group is at position 1.

[0166] The term "fatty alcohol” as used herein refers to an aliphatic acohol having the
formula R-OH, wherein R is a Ce to C24 saturated, unsaturated, linear, branched or cyclic
hydrocarbon. In a particular embodiment, R is a Ce to c24 saturated or unsaturated linear

hydrocarbon.
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[0167] The term "fatty acyl-CoA" refers to a compound having the structure R-(CO)-S-Ri,
wherein R; is Coenzyme A, and the term "fatty acyl-ACP" refers to a compound having the
structure R-(CO)-S-Ri, wherein Ry is an acyl carrier protein ACP.

[0168] The term "“short chain'” or "short-chain" refers to fatty alcohols, fatty aldehydes,
and/or fatty acetates, including pheromones, fragrances, flavors, and polymer intermediates
with carbon chain length shorter than or equal to Ci8.

[0169] Introduction

[0170] The present disclosure addresses the need for novel technologies for the cost-efficient
production of valuable products from Sow-cost feedstocks. Specifically, the present inventors
have addressed this need with the development of recombinant microorganisms capable of
producing a widerange of unsaturated ce.cosa fatty acohols, adehydes, and acetates
including synthetic insect pheromones, fragrances, flavors, and polymer intermediates from
low-cost feedstocks. Thus, aspects of the disclosure are based on the inventors discovery that
recombinant microorganisms can be engineered in order to produce valuable products from
low-cost feedstocks, which circumvents conventional synthetic methodologies to produce
valuable products.

[0171] As discussed above, recombinant microorganisms can be engineered to synthesize
mono- or poly-unsaturated ce.co4 fatty alcohols. Mono- or poly-unsaturated cs.coa fatty
alcohols synthesized as described herein can be further converted into the corresponding
aldehydes or acetates. Thus, various embodiments of the present disclosure can be used to
synthesize a variety of insect pheromones selected from fatty alcohols, adehydes, and
acetates. Additionally, embodiments described herein can also be used for the synthesis of
fragrances, flavors, and polymer intermediates.

[0172] Engineering of the microbial hosts entail the expression of a non-native pheromone
biosynthetic pathway which is comprised of but not limited to one or multiple fatty acyl
desaturases, and fatty alcohol-forming or fatty adehyde-forming reductases. Fatty acids
produced by desaturation reactions can be stored intracellularly as triacyiglycerides or
reduced enzyrnaticaily by reductases to form fatty alcohols or aldehydes. Triacyiglycerides
containing unsaturated fatty acids can be extracted, esterified, and chemically reduced to
produce unsaturated fatty alcohols. Fatty alcohols produced via the described pathways can
be further converted into fatty adehyde pheromones, and fatty acetate pheromones via
subsequent chemical oxidation, and esterification methods, respectively. Methods of

chemical oxidation and esterification are known in the arts. Fatty alcohols produced via the
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described pheromone biosynthetic pathway can aso be further converted into fatty aldehyde
pheromones, and fatfy acetate pheromones using enzymatic conversion such as alcohol
dehydrogenases, and acetyltransferase, respectively. Similarly, fatty acyl-CoA or fatty acyl-
ACP formed as intermediates in the pheromone biosyntlietic pathway can be released as free
falty acids by native or heterologously derived thioesterases, to become substrates for
synthesis of pheromones using metathesis.

[0173] Pheromones

[0174] Asdescribed above, embodiments of the disclosure provide for the synthesis of one or
more insect pheromones using a recombinant microorganism. A pheromone is a volatile
chemical compound that is secreted by a particular insect for the function of chemical
communication within the species. That is, a pheromone is secreted or excreted chemical
factor that triggers a socia response in members of the same species. There are, inter alia,
aarm pheromones, food trail pheromones, sex pheromones, aggregation pheromones,
epideictic pheromones, releaser pheromones, primer pheromones, and territorial pheromones,
that affect behavior or physiology.

[0175] Non-limiting examples of insect pheromones which can be synthesized using the
recombinant microorganisms and methods disclosed herein include linear acohols,
aldehydes, and acetates listed in Table 1.

Table 1. Cs-CsoLinear Pheromones

Name

Name

(E)-2-Decen-1-0i

(E,E3-10,12-Tetradecadien-1-of

(E)-2-Decenyl acetate

(E,E}-10,12-Tetradecadienyl acetate

{E)-2-Decenal

(E,E)-10,12-Tetradecadienal

(2y-2-Decen-1-0f

(E,2)-10,12-Tetradecadienyl acetate

{Z2)-2-Decenyl acetale

{Z,E)-10,12-Telradecadienyl acetate

(£)-2-Decenal

(Z,2)-10,12-Tetradecadien-1-0!

{£}-3-Decen-1-of

{Z,2)-10,12-Tetradecadieny! acetale

(Z3-3-Decenyl acetate

(E,Z,2)-3,8,11-Tetradecalrieny! acelale

{(2)-3-Decen-1-0f

(E)-8-Pentadecen-1-of

{(Z)-4-Decen-1-of

(E)-8-Pentadecenyl acetate
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Name

Name

(E)-4-Decenyl acetate

(2)-8-Pentadecen-1-ol

(2)-4-Decenyl acetate

(2)-8-Pentadecenyl acetate

(2)-4-Decenai

(2)-9-Pentadecenyl acetate

(E)-5-Decen-1-ol

(E)-9-Pentadecenyl acetate

(E)-S-Decenyl acetate

(2)-10-Pentadecenyl acetate

(2)-5-Decen-1-0l

(2)-10-Pentadecenal

(2)-5-Decenyl acetate

(E)-12-Pentadeceny! acetate

(2)~5-Decenal

(2)-12-Pentadeceny! acetate

(E)-7~Decenyl acetate

(Z,2)-8,9-Pentadecadien-1-ol

(2)-7-Decenyl acetate

(Z,2)-6,9-Pentadecadienyi acetate

(E)-8-Decen-1-ol

(Z,2)-6,9-Pentadecadienal

(E, E)-2,4-Decadienal

(E, E)-8,10-Pentadecadienyl acetate

(E,2)-2,4-Decadienal

(E,2)-8, 10-Pentadecadien-1-ol

(Z,2)-2,4-Decadiena!l

(E,2)-8,10-Pentadecadienyl acetate

(E,E)-3,5-Decadieny! acetate

(Z,E)-8,10-Pentadecadieny! acetate

(Z,E)-3,5-Decadienyl acetate

(Z,2)-8, 10-Pentadecadieny! acetate

(Z,2)-4,7~Decadien~1-ol

(E,2)-9,1 1-Pentadecadienal

(Z,2)-4,7-Decadienyl acetate

(Z,2)-9,1 1-Pentadecadienal

(E)-2-Undecenyi acetate

(2)-3-Hexadecenyi acetate

(E)-2-Undecenal

(E)-5-Hexadecen-1-ol

(2)-5-Undecenyl acetate

(E)-5-Hexadeceny! acetate

(2)~7~Undeceny! acetate

(2)-5-Hexadecen-1-ol

(2)-8-Undecenyl acetate

(2)-5-Hexadecenyl acetate

(2)-9-Undecenyl acetate

(E)-6-Hexadecenyl acetate

(E)-2~Dodecenal

(E)~7-Hexadecen-1~ol
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Name

Name

(2)-3-Dodecen-1-ol

(E)-7-Hexadecenyl acetate

(E)-3-Dodecenyl acetate

(E)-7-Hexadecenal

(2)-3-Dodecenyl acetate

(2)-7-Hexadecen-1-ol

(E)-4-Dodecenyl acetate

(2)-7-Hexadecenyi acetate

(E)-5-Dodecen-1-ol

(2)-7-Hexadecenal

(E)-S-Dodecenyl acetate

(E)-S-Hexadecenyl acetate

(2)-5-Dodecen-1-0!

(E)~9~Hexadecen~1~ol

(2)-5-Dodecenyl acetate

(E)-9-Hexadecenyl acetate

(2)-5-Dodecena!

(E)-9~Hexadecenal

(E)-6-Dodecen-1-ol

(2)-9-Hexadecen-1-ol

(2)-8-Dodecenyl acetate

(2)-9-Hexadecenyl acetate

(E)-6-Dodecenal

(2)-9-Hexadecenal

(E)-7-Dodecen-1-ol

(E)-10-Hexadecen-1-o!

(E)-7-Dodeceny! acetate

(E)-10-Hexadecenal

(E)-7-Dodecenal

(2)-10-Hexadecenyl acetate

(2)-7-Dodecen-1-0!

(2)-1 0-Hexadecenal

(2)-7-Dodecenyl acetate

(E)-1 1-Hexadecen-1-ol

(2)-7-Dodecenal

(E)-11-Hexadecenyi acetate

(E)-8-Dodecen-1-ol

(E)-1 1-Hexadecenal

(E)-8-Dodecenyl acetate

(2)-1 1-Hexadecen-1-ol

(E)-8-Dodecenal

(2)-1 1-Hexadeceny! acetate

(2)-8-Dodecen-1-ol

(2)~1 1-Hexadecenal

(2)-8-Dodecenyl acetate

(2)-12-Hexadecenyl acetate

(E)-9-Dodecen~1-ol

(2)-12-Hexadecenal

(E)-9~Dodeceny! acetate

(E)-14-Hexadecenal
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Name

Name

(E)-9-Dodecenai

(2)-14-Hexadecenyl acetate

(2)-9-Dodecen-1-oi

(E,E)-1,3-Hexadecadien-1-ol

(2)-9-Dodecenyl acetate

(E,2)-4,6-Hexadecadien-1-oi

(2)-9-Dodecenal

(E,2)-4,6-Hexadecadieny! acetate

(E)-10-Dodecen-1-ol

(E,Z2)-4,6-Hexadecadienal

(E)-10-Dodecenyl acetate

(E,2)-6, 11-Hexadecadienyl acetate

(E)-10-Dodecenal

(E,2)-6, 1 1-Hexadecadiena!

(2)-10-Dodecen-1-ol

(Z,2)-7,10-Hexadecadien-1-ol

(2)-10-Dodecenyi acetate

(Z2,2)-7,10-Hexadecadieny! acetate

(E,2)-3,5-Dodecadienyi acetate

(Z,E)-7,1 1-Hexadecadien-1-ol

(Z,E)-3,5-Dodecadienyi acetate

(Z,E)-7,1 1-Hexadecadienyl acetate

(Z,2)-3,8-Dodecadien-1-ol

(Z,E)-7,1 1-Hexadecadiena!

(E,E)-4,10-Dodecadienyi acetate

(Z,2)-7,1 1-Hexadecadien-1-ol

(E,E)-5,7-Dodecadien-1-0!

(Z2,2)-7,11-Hexadecadienyl acetate

(E,E)-5,7-Dodecadieny! acetate

(Z,2)-7,1 1-Hexadecadienal

(E,2)~5,7-Dodecadien-1-ol

(Z,2)-8,10-Hexadecadieny! acetate

(E,2)-5,7-Dodecadieny! acetate

(E,2)-8,1 1-Hexadecadienal

(E,2)-5,7-Dodecadienal

(E, E)-9, 11-Hexadecadienal

(Z, E)-5,7-Dodecadien-1 -ol

(E,2)-9, 11-Hexadecadienyl acetate

(Z,E)-5,7-Dodecadieny! acetate

(E,2)-9,1 1-Hexadecadienal

(Z,E)-5,7-Dodecadienal

(Z,E)-9,1 1-Hexadecadiena!

(Z,2)~5,7~Dodecadienyl acetate

(Z,2)-9,1 1-Hexadecadienal

(Z,2)-5,7-Dodecadienal

(E, E)~ 10,12-Hexadecadien-1 -ol

(E,E)-7,9-Dodecadienyl acetate

(E, E)-10,12~Hexadecadienyl acetate

(E,2)~7,9-Dodecadien-1-ol

(E, E)-10,12-Hexadecadienai
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Name

Name

(E,2)-7,9-Dodecadieny! acetate

(E,2)-10,12-Hexadecadien-1-ol

(E,2)-7,9-Dodecadienal

(E,2)-1 0,12-Hexadecadienyl acetate

(Z,E)-7,9-Dodecadien-1-oi

(E,2)-1 0,12-Hexadecadienal

(Z2,E)-7,9-Dodecadieny! acetate

(Z,E)-10,12-Hexadecadienyl acetate

(Z,2)-7,9-Dodecadien-1-ol

(Z,E)-10,12-Hexadecadienai

(Z2,2)-7,9-Dodecadienyl  acetate

(Z,2)-1 0,12-Hexadecadienal

(E, E)-8, 1Q-Dodeeadien-1 -ol

(E,E)-1 1,13-Hexadecadien-1-ol

(E,E)-8,10-Dodecadienyl  acetate

(E,E)-1 1,13~Hexadecadienyl acetate

(E, E)-8, 10-Dodecadienal

(E,E)-1 1,13-Hexadecadienal

(E,2)-8, 10-Dodecadien-1-ol

(E,2)-1 1,13-Hexadecadien-l-ol

(E,2)-8,10-Dodecadienyl  acetate

(E,2)-1 1,13-Hexadecadienyl acetate

(E,2)-8, 10-Dodecadiena!

(E,2)-1 1,13-Hexadecadienai

(Z, E)-8, 10-Dodecadien-1-ol

(Z,E)-1 1,13-Hexadecadien-1-ol

(Z2,E)-8,10-Dodecadienyl  acetate

(Z,E)-1 1,13-Hexadecadienyl acetate

(Z, E)-8, 10-Dodecadienal

(Z, E)-11,13-Hexadecadienal

(Z,2)-8, 10-Dodecadien-1 -ol

(Z,2)-1 1,13-Hexadecadien-1-oi

(Z2,2)-8,10-Dodecadienyi  acetate

(Z,2)-1 1,13-Hexadecadienyl acetate

(Z,E,E)-3,6,8-Dodecatrien-1-oi

(Z,2)-1 1,13-Hexadecadienal

(Z,2,E)-3,6,8-Dodecatrien-1-ol

(E, E)-10,14-Hexadecadienal

(E)-2-Tridecenyl acetate

(Z,E)-11,14-Hexadecadienyl acetate

(2)-2-Trideceny! acetate

(E, E,Z)-4,6, 10-Hexadecatrien-1 -ol

(E)-S-Trideceny! acetate

(E.E.z".e.lO-Hexadecatrienyl acetate

(E)-4-Tridecenyl acetate

(E,Z,2)-4,6, 10-Hexadecatrien-1 -ol

(2)-4-Tridecenyl acetate

(E,Z,2)-4,6, 10-Hexadecatrienyl acetate

(2)-4-Tridecenal

(E, E,2)-4,6, 11-Hexadecatrienyl acetate
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Name

Name

(E)-6-Tridecenyi acetate

(E, E,2)~4,8, 11-Hexadecatriena!

(2)-7-Tridecenyl acetate

(Z,Z,E)-7,11,13-Hexadecatrienal

(E)-8-Tridecenyl acetate

(E,E,E)-10,12,14-Hexadecatrienyl
acetate

(2)-8-Trideceny! acetate

(E,E,E)-10,12,14-Hexadecatrienai

(E)-9-Tridecenyl acetate

(E,E,Z2)-10,12,14-Hexadecatrienyl
acetate

(2)-9-Tridecenyl acetate

(E,E,Z2)-10,12,14-Hexadecatrienal

(2)-10-Tridecenyl acetate

(E,E,Z,2)-4,6, 11,13-Hexadecatetraenal

(E)-1 1-Tridecenyl acetate

(E)-2-Heptadecenal

(2)-1 1-Tridecenyl acetate

(2)-2-Heptadecenal

(E,2)-4,7-Tridecadienyl acetate

(E)-8-Heptadecen-1-ol

(Z,2)-4,7-Tridecadien-1-ol

(E)-8-Heptadecenyl acetate

(Z,2)-4,7-Tridecadienyl acetate

(2)-8-Heptadecen-1-ol

(E,2)-5,9-Tridecadienyl acetate

(2)-9-Heptadecenal

(Z,E)~5,9-Tridecadienyl acetate

(E)-10-Heptadecenyl acetate

(Z,2)-5,9~Tridecadieny! acetate

(2)-1 1-Heptadecen-1-ol

(Z,2)-7,1 1-Tridecadienyl acetate

(2)-1 1-Heptadecenyl acetate

(E,Z,2)-4,7,10-Tridecatrienyl acetate

(E, E)-4,8-Heptadecadienyi acetate

(E)-3-Tetradecen-1-ol

(Z,2)-8,10-Heptadecadien-1-ol

(E)-3-Tetradecenyl acetate

(Z,2)-8, 11-Heptadecadienyi acetate

(2)-3-Tetradecen-1-ol

(E)-2-Octadecenyl acetate

(2)-3-Tetradeceny! acetate

(E)-2-Octadecena!l

(E)-S-Tetradecen- 1-0i

(2)-2-Octadecenyl acetate

(E)-5~Tetradeceny! acetate

(2)-2-Octadecenal

(E)-S-Tetradecenal

(E)-9-Octadecen-1-ol
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Name

Name

(2)-5-Tetradecen-1-ol

(E)-9-Octadecenyl acetate

(2)-5-Tetradecenyl acetate

(E)-9-Octadecenal

(2)-5-Tetradecenai

(2)-9-Octadecen-1-oi

(E)-6-Tetradecenyl acetate

(2)-9-Octadeceny! acetate

(2)-6-Tetradecenyl acetate

(2)-9-Octadecenal

(E)-7-Tetradecen- 1-o!

(E)-1 1-Octadecen-1-ol

(E)-7-Tetradeceny! acetate

(E)-1 1-Octadecenal

(2)-7-Tetradecen~1-ol

(2)-11-Octadecen- 1-ol

(2)-7-Tetradecenyl acetate

(2)-1 1-Octadecenyl acetate

(2)-7-Tetradecenai

(2)-1 1-Octadecenal

(E)-8-Tetradecenyl acetate

(E)-13-Octadecenyl acetate

(2)-8-Tetradecen-1-0!

(E)-13-Octadecenai

(2)-S-Tetradecenyi acetate

(2)-13-Octadecen-1-ol

(2)-8-Tetradecena!

(2)-13-Octadecenyl acetate

(E)-9-Tetradecen- 1-o!

(2)-13-Octadecenal

(E)-9~Tetradeceny! acetate

(E)-14-Octadecenal

(2)-9-Tetradecen-1-ol

(E,2)-2,13-Octadecadien-1-ol

(2)-9-Tetradecenyl acetate

(E,2)-2, 13-Octadecadienyi acetate

(2)-9-Tetradecenal

(E,2)-2, 13-Qctadecadienai

(E)-10-Tetradecenyl acetate

(Z, E)-2, 13-Octadecadieny! acetate

(2)-10-Tetradecenyl acetate

(Z,2)-2,13-Octadecadien-1-ol

(E)-1 1-Tetradecen-1-0!

(Z,2)-2,13-Octadecadieny! acetate

(E)-1 1-Tetradecenyl acetate

(E, E)-3,13-Octadecadieny! acetate

(E)-1 1-Tetradecenal

(E,Z2)-3, 13-Octadecadieny! acetate

(2)-11-Tetradecen-1-o}

(E,2)-3, 13-Octadecadienal
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Name

Name

(2)-1 1-Tetradecenyl acetate

(Z,E)-3, 13-Octadecadienyl acetate

(2)-11-Tetradecenai

(Z,2)-3, 13-Octadecadienyl acetate

(E)-12-Tetradecenyl acetate

(Z,2)-3, 13-Octadecadienai

(2)-12-Tetradecenyl acetate

(E,E)-5,9-Octadecadien-1-oi

(E, E)-2,4-Tetradecadienal

(E,E)-5,9-Octadecadienyl acetate

(E,E)-3,5-Tetradecadienyl acetate

(E,E)-9,12-Octadecadien-1-ol

(E,2)-3,5-Tetradecadienyl acetate

(Z,2)-9, 12-Octadecadienyl acetate

(Z,E)-3,5-Tetradecadieny! acetate

(Z,2)-9,12-Octadecadienal

(E,2)~3,7-Tetradecadienyl acetate

(Z,2)-1 1,13-Octadecadienal

(E,2)-3,8-Tetradecadienyl acetate

(E, E)-11,14-Octadecadienal

(E,2)-4,9-Tetradecadienyi acetate

(Z,2)-1 3,15-Octadecadienal

(E,Z2)-4,9-Tetradecadienal

(Z,2,2)-3,6,9-Octadecatrienyl acetate

(E,2)-4, 10-Tetradecadienyl acetate

(E, E,E)-9,12,15-Octadecatrien-1 -ol

(E,E)-5,8-Tetradecadiena!

(Z,2,2)-9, 12,1 5-Octadecatrienyi acetate

(Z,2)-5,8-Tetradecadien-1-0!

(Z,2,2)-9, 12 ,15-Octadecatrienal

(Z,2)-5,8-Tetradecadienyl acetate

(Z,2)-5,8~Tetradecadiena!

(E,E)-8,10-Tetradecadien- 1-ol

(E, E)-8,10-Tetradecadienyi acetate

(E, E)-8, 10-Tetradecadienal

(E,2)-8, 10-Tetradecadienyl acetate

(E,2)-8, 10-Tetradecadienal

(Z, E)~8, 10-Tetradecadien-1 -o!

(Z,E)-8, 10-Tetradecadienyl acetate

(Z,2)-8, 10-Tetradecadienai
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Name

Name

(E,E)-9,1 1-Tetradecadienyl acetate

(E,2)-9,1 1-Tetradecadienyl acetate

(Z,E)-9, 11-Tetradecadien-1 -ol

(Z,E)-9,1 1-Teiradecadienyl acetate

(Z,E)-9, 11-Tetradecadiena!

(Z,2)~9,1 1-Tetradeeadien-1-ol

(Z,2)-9,1 1-Tetradecadienyl acetate

(2,2)~9,11-Tetradecadienal

(E, E)-9,12-Tetradecadieny! acetate

(Z,E)-9, 12-Tetradecadien- 1-ol

(Z, E)-9, 12-Tetradecadienyl acetate

(Z, E)-9, 12-Tetradecadienal

(Z,2)-9, 12-Tetradecadien- 1-ol

(Z,2)-9, 12-Tetradecadienyl acetate

[0176] In some aspects, the pheromones synthesized as taught in this disclosure include at

least one pheromone listed in Table 2ato modulate the behavior of an insect listed in Table

2a 1n other aspects, non-limiting examples of insect pheromones which can be synthesized

using the recombinant microorganisms and methods disclosed herein include alcohols,

aldehydes, and acetates listed in Table 2a. However, the microorganisms described herein

are not limited to the synthesis of ce-c20 pheromones listed in Table 1 and Table 2a. Rather,

the disclosed microorganisms can also be utilized in the synthesis of various cs.coa mono- or

poly-unsaturated fatty alcohols, aldehydes, and acetates, including fragrances, flavors, and

polymer intermediates.

Table 2a. Exemplary pheromones that can be synthesized according to methods described in

the present disclosure.
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Name

Structure

Example of Biological
importance

(Z)-3-hexen-1-0f

See, Sugimoto ef af. 2014}

{Z£}-3-nonen-1-0}

West indian Fruity Fly male sex
pheromone

(Z3-5-decen-1-¢f HO o ™ e ™,
(Z)-5-decenyl acetate AcO Agrofis segetum sex phergmone
fiyr acetdt S N component
- e Anarsia fineatefla sex pheromone
(E)-5-decen-1i-ol HO o ™t ™ component
(E)-5-decenyl acetate AcO L Anarsia finsatefia sex pheromaone
¥ S N NN AN component
(Z)-7-dodecen-1-ol HOC oo™ ™ ™ ™™™

(£)-7-dodecenyl acetate

Fseudopiusia includens sex
pheromone

Agrofis segefum sex pheromone
component

{(E}-8-dodecen-1-0i

Citrus Fruit Moth sex pheromone

{£)-8-dodecenyl acelale

Graphofitha molesta,
Ecdytolopha auranfiana sex
gheromone component

()-8-dodecen-1-~0l

Grapholitha molesia,
Ecdyvtolopha aurantiana sex

HO™ S N S NS pnaramone component
(Z)-8-dodecenyl acetate | pco” T TN Nmme TN Graphoiitha mofesta sex
pheromone compenent
(Zy-8-dodecen-1-ol HO™ NN TN

{(Z)-8-dodecenyl acetate

Eupoecifia ambiguella sex
pheromens

(E£,E)-8,10-dodecadien-
1-0i

Cydia pomonelia

(7E,8Z)-dodecadienyl
acetate

Lobesia bofrana

{(£)-Y-tetradecen-1-0i

{(Z)-8-tetradecenyi
gcetate

Pandemis pyrusana, Naranga
aenescens, Agrofis segetum sex
gheromone component

(-11-tetradecen-1-0l

{(Z)-11-tetradecenyi
acetate

Pandemis pyrusarna,
Chorisfoneura roseceana sex
gheromone component

{E)-11-tetradecen-1-of

(E)~11-tetradecenyl
acetate

P P e NV 2 S

Choristoneura roseceana,
Crocidolomia pavonana sex
pheromoneg componeant

{Z)-7-hexadecen-1-0l

{(Z)-7-hexadecenal

B I e N

Diafraga considerafa sex
pheromoneg componeant

(£)-9-hexadecen-1-ol

{(£)-9-hexadecenal

g~ R N S Y Ve g

Helicoverpa zea, Helicoverpa
armigera, Heliothis virescens sex
pheremons comgponent

{Z)-9~-hexadecenyl
acetate

PV e e VS T

Naranga aenescens sex
pheromone componeant

(2)-1 1-hexadecen-1 -oi

N N N N T N

53



WO 2018/213554

PCT/US2018/033151

Name

Structure

Examiple of Bigiggica!
importance

(2)-1 4-hexadecenal

NN S TN N TN N

Platypti'a carduidactyia, Heliothis
virescens sex pheromone
Heiicoverpa zea, Heiicoverpa
armigera, Piuteiia xylosiella,
Diairaea considerate, Diatraea
grandiosella, Diatraea
saccharalis, Acrolepiopsis
assecteila sex pheromone
component

(2)-1 1-hexadecenyi
acetate

AO” TN TN TN NN T TN

Discestra trifolii sex pheromone
Heliothis virescens, Piuteiia
xyiosteiia, Acroiepiopsis
assecteiia, Crocidoiomia
pavonana, Naranga aenescens
sex pheromone component

(2,2)-11,13-

hexadecadienai GF TN TN TN TN T =™ | Amyeiosis transiteiia
Z.2)11,13- PPN T T
hexadecadien-1 —oi HO . === Amyeiosis transiteiia
(117 13E)- e e T T
hexadecadien-1 -oi 0o y . Amyeiosis transiteiia
(921 1E)- N S

hexadecadlenai O

(2)-1 3~octadecen-1 -ol HO N N N TN NN T

Diatraea considerata, Diatraea
grandiosella sex pheromone
component

(2)-1 3-octadecenal OF TN N N TN N TN

f/\/\\\l\
(2,2,2,2,2)-3,6,9, 12,15- |

) Amyeiosis transiteiia
trieosapentaene

[0177] Most pheromones comprise a hydrocarbon skeleton with the termina hydrogen
substituted by a functional group (Ryan MF (2002). Insect Chemoreception. Fundamental
and Applied. Kluwer Academic Publishers). Table 2b shows some common functional
groups, along with their formulas, prefixes and suffixes. The presence of one or more double
bonds, generated by the loss of hydrogens from adjacent carbons, determines the degree of
unsaturation of the molecule and alters the designation of a hydrocarbon from -ane (no
multiple bonds) to -ene. The presence of two and three double bonds is indicated by ending
the name with -diene and -triene, respectively. The position of each double bond is
represented by a numeral corresponding to that of the carbon from which it begins, with each
carbon numbered from that attached to the functional group. The carbon to which the
functional group is attached is designated -1-. Pheromones may have, but are not limited to,
hydrocarbon chain lengths numbering 10 (deca), 12 (dodeca), 14 (tetradeca), 16 (hexadeca
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), or 18 (octadeca-) carbons long. The presence of a double bond has another effect. It
precludes rotation of the molecule by fixing it in one of two possible configurations, each
representing geometric isomers that are different molecules. These are designated either E
(from the German word Enigegen, opposite) or Z (Zusammen, together), when the carbon
chains are connected on the opposite (trans) or same (cis) side, respectively, of the double
bond.

Table 2b. Prefixes and suffixes for common functional groups

Functional group Formula Prefix Buffix
Alcohol -OH Hydroxy- -Of
Aldehyde -CH=0 Formyi- -al
Amine -NH > Amino- ~arving
Carboxyiic acid -COOH {_arboxy- -oic acid
Ester -COOR R-oxycarbonyl- -R-oae
Ketone >C=0 Oxo- -ona)

From Howsc, PE, Stevens, IDR and Jones, OT (1998). Insect pheromones and their use in
pest management. London: Chapman and Hall.

[0178] Pheromones described herein can be referred to using TUPAC nomenclature or
various abbreviations or variations known to one skilled in the art. For example, (112)-
hexadecen-l-al, can aso be written as Z-l I-hexadecen-l-al, Z-l |- hexadecenal, or Z-x-
y:Aki, wherein x represents the position of the double bond and y represents the number of
carbons in the hydrocarbon skeleton. Abbreviations used herein and known to those skilled in
the art to identify functional groups on the hydrocarbon skeleton include "Aid," indicating an
aldehyde, "OH," indicating an alcohol, and "Ac," indicating an acetyl. Also, the number of
carbons in the chain can be indicated using numerals rather than using the written name.
Thus, as used herein, an unsaturated carbon chain comprised of sixteen carbons can be
written as hexadecene or 16.

[0179] Similar abbreviation and derivations are used herein to describe pheromone
precursors. For example, the fatty acyl-CoA precursors of (11Z)-hexadecen-I-al can be
identified as (HZ)-hexadecenyl-CoA or Z-11-16:Acyl-CoA.

[0180] The present disclosure relates to the synthesis of mono- or poly-unsaturated Ce-C,4

fatty acohols, aldehydes, and acetates using a recombinant microorganism comprised of one
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or more heterologous enzymes, which catalyze substrate to product conversions for one or
more steps in the synthesis process.

Desaturase

[0181] The present disclosure describes enzymes that desaturaie fatty acyl substrates to
corresponding unsaturated fatty acyl substrates.

[0182] In some embodiments, a desaturase is used to catalyze the conversion of afatty acyl-
CoA or acyl-ACP to a corresponding unsaturated fatty acyl-CoA or acyl-ACP. A desaturase
isan enzyme thai catalyzes the formation of a carbon-carbon double bond in a saturated fatty-
acid or fatty acid derivative, e.g., fatty acyl-CoA or fatty acyl-ACP (collectively referred to
herein as "fatty acyl"), by removing at least two hydrogen atoms to produce a corresponding
unsaturated fatty acid/acyl. Desaturases are classified with respect io the ability of the
enzyme to selectively catalyze double bond formation at a subterminal carbon relative to the
methyl end of the fatty acid/acyl or a subterminal carbon relative to the carbonyl end of the
fatty acid/acyl. Omega (w) desaturases catalyze the formation of a carbon-carbon double
bond a a fixed subterminal carbon relative to the methyl end of a fatty acid/acyl. For
example, an «’ desaturase catalyzes the formation of a double bond between the third and
fourth carbon relative the methyl end of a fatty acid/acyl. Delta (A) desaturases catalyze the
formation of a carbon-carbon double bond at a specific position relative to the carboxyl group
of a fatty acid or the carbonyl group of a fatty acyl CoA. For example, a A° desaturase
catalyzes the formation of a double bond between the cg and Cio carbons with respect to the
carboxyl end of the fatty acid or the carbonyl group of afatty acyl CoA.

[0183] Asused herein, a desaturase can be described with reference to the location in which
the desaturase catalyzes the formation of a double bond and the resultant geometric
configuration (i.e., E/Z) of the unsaturated hydrocarbon. Accordingly, as used herein, a Z9
desaturase refers to a A desaturase that catalyzes the formation of a double bond between the
{¥and Cio carbons with respect to the carbonyl end of afatty acid/acyl, thereby orienting two
hydrocarbons on opposing sides of the carbon-carbon double bonds in the cis or Z
configuration.  Similarly, as used herein, a ZIl desaturase refers to a A desaturase that
catalyzes the formation of a double bond between the c11 and c12 carbons with respect to the
carbonyl end of afatty acid/acyl.

[0184] Desaturases have aconserved structural motif. This sequence motif of transmembrane

desaturases is characterized by [HX3-4HX7-4 143 non-His)HX2-3(I  nonHis)HHX61-
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189(40 non-His)HX2-3(1 non-His)HH]. The sequence metif of soluble desaturases is
characterized by two occurrences of [D/EEXXHJ.

[0185] In some embodiments, the desaturase is a fatty acyl-CoA desaturase that catalyzes the
formation of a double bond in a fatty acyl-CoA. In some such embodiments, the fatty acyl-
CoA desaturase described herein is capable of utilizing a fatty acyl-CoA as a substrate that
has a chain length of 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24
carbon atoms. Thus, the desaturase used in the recombinant microorganism can be selected
based on the chain length of the substrate.

[0186] In some embodiments, the fatty acyl desaturase described herein is capable of
catalyzing the formation of a double bond a a desired carbon relative to the terminal CoA on
the unsaturated fatty acyl-CoA. Thus, in some embodiments, a desaturase can be selected for
use in the recombinant microorganism which catalyzes double bond insertion & the 3, 4, 5, 6,
7,8,9, 10, 11, 12, or 13 position with respect to the carbonyl group on afatty acyl-CoA.
[0187] In some embodiments, the fatty acyl desaturase described herein is capable of
catalyzing the formation of a double bond in a saturated fatty acyi-CoA such that the resultant
unsaturated fatty acyl-CoA has acis or trans (i.e., Z or E) geometric configuration.

[0188] In some embodiments, the desaturase is afatty acyl-ACP desaturase that catalyzes the
formation of a double bond in afatty acyl-ACP. In some embodiments, the fatty acyl-ACP
desaturase described herein is capable of utilizing a fatty acyl-CoA as a substrate that has a
chain length of 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 carbon
atoms. Thus, the desaturase used in the recombinant microorganism can be selected based on
the chain length of the substrate.

[0189] In some embodiments, the fatty acyl-ACP desaturase described herein is capable of
catalyzing the formation of a double bond a a desired carbon relative to the terminal
carbonyl on the unsaturated fatty acyl-ACP. Thus, in some embodiments, a desaturase can be
selected for use in the recombinant microorganism which catalyzes double bond insertion at
the 3,4, 5, 6, 7, 8,9, 10, 11, 12, or 13 position with respect to the carbonyl group on a fatty
acyl-ACP.

[0190] In some embodiments, the fatty acyl desaturase described herein is capable of
catalyzing the formation of a double bond in a saturated fatty acyl-CoA such that the resultant
unsaturated fatty acyl-ACP has acis or trans (i.e., Z or E) geometric configuration.

[0191] In one embodiment, the fatty acyl desaturase is a ZI| desaturase. In some

embodiments, a nucleic acid sequence encoding a Z1|{ desaturase from organisms of the
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species Agrotis segetum, Amyelois transitella, Argyrotaenia vehitiana, Choristoneura
rosaceana, Lampronia capitella, Trichopliisia ni, Helicoverpa zea, or Thalassiosira
pseudonana is codon optimized. In some embodiments, the Z1| desaturase comprises a
nucleotide sequence selected from SEQ ID NOs: 9, 8, 24 and 26 from Trichopliisia ni. In
some embodiments, the Z11 desaturase comprises an amino acid sequence set forth in SEQ
ID NO: 49 from Tnchoplusia ni. In other embodiments, the Z11 desaturase comprises a
nucleotide sequence selected from SEQ ID NOs: 10 and 16 from Agrotis segetum. In some
embodiments, the Z1 1desaturase comprises an amino acid sequence set forth in SEQ ID NO:
53 from Agrotis segetum. In some embodiments, the ZIl desaturase comprises a nucleotide
sequence selected from SEQ ID NOs: 11 and 23 from Thalassiosira pseudonana. In some
embodiments, the Z1} desaturase comprises an amino acid sequence selected from SEQ ID
NOs: 50 and 51 from Thalassiosira pseudonana. In certain embodiments, the ZIl desaturase
comprises a hucleotide sequence selected from SEQ ID NOs: 12, 17 and 30 from Amyelois
transitella. In some embodiments, the Z1 | desaturase comprises an amino acid sequence set
forth in SEQ ID NO: 52 from Amyelois transitella. In further embodiments, the ZI |
desaturase comprises a nucleotide sequence selected from SEQ ID NOs: 13, 19, 25, 27 and
31 from Helicoverpa zea. In some embodiments, the Z1 1 desaturase comprises an amino acid
sequence set forth in SEQ ID NO: 54 from Helicoverpa zea. In some embodiments, the Z1 §
desaturase comprises an amino acid sequence set forth in SEQ ID NO: 39 from S. inferens. In
some embodiments, the Z11 desaturase comprises an amino acid sequence set forth in
GenBank Accession nos. AF416738, AGH12217.1, AN21943.1, CAM3430.2, AF441221,
AAF81787.1, AF545481, AJ271414, AY362879, ABX71630.1 and NPO00i299594.1,
Q9N9z8, ABX71630.1 and AIM40221.1 In some embodiments, the ZII desaturase
comprises a chimeric polypeptide. In some embodiments, a complete or partial Zi1
desaturase is fused to another polypeptide. In certain embodiments, the N-tennina native
leader sequence of aZIll desaturase is replaced by an oieosin leader sequence from another
species. In certain embodiments, the ZI1 desaturase comprises a nucleotide sequence
selected from SEQ ID NOs: 15, 28 and 29. In some embodiments, the ZIl desaturase
comprises an amino acid sequence selected from SEQ ID NOs: 61, 62, 63, 78, 79 and 80.

[0192] In one embodiment, the fatty acyl desaturase is a Z9 desaturase. In some
embodiments, anucleic acid sequence encoding aZ9 desaturase is codon optimized. In some
embodiments, the Z9 desaturase comprises a nucleotide sequence set forth in SEQ ID NO: 20

from Ostriniafurnacalis. In some embodiments, the Z9 desaturase comprises an amino acid
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sequence set forth mn SEQ ID NO: 58 from Ostrinia furnacalis. In other embodiments, the Z9
desaturase comprises a nucleotide sequence set forth in SEQ ID NO: 21 from Lampronia
capitella. In some embodiments, the Z9 desaturase comprises an amino acid sequence set
forth in SEQ ID NO: 59 from Lampronia capitella. In some embodiments, the Z9 desaturase
comprises a nucleotide sequence set forth in SEQ ID NO: 22 from Helicoverpa zea. In some
embodiments, the Z9 desaturase comprises an amino acid sequence set forth in SEQ ID NO:
60 from Helicoverpa zea.

[0193] Thus, in some embodiments, the present disclosure teaches a recombinant
microorganism comprising aZll or Z9 desaturase exhibiting a least 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%,
79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%,
63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 51%, or 50% sequence
identity with any one of SEQ ID Nos. selected from the group consisting of 39, 49, 50, 51,
52, 53, 54, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 78, 79, 80, 95, 97, 99, 101, 103, and 105.
[0194] Thus, in some embodiments, the present disclosure teaches a recombinant
microorganism comprising a nucleic acid molecule encoding for a Z11 or Z9 desaturase,
wherein said nucleic acid molecule exhibits at least 99%, 98%, 97%, 96%, 95%, 94%, 93%,
92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%,
76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%,
60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 51%, or 50% sequence identity with any
one of SEQ ID Nos. selected from the group consisting of 9, 10, 1f, 12, 13, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 68, 69, 70, 71, 94, 96, 98, 100, 102, and 104
[0195] In some embodiments, the present disclosure teaches a recombinant microorganism
comprising at least one nucleic acid molecule encoding afatty acyi desaturase having at least
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%,
83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%,
67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%,
51%, or 50% sequence identity to a fatty acyl desaturase selected from the group consisting
of SEQ ID NOs: 39, 54, 60, 62, 78, 79, 80, 95, 97, 99, 101, 103, and 105 that catalyzes the
conversion of a saturated Cs-C. fatty acyl-CoA to a corresponding mono- or poly-unsaturated
Ce-Cafatty acyl-CoA.

Fatty Acyi Reductase
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[0196] The present disclosure describes enzymes that reduce fatty acyl substrates to
corresponding fatty acohols or aldehydes.

[0197] In some embodiments, afatty alcohol forming fatty acyl-reductase isused to catalyze
the conversion of afatty acyl-CoA to a corresponding fatty alcohol . In some embodiments, a
fatty aldehyde forming fatty acyl-reductase isused to catalyze the conversion of a fatty acyl-
ACP to acorresponding fatty aldehyde. A fatty acyl reductase isan enzyme that catalyzes the
reduction of afatty acyl-CoA to acorresponding fatty alcohol or the reduction of a fatty acyl-
ACP to acorresponding fatty aldehyde. A fatty acy!-CoA and fatty' acy!-A CP has a structure
of R-(CO)-S-Ri, wherein R is a C¢ to co4 saturated, unsaturated, linear, branched or cyclic
hydrocarbon, and Ri represents CoA or ACP. In a particular embodiment, R isa Cs to c24
saturated or unsaturated linear hydrocarbon. "CoA" is a non-protein acyl carrier group
involved in the synthesis and oxidation of fatty acids. "ACP" isan acyl carrier protein, i.e., a
polypeptide or protein subunit, of fatty acid synthase used in the synthesis of fatty acids.
[0198] Thus, in some embodiments, the disclosure provides for a fatty alcohol forming fatty
acyl-reductase  which catalyzes the reduction of a fatty acyl -CoA to the corresponding fatty
acohol . For example, R-(CO)-S-CoA is converted to R-CH20H and CoA-SH when two
molecules of NAD(P)H are oxidized to NAD(P) *. Accordingly, in some such embodiments, a
recombinant microorganism  described herein can include a heterologous fatty' acohol
forming fatty acyl-reductase, which catalyzes the reduction a fatty acyl-CoA to the
corresponding  fatty acohol. In an exemplary embodiment, a recombinant microorganism
disclosed herein includes at least one exogenous nucleic acid molecule encoding a fatty
alcohol forming fatty-acyl reductase which catalyzes the conversion of a mono- or poly-
unsaturated Ce6-C24 fatty acyl-CoA into the corresponding mono- or poly-unsaturated ce-C2.4
fatty alcohol.

[0199] In other embodiments, the disclosure provides for afatty aldehyde forming fatty acyl-
reductase which catayzes the reduction of a fatty acyl-ACP to the corresponding fatty-
adehyde. For example, R-(CO)-S-ACP is converted to R-(CO)-H and ACP-SH when one
molecule of NAD(P)H is oxidized to NAD(P) *. In some such embodiments, a recombinant
microorganism described herein can include a heterologous fatty aldehyde forming fatty acyl-
reductase, which catalyzes the reduction a fatty acyl-ACP to the corresponding fatty
adehyde. In an exemplary embodiment, a recombinant microorganism disclosed herein

includes at least one exogenous nucleic acid molecule encoding a fatty aldehyde forming
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fatty-acy] reductase which catalyzes the conversion of a mono- or poly-unsaturated ce-co4
fatty acyl-ACP into the corresponding mono- or poly-unsaturated cecp4 fatty adehyde.
[0200] In some insect species the respective alcohol-forming fatty acyl reductase (FAR)
enzymes are activated via site specific dephosphorylation (Jurenka, R. & Rafadli, A.
Regulatory Role of PBAN in Sex Pheromone Biosynthesis of Heliothine Moths. Front.
Endocrinol. (Lausanne). 2: 46 (201 1): Gilbert, L. 1. Insect Endocrinology. (Academic Press)).
Without being bound by any one theory, phosphorylation of heterologouslv expressed FAR
enzymes in yeast such as Y. lipoiytica can lead to inactivation, and results in low fatty alcohol
titers. In some embodiments, a bicinformatic approach can be used to predict phosphorylated
residues within FAR. Alanine substitution of serine and threonine residues has been shown to
abolish phosphorylation (Shi, S., Chen, Y., Siewers, V. & Niglsen, J. Improving Production
of Maonyl Coenzyme A-Derived Metabolites by Abolishing Snfl -Dependent Regulation of
Accl. mBio 5 (2014)). Thus, the impact of alanine substitutions to prevent phosphorylation
of serine residues and its impact on fatly alcohol titers can be tested. In addition to alanine
substitution, improvement of FAR activity can aso be achieved by other amino acid
substitutions.

[0201] In some embodiments, methods are provided to identify beneficial mutations of FAR
based on selection and alteration of phosphorylation-sensitive residues upon its expression in
a host microorganism. In a prefeired embodiment, the host microorganism is yeast selected
from the group consisting of Yarrowia, Candida, Saccharomyces, Pichia, Hznsem:a,
and Kluyveromyces.

[0202] Other references for protein phosphorylation sites include; Blom, N., Gammeltoft, S.
& Brunak, S. Sequence and structure-based prediction of eukaryotic protein phosphorylation
sited. J. Mol. Biol. 294, 1351-1362 (1999); Ingrell, C. R, Miller, M. L,, Jensen, O. N. &
Blom, N. NetPhosY east: prediction of protein phosphorylation sites in yeast. Bioinforma. 23:
895-897 (2007); Miller, W. T. Tyrosine kinase signaling and the emergence of
multiceiluiarity. Biochim. Biophys. Acta 1823, 1053-1057 (2012), each of which is herein
incorporated in its entirety.

[0203] In some embodiments, a nucleic acid sequence encoding a fatty-acy! reductase from
organisms of the species Agrotis segetum, Spodoptera exigua, Spodoptera liitoralis, Euglena
gracilis, Yponomeuta evonymellus and Helicoverpa armigera is codon optimized. in some
embodiments, the fatty acyl reductase comprises a nucleotide sequence set forth in SEQ ID

NO: 1 from Agrotis segetum. In other embodiments, the fatty acyl reductase comprises a
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nucleotide sequence set forth in SEQ ID NO: 2 from Spodoptera littoralis. In some
embodiments, the fatty acyl reductase comprises anucleotide sequence selected from SEQ ID
NOs. 3, 32, 40, 72, 74, 76 and 81. In some embodiments, the fatty acyl reductase comprises
an amino acid sequence set forth in SEQ ID NO: 55 from Agrotis segetum. In other
embodiments, the fatty acyl reductase comprises an amino acid sequence set forth in SEQ 1D
NO: 56 from Spodoptera littoralis. in some embodiments, the fatty acyl reductase comprises
an amino acid sequence selected from SEQ ID NOs: 41 and 57 from Helicoverpa armigera.
In some embodiments, the fatty acyl reductase comprises an amino acid sequence selected
from SEQ ID NOs: 73 and 82 from Spodoptera exigua. In some embodiments, the fatty acyl
reductase comprises an ammo acid sequence set forth in SEQ ID NO: 75 from Euglena
gracilis. In some embodiments, the fatty acyl reductase comprises an amino acid sequence set
forth in SEQ ID NO: 77 from Yponomeuta evonymel lus.

[0204] In some embodiments, the production of unsaturated fatty alcohols in a recombinant
microorganism comprises the expresson of one or more mutant FARs. In certain
embodiments, Helicoverpa amigera fatty acyl-CoA reductase (HaFAR) variants are provided
which have increased enzymatic activity relative to enzymatic activity of a wild type
Helicoverpa amigera fatty acyl-CoA reductase encoded by an amino acid sequence set forth
in SEQ ID NO: 41. In some embodiments, the increased enzymatic activity is a net activity
increase in amount of fatty alcohol produced relative to the amount of fatty alcohol produced
by awild type enzymatic activity of HaFAR encoded by an amino acid sequence set forth in
SEQ ID NO: 41. In some embodiments, awild type HaFAR comprises a nucleotide sequence
set forth in SEQ ID NO: 90. In some embodiments, avariant of awild type HaFAR encoded
by an amino acid sequence set forth in SEQ ID NO: 41 comprises point mutations a the
following positions. S60X, S195X, S298X, S378X, S394X, S418X, and $453X, wherein X
comprises an amino acid selected from F, L, M, I,V,P, T,A,Y,K,H,N,Q,K,D,E,C,W
and R. In some embodiments, a variant of a wild type HaFAR encoded by an amino acid
sequence set forth in SEQ ID NO: 41 comprises a combination of point mutations selected
from mutations e the following amino acid positions: S60X, S195X, S298X, S378X, S394X,
18X, and 453X, wherein X comprises an amino acid selected from F, L, M, I, V,P, T, A,
Y,K,H,N, Q, K, D, E, C, Wand R. In some embodiments, the fatty acyl reductase is a
mutated fatty acyl reductase and comprises an amino acid sequence selected from SEQ ID
NOs. 42-48. In some embodiments, the fatty acyl reductase is a mutated fatty acyl reductase
and comprises a nucleotide sequence selected from SEQ ID NOs. 83-89.
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[0205] Thus, in some embodiments, the present disclosure teaches a recombinant
microorganism comprising a fatty acyi reductase exhibiting at least 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%,
79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%,
63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 51%, or 50% sequence
identity with any one of SEQ ID Nos. selected from the group consisting of, 41, 42, 43, 44,
45, 46, 47, 48, 55, 56, 57, 73, 75, 77, and 82.

[0206] Thus, in some embodiments, the present disclosure teaches a recombinant
microorganism comprising a nucleic acid molecule encoding for a fatty acyi reductase,
wherein said nucleic acid molecule exhibits at least 99%, 98%, 97%, 96%, 95%, 94%, 93%,
92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%,
76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%,
60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 51%, or 50% sequence identity with any
one of SEQ ID Nos, selected from the group consisting of 1, 2, 3, 32, 37, 40, 72, 74, 76, 81,
83, 84, 85, 86, 87, 88, 89, and 90.

[0207] In some embodiments, the present disclosure teaches a recombinant microorganism
comprising at least one nucleic acid molecule encoding a fatty acyi reductase having at least
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%,
83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%,
67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%,
51%, or 50% sequence identity to afatty acyi reductase selected from the group consisting of
SEQ ID NOs: 41-48, 57, 73, 75 and 77 that catadyzes the conversion of the mono- or poly-
unsaturated -2 fatty acyi-CoA into the corresponding mono- or poly-unsaturated Cs-Cos
fatty alcohol.

Acyl-ACP Synthetase

[0208] The present disclosure describes enzymes that ligate afatty acid to the corresponding
fatty acyl-ACP.

[0209] In some embodiments, an acyl-ACP synthetase isused to catalyze the conversion of a
fatty acid to a corresponding fatty acyl-ACP. An acyl-ACP synthetase is an enzyme capable
of ligating a fatty acid to ACP to produce a fatty acid acyl-ACP. In some embodiments, an
acyl-ACP synthetase can be used to catalyze the conversion of afatty acid to a corresponding
fatty acyl-ACP. In some embodiments, the acyl-ACP synthetase is a synthetase capable of
utilizing afatty acid as a substrate that has a chain length of 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

63



WO 2018/213554 PCT/US2018/033151

16, 17, 18, 19, 20, 21, 22, 23, or 24 carbon atoms. In one such embodiment, a recombinant
microorganism described herein can include a heterologous acyl-ACP synthetase, which
catalyzes the conversion of a fatty acid to a corresponding fatty acyl-ACP. In an exemplary
embodiment, a recombinant microorganism disclosed herein includes at least one exogenous
nucleic acid molecule which encodes an acyl-ACP synthetase that catalyzes the conversion of
a saturated ¢ ¢-c 24 fatty acid to a corresponding saturated ce-c24 fatty acyl-ACP.

Fatty Acid Synthase Complex

[0210] The present disclosure describes enzymes that catalyze the elongation of a carbon
chain in fatty acid.

[0211] In some embodiments, afatty acid synthase complex is used to catalyze initiation and
elongation of a carbon chain in afatty acid. A "fatty acid synthase complex" refersto agroup
of enzymes that catalyzes the initiation and elongation of a carbon chain on afatty acid. The
ACP aong with the enzymes in the fatty acid synthase (FAS) pathway control the length,
degree of saturation, and branching of the fatty acids produced. The steps in this pathway are
catalyzed by enzymes of the fatty acid biosynthesis (fab) and acetyl-CoA carboxylase (acc)
gene families. Depending upon the desired product, one or more of these genes can be
attenuated, expressed or over-expressed. In exemplary embodiments, one or more of these
genes is over-expressed.

[0212] There are two principal classes of fatty acid synthases. Type | (FAS I) systems utilize
a single large, multifunctional polypeptide and are common to both mammals and fungi
(although the stracturai arrangement of fungal and mammalian synthases differ). The Type |
FAS system is also found in the CMX group of bacteria (corynebacteria, mycabacteria, and
nocardia). The Type Il FAS (FAS Il) is characterized by the use of discrete, monofunctional
enzymes for fatty acid synthesis, and isfound in archaea and bacteria.

[0213] The mechanism of FAS | and FAS Il elongation and reduction is the substantialy
similar, as the domains of the FAS | multienzyme polypeptides and FAS Il enzymes are
largely conserved.

[0214] Fatty acids are synthesized by a series of decarboxylative Claisen
condensation reactions from acetyl-CoA and malonyl-CoA. The steps in this pathway are
catalyzed by enzymes of the fatty acid biosynthesis (fab) and acetyl-CoA carboxylase (acc)
gene families. For a description of this pathway, see, eg.. Heath et al, Prog. Lipid Res.
40:467, 2001, which is herein incorporated by reference in its entirety. Without being limited
by theory, in bacteria, acetyl-CoA is carboxylated by acetyl-CoA carboxylase (Acc, a multi-
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subunit enzyme encoded by four separate genes, accABCD), to form malonyl-CoA. In yeast,
acetyi-CoA is carboxylated by the yeast equivalents of the acetyi-CoA carboxylase, encoded
by ACC1 and ACC2. In bacteria, the malonate group is transferred to ACP by malonyl-
CoA:ACP transacylase (FabD) to form malony]-ACP. In yeast, a malonyl-pamityl
tranferase domain adds malonyi from malonyl-CoA tothe ACP domain of the FAS complex.
A condensation reaction then occurs, where malonyl-ACP merges with acyl-CoA, resulting
in B-ketoacyl-ACP. In this manner, the hydrocarbon substrate is elongated by 2 carbons.
[0215] Following elongation, the B-keto group is reduced to the fully saturated carbon chain
by the sequential action of a keto-reductase (KR), dehydratase (DH), and enol reductase
(ER). The elongated fatty acid chain is carried between these active sites while attached
covalently to the phosphopantetheine prosthetic group of ACP. First, the B-ketoacyl-ACP is
reduced by NADPH to form B-hydroxyacyl-ACP. In bacteria, this step is catalyzed by (-
ketoacyl-ACP reductase (FabG). The equivalent yeast reaction is catalyzed by the
ketoreductase (KR) domain of FAS. B-hydroxyacyl-ACP isthen dehydrated to form trans-2-
enoyl-ACP, which is catalyzed by either B-hydroxyacyl-ACP dehydratase/isomerase (FabA)
or B-hydroxyacyl-ACP dehydratase (FabZ) in bacteria or the dehydratase (DH) domain of
FAS in yeast. NADPH-dependent trans-2-enoyl-ACP reductase |1, 1, or 14 (Fabl, FabK, and
FabL, respectively) in bacteria and the enol reductase (ER) domain of FAS in yeast reduces
trans-2-enoyl-ACP to form acyl-ACP. Subsequent cycles are started by the condensation of
malonyl-ACP with acyl-ACP by B-ketoacyi-ACP synthase 1 or B-ketoacyl-ACP synthase 11
(FabB and FabF, respectively, in bacteria or the beta-ketoacy! synthase (KS) domain in
yeas).

[0216] In some embodiments, a fatty acid synthase complex can be used to catalyze
elongation of a fatty acyl-ACP to a corresponding fatty acyl-ACP with a two carbon
elongation relative to the substrate.

Dehydrogenase

[0217] The present disclosure describes enzymes that catalyze the conversion of a fatty
aldehyde to afatty alcohol. In some embodiments, an alcohol dehydrogenase (ADH, Table 3
and Table 3a) is used to catalyze the conversion of a fatty aldehyde to a fatty alcohol. A
number of ADHs identified from aikanotrophic organisms, Pseudomonasfluorescens NRRL
B-1244 (Hou et al. 1983), Pseudomonas butanovora ATCC 43655 (Vangnai and Arp 2001),
and Acinetobacter sp. strain M-1 (Tani et al. 2000), have shown to be active on short to

medium-chain alky? alcohols (2 to ci14. Additionally, commercially available ADHs from
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Sigma, Horse liver ADH and Baker's yeast ADH have detectable activity for substrates with
length Ci0and greater. The reported activities for the longer fatty alcohols may be impacted
by the difficulties in solubiiizing the substrates. For the yeast ADH from Sigma, little to no
activity is observed for ci2 to c:4 adehydes by (Tani et ai. 2000), however, activity for ci2
and C1¢ hydroxy -co-fatty acids has been observed (Lu etal. 2010). Recently, two ADHs were
characterized from Geobaculus thermodenitrificans NG80-2, an organism that degrades cis
to css adkanes using the LadA hydroxylase. Activity was detected from methanol to 1-
triacontanol (Go) for both ADHSs, with 1-octanol being the preferred substrate for ADH2 and
ethanol for ADH 1(Liue7 al. 2009).

[0218] The use of ADHs in whole-cell bioconversions has been mostly focused on the
production of chiral alcohols from ketones (Ernst et a/. 2005) (Schroer et ai. 2007). Using
the ADH from Lactobacillus brevis and coupled cofactor regeneration with isopropanol,
Schroer et al. reported the production of 797 g of (R)-methyl-3 hydroxybutanoate from
methyl acetoacetate, with a space time yield of 29 g/L/h (Schroer et ai. 2007). Examples of
aliiphatic acohol oxidation in whole-cell transformations have been reported with
commercially obtained S. cerevisiae for the conversion of hexanol to hexanai (Presecki €t al.
2012) and 2-heptanal to 2-heptanone (Cappaert and Larroche 2004).

Table 3. Exemplary alcohol dehydrogenase enzymes.

Organism Gene Name Accession No.
Bactrocera oleae (Olive fruit fly) (Dacus oleae) ADH QONART
Cupriaviﬁus nec:;tor {Alcaligenes eutrophus) adh 214940
{Ralstonia cutropha)

i)liOSOpE}%la adiastola (Fruit fly) (Idiomyia Adh Q00669
adiastola)

Df?stgil}la affinidisjuncta (Fruit fly) {Idiomyvia Adh PILS1R
affinidisjuncta)

Dirosophila ambigua (Fruit fly) Adh P25139
Drosophila borealis (Fruit fly) Adh P48584
Drosophila differens (Fruit fly) Agh P22245
Drosophila equinoxialis (Fruit flv} Adh QONG42
Drosophila flavomontana (Fruit flv) Adh P4858S
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Organism Gene Name Accession No.
Drosophila guanche (Fruit fly) Adh Q09009
Drosophila hawaiiensis (Fruit fly) Adh P51549
Drosophila heteroneura (Fruit fly) Adh P21898
Drosophila immigrans (Fruit fly) Adh Q07588
Drosophilainsularis (Fruit fly) Adh QING40
(Somtoosmiil s Adr p1oeo7
Drosophila mauritiana (Fruit fly) Adh P07162
Drosophila madeirensis (Fruit fly) Adh Q09010
Drosophila mimica (Fruit fly) (Idiomvia mimica) Adh Q00671
Drosophila nigra (Fruit fly) (Idiomvia nigra) Adh Q00672
Drosophila orena (Fruit fly) Adh PO7159
Drosophila pseudoobscura bogotana (Fruit fly) Adh P84328
ELEZE)::IS? picticomis (Fmit fly) (Idiomvia Adh o—
Drosophila plamtibia (Fruit fly) Adh pP23277
Drosophila paulistorum (Fruit fly) Adh Q9U8s9
Drosophila silvestris (Fruit fly) Adh pP23278
Drosophila subobscura (Fruit fly) Adh Q03384
Drosophila teissieri (Fruit fly) Adh P284384
Drosophila tsacasi (Fruit fly) Adh P51550
Fragaria ananassa (Strawberry) ADH P17648
Malus domestica (Apple) (Pyrus malus) ADH P48977
Scaptomyza albovittata (Fruit fly) Adh P25988
jcaas;:?;ng;? crassifemur (Fruit fly) (Drosophila Adh Q00670
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Organism Gene Name Accession No.
Sulfolobus sp. (strain RC3) adh P50381
Zaprionus tuberculatus (Vinegar fly) Adh P51552
gziﬁgﬁojrﬁghermophilus (Bacillus dh P42307
Drosophila mayaguana (Fruit fly) Adhk, Adh2 P25721
Drosophila melanogaster (Fruit fly) Adh, CG3481 PO0334
Drosophila pseudoobscura (Fruit fly) Adh, GA 17214 Q6LCE4
Drosophila simulans (Fruit fly) Adh, GD23968 Q24641
Drosophila yakuba (Fruit fly) Adh, GE19037 P26719
Drosophila ananassae (Fruit fly) Adh, GF14888 Q50L96
Drosophila erecta (Fruit fly) Adh, GG25120 pP28483
;:?:;?;,US grimshawi (Fruit fly) (Idiomyia Adh. GH13025 P51551
Drosophila willistoni (Fruit fly) Adh, GK 18290 Q05114
Drosophila persimilis (Fruit fly) Adh, GL25993 P37473
Drosophila sechellia (Fruit fly) Adh, GM 15656 QIGNY4
g;ﬂc;:;:)terium tuberculosis (strain CDC 1551 / adh, MT1581 POWQC2
Staphylococcus aureus (strain MW2) adh, MW0568 Q8NXU1
x;/;;\tj?cteri um tuberculosis (strain ATCC 25618 / ach, RvI530 POWQC3
Staphylococcus aureus (strain N315) adh, SA0562 QT7A742
Igt{_ag_hl);lococcus aureus (strain bovine RF122 / adh, SABO557 Q2Y'SXO
Sulfolobus acidocaldarius (strain ATCC 33909 / adh, Saci_2057 Q4J781
DSM 639/ JCM 8929 / NBRC 15i57/NCIMB
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Organism Gene Name Accession No.
11770}
Staphylococcus aureus (strain COL) adh, SACOL0660 | Q5HI63
Staphylococcus aureus (strain NCTC 8325) adh, 2G0G1
Py SAOUHSC_ 00608 | ©
Staphylococcus aureus (strain MRSA252) adh, SAR0613 Q6GJI63
Staphylococcus aureus (strain MSSA476) adh, SAS0573 Q6GBM4
Staphylococcus aureus (strain USA300) adh, 2FJ31
Py SAUSA300 0594 | @
Staphylococcus aureus (strain Mu50 / ATCC
700699) adh, SAV0605 Q99wWo07
Staphylococcus epidermidis (strain ATCC 12228) | adh, SE_0375 Q8CQ56
Staphyl idermidis (strain ATCC 35984 /
aphylococcus epidermidis (strain ach, SERPO257 Q5HRDSG
RP62A)
Sulfolobus soltatancus (strain ATCC 35092 / DSM adh, SS02536 39462
1617 / JCM 11322/ P2)
Sulfolobus tokodaii. (strain DSM 16993 / JCM
10545 / NBRC 100140/ 7) adh, STK_25770 QIBXEO
Anas platyrhynchos (Domestic duck) (Anas ADH1 P30350
boschas)
Apteryx australis (Brown kiwi) ADH1 P49645
Cerat|t!§ cap|t§ta (Mediterranean fruit fly) ADHL1 P48814
(Tephritis capitata)
Ceratitis cosyra (Mango fruit fly) (Trypeta cosyra) | ADH1 Q70UN9
Gallus (Chicken) ADH1 P23991
Columba livia (Domestic pigeon) ADH1 P86883
.COtUI:I’lIX japonica (Japanese quail) (Cotumix ADH1 P19631
japonica)
Drosophila hydei (Fruit fly) Adhl P23236
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Organism Gene Name Accession No.
Drosophila montana (Fruit fly) Adhl P48586
Drosophila mettleri (Fruit fly) Adhl P22246
Drosophila muileri (Fruit fly) Adhl PO7161
Drosophila navojoa (Fruit fly) Adhl P12854
Geomys attwateri (Attvvater's pocket gopher) ADH1 QOZ2M?2
(Geomys bursarius attwateri)

Geomys bursarius (Plains pocket gopher) ADH1 Q64413
Geomys knoxjonesi (Knox Jones's pocket gopher) | ADH1 Q64415
Hordeum vulgare (Barley) ADH1 P05336
Kluyveromyces marxianus (Yeast) (Candida kefyr) i ADHI Q07288
Zeamay s (Maize) ADH1 P00333
Mesocricetus auratus (Golden hamster) ADHI P86885
Pennisetum i Pearl millet) (Pennisetum
americanum ( ) ( ADHI P14219
glaucum)
Petunia hybrida (Petunia) ADHI P25141
Oryctolagus cuniculus (Rabbit) ADHI Q03505
Solatium tuberosum (Potato) ADHI P14673
Struthio camelus (Ostrich) ADHI P80338
Trifolium repens (Creeping white clover) ADHI P 13603
Zealgxunans (Guatemalan teosinte) (Euchlaena ADHI Q07264
luxurians)
Saccharomyces cerevisiae (strain ATCC 204508/ | ADHI, ADC1, P00330
S288c) (Baker's yeast) YOL086C, 00947
ADHI, ADH,
Arabidopsis thaliana (Mouse-ear cress) Atlg77120, P06525
F22K 20.19

Schizosaccharomyces pombe (strain 972/ ATCC adht, adh,

. P0O0332
24843) (Fission yeast) SPCC13B11.01
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Organism Gene Name Accession No.
Drosophila lacicola (Fruit fly) Adhl, Adh-1 Q27404
Mus musculus (Mouse) Adhl, Adh-1 P00329
Peromyscus maniculatus (North American deer ADHI, ADH-1 P41680
MOouse)

Rattus norvegicus (Rai) Adhl, Adh-1 P06757
S _ Adhl, Adh-1,
Drosophila virilis (Fruit fly) B4AM8YO
GJ18208
a6 0008 1B, 10065/ WAL v sy | ACHL ADHE
o o ) PICST 68558
(Yeast) (Pichia tipitis)
Aspergillus flavus (strain ATCC 200026 / FGSC adhl, pA1747
A1120/NRRL 3357/ JCM 12722/ SRRC 167) AFLA 048690
Neurospora crassa (strain ATCC 24698 / 74-OR23 adh-1,
q) - -
B17C10.210
1A / CBS 70871 / DSM 1257 / FGSC 987) ' Qopecs
NCUO01754
Candida albicans (Y east) ADHI, CAD PA43067
ADHI, DUPRI 1.3,
. . . . Osllg02 10300,
. 2R875
Oryza sativa subsp. japonica (Rice) LOC._ 08110480, Q
OsJ 032001
Drosophila mojavensis (Fruit fly) Adhi, Gil 7644 P09370
Kluyveromyces laciis (strain ATCC 8585 / CBS ADHI
2359/ DSM 70799 / NBRC 1267 / NRRL Y-I 140 KLLA:0F21010 P20369
/WM37) (Yeast) (Candida sphaerica) g
Oryza sativa subsp. indica (Rice) ADHI, Q75ZX4
y . Osl_034290
Pongo abelii (S_gmatran orangutan) (Pongo ADH1A Q5RBP7
pygmaeus abelii)
Homo sapiens (Human) ADHI A, ADHI PO7327
Macaca rnuiatta (Rhesus macaque) ADHI A, ADHI P28469
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Organism Gene Name Accession No.
Pan troglodytes (Chimpanzee) ADH1B Q5R1W2
Papio hamadryas (Hamadryas baboon) ADH1B P14139
Homo sapiens (Human) ADH1B, ADH2 P00325
Homo sapiens (Human) ADHI1C, ADH3 P00326
Papio hamadryas (Hamadryas baboon) ADH1C, ADH3 097959
((:,reer)s::ii?i;:ipagit;&;Mediterranean fruit fly) ADH? PASS 15
Ceratitis cosyra (Mango fruit fly) (Trypetacosyra) | ADH2 Q70UP5
Cerdtitis rosa (Natal frait fly) (Pterandras rosa) ADH2 Q70UP6
Drosophila arizonae (Frait fly) Adh2 pP27581
Drosophila buzzatii (Fruit fly) Adh2 P25720
Drosophila hydei (Fruit fly) Adh2 pP23237
Drosophila montana (Fruit fly) Adh2 P48587
Drosophila mulleri (Fruit fly) Adh2 P07160
Drosophila whedleri (Fruit fly) Adh2 P24267
Entamoeba histolytica ADH2 Q24803
Hordeum vulgare (Barley) ADH2 P10847
Kluvveromyces marxianus (Y east) (Candida kefyr) { ADH2 Q9P4AC2
Zeamays (Maize) ADH2 P04707
Oryza sativa subsp. indica (Rice) ADH2 Q4R1ES
chl jlr:]E rI::)copersi cum (Tomato) (L ycopersicon ADH2 28032
Solanum tuberosum (Potato) ADH2 P14674
e e vy || oron
(Yeast) (Pichia stipitis) PICST_27980
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Organism Gene Name Accession No.
ADH2, ADHIII,
Arabidopsis thaliana (Mouse-ear cress) FDH1, At5g43940, | Q96533
MRH10.4
Saccharomyces cerevisiae (strain ATCC 204508 / ADH2, ADR2,
S2880) (Baker's yeas) YMR303C, P00331
4 Y M9952.05C
ADH2,
Candida albicans (strain SC5314/ ATCC MYA- Ca41C10.04, 094038
2876) (Y east) Ca0 19.12579,
Ca019.5113
ADH2. DUPR11.L
Oryza sativa subsp. japonica (Rice) Osl1g0210500, QOITWY
LOC_0dligl0510
Drosophila mojavensis (Fruit fly) Adh2, Gil 7643 P09369
Kluvveromvces lactis (strain ATCC 8585/ CBS ADH?
2359/ DSM 70799 / NBRC 1267 / NRRL Y-l 140 KLLA6F18260 P49383
/WM37) (Yeast) (Candida sphaerica) g
Oryctolagus cuniculus (Rabbit) ADH2-1 046649
Oryctolagus cuniculus (Rabbit) ADH2-2 046650
Hordeum vulgare (Barley) ADH3 P 10848
Solatium tuberosum (Potato) ADH3 P 14675
Kluvveromvces lactis (strain ATCC 8585/ CBS ADH3
2359/ DSM 70799 / NBRC 1267 / NRRL Y-I 140 KLLAE)BO9064 P49384
/WM37) (Yeast) (Candida sphaerica) g
. . ADHS3,
Saccharomyces cerevisiae (strain ATCC 204508 /
$288c) (Baker's yeast) YMROB3W, POT7246
y YM9582.08
Homo sapiens (Human) ADH4 P08319
Mus musculus (Mouse) Adh4 Q9QYY9
Rattus norvegicus (Rat) Adh4 Q64563
Struthio camelus (Ostrich) ADH4 P80468
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Organism Gene Name Accession No.
Kluyveromyces lactis (strain ATCC 8585/ CBS ADH4
2359/ DSM 70799 / NBRC 1267 /NRRL Y-i 140 KLLA,OF13530 P49385
IWM37) (Yeast) (Candida sphaerica) g
Schizosaccharomyces pombe (strain 972/ ATCC adh4, Q09669
24843) (Fission yeast) SPAC5H10.06¢
Saccharomyces cerevisiae (strain YJM789) ADH4, ZRGS5, AGZTTS
(Baker's yeast) SCY Jg18
. . ADH4, ZRGS5,
Saccharomyces cerevisiae (strain ATCC 204508 /
<2880 (Baker's veast Y GL256W, P16 127
) ( yeasl) NRC465
Saccharomyces pastorianus (Lager yeast)
(Saccharomyces cerevisiae x Saccharomyces ADH5 Q6XQ67
eubayanus)
Bostaurus (Bovine) ADH5 Q3zC42
Equus caballus (Horse) ADH5 P19854
M us (M Adh5, Adh-2, PoBaT7A
us musculus (Mouse) Adh2
. Adh5, Adh-2,
Rattus norvegicus (Rat) Adh2 P12711
Qryctolagus cuniculus (Rabbit) ADH5, ADH3 019053
_ ADH5, ADHX,
Homo sapiens (Human) P1 1766
FDH

Dictyosteiium discoideum (Slime moid) aln.5, Qx4TC2

4 DDB_G0281865

. . ADHS5,
Saccharomyces cerevisiae (strain ATCC 204508 /
S283¢) (Baker's yeas) YBR145W, P38113
y YBRI 122
Homo sapiens (Human) ADHG6 P28332
Peromyscus maniculatus (North American deer
ADH®6 P41681

MOUSE)
Pongo abelii (Sumatran orangutan) (Pongo ADH6 Q5R7Z8
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Organism Gene Name Accession No.
pygmaeus abelii)
Rattus norvegicus (Rat) Adh6 Q5X195
Homo sapiens (Human) ADH7 P40394
Rattus norvegicus (Rat) Adh7 P41682
Adh7, Adh-3
' ' 64437
Mus musculus (Mouse) Adh3 Q644
Mycobacterium tuberculosis (strain CDC 1531 / dhA. MT1911 POWOCO
Oshkosh) adhA, Q
Rhizobium méliloti (strain 1021) (Ensifer meliloti) | adhA, RAQ704, 031186
(Sinor hizobium meliloti) SMal296
Mycobacterium tuberculosis (strain ATCC 25618 /
adhA, Rv 1862 POWQC1
H37Rv)
Zymomonas mobilis subsp. mobilis (strain ATCC
P20368
31821 / ZM4 | CP4) adhA, ZMO 1236
Mycobacterium bovis (strain ATCC BAA-935 / «dhB. Mb0784c 2U1B9
AF2122/97) ; Q
Mycobacterium tuberculosis (strain CDC 1551 /
adhB, M'1°3786 POWQC6
Oshkosh) Q
Mycobacterium tuberculosis (strain ATCC 25618/
y ( adhB, Rv076L1c, POWQCT
H37Rv) MTCY 369.06C
Zymomonas mobilis subsp. mobilis (strain ATCC dhB. ZMO 1596 PODIA2
31821 / ZM4 | CP4) adh®,
Zymomonas mobilis subsp. mobilis (strain ATCC
10988 / DSM 424 / LMG 404 / NCIMB 8938 / adhB, Zmob_| 541 | F8DVLS8
NRRT, B-806 / ZM1)
Mycobacterium tuberculosis (strain CDC 1551 /
adhD, MT3171
Oshkosh) POWQBS
Mycobacterium tuberculosis (strain ATCC 25618 /
y ( adhD, Rv3086 POWQB9
H37Rv)
Clostridium acetobutylicum (strain ATCC 824/ dliE. aad P33744
DSM 792/ JCM 1419/ LMG 5710 / VKM B- » 8ag,
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1787) CA_P0162

dhE b 1241
Escherichia coii (strain K 12) adhs, ana, ' | POASQ7
Jw1228
adhE, 72016
Escherichia coh 0157:H7 ' ' POA9QS8
ECsl741
Rhodobacter sphaeroides (strain ATCC 17023 / adh,
Sp RHOSA 11650, | P72324
241 INC1B 8253/ DSM 158)
RSP_2576
Oryza sativa subsp. indica (Rice) ADHII, A2XAZ3
z )
y L Osl_009236
_— . adhP, yddN,
Escherich li (st K12 P39451
scherichia coli (strain ) b1478, IW1474
Geobaciilus stearothermophilus (Bacillus
) adhT P123i1
stear other mophil us)
Emericella nidulans (strain FGSC A4/ ATCC
38163 / CBS 112.46 / NRRL 194/ M139) alcA, AN8979 P08843
(Aspergillus nidulans)
Emericella nidulans (strain FGSC A/4 / ATCC
38163 / CBS 112.46 / NRRL 194/ M139) ale, AN3741 P54202
(Aspergillus nidulans)
Emericella nidulans (strain FGSC A4/ ATCC AcC. adh3
38163 / CBS 112.46 /INRRL 194/ M 139) ’ ’ PO7754
. . AN2286
(Aspergillus nidulans)
. . . Atlg22430,
Arabidopsis thaiiana (Mouse-ear cress) F12K8.22 Q9SK 86
. . . Atlg22440,
Arabidopsis thaiiana (Mouse-ear cress) F19K8.21 Q9sK 87
. . . Atlg32780,
Arabid th M
rabidopsis thaiiana (Mouse-ear cress) FEN18.16 A1L4Y2
Arabidopsis thaiiana (Mouse-ear cress) Atlge4710, 8VZ49
P F130 11.3 Q
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. Lo At4g22110,
Arabidopsis #haliana (Mouse-ear cress) FIN20.210 QOV7W6
. . . At5g24760,
Arabidopsis thaliana (Mouse-ear cress) T4C12 30 Q8LEB2
. . . Ai5g42250,
Arabidopsis thaliana (Mouse-ear cress) KEJ14.5 Q9FHO4
Zeamays (Maize) FDH P93629
. ) Fdh, gfd, ODH,
Drosophila melanogaster (Fruit fly) g P46415
CG6598
Bacillus subtilis (strain 168) gbsB, BSU31050 P71017
Caenorhabditis elegans H24K24.3 Q17335
0s02g08 15500,
. : : . LOC_0s02g57040,
Oryza sativa subsp. japonica (Rice) OsJ 008550, QODWHI
PO643F09.4
Mycobacterium tuberculosis (strain ATCC 25618 / Rv| 895 007737
H37Rv)
Caenorhabditis elegans sodh-l, K12GIL3 Q17334
Caenorhabditis elegans sodh-2, K12G11.4 | G45687
Pseudomonas sp. terPD P33010
I . : yiaY, b3589,
Escherichia coli (strain K12) 5648 P37686
Moraxella sp. (strain TAE123) P81786
Alligator mississippiensis (American alligator) P80222
Ca?haranthus roseus (Madagascar periwinkle) P85440
(Vinca rosea)
Gadug morhua subsp. calarias (Baltic cod) (Gadus P2B325
callarias)
Naja (Indian cobra) P80512
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Organism Gene Name Accession No.
Pisum sativum (Garden pea) P12886
Pelophyiax perezi (Perez's frog) (Rana perezi) pP22797
Saara hardwickii (Indian spiny-tailed lizard) PoEAOS
(Uromastyx hardwickii)
Saara hardwickii (Indian spiny-tailed lizard) 25406
(Uromastyx hardwickii)
Equus cabal lus (Horse) P00327
Equus caballus (Horse) P00328
Geobacillus stearothermophilus (Bacillus

. P42328
stear other mophilus)
Gadus morhua (Atlantic cod) P81600
Gadus morhua (Atlantic cod) P81601
Myxine glutinosa (Atlantic hagfish) P80360
Octopus vulgaris (Common octopus) P81431
Pisum sativum (Garden pea) P80572
Saara hardwickii (I.nd!feln spiny-tailed lizard) PBO46T
(Uromastyx hardwickii)
Scyllorhmus.canlcula (Small-spotted catshark) 8684
(Squalus canicula)
Sparas aurata (Giithead sea bream) P79896

Table 3a. Additional Exemplar}' alcohol dehydrogenase enzymes

Organism Accession No.
Helicoverpa armigera AQAQF6Q2K7
Helicoverpa armigera AGAOF6(2WoH
Helicoverpa armigera AKDO17231

Helicoverpa armigera AQAQF6(34H2
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Helicoverpa armigera AOAOF6QLES
Helicoveroa armigera AOAOF6Q2K3
Helicoverpa armigera AOAOF6Q4H7
Helicoverpa armigera AOAOF6Q2J9
Helicoverpa armigera AOAOF6QOWO0
Helicoveipa armigera AOAOF6QOVO
Helicoverpa armigera AOAOF6Q1F1
Helicoverpa armigera AOAOF6Q2X2
Helicoverpa armigera AOAOF6Q412
Helicoverpa armigera AOAOF6Q2X0
Helicoverpa assulta AOAOF6Q2L9
Helicoveroa assulta AOAOF6Q4K 1
Helicoverpa assulta AOAOF6Q4J7
Helicoverpa assulta AOAOF6Q2Y5
Helicoverpa assulta AOAOF6Q2Y 1
Helicoverpa assulta AOAOF6QL1G6
Helicoverpa assulta AOAOF6Q2Y 9
Helicoveipa assulta AOAOF6QOX5
Helicoveroa assulta AOAOF6Q2M3
Helicoverpa assulta AOAOF6Q2L1
Helicoverpa assulta AOAOF6Q1F9
Helicoverpa assulta AOAOF6QOW6
Helicoverpa assulta AOAOF6Q1G9
Helicoverpa assulta AOAOF6Q2L4
Heiicoveipa assulta AOAOF6Q2X6
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Helicoverpa assulta AOAOF6Q1H3
Helicoverpa assulta AOAOF6Q0X1
Bombyx mori NP 001 188510.1
Aedes aegypti XP_001655103.1
Anopheles darlingi ETN64 198.1

YALIOF09603g (FADH),
YALIOD25 630y (ADH 1),
YALIOE17787g (ADH2),
YAL10A16379g (ADH3),
YALIOE15818g (ADHA4),
YALIOD02167g (ADHS),
YALIOA15147g (ADHS),
YALIOEO7766g (ADFI7)

Yarrowialipolytica

[0219] iIn some embodiments, the present disclosure teaches a recombinant microorganism
comprising a deletion, disruption, mutation, and or reduction in the activity of one or more
endogenous (fatty) alcohol dehydrogenase selected from the group consisting of
YALIOF09603g  (FADH), YALIOD25630g (ADHI),  YALIOE17787g  (ADH2),
YALIOA16379g (ADH3), YALIOE15818g (ADH4), YALIOD0O2167g (ADHS5),
YALIOA15147g (ADHS6), YALIOEQ7766g (ADH7).

[0220] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions or other disruptions in endogenous genes encoding proteins
exhibiting at least 100%, 99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence
identity with the proteins encoded by YALIOF09603g (FADH), YALIOD25630g (ADHI),
YALIOE17787g  (ADH2), YALIOA16379g (ADH3), YALIOE15818g (ADHA4),
YALIOD02167g (ADH5), YALIOA15147g (ADHS), and YALIOEO7766g (ADH7).

[0221] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions in endogenous genes encoding proteins exhibiting at least 100%,
99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence identity with uniprot
database IDs Q6C297 (FADH), Q6C7TO (ADHI), F2z678 (ADH2), Q6CGT5 (AIH3),
QBC5R5 (ADH4), Q6CAT5 (ADH5), Q6CGX5 (ADHS), and Q6C7K3 (ADH?7).

Alcohol Oxidase
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[0222] The present disclosure describes enzymes that oxidize fatty acohols to fatty-
aldehydes.

[0223] In some embodiments, an alcohol oxidase (AOX) isused to catalyze the conversion of
afatty alcohol to afatty aldehyde. Alcohol oxidases catalyze the conversion of acohols into
corresponding aldehydes (or ketones) with electron transfer viathe use of molecular oxygen
to form hydrogen peroxide as a by-product. AOX enzymes utilize flavin adenine
dmuclectide (FAD) as an essential cofactor and regenerate with the help of oxygen in the
reaction medium. Catalase enzymes may be coupled with the AOX to avoid accumulation of
the hydrogen peroxide via catalytic conversion into water and oxygen.

[0224] Based on the substrate specificities, AOXs may be categorized into four groups. (a)
short chain alcohol oxidase, (b) long chain acohol oxidase, (c) aromatic alcohol oxidase, and
(d) secondary alcohol oxidase (Goswami €t «l. 2013). Depending on the chain length of the
desired substrate, some members of these four groups are better suited than others as
candidates for evaluation.

[0225] Short chain alcohol oxidases (including but not limited to those currently classified as
EC 1.1.3.13, Table 4) catalyze the oxidation of lower chain length alcohol substrates in the
range of C1-C8 carbons (van der Klel etal. 1991) (Ozimek et al. 2005). Aliphatic acohol
oxidases from methyl otrophic yeasts such as Candida boidinii and Komagataella pastoris
(formerly Pichia pastoris) catalyze the oxidation of primary akanols to the corresponding
aldehydes with a preference for unbranched short-chain aliphatic alcohols. The most broad
substrate specificity isfound for alcohol oxidase from the Pichiapastoris including propargyi
alcohol, 2-chloroethanol, 2-cyanoethanol (Dienys et al. 2003). The mgor chalenge
encountered in alcohol oxidation isthe high reactivity of the aldehyde product. Utilization of
a two liquid phase system (water/solvent) can provide in-situ remova of the aldehyde
product from the reaction phase before it is further converted to the acid. For example,
hexanal production from hexanol using Pichia pastoris alcohol oxidase coupled with bovine
liver catalase was achieved in a bi-phasic system by taking advantage of the presence of a
stable alcohol oxidase in aqueous phase (Karra-Chaabouni etal. 2003). For example, acohol
oxidase from Pichia pastoris was able to oxidize aliphatic alcohols of C6to Cii when used
biphasic organic reaction system (Murray and Duff 1990). Methods for using acohol
oxidases in a biphasic system according to (Karra-Chaabouni et al. 2003) and (Murray and
Duff 1990) are incorporated by reference in their entirety.
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[0226] Long chain alcohol oxidases (including but not limited to those currently classified as
EC 1.1.3.20; Table 5) include fatty alcohol oxidases, long chain fatty acid oxidases, and long
chain fatty alcohol oxidases that oxidize alcohol substrates with carbon chain length of
greater than six (Goswami et al. 2013). Banthorpe et al. reported a long chain alcohol
oxidase purified from the leaves of Tanacelum vulgare that was able to oxidize saturated and
unsaturated long chain alcohol substrates including hex-trans-2-en-I-ol  and octan-i-ol

(Banthorpe 1976) (Cardemil 1978). Other plant species, including Smmondsia chinensis
(Moreau, R.A., Huang 1979), Arahidopsis thaliana (Cheng et al. 2004), and Lotusjaponicas
(Zhao et al. 2008) have also been reported as sources of long chain alcohol oxidases. Fatty
alcohol oxidases are mostly reported from yeast species (Hommel and Ratledge 1990)
(Vanhanen et al. 2000) (Hommel et al. 1994) (Kemp et al. 1990) and these enzymes play an
important role in long chain fatty acid metabolism (Cheng el al. 2005). Fatty alcohol
oxidases from yeast species that degrade and grow on long chain akanes and fatty acid
catalyze the oxidation of fatty alcohols. Fatty alcohol oxidase from Candida tropicalis has
been isolated as microsomal cell fractions and characterized for a range of substrates (Eirich
et al. 2004) (Kemp et al. 1988) (Kemp et al. 1991) (Mauersberger et al. 1992). Significant
activity is observed for primary acohols of length Csto Cis with reported K M in the 10-50
UM range (Eirich et al. 2004). Alcohol oxidases described may be used for the conversion of
medium chain aiphatic alcohols to aldehydes as described, for example, for whole-cells
Candida hoidinii (Gabelman and Luzio 1997), and Pichia pastoris (Duff and Murray 1988)
(Murray and Duff 1990). Long chain alcohol oxidases from filamentous fungi were produced
during growth on hydrocarbon substrates (Kumar and Goswami 2006) (Savitha and Ratledge
1991). The long chain fatty alcohol oxidase (LjFAOQI) from Lotus japonicas has been
heterologous!}' expressed in E. coli and exhibited broad substrate specificity for acohol
oxidation including 1-dodecanol and 1-hexadecanol (Zhao etal. 2008).

Table 4. Alcohol oxidase enzymes capable of oxidizing short chain alcohols (EC 1.1.3.13)

Orgasism Gene names Accession No.

Komagatacla pastoris {strain ATCC 76273/ AOXI PP7435 Chrd-

CBS 7435/ CECT 11047 / NRRL Y-11430 / 0130 F24QY27
Wegner 21-1) (Yeast) (Pichia pastoris) B
Komagataclla pastoris (strain GS115/ ATCC AQX]

omagataclla pastoris {strain GS113 cC O PO4E4D

20864} (Yeast) (Pichia pastoris) PAS chrd 0821
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Komagataella pastoris (strain ATCC 76273 /

AOX2 PP7435 Chr4-
CBS 7435/ CECT 11047 / NRRL Y-i 1430/ 0863 e F2R038
Wegner 21-1) (Y east) (Pichia pastoris)
Komagataella pastoris (strain GS1 15/ ATCC AOX2 CART02
20864) (Y east) (Pichia pastoris) PAS chr4 0152
Candida boidinii (Y east) AOD1 Q00922
Pichia angusta (Y east) (Hansenula polymorpha) { MOX P04841
Thanatephoms cucumeris (strain AGI-IB /
isolate 7/3/14) (Lettuce bottom rot fungus) AODI BN14 10802 M5CC52
(Rhizoctonia solani)
Thanatephoms cucumeris (strain AGI-IB /
isolate 7/3/14) (Lettuce bottom rot fungus) MOX BN14 12214 M5CF32
(Rhizoctonia solani)
Thanatephoms cucumeris (strain AGI-IB /
isolate 7/3/14) (Lettuce bottom rot fungus) AODI BN14 10691 M5CAV1
(Rhizoctonia solani)
Thanatephoms cucumeris (strain AGI-IB /
isolate 7/3/14) (Lettuce bottom rot fungus) AODI BN14 09479 M5C7F4
(Rhizoctonia solani)
Thanatephoms cucumeris (strain AGI-IB /
isolate 7/3/14) (Lettuce bottom rot fungus) AOD?} BN14 10803 M5CB66
(Rhizoctonia solani)
Thanatephoms cucumeris (strain AGI-IB /
isolate 7/3/14) (Lettuce bottom rot fungus) AODI BN14 09900 M5CIN9
(Rhizoctonia solani)
Thanatephoms cucumeris (strain AGI-IB /
isolate 7/3/14) (Lettuce bottom rot fungus) AODI BN14 08302 M5C2L8
(Rhizoctonia solani)
Thanatephoms cucumeris (strain AGi-IB /
isolate 7/3/14) (Lettuce bottom rot fungus) MOX BN 14 09408 M5C784
(Rhizoctonia solani)
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Thanatephorus cucumeris (strain AG:-iB /
isolate 7/3/14) (Lettuce bottom rot fungus) MOX BN14 09478 M5C8F8
(Rhizoctonia solani)

Thanatephonis cucumeris (strain AG1-1B /

isolate 7/3/14) (Lettuce bottom rot fungus) AOD1 BN14 11356 M5CH40
(Rhizoctonia solani)

Ogataea henricii AOD1 AS5LGFO
Candida methanosor bosa AOD1 A5LGES5S
Candida methanol ovescens AOD1 A5LGE4
Candida succiphila AOD1 A5L GE6
ﬁsip;rg)illus niger (strain CBS 513.88 / FGSC Anl5g02200 AZRE0L
2i§ir3g)illus niger (strain CBS 513.88 / FGSC Anl8g05480 AZRB4G
e fungus, (arssmus panicossy I7CMK2
Candida cariosilignicola AOD1 A5LGE3
Candida pignaliae AOD1 A5LGE1
Candida pignaliae AOD2 A5LGE2
Candida sonorensis AOD1 A5LGD9
Candida sonorensis AOD2 ASLGEO
Pichia naganishii AOD1 A5LGF2
Ogataea minuta AOD1 A5LGF1
Ogataea philodendra AOD1 A5LGF3
Ogataea wicker hamii AOD1 A5LGES
Kuraishia capsulate AOD1 A5LGE7
Talaromyvces stipitatus (strain ATCC 10500/ TSTA_021940 BSMHFS8
CBS 375.48 / QM 6759 /NRRL 1006)

84



WO 2018/213554

PCT/US2018/033151
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(Penicillium stipitatum)

Talaromyces stipitatus (strain ATCC 10500 /

CBS 375.48 / QM 6759/ NRRL 1006) TSTA 065150 B8LTH7
(Penicillium stipitatum)

Talaromyces stipitatus (strain ATCC 10500 /

CBS 375.48 / QM 6759/ NRRL 1006) TSTA_065150 B8LTHS8
(Penicillium stipitatum)

Talaromyces stipitatus (strain ATCC 10500/

CBS 375.48 / QM 6759/ NRRL 1006) TSTA_000410 B8MSB1
(Penicillium stipitatum)

Ogataea glucozyma AOD1 A5LGE9
Ogataea parapolymorpha (strain DL-1 / ATCC

26012 / NRRL Y-7560) (Yeast) (Hansenuia HPODL 03886 W1QCJ3
polyrnorpha)

Gloeophyllum trabeum (Brown rot fungus) AOX A8DP+#A
Pichia angusta (Y east) (Hansenuia polymorpha) i moxl ABPZG8
Pichiatrehalophila AOD1 AS5LGF4
Pichia angusta (Y east) (Hansenuia polymorpha) { mox 1 AGBPZG9
Pichia angusta (Y east) (Hansenuia polymorpha) | moxl AGBPZG7
tli)::i()jes scapularis (Black-legged tick) (Deer ISCWISCWO 17898 B7PIZ7

Table 5. Alcohol oxidase enzymes capable of oxidizing long chain alcohols including fatty

alcohols (EC 1.1.3.20)

Organism

Gene names

Accession No,

Lotus japonicus {Lotus corniculatus var.

. . FAO!
1aponicus)

BSWWZE

Arabidopsis thaliana (Mouse-car cress)

FAQL At1g03990 F21M11.7

(QOZWHG
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Lotusj i Lot iculat .

. 0 u§1apon|cus (Lotus comiculatus var FAO2 B5WWZ9
japonicus)
. . . FAO3 At3g23410 MLM24.14
Arabidopsis thaliana (Mouse-ear cress) MLM24.23 QILW56
. . . FAO4A At4gl9380

Arabidopsis thaliana (Mouse-ear cress) T5K 18.160 065709
Arabidopsis thaliana (Mouse-ear cress) FAO4B At4928570 T5F17.20 | Q94BP3
Microbotryum violaceum (strain pt Al
Lamole) (Anther smut fungus) (Ustilago | MVLG_06864 USHIL4
violacea)
Ajellomyces derniatitidis ATCC 26199 | BDFG_03507 T5BNQO
Gibberella zeae (strain PH-1 / ATCC
MYA-4620 [ FGSC 9075 /NRRL, FG06918.1 FGSG_06918 11RS14
31084) (Wheat head blight fungus) ' - '
(Fusarium graminearum)
e a0, couo

GNLVRS0 1 PISO0K16268g | G8YS5EL
NBRC 10061 / NRRL Y-12695) GNLVRSOL PISOOL 16269
(Hybrid yeast) — g
Emericelia nidulans (strain FGSC A4/
ATCC 38163/ CBS 112.46 / NRRL 194 | AN0623.2 AN1A 00623 Q5BFQ7
/ M139) (Aspergillus nidulans)
Pyrenophora tritici-repentis (strain Pt-
1C-BFP) (Wheat tan spot fungus) PTRG 10154 B2WJW5
(Drechdera tritici-repentis)
Paracoccidioides lutzii (strain ATCC
MY A-826 / PbOl) (Paracoccidioides PAAG 091 17 C1HEC6
brasiiiensis)
Candida parapsilosis (strain CDC 317/
ATCC MYA-4646) (Yeast) (Monilia CPAR2_204420 G8BG15
parapsilosis)
Pseudozyma brasiiiensis (strain

V5GPS6

GHGO01) (Y east) PSEUBRA_SCAF2g03010
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Organism

Gene names

Accession No.

Candida parapsilosis (strain CDC 317/
ATCC MYA-4646) (Yeast) (Monilia
parapsilosis)

CPAR2_204430

G8BG16

Sclerotmia borealis F-4157

SBOR_5750

WOCDE2

Sordaria macrospora (strain ATCC
MYA-333 / DSM 997 / K(L3346) / K-
hell)

SMAC_06361

F7TWeK4

Sordaria macrospora (strain ATCC
MYA-333 / DSM 997 / ¥(1.3346} / K-
hell)

SMAC_01933

F7vVSA1l

Meyerozyma guilliermondii (strain

ATCC 6260/ CBS 566 / DSM 6381 /
KM 1539/ NBRC 10279/ NRRL Y -
324) (Y east) (Candida guilliermondii)

PGUG_03467

A5DJL6

Trichophyton rubrum CBS 202.88

H107 00669

AOAO023ATCS

Arthrobotrys oligospora (strain ATCC
24927 / CBS 115.81/ DSM 1491)
(Nematode-trapping flmgus)
(Didymozoophaga oligospora)

AOL_s00097g516

G1XJ9

Scheffersomyces stipitis (strain ATCC
58785 / CBS 6054 / NBRC 10063 /
NRRL Y-l 1545) (Yeast) (Pichia stipitis)

FAOI PICST 90828

A3LYX9

Scheffersomyces stipitis (strain ATCC
58785 / CBS 6054 / NBRC 10063 /
NRRL Y-l 1545) (Yeast) (Pichia stipitis)

FAO02 PICST_32359

A3LW61

Aspergillus oryzae (strain 3.042)
(Yellow koji mold)

A03042 09114

18TL25

Fusarium oxysporum (strain Fo5176)
(Fusarium vascular wilt)

FOXB_17532

FOGFU8

Rhizopus delemar (strain RA 99-880 /
ATCC MYA-4621 |/ FGSC 9543/
NRRL 43880) (Mucormycosis agent)
(Rhizopus arrhizus var. delemar)

RO3G_08271

11C536
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Organism Gene names Accession No.
Rhizopus delemar (strain RA 99-880 /
ATCC MYA-4621 /| FGSC 9543/ RO3G 00154 11BGXO0
NRRL 43880) (Mucormycosis agent)
(Rhizopus arrluzus var. delemar)
Fusarium o orum (strain Fo5176
) IH Ak .( ) FOXB_07532 FOFMA2
(Fusarium vascular wilt) -
Penicillium roqueforti PROQFM164 S02g00 1772 W6QPY 1
Aspergillus clavatus (strain ATCC 1007
/ CBS 513,65/ DSM 816 /NCTC 3887/ | ACLA_018400 A1CNB5
NRRL 1)
Arthroderma otae (strain ATCC MYA-
4605 / CBS 113480) (Microsponim MCYG 08732 C5G1B0
canis)
Trichophyton tonsurans (strain CBS
. F2S812
112818) (Scalp ringworm fungus) TESG_07214
Coll etotri chum higginsianum (strain IMI
CHO63 13441
349063) (Cracifer anthracnose fungus) HIVUEY
Ajellomyces capsulatus (strain H143)
(Darling's disease fungus) (Histoplasma | HCDG_ 07658 C6HNT7
capsulation)
Trichophyton rabram (strain ATCC
MY A-4607 / CBS 1 18892) (Athlete's TERG 08235 F2T096
foot fungus)
Cochliobolus heterostrophus (strain C5/
ATCC 48332 / race O) (Southern com COCHEDRAFT_1201414 M2UMT9
leaf blight fungus) (Bipolaris maydis)
Candida orthopsilosis (strain 90-125) CORT 0DO4510 HBX 643
(Y east)
Candida orthopsilosis (strain 90-125)
CORT_0D04520 H8X644
(Yeast) -
g{a;:; (;a orthopsilosis (strain 90-125) CORT 0D04530 HBX 645
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Pseudozyma aphidis DSM 70725 PaG_ 03027 W3V P49
Coccidioides posadasii (strain C735) CPC735 000380 C5P005
(Valley fever fungus) -
M th strain PIS 1) (Ri
agnaporthe oryzae (ran PISY) (Rice | o\ b, 5y oofroldo1214g 15 | L7122
blast fungus) (Pyricularia oryzae)
Neurospora tetrasperma (strain FGSC
2508 / ATCC MY A-4615 / P0657) NEUTE 1IDRAFT_82541 FEMKD1
Hypocrea virens (strain Gv29-8 / FGSC
10586) (Gliocladium virens) TRIVIDRAFT__54537 GOMMY'7
(Trichoderma virens)
Hypocrea virens (strain Gv29-8 / FGSC
10586) (Gliocladium virens) TRIVIDRAFT 53801 GOMT89
(Trichoderma virens)
Aspergillus niger (strain CBS 513.88 /
A20Q973

FGSC Al513) An01g09620 Q
Verticillium dahliae (strain VdLs.17 /
ATCC MYA-4575 /| FGSC 10137) VDAG_05780 G2X6J38
(Verticillium wilt)
Ustilago maydis (strain 521 / FGSC UMO2023.1 Q4PCZ0
9021) (Corn smut fungus) '
Fusarium ox f.sp. | iCi

ySporum 1. . Tycopersid FOWG_13006 WOLNI9
MN25 -
Fusarium oxysporum f. sp. lycopersici FOWG 02542 WONOZ1
MN25
Candidatropicalis (Y east) FAQI Q6Q1R6
Magnaporthe oryzae (strain 70-15 /
ATCC MYA-4617 | FGSC 8958) (Rice | MGG 11317 GAMVK1
blast fungus) (Pyricularia oryzae)
Candida tropicalis (Y east) faot Q9P8D9
Candidatropicalis (Y east) FAO2a Q6QIR5

89



WO 2018/213554 PCT/US2018/033151

Organism Gene names Accession No.

Phaeosphaeria nodorum (strain SN 15/
ATCC MYA-4574 [ FGSC 10173}

SNOG_02371 0VOU3
(Glume blotch fungus) (Septoria - Q
nodorum)
Candida tropicalis (Yeast) FA02b Q6QIR4
Pestalotiopsis  fici W106-1 PFICI_ 11209 W3WU04

Magnaporthe oryzae (strain Y34) (Rice

. . OOU_ Y 34scaffold00240g5 7 | L7115
blast fungus) (Pyricularia oryzae) -

Pseudogymnoascus destmctans (strain
ATCC MYA-4855 /20631-21) (Bat

) GMDG_01756 L8G0G6
white-nose syndrome fungus) -
(Geomyces destructans)
Pseudogymnoascus  destructans (strain
ATCC MYA-4855 /20631-21) (Bat
GMDG_04950 L8GCY?2

white-nose syndrome fungus)
(Geomyces destructans)

Mycosphaerella fijiensis (strain
CIRADS86) (Black leaf streak disease MY CFIDRAFT_52380 M27831
fungus) (Pseudocercospora fijiensis)

Bipolaris oryzae ATCC 44560 COCMIDRAFT 84580 W7A018
Cladophialophora psammophila CBS AIOS 08147 WOWTMS
110553 -
Fusarium oxysporum f.sp. melonis

P ® FOMG_05173 XOAEE6
26406 -
Fusarium oxysporum f. sp. melon! s

FOMG_ 17829 W9ZBB7

26406 -
Cyphellophora europaca CBS 101466 HMPREF1541 02174 W25255

Aspergillus kawachii (strain NBRC
4308) (White koji mold) (Aspergillus AKAW 00147 G7X626
awamori var. kawachi)

Aspergillus terreus (strain NIH 2624 /

ATEG 05086 QOCMJ8
FGSC A 1156)
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Coccsdioides immitis (strain RS) (Vall
occsdioides immitis (strain RS) (Valley CIMG 02087 BKAIS
fever fungus) -
Ajellomyces dermatitidis (strain ER-3 /
ATCC MYA-2586) (Blastomyces BDCG 04701 C5GL S5
dermatitidis)
Fusarium oxysporum f. sp. cubense
yp sp FGC1 gif{ 13865 N4U732
(stram race 1) (Panama disease fungus) -
Rhodotorula glutims (strain ATCC
RIG 00643 GOsvU8
204491/ 11P 30/ MTCC 1151) (Yeast)
Aspergillus niger (strain ATCC 1015/
CBS113.46/FGSC A1144/LSHB Ac4
G3XTM6
/NCTC 3838a/NRRL 328/ USDA ASPNIDRAFT_35778
3528.7)
Candida cloacae faol Q9P8D8
Candida cloacae fao2 Q9P8D7
Fusari f.sp. cub
USarium OXySporum 1. <p. cubense FOC1 g 10006358 N4TUH3
(strain race 1) (Panama disease fungus) -
Candida albicans (strain SC5314/ Faol CaD 19.13562 Q59RS8
ATCC MYA-2876) (Yeast) orf 19.13562
Candida albicans (strain SC5314 / FAO1 CaD 19.6143 QS59RPO
ATCC MYA-2876) (Yeast) orfl9.6 143
Chaetomium therrnophilum (strain DSM CTHT 00 18560 GOS2US
1495 / CBS 144.50 / IM 0397 19) -
Mucor circinelloides f. circinelloides
(stram 1006PhL) (Mucormycosis agent) | HMPREF 1544 05296 S2JDNO
(Calyptromyces circinelloides)
Mucor circinelloides f. circinelloides
(strain 1(:06PhL) (Mucormycosis agent) | HMPREF 1544 05295 S2JY P5
(Calyptromyce s circinelloides)
Mucor circinelloides f. circinelloides
(strain 1006PhL) (Mucormycosis agent) | HMPREF 1544 06348 S2IVK9
(Cd yptromyce s circinell oides)
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Botryotinia fuckeliana (strain BcDWI
Y ( . ) BcDWI_6807 M7UD26
(Noble rot fungus) (Botrytis cinerea) -
Podospora anserina (strain S/ ATCC
MYA-4624 /| DSM 980/ FGSC 10383) | PODANS 5 13040 B2AFD8
(Pleur age anserina)
Neosartorya fumigata (strain ATCC
MYA-4609 / Af293 / CBS 1( 1355/ AFUA_1G171 10 Q4WR91
FGSC Al 100) (Aspergillus fumigatus)
Fusarium oxysporum f. sp. vasinfectum FOTG 00686 SOMEES
25433
Fusarium oxysporum f. sp. vasinfectum
P * FOTG_12485 XOLE98
25433 -
Trichophyton interdigitaie H6 H101 06625 AOAQ022U717
Beauveria bassiana (strain ARSEF 2860)
(White muscar dine disease fungus) BBA 04100 JAUNY 3
(Tritirachium shiotae)
Fusarium oxysporum f. sp. radicis-
FOCG 00843
lycopersici 26381 X0GQe2
Fusarium oxysporum f. sp. radicis-
. P ¥ 9 FOCG_15170 XOF4T1
lycopersici 26381 -
Newrospora tetrasperma (Strain FGSC— | 2 1 eonRAFT 88670 G4UNNG
2509 / POG56) ~ o
Pseudozyma hubeiensis (strain SY 62) PHSY 000086 RONVUL
(Yeast)
L odder omyces elongisporus (strain
ATCC 11503 / CBS 2605 / JCM 1781 /
LELG 03289
NBRC 1676/ NRRL YB-4239) (Yeas!) ASE102
(Sacchar omyces €l ongisporus)
Malassezia globosa (stram ATCC MYA-
4612 / CBS 7966) (Dandruff-associated | MGL 3855 ABQAYS
fungus)
Byssochlamys spectabilis (strain No. 5/ PVARS_7014 VSGBLG
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NBRC 109023) (Paecilomyces variotii)

Ajellomyces capsulatus (strain H88)

(Darling's disease fungus) (Histoplasma | HCEG 03274 FOUF47
capsulation)

Trichosporon asahii var. asahii (strain

ATCC 90039/ CBS 2479 / JCM 2466 / A101 03669 %FBPA
KCTC 7840/ NCYC 2677 /| UAMH QL

7654) (Yeast)

Penicillium oxalicum (strain 114-2/

CGMCC 5302) (Peniciilium PDE_00027 S7z8U8
decumbens)

Fusarium oxyspomm f. sp. conglutinans

race 2 54008 FOPG_02304 XO0IBE3
Fusarium oxyspomm f. sp. conglutinans

race 2 54008 FOPG_13066 X0H540
Fusarium oxyspomm f. sp. raphani

54005 FOQG 00704 X0D1G8
Fusarium oxyspomm f. sp. raphani

54005 FOQG 10402 X0C482
Metarhizium acridum (strain CQMa MAC 0315 EODZR7
102) —

Arthroderma benhamiae (strain ATCC

MYA-4681 / CBS 112371) ARB 02250 D4B1C1
(Trichophyton mentagrophytes)

Fusgrlum oxyspomm f. sp. cubense FOIG 12161 XOJFI6
tropical race 4 54006

Fusarium oxyspomm f. sp. cubense FOIG 12751 X0IDUS
tropical race 4 54006 -

Cochliobolus heterostrophus (strain C4 /

ATCC 48331 / race T) (Southern com COCC4DRAFT 52836 N4WZzz0
leaf blight fungus) (Bipolaris maydis)

Trichosporon asahii var. asahii (strain A1Q2_00631 KIVZW1
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CBS 8904) (Yeast)
Mycosphaereila graminicola (strain CBS
115943/ 1P0323) (Speckled leaf blotch | MYCGRDRAFT 37086 FOX375
fungus) (Septoria tritici)
Botryotinia fiickehana (strain T4

Y ( o ) BofuT4 P072020.1 G2XQ18
(Noble rot fungus) (Botrytis cinerea)
Metarhizium anisopliae (strain ARSEF

anisopliae ( MAA 05783 E9FO0I4

23/ATCC MYA-3075)
Cladophialophoracamonii  CBS 160.54 | G647 05801 VIODAR1
COCCIdI-OId.eS posadasii (strain RMSCC CPSG 09174 EODH75
757/ Silveira) (Valley fever fungus)
Rhodosporidium toruloides (strain RHTO 06879 M7X 159
NP11) (Yeast) (Rliodotorula gracilis) -
Puccinia graminis f. sp. tritici (strain
CRL 75-36-700-3 / race SCCL) (Black | PGTG 10521 E3KIL8
stem rust fungus)
Trichophyton rubrum CBS 288.86 H103_ 00624 AOA022WG28
Colletotrichum fioriniae PJ7 CFI001_08202 AOAO10RKZ4
Trichophyton rubrum CBS 289.86 H104 00611 AOA022XB46
Cladophialophora yegresii CBS 114405 | AlO7_02579 WOWC5E5
Colletotrichum orbiculare (strain 104-T /
ATCC 96160 / CBS 514.97 / LARS 414
I MAFF 240422) (Cucumber Cob 10151 N4VFP3
anthracnose fungus) (Colletotrichum
lagenarium)
Drechderdla stenobrocha 248 DRE_03459 W7IDL6
Neosartorya fumigata (strain CEA10/
CBS 144.89 / FGSC A 1163) AFUB 016500 BOX P90
(Aspergillus fumigatus)
Thielavia terrestris (strain ATCC 38088 | THME 2117674 G2R8H9
/ NRRL 8126) (Acremonium
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alabamense)

Gibberellafujikuroi  (strain CBS 195.34 /
1M1 58289 / NRRL A-683 1) (Bakanae
and foot rot disease fungus) (Fusarium
fujikuroi)

FFUJ 02948

SODZP7

Gibberellafujikuroi  (strain CBS 195.34 /
IMT 58289 / NRRL. A-683 1) (Bakanae
and foot rot disease fungus) (Fusarium
fujikuroi)

FFUJ 12030

SOEMC6

Aspergillus flaws (strain ATCC 200026
/ FGSC A1120/NRRL 3357/ }CM
12722 | SRRC 167)

AFLA_109870

B8N941

Togninia minima (strain UCR-PA7)
(Esca disease fungus)
(Phaeoacremoni um aleophil um)

UCRPA7_1719

R8BTZ6

Ajellomyces dermatitidis (strain ATCC
18 188/ CBS 674.68) (Blastomyces
dermatitidis)

BDDG_09783

F2TUCO

Macrophomina phaseoiina (strain M S6)
(Charcoa rot fungus)

MPH _10582

K2RHAS

Neurospora crassa (strain ATCC 24698 /
74-OR23-1A / CBS 708.71 / DSM 1257
[ FGSC 987)

NCU08977

Q7S272

Neosartorya fischeri (strain ATCC 120
/ DSM 3700/ FGSC A 1164 / NRRL
181) (Aspergillus fischerianus)

NFIA_008260

A1D156

Fusarium pseudograminearum (strain
CS3096) (Wheat and barley crown-rot
fungus)

FPSE 11742

K3U935

Spathaspora passalidarum (strain NRRL
Y-27907 / 11-YI)

SPAPADRAFT_54193

G3AJPO

Spathaspora passalidarum (strain NRRL.
Y-27907 / 11-YI)

SPAPADRAFT_67198

G3ANX7
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Trichophyton verrucosum (strain HKJ TRV 07960 DADLS6
0517)
Arthroderma gypsenm (strain ATCC
MY A-4604 / CBS 118893) MGYG 07264 E4V2J0
(Microsporum gypseum)
Hypocreajecorina (strain QM6a) TRIREDRAFT 43893 GOR7P8
(Trichoderma reesei) -
Trichophyton rubrum MR 1448 H110 00629 AOA02271G4
Aspergillus ruber CBS 135680 EURHEDRAFT 5 12125 AOAO017SPRO
Glarealozoyensis (strain ATCC 20868 /
GLAREA_04397

MF5171) - S3Decl
Setosphageriaturcica (strain 28A)
(Northern leaf blight fungus) SETTUDRAFT_20639 ROK6H8
(Exserohilum turcicum)
Paracoccidioides brasiliensis (strain PADG 06552 C1GH16
Pbl8)
Fusarium oxysporum Fo47 FOzG 13577 WIJIPG9
Fusarium oxysporum Fo47 FOZG_05344 WOKPH3
Trichophyton rubrum MR1459 H113 00628 AOA022ZY 09
Penicillium marneffel (strain ATCC

B6QBY3
18224/ CBS 334.59 / QM 7333) PMAA_075740 Q
Sphaerulina musiva (strain SO2202)
(Poplar stem canker fungus) (Septoria SEPMUDRAFT _}54026 M3DAK6
musiva)
Gibberella moniliformis (strain M3125 /
FGSC 7600) (Maize ear and stalk rot FVEG_10526 W7N4P8
fungus) (Fusarium verticillioides)
Gibberella moniliformis (strain M 3125 /
FGSC 7600) (Maize ear and stalk rot FVEG_08281 W7MVR9
fungus) (Fusarium verticillioides)
Pseudozyma antarctica (strain T-34) PANT_22d00298 MSMGF2
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(Yeast) (Candida antaretica)

Paracoccidioides brasiliensis (strain
Pb03)

PABG 07795

C0SID4

Rhizophagusirregularis (strain DAOM
181602 / DAOM 197198 / MUCL
43194) (Arbuscular mycorrhizai fungus)
(Glomus intraradices)

GLOINDRAFT_82554

U9TF61

Penicillium chrysogenum (strain ATCC
28089 / DSM 1075 / Wisconsin 54-
1255) (Penicillium notatum)

Pc21g23700
PCH_Pc21g23700

B6HJ58

Baudoinia compniacensis (strain UAMH
13762) (Angels share fungus)

BAUCODRAFT_274597

M2M6Z5

Hypocrea atroviridis (strain ATCC
20476 / Il 206040) (Trichoderma
atroviride)

TRIATDRAFT 280929

GONJ32

Coll etotri chum gloeosporioides (strain
Cg-14) (Anthracnose fungus)
(Glomerelia cingulata)

CGLO_06642

TOLPHO

Cordyceps militaris (strain CMQOI)
(Caterpillar fungus)

CCM_02665

G3JB34

Pyronema omphalodes (strain CBS
100304) (Pyronema confluens)

PCON_13062

U4LKE9

Colletotrichum graminicola (strain
M1.001 / M2/ FGSC 10212) (Maize
anthracnose fungus) (Glomerelia
graminicola)

GLRG 08499

E3QR67

Glarea lozoyensis (strain ATCC 74030 /
MF5533)

M7 2117

HOEHX4

Fusarium oxysporum f. sp. cubense
(strain race 4) (Panama disease fungus)

FOC4 g 10002493

N1S969

Fusarium oxysporum f. sp. cubense
(strain race 4) (Panama disease fungus)

FGC4__g10011461

N1RT80
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Cochliobolus sativus (strain ND9OPr /

ATCC 201652} (Common root rot and COCSADRAFT 295770 M2TBE4
spot blotch fungus) (Bipolans

sorokiniana)

Mixia osmundae (strain CBS 9802 /

IAM 14324/ JCM 22182 / KY 12970) Mo0S571 ESQ 05571 GTErS3
Mycosphaerellapini  (strain NZE1G /

CBS 128990) (Red band needle blight DOTSEDRAFT__ 69651 N1PXRO
fungus) (Dothi stroma septosporum)

Grosmannia clavigera (strain kwl407 /

UAMH 11150) (Blue stain fungus) CMQ_1113 FOXC64
(Graphiociadiella clavigera)

Fusarium oxysporum FOSC 3-a FOYG_ 03004 WOIUE5S
Fusarium oxysporum FOSC 3-a FOYG_ 16040 WOHNPO
Fusarium oxysporum FOSC 3-a FOYG 17058 W9HB31
Nectria haematococca (strain 77-13-4 /

ATCC MYA-4622 | FGSC 9596 / NECH ADRAFT_37686 C7yQL1
MPV1) (Fusarium solani subsp. pisi)

Nectria haematococca (strain 77-13-4 /

ATCC MYA-4622 | FGSC 9596 / NECHADRAFT 77262 C72J10
MPV1) (Fusarium solani subsp. pisi)

Tuber melanosponim (strain Mel 28)

(Perigord black truffle) GSTUM_000 10376001 D5GL S0
Ajellomyces dermatitidis (strain o BDBG 07633 C5IV19
SLH14081) (Blastomyces dermatitidis)

Chaetomium globosum (strain ATCC

6205 / CBS 1485] / DSM 1962 / NBRC | CHGG__09885 Q2GQ69
6347 / NRRL 1970) (Soil fungus)

Candida tenuis (strain ATCC 10573/

BCRC 21748 / CBS 615 / JCM 9827 /

NBRC 10315/ NRRL Y-1498 / VKM CANTEDRAFT_ 103652 G3BozL
Y-70) (Yeast)
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Trichophyton rubrum CBS 100081 H102_00622 AOAO022VKY4
Pyrenophorateresf. teres (strain 0-1)
(Barley net blotch fungus) (Drechslera PTT 09421 E3RLZ3
teres f. teres)
Colletotrichum gloeosporioides (strain
Naragc5) (Anthracnose fungus) CGGC5_4608 L2GB29
(Glomeré€lla cingulata)
Glbberellazea§ (Wheat head blight FGO5 06918 AOAOLBPCSA
fungus) (Fusarium gramiiiearum)
Trichophyton soudanense CBS 452.61 H105 00612 AOA022Y 6A6
Sclerotinia sclerotionim (strain ATCC
18683 / 1980/ Ss-1) (White mold) SS1G 07437 ATEQ37
(Whetzelinia sclerotionim)
Fusarium oxysporum f. sp. piss HDV247 | FOVG_14401 WINWUS
Fusarium oxysporum f. sp. pist HDV247 | FOVG 02874 WoQ5Vv3
Ustilago hordei (strain Uh4875-4) UHQR 03009 12G174
(Barley covered smut fungus)
Spor|sor|um reilianum (strain SRZ2) §-12985 E67VE7
(Maize head smut fungus)
Bipoians zeicola 26-R-13 CQCCADRAFT 81154 WG6Y 1P8
Meiampsora larici-popuima (strain
98AG31 / pathotype 3-4-7) (Poplar leaf | MELLADRAFT 78490 FARUZS
rust fungus)
Fusarium oxysporum f. sp. lycopersici
(stram 4287 / CBS 123668 / FGSC 9935

. . FOXG 01901 JOMG95
/INRRL 34936) (Fusarium vascular wilt
of tomato)
Fusarium oxysporum f. sp. lycopersici
(strain 4287 / CBS 123668 / FGSC 9935 FOXGJ1941 J9NOSA
INRRL 34936) (Fusarium vascular wilt
of tomato)
Bipoians victoriae FI3 COCVIDRAFT_39053 WT7EMJ8
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Debaryomyces hansenii (strain ATCC
36239/ CBS 767/ JCM 1990 / NBRC

DEHAZ2E04268 6BQL4

0083 / 1GC 2968) (Yeast) (Torulaspora g QBBQ
hansenii)
Clavispora lusitaniae (strain ATCC

) o C4XZX3
42720) (Y east) (Candida lusitaniae) CLUG_01505
Candida albicans (strain WO-1) (Yeast) | CAWG_02023 C4YME4
Trichophyton rubrum MR350 H100_ 00625 AOA022U0Q2

Candida dubliniensis (strain CD36 /
ATCC MYA-646 / CBS 7987 / NCPF CD36_32890 BOWMC7
3949/ NRRL Y-17841) (Y east)

Starmerella bombicola AOX1 AOA024FB95

Thielavia heterothallica (strain ATCC
42464 /| BCRC 31852/ DSM 1799) MYCTEH _](?59< G2QJL7
(Myceliophthora thermophila)

Claviceps purpurea (strain 20.1) (Ergot

CPUR 07614
fungus) (Sphacelia segetum) M1WFI4
Aspergillus oryzae (strain ATCC 42149
A0090023000571
/ RIB 40) (Yellow koji mold) Q2UH61
i : o : DDB 0184181
Dictyostelium discoideum (Slime mold) Q54DT6

DDB_G0292042

Triticum urartu (Red wild einkorn)

M7YME5
(Crithodium urartu) TRIURS 22733
Solarium tuberosum (Potato) PGSC0003DMG4000 17211 | M1BGO7
OSINBb0044B19.5
Oryza sativa subsp. japonica (Rice) Q8W5P8

LOC_Osl0g33540

0J1234 B11.20

Oryza sativa subsp. japonica (Rice 6KONS
y sp. Japonica (Rice) 050290621800 Q
OSINBa0001K 12.5
O sati bsp. j ica (Ri
ryza sativa subsp. japonica (Rice) LOC_0s10g33520 Q8W5P3
Zea mays (Maize) ZEAMMB73_ 809149 COP3J6
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Citrus clementina CICLE vI00111 11mg V4S9P4
Citrus clementina CICLE_vl0018992mg V4U4C9
Citrus clementina CICLE v 10004405mg V4S9D3
Citrus clementina CICLE_vI0004403mg VARZZ6
Morus notabilis L484 011703 WOIRIKO
Morus notabilis L484 005930 WORET7
?&f&?jgg;g:gﬁ;ggBam mexdic) MTR_Ig075650 G714U3
Arabidopsis thaliana (Mouse-ear cress) Q8LDPO
'(\:Aesg:ggot;:ﬁ%gBa"d mexdic) MTR_4g081080 G7IF07
ji] mr;n(;r\:)sia chinensis (Jojoba) (Buxus L7VEV?2
Eg‘;‘;’;pﬁg ca (Peach) (Amygdalus PRUPE_ppa018458mg MBVXL1
Aphanomyces astaci H257 07411 W4GI189
Aphanomyces astaci H257 07412 WA4Gl44
Aphanomyces astaci H257 07411 WAGKE3
Aphanomyces astaci H257 07411 W4GK29
Aphanomyces astaci H257 07411 W4GJ79
Aphanomyces astaci H257 07411 W4GI38
zréaz;dal%té’;’g' tricornutum (strain PHATRDRAFT 48204 B7G6C1
Ir-(|:/\rl<:deutr)1;r :/:J;gjare var. distichum (Two- FOEARA
Hordeum vulgare var. distichum (Two-

rowed barley) F2DzGl
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Organism Gene names Accession No.
Hordeum vulgare var. distichum (Two- MOY PG7
rowed barley)
Hordeum vulgare var. distichum (Two- MOY PG
rowed barley)
Hordeum vulgare var. distichum (Two-

F2CUY4
rowed barley)
Ricinus communis (Castor bean) RCOM _ 0867830 B9S1S3
Brassicarapa su.bsp. pe.klner?ss (Chinese BRAO 14947 MADEMS
cabbage) (Brassica pekinensis)
Ricinus communis (Castor bean) RCOM _0258730 BI9SV13
Brassica rapa subsp. pekmensis (Chinese | oo 51915 MA4CCI2
cabbage) (Brassica pekinensis)
Brassica rapa subsp. pekmens's (Chinese | oo (51564 M4D7T8
cabbage) (Brassica pekinensis)
Brassicargpa subsp. pekinensis (Chinese | oo 151190 MA4E5Y 6
cabbage) (Brassica pekinensis)
Brassicarapa subsp. pekinensis (Chinese | oo\ 1cogs MA4DFLO
cabbage) (Brassica pekinensis)
Ricinus communis (Castor bean) RCOM 1168730 B9SS54
Zea mays (Maize) C4J691
Qryza glaberrima (African rice) 11P2B7
Zea mays (Maize) B6SXM3
Zea mays (Maize) COHFU4
Aegll'ops tauschii (Tausch's goatgrass) F775 19577 R7WAT
(Aegilops sgquarrosa) -
Solarium habrochaltes (Wild tomato) RIRETO
(Lycopersicon hirsutum)
Z\%S;‘)’m'tre“a patens subsp. patens PHYPADRAFTJ 24285 A9S535
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Organism Gene names Accession No.
Physcomitrella patens stbsp. patens PHYPADRAFT 113581 A9RG13
(Moss)
Physcomitrella patens subsp. patens PHYPADRAFT 182504 AOSIAS
(Moss) -
Solarium pennellu (Tgmato) RIR6OL
(Lycopersicon pennellii)
Vitis vinifera (Grape) VTT_02s0087g00630 FeHJ27
Vitis vinifera (Grape) VIT_07s0005903780 F6HZM3
Vitis vinifera (Grape) VIT_05s0049901400 F6H8T4
Vitis vinifera (Grape) VraSVJ 19349 ABAH3R
Capselia rubella CARUB v1)13046mg ROHIT3
Capselia rubella CARUB_vl 00042 12mg ROGUX4
Capselia rubella CARUB_vI0004208mg ROF3X6
Capselia rubella CARUB _v10012453mg ROILDO
Capsdlia rubella CARUB_v 10004208mg ROGUX1
Eutrema salsugineum (Saltwater cress

utrema salsugineum ( ) | EUTSA_vI0024496mg VAMDS54
(Sisymbrium salsugineum)
Eut salsugi Saltwat

utrema salsugineum ( e CresS) | EUTSA v10020141mg VANMS9
(Sisymbrium salsugineum)
Eutrema salsugineum (Saltwater cress)

. : . EUTSA_vI0024496mg V4LUR9
(Sisymbrium salsugineum)
Eutrema salsugineum (Saltwater cress)

. . . EUTSA_v 10024528mg V4P767
(Sisymbrium salsugineum)
Eutrema salsugineum (Saltwater cress

L{ ' . S . ( ) EUTSA v 10006882mg V4L 2P6
(Sisymbrium salsugineum)
Selaginella moellendorffii (Spikemoss) SELMODRAFT_87684 D8R6Z6
Selagmella moellendorffii - (Spikemoss) SELMODRAFT 87621 D8R6Z5
Selagmella moellendorffii (Spikemoss) SELMODRAFT_74601 D8QN81
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Selaginella moellendorffii (Spikemoss) SELMODRAFT_7353 1 D8QN82
Sorghum bicolor (Sorghum) (Sorghum Sb04g026390 CEXX A
vulgare) SORBIDRAFT _04g0263 90
Sorghum bicolor (Sorghum) (Sorghum Sb04g026370 CEXXSL
vulgare) SORBIDRAFT_049g026370
Sorghum bicolor (Sorghum) (Sorghum SbOIg0 19470

. C5WYH6
vulgare) SORBIDRAFT_01g01%470
Sorghum bicolor (Sorghum) (Sorghum
g (Sorghum) (Sorghu SbOlgO 19480 CEWYH7
vulgare) SORBIDRAFT_0 1gO1 9480
Sorghum bicolor (Sorghum) (Sorghum SbOIgO 19460 CEWYHS
vulgare) SORBIDRAFT_0 1g01 9460
Solarium pimpineliifohnum (Currant
tomato) (L ycopersicon R9R6J2
pimpinédlifolium)
Phaseolus vulgaris (Kidney bean)
PHAVU_007G 1242009 V7BGM7
(French bean)
Phaseolus vulgaris (Kidney bean)
PHAVU_011G136600g V7AI35
(French bean)
Phaseolus vulgaris (Kidney bean)
PHAVU_001G162800g V7D063
(French bean)
Solanum tuberosum (Potato) PGSC0003DM G400024294 M1C923
Solarium tuberosum (Potato) PGSC0003DM G4000 18458 M1BKV4
Solanum tuberosum (Potato) PGSC0003DM G4000 18458 M1BKV3
Giva -
.y(.:lne max (Soybean) (Glycine K7LKEL
hispida)
Glycine max (Soybean) (Glycine
e (Soybean) (Glyc K7KXQ9
hispida)
Populus trichocarpa (Western balsam
poplar) (Populus baisamifera subsp. PGPTR _0008s16920g BOHK S3
trichocar pa)
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Organism Gene names Accession No.
Pi itchensis (Sitk . Pi
.cea s.c ensis (Sitka spruce) (Pinus B8LQ84
sitchensis)
Populus trichocarpa (Western balsam
poplar) (Populus balsamifera subsp. POPTR _0004s24310g U5GKQ5
trichocarpa)
Populus trichocarpa (Western balsam
poplar) (Populus balsamifera subsp. POPTR_0010s07980g BI9HSG9
trichocarpa)
C?ch':me max (Soybean) (Glycine 1IN9S7
hispida)
Glyci Soyb Glyci
.yqne max (Soybean) (Glycine 111 SK5
hispida)
Setaria italica (Foxtail millet) (Pani
' §r|a| ica (Foxtail millet) (Panicum SI034362m.g KAABSS
italicum)
Solanum lycopersicum (Tomato)

. Solyc09g072610.2 K4CUT7
(Lycopersicon esculentum)
Setaria italica (Foxtail millet) (Pani
Setaria italica (Foxtall millet) (Panicum | o) 5ag0 K3YQ38
italicum)
Solanum lycopersicum (Tomato)

. RI9R619
(Lycopersicon esculentum)
Solanum lycopersicum (Tomato)

. Solyc09g090350.2 K4Cwe1
(Lycopersicon esculentum)
Solanum lycopersicum (Tomato)

. Solyc08g005630.2 K4Cl54
(Lycopersicon esculentum)
Solanum lycopersicum (Tomato)

. Solyc08g075240.2 K4CMP1
(Lycopersicon esculentum)
Setaria italica (Foxtail millet) (Panicum ,
. Si034359m.g K4AB55
italicum)
Setaria italica (Foxtail millet) (Pani
: §r|a| ica (Foxtail millet) (Panicum S1034354m.g KAABS0
italicum)
Mimul ttat tted k .

Imulus guttatus (Spotted monkey MIMGU ingyvla001896mg | AOA022PUO7

flower) (Yellow monkey flower) -
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Organism Gene names Accession No.
Mimulus guttatus (Spotted monkey
flower) (Yellow monkey flower) MIMGU mgv 1a022390mg AOA022RAV4
Mimulus guttatus (Spotted monkey
AQA022S2E6

flower) (Yellow monkey flower) MIMGU_mgv 12001868mg
Mimulus guitiatus (Spotted monkey MIMGU_mgv 1:001883mg | AOA022S275
flower) (Yellow monkey flower)
Mimulus guttatus (Spotted monkey
flower) (Y ellow monkey flower) MIMGU_mgv 1a001761Img AO0A022QJINFO0
Mug acuminata subsp. malacce.nsus M OSNAS
(Wild banana) (Musa malaccensis)
M u.sa acuminata subsp. mal accehss MORUT?
(Wild banana) (Musa malaccensis)
Musa acuminata subsp. malaccensis MORUK3
(Wild banana) (Musa malaccensis)
Saprolegnia diclina VS20 SDRG 10901 TORG89
Brachypodium distachyon (Purple false

o BRADI3G49085 11I1BP7
brome) (Trachyniadistachya)
Brach i i

ypodium distachyon (Purplefalse | oo ) by 208677 1114N2

brome) (Trachynia distachya)
Brachypodium distachyon (Purple false

. BRADI3G28657 [114NO
brome) (Trachynia distachya)
Oryza sativa subsp. indica (Rice) Osl_34012 B8BHGO
Oryza sativa subsp. indica (Rice) Osi 08118 BRAFTS8
Oryza sativa subsp. indica (Rice) Osi__34008 A2Z8H1
Oryza sativa subsp. indica (Rice) Osl_34014 B8BHG1
Oryza sativa subsp. japonica (Rice) LOC_0s0g33460 Q7XDG3
Oryza sativa subsp. japonica (Rice) 0sl0g0474800 QOIXi2
Qryza sativa subsp. japonica (Rice) 0sl0g0474966 C7J7R1
Oryza sativa subsp. japonica (Rice) OSINBa0001K12.13 Q8W5N7
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Organism Gene names Accession No.
Oryza sativa subsp. japonica (Rice) OsJ 31873 B9G683
Oryza sativa subsp. japonica (Rice) OsJ 31875 B9G684
Oryza sativa subsp. japonica (Rice) OSINBa0001K12.3 Q8W5P5
Arabidopsis lyrata subsp. lyrata (Lyre- ARALYDRAFT 4703 76 D7KDA3
leaved rock-cress) -

Arabidopsis lyrata subsp. lyrata (Lyre- ARALYDRAET 479555 D7L386
leaved rock-cress) -

Arabidopsis lyrata subsp. lyrata (Lyre- ARALYDRAET 49 1506 D7MDAOQ
leaved rock-cress) -

Arabidopsis lyrata subsp. lyrata (Lyre- ARALYDRAFT 914728 D7MGS9

leaved rock-cress)

[0227] In some embodiments, the present disclosure teaches a recombinant microorgani sm
comprising a deletion, disruption, mutation, and or reduction m the activity of one or more
endogenous a (fatty) alcohol oxidase YALI0B14014g (FAOQI).

[0228] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions or other disruptions in endogenous genes encoding proteins
exhibiting at least 100%, 99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence
identity with the proteins encoded by a (fatty) alcohol oxidase YALI0B14014g (FAQI)

[0229] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions in endogenous genes encoding proteins exhibiting at least 100%,
99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence identity with uniprot
database 1Ds Q6CEP8 (FAQI).

Acetyl Transferase

[0230] The present disclosure describes enzymes that convert alcohols to fatty acetates.

[0231] fn some embodiments, an acetyl transferase is used to catalyze the conversion of a
fatty alcohol to a fatty acetate. An acetyl transferase is an enzyme that has the ability to
produce an acetate ester by transferring the acetyl group from acetyl-CoA to an acohol. In

some embodiments, the acetyl transferase may have an EC number of 2.3.1.84.
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[0232] The acetyl transferase, or the nucleic acid sequence that encodes it, can be isolated
from various organisms, including but not limited to, organisms of the species Candida
glabrata, Saccharomyces cerevisiae, Danaiis plexippus, Heliotis virescens, Bomhyx mori,
Agrotis ipsilon, Agrotis segetum, Euonymus alatis. Homo sgpiens, Lachancea
iherrnotolerans and Yarrowia lipolyiica. In exemplary embodiments, the acetyl transferase
comprises a sequence selected from GenBank Accession Nos. AY242066, AY 242065,
AY 242064, AY2/42063, AY242G62, EHJI65205, ACX53812, NP_001 182381, EHJI65977,
EHJ68573, KJ579226, GU594061, KTA99184.1, AIN34693.1, AY 605053,
XP_002552712.1, XP_503024.1, and xp_505595.1, and XP_505513.1. Exemplary acetyl
transferase enzymes are listed in Table 5d. Additional exemplary acetyl transferase peptides
may be found in US2010/0199548, which isherein incorporated by reference.

Table 5d. Exemplary acetyl transferase enzymes

Organism Enzyme [D
Candida glabrata KTAG9184.1
Agrotis segetum AIN34693.1
Homo sapiens AY 605053
Lachancea thermotolerans XP 002552712 .1
Yarrowia lipolytica XP ¥

Yarrowia lipolviica

Yarrowia lipolviica

Fatty acyl-ACP thioesterase

[0233] Acyl-ACP thioesterase releases free fatty acids from Acyl-ACPs, synthesized from de
novo fatty acid biosynthesis. The reaction terminates fatty acid biosynthesis. In plants, fatty-
acid biosynthesis occurs in the plastid and thus requires plastid-localized acyl-ACP
thioesterases. The main products of acyl-ACP thioesterase are oleate (Cl 8:0) and to a lesser
extent paimitate (C16:0) in the vegetative tissues of al plants. The released free fatty acids
are re-esterified to coenzyme A inthe plastid envelope and exported out of plastid.

[0234] There are two isofomis of acyl-ACP thioesterase, FatA and FatB. Substrate specificity

of these isofomis determines the chain length and level of saturated fatty acids in plants. The
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highest activity of FatA is with C18:1-ACP. FatA has very low activities towards other acyl-
ACPs when compared with C18:1-ACP. FatB has highest activity with C16:0-ACP. It aso
has significant high activity with C18:1-ACP, followed by C18:0-ACP and C16:1-ACP.
Kinetics studies of FatA and FatB indicate that their substrate specificities with different
acyl-ACPs came from the Kcat values, rather than from Km. Km values of the two isoforms
with different substrates are similar, in the micromoiar order. Domain swapping of FatA and
FatB indicates the N-terminus of the isoforms determines their substrate specificities (Salas JJ
and Ohlrogge JB (2002) Characterization of substrate specificity of plant FatA and FatB acyl-
ACP thioesterases. Arch Biochem Biophys 403(1): 25-34). For those plants which
predominantly accumulate medium-chain length saturated fatty acids in seeds, they evolved
with speciaized FatB and/or FatA thioesterases (Voelker T and Kinney AJ (2001) Variations
in the biosynthesis of seed-storage lipids. Annu Rev Plant Physiol Plant Mol Biol 52; 335-
361). For example, iaurate (12:0) isthe predominant seed oil in coconut. Correspondingly,
the medium-chain specific acyl-ACP thioesterase activity was detected in coconut seeds.
[0235] In some embodiments, the present disclosure teaches a recombinant microorganism
comprising a deletion, disruption, mutation, and or reduction in the activity of
YALIOE16016g (FATI).

[0236] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions or other disruptions in endogenous genes encoding proteins
exhibiting at least 100%, 99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence
identity with the protein encoded by YALIOE16016g (FATI).

[0237] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions in endogenous genes encoding proteins exhibiting at least 100%,
99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence identity with uniprot
database ID Q6C5Q8 (FAG1).

Acy!-CoA oxidase

[0238] Acyl-CoA oxidase (ACO) acts on CoA derivatives of fatty acids with chain lengths
from 8to 1& They are flavoenzymes containing one noncovalently bound FAD per subunit
and belong to the same superfamily as mitochondrial acyl-CoA dehydrogenases. Like
mitochondrial fatty acyl-CoA dehydrogenases, peroxisomal acyl-CoA oxidases catalyze the
initial and rate-determining step of the peroxisomal fatty acid B-oxidation pathway, i.e. o,B-
dehydrogenation of acyl- CoA, yielding trans-2-enoyl-CoA in the reductive half-reaction. In
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the oxidative half-reaction of peroxisomal acyl-CoA oxidase, the reduced FAD is reoxidized
by molecular oxygen, producing hydrogen peroxide.

[0239] Acyl-CoA oxidase is a homodimer and the polypeptide chain of the subunit is folded
into the N-terminal apha-domain, beta-domain, and C-terminal alpha-domain. Functional
differences between the peroxisomal acyl-CoA oxidases and the mitochondrial acyl-CoA
dehydrogenases are attributed to structural differences inthe FAD environments.

[0240] In some embodiments, recombinant microorganisms and methods are provided for the
production of short chain fatty alcohols, fatty aldehydes and/or fatty acetates. In certain
embodiments, the short chain fatty alcohols, fatty aldehydes and/or fatty acetates have carbon
chain length shorter than or equal to C16. In some embodiments, the short chain fatty
alcohols, fatty aldehydes and/or fatty acetates are produced from long chain fatty acids. In
some preferred embodiments of methods to produce short chain pheromones, select enzymes
capable of shortening fatty acyi-CoAs in the pheromone biosynthetic pathway are co-
expressed with pheromone biosynthetic pathway enzymes. Examples of suitable chain
shortening enzymes include FAD-dependent acyl-CoA oxidase. In the case of fatty acid
molecules with an even number of carbons, chain shortening enzymes produce a molecule of
acetyi-CoA, and a fatty acyl-CoA shortened by two carbons. Fatty acid molecules with an
odd number of carbons are oxidized in a similar fashion producing acetyl-CoA molecules
during every round of oxidation until the chain-length is reduced to 5 carbons. In the final
cycle of oxidation, this 5-carbon acyl-CoA is oxidized to produce acetyl-CoA and propionyi-
CoA.

[0241] It isknown that acyl-CoA oxidases exhibit varying specificity towards substrates with
different chain-length (Figure 40). Therefore, controlling the degree of fatty acyl-CoA
truncation relies on engineering or selecting the appropriate enzyme variant. Examples of
acyl-CoA oxidases that are suitable for this purpose are listed in Table 5a.

[0242] In a further embodiment, the disclosure provides a recombinant microorganism
capable of producing a mono- or poly-unsaturated < Cig fatty alcohol from an endogenous or
exogenous source of saturated ce.cos4 fatty acid, wherein the recombinant microorganism
comprises: (a) at least one exogenous nucleic acid molecule encoding afatty acyl desaturase
that catalyzes the conversion of a saturated Cs-Czs fatty acyl-CoA to a corresponding mono-
or poly-unsaturated ce-cos fatty acyi-CoA; (b) at least one exogenous nucleic acid molecule
encoding an acyl-CoA oxidase that catalyzes the conversion of the mono- or poly-unsaturated

ce-ca fatty acyl-CoA from (a) into a mono- or poly-unsaturated < C:s fatty acyl-CoA after
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one or more successive cycle of acyl-CoA oxidase activity, with a given cycle producing a
mono- or poly-unsaturated cs.c2 fatty acyl-CoA intermediate with atwo carbon truncation
relative to a starting mono- or poly-unsaturated ce.co4 fatty acyl-CoA substrate in that cycle;
and (c) at least one exogenous nucleic acid molecule encoding a fatty alcohol forming fatty
acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated < Ci8 fatty
acyl-CoA from (fa) into the corresponding mono- or poly-unsaturated < Ci8 fatty alcohol. in
some embodiments, the fatty acyl desaturase is selected from an Argyrotaenia velutinana,
Spodoptera iitura, Sesamia inferens, Manduca sexta, Ostrinia nubilalis, Helicoverpa zea,
Chorisloneura rosacearia, Drosophila melanogaster, Spodoptera littoralis, Lampronia
capitella, Amyelois transitella, Trichoplusia i, Agrotis segetum, Ostrinia furnicalis, and
Thalassiosira pseiiclonana derived fatty acyl desaturase. In some embodiments, the fatty acyl
desaturase has at least 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%,
87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%,
71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%,
55%, 54%, 53%, 52%, 51%, 50%, or 50% sequence identity to a fatty acyl desaturase
selected from the group consisting of: SEQ ID NOs. 39, 49-54, 58-63, 78-80 and GenBank
Accession nos. AF416738, AGH12217.1, A1121943.1, CAM3430.2, AF441221,
AAF81787.1, AF545481, AJ271414, AY 362879, ABX71630.1, NP001299594, 1, QON9ZS8,
ABX71630.1 and AIM4022 1.1. In some embodiments, the acyl-CoA oxidase is selected from
Table 5a. In other embodiments, the fatty alcohol forming fatty acyl reductase is selected
from an Agrotis segetum, Spodoptera exigna, Spodoptera littoralis, Euglena gracilis,
Yponomeuta evonymellus and Helicoverpa armigera derived fatty alcohol forming fatty acyl
reductase. In further embodiments, the fatty alcohol forming fatty acyl reductase has a least
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%,
83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%,
67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%,
519%, 50%, or 50% sequence identity to a fatty alcohol forming fatty acyl reductase selected
from the group consisting of: SEQ ID NOs: 1-3, 32, 41-48, 55-57, 73, 75, 77 and 82. In some
embodiments, the recombinant microorganism is a yeast selected from the group consisting
of Yarrowia lipolytica, Saccharomyces cerevisiae, Candida albicans, Candida tropical!s and
Candida viswanathii .

[0243] In some preferred embodiments of methods to produce fatty alcohols, fatty aldehydes

and/or fatty acetates, one or more genes of the microbial host encoding acyl-CoA oxidases
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are deleted or down-regulated to eliminate or reduce the tmncation of desired fatty acyl-CoAs
beyond a desired chain-length. Such deletion or down-regulation targets include but are not
limited to Y. lipofytica POXI(YALIOE32835g), Y. lipofytica POX2(YALIOF10857g), V.
lipofytica POX3(YALIOD24750g), Y. lipofytica POX4(YALIOE27654g), Y. lipofytica
POX5(YALI0C23859g), Y. lipofytica  POX6(YALIOEO6567Q); S.  cerevisiae
POXKYGL205W); Candida POX2 (Ca019.1655, Ca019.9224, CTRG 02374, M18259),
Candida POX4 (Ca019.1652, Ca0 19.9221, CTRG_02377, M12160), and Candida POX5
(Ca019.5723, Ca019. 13146, CTRG_02721, M12161).

[0244] In some embodiments, the present disclosure teaches a recombinant microorganism
comprising a deletion, disruption, mutation, and or reduction in the activity of one or more
acyl-CoA oxidases selected from the group consisting of POXI(YALIOE32835q), V.
lipofytica POX2(YALIOF10857g), Y. lipofytica POX3(YALIOD2475Qqg), Y. lipofytica
POX4(Y ALIOE276540), Y. lipofytica  POX5(YALI0OC23859g), Y. lipofytica
PQX6(Y ALIOEO6567Q) .

[0245] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions or other disruptions in endogenous genes encoding proteins
exhibiting at least 100%, 99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence
identity with the proteins encoded by POX1 (YALIOE32835g), Y. lipofytica POX2
(YALIOF10857g), Y. lipofytica POX3 (YALIOD24750g), Y lipofytica POX4
(YALIOE27654g), Y. lipofytica POX5 (YALIOC23859g), Y. lipofytica POX6
(YALIOEO06567g).

[0246] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions in endogenous genes encoding proteins exhibiting at least 100%,
99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence identity with uniprot
database ID POX1(074934), Y. lipofytica POX2 (074935), Y. lipofytica POX3 (074936), Y.
lipofytica POX4 (F22627), Y. lipofytica POX5 (F2Z630), Y. lipofytica POX6 (Q6C6TO0).
[0247] In some embodiments, a recombinant microorganism capable of producing a mono-
or poly-unsaturated < Cis fatty alcohol, fatty aldehyde and/or fatty acetate from an
endogenous or exogenous source of saturated ce-cos fatty acid is provided, wherein the
recombinant microorganism expresses one or more acyl-CoA oxidase enzymes, and wherein
the recombinant microorganism is manipulated to delete, disrupt, mutate, and/or reduce the
activity of one or more endogenous acyl-CoA oxidase enzymes. In some embodiments, the

one or more acyl-CoA oxidase enzymes being expressed are different from the one or more
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endogenous acyl-CoA oxidase enzymes being deleted or downregulated. In some
embodiments, the recombinant microorganism further expresses pheromone biosynthetic
pathway enzymes. In further embodiments, the pheromone biosynthetic pathway enzymes
comprise one or more fatty acyl desaturase and/or fatty acyl conjugase. In yet further
embodiments, the pheromone biosynthetic pathway enzymes comprise one or more fatty
alcohol forming fatty acyl reductase. In some embodiments, the one or more acyl-CoA
oxidase enzymes that are expressed are selected from Table 5a. In other embodiments, the
one or more acyl -CoA oxidase enzymes that are expressed regulate chain length of the mono-
or poly-unsaturated < Cis fatty acohol, fatty aldehyde and/or fatty acetate. In some
embodiments, the one or more endogenous acyl-CoA oxidase enzymes that are deleted,
disrupted, mutated, or downregulated are selected from Y. lipolytica POXI(YALIOE32835q),

Y. lipolytica POX2(YALIOF10857g), Y. lipolytica POX3(YALIOD24750g), Y lipolytica
POX4(Y ALIOE27654Q), Y. lipolytica  POX5(YALIOC23859g), Y. lipolytica
POX6(YALIOEQ6567g); S. cerevisae POX1(YGL205W); Candida POX2 (Ca0 19,1655,
Ca0l 9.9224, CTRG 02374, M}8259), Candida POX4 (Ca019.1652, (Ca019.9221,

CTRG_02377, M12160), and Candida POX5 (Ca019.5723, Ca019.13146, CTRG_G2721,
M 12161). In other embodiments, the one or more endogenous acyl-CoA oxidase enzymes
that are deleted, disrupted, mutated, or downregulated control chain length of the mono- or
poly-unsaturated < Cis fatty alcohol, fatty aldehyde and/or fatty acetate.

[0248] In some embodiments, a method of producing a mono- or poly-unsaturated < Cis fatty
alcohol, fatty aldehyde and/or fatty acetate from an endogenous or exogenous source of
saturated ce-c24 fatty acid are provided, wherein the method comprises introducing into or
expressing in a recombinant microorganism a least one endogenous or exogenous nucleic
acid molecule encoding an acyl-CoA oxidase and introducing a deletion, insertion, or loss of
function mutation in one or more gene encoding an acyl-CoA oxidase, wherein the a least
one endogenous or exogenous nucleic acid molecule encoding an acyl-CoA oxidase being
introduced or expressed is different from the one or more gene encoding an acyl-CoA oxidase
being deleted or downregulated. In some embodiments, the method further comprises
introducing into or expressing in the recombinant microorganism at least one endogenous or
exogenous nucleic acid molecule encoding afatty acyl desaturase and/or fatty acyl conjugase.
In further embodiments, the method further comprises introducing into or expressing in the
recombinant microorganism a least one endogenous or exogenous nucleic acid molecule

encoding a fatty alcohol forming fatty acyl reductase. In some embodiments, the least one
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endogenous or exogenous hucleic acid molecule encodes an acyl-CoA oxidase selected from
Table 5a. In other embodiments, the least one endogenous or exogenous nucleic acid
molecule encodes an acyl-CoA oxidase that regulates chain length of the mono- or poly-
unsaturated ce.co4 fatty alcohol, fatty aldehyde and/or fatty acetate. In some embodiments,
the one or more gene being deleted or downregulated encodes an acyl-CoA oxidase selected
from Y. iipolytica POXI(YALIOE32835g), Y. lipolytica POX2(YAL10F10857g), Y. lipolytica
POX3(YALIOD24750g), Y. lipolytica  POX4(YALIOE27654g), Y. lipolytica
POX5(YALTOC23859g), Y. lipolytica  POX6(YALIOE065670); S. cerevisiae
POX1(YGL205W); Candida POX2 (Ca019.1655, Ca019.9224, CTRG 02374, M18259),
Candida POX4 (Ca019.1652, Ca019.9221, CTRG_02377, M12160), and Candida POX5
(Ca019.5723, Ca0 19.13146, CTRG_ 02721, M12161). In other embodiments, the one or
more gene being deleted or downregulated encodes an acyl-CoA oxidase that regulates chain
length of the mono- or poly-unsaturated CvcC24 fatty alcohol, fatty aldehyde and/or fatty
acetate.

Table 5a. Exemplary acyl-CoA oxidases

Accession No, Source Organism

PO7872 Rarrus norvegicus

ACATTSWDE4 Arabidopsis thaliona

POCZ23 Arabidopsis thaliana
D7KG26 Arabidopsis lyrata
ROIGZ2 Capsella rubella
V4KEWO Eutrema salsugineum
M4DG63 Brassica rapa

AOAOT8LZG] Brassica napus

AUAGETHLEFC Arabis alpina

AQAGD3(CR25 Brassica oleracea

AGAGTSFAWS Brassica napus

AGATTEWE33 Arabidopsis thaliana

QOLMI7 Arabidopsis thaliona
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Accession No.

Source Organism

D7KG21 Arabidopsis lyrata
AOA0D3C827 Brassica oleracea
M4DG69 Brassica rapa
AOAQ7814V6 Brassica napus
AOAQ78FAY6 Brassica napus
V4KY 71 Eutrema saisugineum
AOA061E5C2 Theobroma cacao
AOA061E4KO Theobroma cacao
MIAPIS Solarium tuberosum
J7KB16 Primus persica
K4CXY8 Solanum lycopersicum
V4AW234 Citrus Clementina
G8XNW7 Mains domestica
F6H4X3 Vitisvinifera
AO0A068V5Q3 Coffea canephora
M1APJ6 Solanum tuberosum
AOAO067KHPO Jatropha curcas
AOAOD2PZGS8 Gossypium raimondii
B9I1QS0 Popuius trichocarpa
WOIRG01 M orS notabilis
AOA0S3SB10 Vigna angularis var. angularis
AOAOL9V573 Phaseolus angularis
AOAOBOPPT6 Gossypium arboreum
AOAOD2T164 Gossypium raimondii
I1KEV4 Glycine max
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Accession No.

Source Organism

111594 Glycine max

Grluz2 Medicago truncatula
USFVP5 Populus trichocarpa
V7AGL5 Phaseolus vulgaris
AOAO059A0G8 Eucalyptus grandis
AOAO59A0N3 Eucalyptus grandis
AOA166AUMG Daucus carota suhsp. sativus
AOA061EB81 Theobroma cacao
AOAOAOLQY1 Cucumis sativus
AOA0220QRB0O Erythranihe guttata
AOAQ0S3SB01 Vigna angidaris var. annularis
AOAOD2Q6S9 Gossypium raimondii
BOSGN6 Ricinus communis
AOAOB2PERS Glycine soja

AOAOBONGI2 Gossypium arboreum
AOAOD2SKF2 Gossypium raimondii
AOAOBONRR7 Gossypium arboreum
AOAQJBEFZ4 Beta vulgaris suhsp. vulgaris
AOA0JBBLD2 Beta wulgaris suhsp. vulgaris
M4DG71 Brassica rapa

Wwi1Q1 11 Amhorella trichopoda
MO0S864 Musa acuminata
AOA166ABS1 Daucus carota suhsp. sativus
AOA1DG6CAT5 Triticum aesiivum
AOAOA9CN11 Arundo donax
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Accession No.

Source Organism

AOA1D6CKJ3 Triticum aestivum
AOA164VV703 Daucus carota subsp. sativus
AOA1D1YDC5 Anihurium amnicola
11Q2B7 Oryza glaberrima
AOAOD9WQH3 Leersia perrieri

QB69XR7 Oryza sativa subsp. japonica
AOA1D6CAT73 Triticum aestivum
AGAGEQA9EL Oryza glurmpatula
AOA199W504 Ananas comosus
AOAOEOHQR9 Oryza nivara

MOT414 Musa acuminata subsp. malacc.
COPTG5 Picea sitchensis

[1I3F1 Brachypodium distachyon
K3XV57 Setaria italica
AOAOD3GGF4 Oryza harthii

A2YCR4 Oryza sativa subsp. mdica
AOAOK9RYF5 Spinacia oleracea
AOAOD3GGF3 Oryza harthii
AOAOD3GGF2 Oryza bartkii

AOAOEOHQRS Oryza nivara

AOA1D6CAT2 Triticum aestivum

A3BBKS8 Oryza sativa subsp. japonica
AOA199V6E4 Ananas comosus

C5XPR4 Sorghum bicolor
AOAOEOPXN1 Oryza rufipogon
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Accession No.

Source Organism

B6U7US Zea mays

AOA1DG6N7A4 Zea mays

AOAOEOQOEIN7 Oryza rneridionalis
AOAOKONPK9 Zostera marina

AOA059Q119 Saccharum hybrid cultivar R570
J3MDZ2 Oryza hrachyantha
AOAOK9RYH2 Soinacia oleracea
AOA103Y1T3 Cynara cardunculus
AOAOEOPXN2 Oryza ruflpogon

A9RZ70 Physcomitrella patens
D8TES8 Selaginella moellendorffii
D8SQF1 Selaginella moellendorffii
M5X7E6 Primus persica

A9T150 Physcomitrella patens
AOAL176WTUS Marchantia polymorpha
AOAQ0D20QZ34 Gossypium raimondii
AOA1D6BN7A2 Zea mays

AOA1D1Z3C0 Anthurium amnicola
AOA067DSI1 Citrus sinensis

AOA1D6CA74 Triticum aestivum

M8CMIO0 Aegilops tauschii
AOAQS3SB72 Vignaangularis var. angularis
MOUX 36 Hordeiim vulgare subsp. vulgare
AOA1D6CA76 Triticum aestivum
AOA151SDz7 Cajanus cajan
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Accession No.

Source Organism

Q9LNB8 Arabidopsis thaliana
AOA1D6CK A Triiicurn aestivum

F2EGJO Hordeurn vuigare subsp. vuigare
AOAOD2U3V1 Gossypium raimondii
MOUX35 Hordeurn vuigare subsp. vuigare
M2Y3U7 Galdieria sulphuraria
S8CGJ3 Genlisea aurea
AOAOEOHQS2 Oryza nivara

AOA199VU62 Ananas comosus

M2WTY9 Galdieria sulphuraria
AOA1D6N7A3 Zea mays

AOAOEOHQS0 Oryza nivara

AOA1E5VL23 Dichanthelium oligosanthes
R7Q711 Ckondrus crispus

SOF2R6 Chondrus crispus

SOF2T2 Chondrus crispus
AOAOEOHQSL Oryza nivara

D3BSZ9 Polysphondyliiim pallidum
AOAOD2WJ11 Capsaspora owczarzaki strai.
R7QDC3 Chondrus crispus

M1VCwW4 Cyanidioschyzon merolae str.
F1A2F0 Dictyosteiium purpureum
F4PI57 Dictyosteliumfasciculatum .
Q54111 Dictyosteiium discoideiim
AOAOEOLBG6 Oryza punctata
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Accession No.

Source Organism

ACGAI51ZKZH Dictyostelium lacteum
M1BZ65 Solanum tuberosum

H8MFT9 Corallococcus coralloides s.
F8CEB4 Myxococcus fulvus
AOAOQH4WJPL Myxococcus hansupus
QICYG7 Myxococcus xcmthus

F1A3A8 Dictyostelium purpureum
L7UK64 Myxococcus stipiiatus
AOAOF7BPX0 Myxococcus fulvus 124B02
AOAO0G4J3N5 Plasmodiophora brassicae
D5H9X3 Salmi'bacter ruber strainM 8
Q2s51W1 Salinibacter ruber strainD.
AOA085WN59 Hyaiangium minutum
AOAO0G2ZRH9 | Archangium gephyra
AOAOSBHACS Gemmatimonas sp. SM23 52
AOA177Q511 Vernicomicrobia bactenum SC
D8TVM2 Volvox carteri f. nagariensis
AOA084SWJI9 Cystobacter violaceus Cb vi76
QO096A6 Sigmaiella aurantiaca stra.
R7QMZ0 Chondrus crispus
AOA0G4J5Q9 Plasmodiophora brassicae
AOAOQ9RNC6 Nocardioides sp. Soi/ 797
AOAQ010YG34 Cryptosporangium arvum DSM 4
AOA098BJC6 Putative Rhodococcus ruber
AOAQ59ML 28 Rhodococcus aetherivorans
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Accession No.

Source Organism

N1M744 Rhodococciis sp. ESD8

W3ZXB8 Rhodococciis rhodochrous ATCC
AOAOA9CK JI6 2 Arundo donax

FAPQH3 Dictyosteliumfasciculatiim
T0Z1P9 Coccomyxa suhellipsoidea si.
AOA076ESSO Rhodococciis opacus

D3BKV2 Polysphondylium pallidum
X0Q4M3 Putative Rhodococciiswratidlaviensis
AOA1D6BHN7 Tnticiim aestivum

C1AZ37 Putative Rhodococciis opacus strain B4
M7ZG40 Triticum urartii

WS8HEJ3 Rhodococciis opacus PD630
AO0A135GJ74 Rhodocaocciis sp. SC4
AOA149ZW75 Rhodococcus sp. LB/

QOSF32 Rhodococcusjostii strain R.
J2J309 Rhodococcus sp. JVH1

K8XW36 Rhodococciis opacusM213
AO0A152A546 Dictyostelium lacleum
AOAO0QBZY 28 Flavobacterium sp. Root901
L2TJT8 Rhodococcus wratislaviensis
TOWB64 Rhodococcus imtechensis
AOA1B1KC92 Rhodococcus opacus

13C521 Joostella marina DSV 19592
AQAQF6W8X8 Sandaracinus amylolyticiis
1328X9 Belliella baltica strain DS
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Accession No.

Source Organism

AOAQ0J6W3KO Mycobacterium obuense
AOAO0Q7GA13 Fiavobacterium sp. Root420
D3BURS8 Polysphondylium pallidum
AOAQ098SD35 Phaeodactylibacter xiamenensis
AOAOD1LF86 Mycobacterium Ilatzerense
AOA0Q5QHBS8 Williamsia sp. Leaf354
AOA139VJIG5 Mycobacterium phlei DSV 4323
FAPMW9 Dictyostelium fasciculatum
AOA180ERQ3 Lewindla sp. 4G2

Q8MMS1 Dictyostelium discoicieum
AOA101CR99 Fiavobacteriaceae bacterium
AOAOQ9TDE2 Nocardioides sp. Soil805
AOA0Q9DX23 Fiavobacterium sp. Root935
AOAOC1XE41 Hassallia byssoidea VB512170
AOAQ0JBWT7KO Mycobacterium chubuense
AOAOH4PGAS Cyclobacterium amur skyense
AOA1B1WLBS Mycobacterium sp. djl-10
AOAOQSBNET9 Fiavobacterium sp. Root 186
AOA0J6ZGS8 Mycobacterium chlorophenolicum
AQA085Z1W1 Fiavobacterium reichenbachii
J3BZ97 Fiavobacterium sp. strain C.
AOQAOB6WRY7 Flavohactermm seoulense
K2PYQ1 Galbibacter marinus
AOA0G4IN41 Plasmodiophora brassicae
AOA1B5ZW?29 | Arenibacter sp. (-2/
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Accession No.

Source Organism

AOA1B9DWS3 Flavobacterium piscis

AOA099CMP1 Mycobacterium rufum

AOA1B2U6CY Flavobacteriumjohnsoniae

AOAOMBY PK7 Saccharothrix sp. NRRL B-16348
AOAOTIWAX5 Mycobacterium sp. Root 135
KOVAQ4 Mycobacterium vaccae

AO0A0Q9JG60 Mycobacterium sp. So0il538
AOAOMOTLES Flavobacterium sp. VMW
AOA1517K81 Diciyostelium lacteum

K6WMK4 Putative Gordonia rhizosphera NBRC 16
L8GZHMA Acanthamoeba casiellanii

14BLB8 Mycobacterium chubuense

HORLLO Putative Gordoniapolyisoprenivorans
AOAOCI1LEQS Prauserella sp. Am3

AOA1EANX A Pseudonocardia sp. SCN 73-27
AOA1A1YGK6 Mycobacterium sp. ACHA331
AOAOG3ILTS8 Mycobacterium sp. EPa45

G7GR35 Putative Gordonia amarae NBRC 15530
AOA1A2LUF7 Mycobacterium sp. El 36
AOA1A3GTN2 Mycobacterium mucogenicum
AOA1AORZ49 Mycaobacterium sp. 852002-519..
AOA101AHKO Mycobacterium sp. IS 1496
AOA126YBZ9 Streptomyces alhiis

AQAOX3WJ69 Strepiomyces griseus subsp.
AOA1C4AKUQ6 Sreptomyces sp. BvitLS983
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Accession No.

Source Organism

AOA1CATEK2 Streptomyces sp. OspMP-M43
AOA1A3COV1 Mycobacterium sp. E740
AOAOG4IKE4 Plasmodiophora brassicae
K1VUE5 Streptomyces sp. SMS

D6B5US8 Streptomyces albus J1074
AOA1CANBHS5 Streptomyces sp. ScaeMP-6W
AOA1C4Q3W7 Streptomyces sp. IgraMP-1
R7WSQ4 Rhodococciis rhodnii LMG 5362
AOAOK2Y P95 Rhodococciis sp. RD6.2

XP_ 011566937

Plutella xylostella peroxisomal acyl -coenzyme A oxidase 1-like

XP_011568279

Plutella xylostella

probable peroxisomal acyl-coenzyme A oxidase 1

XP_01 1568389.1

Plutella xylostella

probable peroxisomal acyl-coenzyme A oxidase 1

XP_01 15541 80.1

Plutella xylostella

probable peroxisomal acyl-coenzyme A oxidase |

XP_01 1549583.1

Plutella xylostella

probable peroxisomal acyl-coenzyme A oxidase 3

XP_011548846.1

Plutella xylostella

probable peroxisomal acyl-coenzyme A oxidase 3

AAP37772

A. thaliana Acyl-CoA oxidase - 3 (ACX3)

XP_011548846.1

predicted peroxisomal acyl-coenzyme A oxidase 3

Acyi transferases

[0249] In some embodiments, recombinant microorganisms and methods are provided for the

production of short chain fatty acohols, fatty aldehydes and/or fatty acetates. In certain

embodiments, the short chain fatty alcohols, fatty aldehydes and/or fatty acetates have carbon

124




WO 2018/213554 PCT/US2018/033151

chain length shorter than or equal to C18. In some preferred embodiments of methods to
produce short chain pheromones, select enzymes which prefer to store short-chain fatty acyl-
CoAs are co-expressed with one or more fatty acyl desaturase. Such suitable acyltransferase
enzymes are exemplified by heterologous or engineered glycerol-3-phosphate acyl
transferases (GPATS), lysophosphatidic acid acyltransferases (LPAATYS),
glycerolphospholipid acyltransferase (GPLATS) and/or diacylglycerol acyltransferases
(DGATS). Examples of acyl transferases that are suitable for this purpose are listed in Table
5b.

[0250] In some preferred embodiments of methods to produce fatty alcohols, fatty aldehydes
and/or fatty acetates, one or more genes of the microbial host encoding glycerol-3-phosphate
acyl transferases (GPATSs), lysophosphatidic acid acyltransferases  (LPAATS),
glycerolphospholipid acyltransferase (GPLATSs) and/or diacylglycerol acyltransferases
(DGATS) are deleted or downregulated, and replaced with one or more GPATSs, LPAATS,
GPLATs, or DGATs which prefer to store short-chain fatty acyl-CoAs. Such deletion or
downregulation targets include but are not limited to Y. Upofytica YALIOC00209g, Y.
lipolytica YALIOE18964g, Y. Upofytica YALIOF19514g, Y. Upofytica Y. Upofytica
YALIOC14014g, Y. Upofytica YALIOE16797g, Y. Upofytica YAL10E32769g, Y. Upofytica
YALIODQ7986g, S. cerevisiae YBLOI iw, S. cerevisiae YDL052c, S. cerevisae YORL175C,
S. cerevisiae YPR139C, sS. cerevisiae YNROOSw, S. cerevisiae Y()R245c, Candida
1503_02577, Candida CTRG_ 02630, Candida Ca019.250, Candida Ca019.7881, Candida
CTRG_02437, Candida Ca019.1881, Candida Ca019.9437, Candida CTRG_01687,
Candida Ca019.1043, Candida Ca0 19.8645, Candida CTRG 04750, Candida
Ca()19.13439, Candida CTRG 04390, Candida Ca019.6941, Candida Ca019.14203, and
Candida CTRG_06209. In other embodiments, the acyltransferase is inserted a the AXP
Acid extracellular protease locus (YALIOB05654g).

[0251] Thus, in some embodiments, the present disclosure teaches a recombinant
microorganism comprising an acyltransferase exhibiting at least 99%, 98%, 97%, 96%, 95%,
94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%,
78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%,
62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 51%, or 50% sequence
identity with any one of SEQ ID Nos. selected from the group consisting of 92.

[0252] Thus, in some embodiments, the present disclosure teaches a recombinant

microorganism comprising a nucleic acid molecule encoding for an acyltransferase, wherein
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said nucleic acid molecule exhibits at least 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%,
91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%,
75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%,
59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%, 51 %, or 50% sequence identity with any one
of SEQ ID Nos. selected from the group consisting of 91.

[0253] in some embodiments, the present disclosure teaches a recombinant microorganism
comprising a least one nucleic acid molecule encoding an acyltransferase having a least
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%,
83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%,
67%, 66%, 65%, 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%,
51%, or 50% seguence identity to an acyltransferase selected from the group consisting of
SEQ ID NO: 92.

[0254] In some embodiments, the present disclosure teaches a recombinant microorganism
comprising a deletion, disruption, mutation, and or reduction in the activity of one or more
acyltransferases selected from the group consisting of YALIOE32791g (DGAI) and/or
YALIOD07986g (DGA2).

[0255] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions or other disruptions in endogenous genes encoding proteins
exhibiting at least 100%, 99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence
identity with the proteins encoded by YALIOE32791g (DGAI) and YALIODQO7986g (DGA2).
[0256] Thus, in some embodiments, the recombinant microorganism of the present disclosure
will comprise deletions in endogenous genes encoding proteins exhibiting at least 100%,
99%, 98%, 97%, 95%, 94%, 93%, 92%, 91%, or 90% sequence identity with uniprot
database ID Q6C3R1 (DGAI) and/or Q6C9V5 (DGA?2).

Glycerol-3-phosphate acyltransferase (GPAT)

[0257] The present disclosure describes enzymes that catalyze the acylation reaction at the
sn-1 position of glycerol 3-phosphate shown as follows:

[0258] along-chain acyl-CoA + sn-glycerol 3-phosphate - a 1-acyl-sn-glycerol 3-phosphate
+ coenzyme A.

[0259] Glycerol-3-phosphate acyltransferase (GPAT) catalyzes the acylation reaction at the
sn-1 position of glycerol 3-phosphate. The plant cell contains three types of GPAT, which are
located in the chioroplasts, mitochondria and cytoplasm. The enzyme in chloroplasts is

soluble and uses acyl-(acyl -carrier protein) as the acyl donor, whereas the enzymes in the
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mitochondria and the cytoplasm are bound to membranes and use acyl-CoA asthe acyl donor
(Nishida | et al. (1993) The gene and the RNA for the precursor to the plastid-located
glycerol-3 -phosphate acyltransferase of Arabidopsis thaliana. Plant Mol Biol. 21(2): 267-77,;
Murata N and Tasaka Y (1997) Glycerol-3 -phosphate acyltransferase in plants. Biochim
Biophys Acta. 1348(1-2): 10-16).

[0260] Eight GPAT genes have been identified in Arabidopsis (Zheng Z et a. (2003)
Arabidopsis AtGPATI, a member of the membrane-bound glycerol-3-phosphate
acyltransferase gene family, is essential for tapetum differentiation and male fertility. Plant
Cell 15(8): 1872-87). GPAT1 was shown to encode a mitochondrial enzyme (Zheng et al.
2003). GPAT4, GPAT5 and GPAT8 were shown to be essentia for cutin biosynthesis
(Beisson F et al. (2007) The acyltransferase GPATS isrequired for the synthesis of suberin in
seed coat and root of Arabidopsis. Plant Cell 19(1): 351-368; Li, Y et a. (2007) Identification
of acyltransferases required for cutin biosynthesis and production of cutin with suberin-like
monomers. Proc Natl Acad Sci USA 104(46): 18339-18344). GPAT2, GPAT3, GPAT6 and
GPAT7 have not been characterized yet.

[0261] The cytoplasmic GPAT is responsible for the synthesis of triacylglycerol and non-
chloroplast membrane phospholipids. It is expected to have a substrate preference for
palmitate (Cl 6:0) and oleate (C18:1) since these two fatty acids are the most common ones
found at the sn-1 position of plant triacylglycerols. The cytoplasmic GPAT was partially
purified from avocado (Eccleston VS and Harwood JL (1995) Solubilisation, partial
purification and properties of acyl-CoA: glycerol-3 -phosphate acyltransferase from avocado
(Persea americana) fruit mesocarp. Biochim Biophys Acta 1257(1): 1-10).

[0262] Membrane-bound glycerol -3-phosphate acyltransferase (PIsB) from E. coli catalyzes
the first committed step in phospholipid biosynthesis and is thought to function in close
proximity to the succeeding enzyme 1l1-acylglycerol -3-phosphate O-acyltransferase (PIsC)
(Kessels JM e a. (1983) Facilitated utilization of endogenously synthesized
lysophosphatidic acid by 1-acylglycerophosphate acyltransferase from Escherichia cali.
Biochim Biophys Acta 753(2): 227-235). It is specific for acylation a position 1 of sn-
glycerol 3-phosphate and can utilize either fatty acyl-acyl carrier protein (acyl-ACP) or fatty
acyl-coenzyme A (acyl-CoA) thioesiers as acyl donors to form a l-acyl-sn-glycerol 3-
phosphate. Fatty acids that are endogenously synthesized are attached to ACP and
exogenously added fatty acids are attached to CoA. In E. coli phospholipids, the sn 1position

is occupied mainly by either palmitate, or cis-vaccenate, whereas the sn 2 position is
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predominantly palmitoleate, or cis-vaccenate. This is thought to result from the substrate
preferences of the PIsB and PISC enzymes.

[0263] The plsB gene has been shown to be regulated by stress response regulators such as
RNA polymerase, sigma 24 (sigma E) factor and ppGpp (Wahl A et a. (2011) Antagonistic
regulation of dgkA and plsB genes of phospholipid synthesis by multiple stress responses in
Escherichia coh. Mol Microbiol 80(5): 1260-75. PIsB is part of a protein network for
phospholipid  synthesis and interacts with a holo-[acyl-carrier  protein] (ACP),
esterase/thioesterase  (YbgC) and phosphatidylsenne synthase (PssA) to form a complex at
the cytoplasmic side of the inner membrane.

[0264] plsB is essential for growth (Baba T et a. (2006) Construction of Escherichia coli K-
12 in-frame, single-gene knockout mutants: the Keio collection. Mol Syst Biol. 2:2006-2008;
Yoshimura M et a. (2007) Involvement of the YneS/Y giH and PlsX proteins in phospholipid
biosynthesis in both Bacillus subtilis and Escherichia coli. BMC Microbiol 7: 69).

[0265] Site-directed mutagenesis and chemical modification studies have demonstrated
catalytically important amino acid residues in PIsB, including an invariant histidine residue
that is essential for catalysis (Lewin TM et a. (1999) Anaysis of amino acid motifs
diagnostic for the sn-glycerol-3-phosphate acyitransferase reaction. Biochemistry 38(18):
5764-5771). Genetic studies have identified the plsB locus as involved in the formation of
multidrug tolerant persister cells.

[0266] The properties of the E. coh B enzyme were studied in earlier work (Kito M & al.
(1972) Inhibition of L-glycerol 3-phosphate acyitransferase from Escherichia coli by cis-9,
10-methylenehexadecanoic acid. J Biochem 71(1): 99-105; Okuyama H and Wakil SJ (1973)
Positional  specificities of acyl coenzyme A: glycerophosphate and acyl coenzyme A:
monoacylglycerophosphate acyitransferases in Escherichia coli. J Biol Chem 248(14): 5197-
5205; Kito M. e a. (1978) Function of phospholipids on the regulatory properties of
solubilized and membrane-bound sn-glycerol-3-phosphate  acyitransferase of Escherichia
coh. Biochim Biophys Acta 529(2): 237-249).

[0267] A giycerol-3-phosphate/dihydroxyacetone  phosphate dual substrate-specific  sn-1
acyitransferase is located in lipid particles and the ER and is involved in the stepwise
acylation of glycerol-3 -phosphate and dihydroxy acetone in lipid biosynthesis. The most
conserved motifs and functionally relevant residues are oriented towards the ER lumen.

[0268] A gene (SCTI) encoding a dua glycerol-3-phosphate O-acyitransferase
(GATVdihydroxyacetone phosphate acyitransferase (DHAT) was identified, cloned and
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biochemically characterized from Saccharomyces cerevisiae. In the yeast Agpti mutant
which exhibits very low GAT/DHAT activity, the overexpression of SCT1 through aplasmid
vector showed increased GAT/DHAT activity underlining the proposed molecular function as
glycerol-3-phosphate  O-acylttansferase/  dihydroxyacetone phosphate acyltransferase. The
GAT/DHAT activity towards acyl-donors was highest with palmitoleoyl-CoA followed by
pamitoyl-CoA, oleoyl-CoA and stearoyl-CoA. The SCTlp was localized to membranes in
the cytosol, most probably to the endoplasmic reticulum. In vivo studies of Asctl mutants did
reveal an impact on al four phospholipids but the observed decrease of 16:0 fatty acids in the
phosphatidylethanolamine class was balanced out by an increase in other fatty acids,
particularly 18:0 molecular species. The null mutants of SCT1 and GPT2 were synthetically
lethal in yeast (Zheng Z and Zou J (2001) The initial step of the glycerolipid pathway:
identification of glycerol  3-phosphate/dihydroxy acetone phosphate dua substrate
acyltransferases in Saccharomyces cerevisiae. JBiol Chem 276(45): 417104-41716).

[0269] The gene (GPT2) encoding a dual glycerol-3-phosphate  O-acyltransferase
(GAT)/dihydroxyacetone phosphate acyltransferase (DHAT) from Saccharomyces cerevisiae
was identified, cloned and biochemically characterized. GPT2 was recombinantly expressed
in E. coii in the ApisB background devoid of GAT/DHAT activity and showed an increased
GAT activity but could not rescue the mutant probably because of the incorrect embedding of
GPT2 in the membrane. In the yeast Agptl mutant which exhibits very low GAT/DHAT
activity, the overexpression of GPT2 from a plasmid vector showed increased GAT/DHAT
activity, underlining the proposed molecular function as glycerol-3-phosphate O-
acyltransferase/  dihydroxyacetone phosphate acyltransferase. The GAT/DHAT activity
towards acyl-donors was highest with oleoyl-CoA followed by palmitoleoyl-CoA, palmitoyl-
CoA and stearoyl-CoA.

[0270] The GPT2p was localized to membranes in the cytosol. In vivo studies of Agpt2
mutants did not reveal any significant impact on the total fatty acid profile but a decrease of
16:1 fatty acids in the phosphatidylethanolamine class was observed which was compensated
by an increase in 16:0 and 18:1 molecular species. Analysis of aknown yeast mutant TTAI

deficient in GAT activity showed that the TTAl GPT2 gene had a missense mutation with
one nucleotide change in the conserved motif |1l for acyltransferases. The null mutants of
SCT1 and GPT2 were synthetically letha in yeast (Zheng and Zou 20(1).

[0271] In some embodiments, the glycerol-3-phosphate acyltransferase is a GPAT from
Arahidopsis thaliana (At1g023%0). In some embodiments, the glycerol -3-phosphate
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acyltransferase is PIsB from E. coli (Gene ID EG10740). In some embodiments, the glycerol-
3-phosphate  acyltransferase  is the dua glyceroi-3-phosphate  O-acyltransferase
(GAT)/dihydroxyacetone phosphate acyltransferase (DHAT) SCT1 from S. cerevisiae
(YBLOllw). In some embodiments, the glycerol-3-phosphate  acyltransferase s
YALIOC00209g from Yarrowia lipolytica. In some embodiments, the glycerol-3-phosphate
acyltransferase is 503 02577 from Candida albicans. In some embodiments, the glycerol-3-
phosphate acyltransferase is CTRG_02630 from Candida tropicalis. In some embodiments,
the glycerol -3-phosphate acyltransferase is the dual glycerol -3-phosphate O-acyltransferase
(GAT)/dihydroxyacetone phosphate acyltransferase (DHAT) GPT2 from S. cerevisiae
(YKRO67w). In some embodiments, the glycerol-3 -phosphate acyltransferase is CaO 19.58 15
from Candida albicans. In some embodiments, the glycerol -3-phosphate acyltransferase is
Ca019.13237 from Candida albicans. In some embodiments, the glycerol-3-phosphate
acyltransferase is CTRG 02630 from Candida tropicalis.

Lysophosphatidic acid acyltransferase (LPAAT)

[0272] The present disclosure describes enzymes that catalyze acylation of the sn-2 position
of tnacy Iglycerol .

[0273] Membrane-bound }-acylglycerol-3 -phosphate O-acyltransferase encoded by gene
pIsC catalyzes the second step in phospholipid biosynthesis and is thought to function in
close proximity to the preceding enzyme glycerol-3-phosphate acyltransferase encoded by
gene pisB (Kessels MM et al. 1983). It is specific for acylation at the sn-2 position of a 1-acyl-
sn-glycerol  3-phosphate and can utilize either acyl-acyl carrier protein (acyl-ACP), or acyl-
coenzyme A (acyl-CoA) as the fatty acyl donor to form a 1,2-diacyl-sn-giycerol 3-phosphate
(a phosphatidate, a phosphatidic acid). Fatty acids that are endogenously synthesized are
attached to ACP and exogenouslv added fatty acids are attached to CoA (Greenway DL and
Silbert DF (1983) Altered acyltransferase activity in Escherichia coli associated with
mutations in acyl coenzyme A synthetase. J Biol Chem 258(21): 13034-13042). In E. coli
phospholipids & the sn 1 position is occupied mainly by either pamitate, or cis-vaccenate,
whereas the sn 2 position is predominantly palmitoleate, or cis-vaccenate. This isthought to
result from the substrate preferences of the PIsB and PIsC enzymes (Rock CO et a. (1981)
Phospholipid synthesis in Escherichia coli. Characteristics of fatty acid transfer from acyl-
acyl carrier protein to sn-giycerol 3-phosphate. J Biol Chem 256(2): 736-742; Goelz SE and
Cronan JE (1980) The positional distribution of fatty acids in Escherichia coli phospholipids
isnot regulated by sn-glycerol 3-phosphate levels. JBacteriol 144(1): 462-464).
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[0274] Site directed mutagenesis studies showed that changing threonine-! 22 to alanine or
leucine resulted in changes in acyl-CoA substrate specificity (Morand LZ et a. (1998)
Alteration of the fatty acid substrate specificity of lysophosphatidate acyitransferase by site-
directed mutagenesis. Biochem Biophys Res Commun 244(1): 79-84).

[0275] In an engineered strain of E. coli, overexpression of PIsC and GaU resulted in
increased production of glycoglycerolipids (Mora-Buye N e a. (2012). An engineered E.
coli strain for the production of glycoglycerolipids. Metab Eng 14(5): 551-559).

[0276] The plsC gene of Sreptococcus pneumoniae encodes a 1-acylglycerol-3-phosphate
acyltransferase homologous to the E. coli enzyme. The gene was cloned and expressed in E.
coli, and membranes expressing it were shown to catalyze the predicted function (LuY Jet al.
(2006) Acyl-phosphates initiate membrane phospholipid synthesis in Gram-positive
pathogens. Mal Cell 23(5): 765-772).

[0277] Plant lysophosphatidate acyltransferase (LPAAT) catalyzes acyiation of the sn-2
position of triacylglyceroi. The substrate specificity of LPAAT in a given plant species
generally determines what fatty acid species are incorporated at the sn-2 position. LPAAT
has been cloned from maize and meadow foam. There are two LPAAT genes in meadow
foam, whereas only one in maize. The enzyme activity of both LAT1 and LAT2 in meadow
foam was confirmed by iz vitro assay. In addition, LAT2 was shown to functiona
complement the E. coli LPAAT deficient strain (Brown AP & a. (2002) Limnanthes
douglasii lysophosphatidic acid acyltransferases:. immunological quantification, acyl
sdlectivity and functional replacement of the Escherichia coli plsC gene. Biochem J 364(Pt
3):795-805).

[0278] LATL1 is a highly selective acyltransferase that only uses 18:I-CoA as a substrate.
LAT2 is less selective. The highest activity was shown towards 22:1-CoA, followed by 16:0-
and 18:1-CoA. The substrate specificities of LAT1 and LAT2 are consistent with their
proposed roles, for LAT1 in membrane lipid biosynthesis and LATZ2 in storage lipid
biosynthesis. Plant cell membranes predominantly contain C16 and C18 unsaturated fatty
acids, whereas storage lipids contain a wide range of fatty acids including saturated fatty
acids and very long-chain unsaturated fatty acids. The protein level of LAT1 and LAT2 in
different plant tissues was detected by antibodies. LAT} is present in both leaves and
developing seeds, whereas LAT2 is only detected in developing seeds. This again is
consistent with their proposed roles. The role of LAT2 in triacylglyceroi biosynthesis was

further shown by transformation of LATZ2 in oil seed rape which does not normally contain
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22:1-CoA @ the sn-2 position. The transformation of the meadow foam LATZ2 inserted 22:1-
CoA @ the sn-2 position (Lassner MW € a. (1995) Lysophosphatidic acid acyltransferase
from meadowfoam mediates insertion of erucic acid at the sn-2 position of triacylglycerol in
transgenic rapeseed oil. Plant Physiol 109(4): 1389-1394).

[0279] Utilizing viable mutant Saccharornyces cerevisiae strains lacking sphingolipid
biosynthesis, the gene SLCi was isolated and demonstrated to encode an acyl-CoA:
lysopliosphatidate acyltransferase. Sequence homology with the PLSC protein of E. coli
which is classified as 1-acyl-sn-glycerol -3-phosphate acyltransferase indicated a similar
function. This presumed molecular function of SLCIp was corroborated by the ability to
rescue the ApisC mutant of E. coli. It could be shown that a single nucleotide alteration
changing an L-glutamine to an L-leucine at position 131 transformed the substrate preference
from C16 and C18 fatty acids to C26 fatty acids which was reflected in vivo in the
corresponding fatty acid composition of wild type (SLCI) versus mutant (SLCI-1) (Nagiec
MM et al. (1993) A suppressor gene that enables Saccharornyces cerevisiae to grow without
making sphingolipids encodes a protein that resembles an Escherichia coli fatty
acyltransferase. JBiol Chern 268(29): 22156-22163).

[0286} In vitro assays with the recombinantly expressed and purified SLCIp in E. coli
revealed a substrate preference towards lyso-phosphatidate and oleoyl-CoA but also accepted
1-pamitoylglycerol 3-phosphate and 1-stearoyl-sn-glycerol 3-phosphate. In vivo studies of
mutants such as Asicl, Aslc4 (another potential acyl-CoA:phosphatidyl acyltransferase) and
double mutants of AslclAde4 bearing a plasmsd with either the SLCI or SLC4 gene referred
to as 2.ASLCL1 (or 2.ASLC4) showed that SLCI promoted the biosyntheses of phosphatidate
and also phosphatidylinositol and diacylglycerol. It was suggested that SLCI isinvolved in
phospholipid remodeling by exchanging fatty acids on glycerophospholipids iz vivo
(Benghezal M e al. (2007) SLCt and SLC4 encode partially redundant acyl-coenzyme A 1-
acylglycerol-3-phosphate O-acyltransferases of budding yeast. J Biol Chem 282(42): 30845-
30855).

[0281] Screening the yeast genome with candidate open reading frames (ORFs) of known
acyltransferase enzymes and testing the associated deletion strains, the gene encoding an
acyl-CoA dependent lyso-phospholipid acyltransferase (ALEL) was identified. In the Aalel
strain a dramatic decrease of lyso-phosphatidylethanolamine acyltransferase (LPEAT)
activity was observed but it could also be demonstrated that ALEIp may provide redundant
lyso-phosphatidate  acyltransferase  (LPAAT) activity when the man LPAAT in
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Saccharomyces eerevisiae, i.e. SLCip, is absent or rendered inactive. ALElp preferably
attaches unsaturated acyl chains of varying length to the sn-2 position of lyso-phospholipids.
The enzyme was localized to both microsomal and mitochondrial membranes utilizing high
purity cell fractionation. It has been proposed that ALEIi may be the magjor LPEAT in the
exogenous lysolipid metabolism (ELM) pathway in yeast but it is also required for efficient
functioning of the endogenous Kennedy pathway (Riekhof WR et ai. (2007) Identification
and characterization of the maor lysophosphatidylethanolamine acyltransferase in
Saccharomyces eerevisiae. JBiol Chem 282(39); 28344-28352).

[0282] In a simultaneous study, LPT1 (synonymous to ALEI) was identified by applying a
synthetic genetic array analysis and shown to have lyso-phospholipid acyltransferase activity.
In this study the best substrate for LPT1 (=ALE1l) was lyso-phosphatidylcholine, hence
acting as a lyso-phosphatidylcholine acyltransferase (LPCAT) and the residual activity as
LPAAT reported earlier was also demonstrated utilizing single Aiptl and double AsciiAipt!
mutants, the latter being inviable. The ratio of incorporating oleate into phosphatidylcholine
was determined as 70% towards the de novo synthesis and 30% towards remodeling (Jain S
et a. (2007) Identification of a novel lysophosphoiipid acyltransferase in Saccharomyces
eerevisiae. J Biol Chem 282(42): 30562-30569).

[0283] The molecular function of ALEI (also referred to as LCA1 or SLC4) as a lyso-
phosphatidylcholine acyltransferase (LPCAT) was corroborated in another simultaneous
study monitoring the incorporation of radioactive labeled lyso-phosphatidylcholine and/or
palmitoyl-CoA into phosphatidylcholine (PC). The study confirmed that ALElp (=LCAIp in
this study) was accepting a variety of acyl-donors but showed highest activity as LPCAT
regardless of the acyl-chain of lyso-phosphatidylcholine species (16:0 or 18:1). In addition, a
high sensitivity towards Zn2+ was observed which was inhibitory at concentrations above 0.1
mM and activating a lower concentrations (10 to 25 puM). The high PC turnover-rate
measured for ALE1p (FLCAIp) emphasized the enzyme as akey catalyst involved in the re-
acylation of PC (Chen Q et al. (2007) The yeast acylglycerol acyltransferase LCAL is a key
component of Lands cycle for phosphatidylcholine turnover." FEBS Lett 581(28): 5511-
5516).

[0284] The search for genes causing aberrations in the formation of lipid droplets (LD) in
Saccharomyces eerevisiae identified the gene LOA1 (formerly VPS66) encoding for an acyl-
CoA dependent lysophosphatidate acyltransferase. The in vivo molecular function of LOAIp

was determined using the comparison of the lipidome of wild type and Aloal yeast strains.
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The analysis showed that in the LOAL1 deficient mutant (Aloal) the percentage of oleate
containing phosphatidate molecular species was considerably reduced and the content of
triacylglycerols (TGA) was lowered by 20 percent. The protein was recombinantly expressed
in E. coli and partially purified by obtaining the highly enriched hpid droplet fraction and by
affinity chromatography with LOAIp still attached to the matrix beads. The purified LOAIp
was characterized in in vitro assays demonstrating that LOAIlp was specific for
lysophosphatidate and oleoyl-CoA, thus acting as a oleoyl-CoA: lysophosphatidate
acyltransferase in yeast. Based upon the results, LOAlp was proposed to be significantly
involved in channeling excess oleate - containing phosphatidate species into TAG
biosynthesis and the proper development of lipid droplets (LD's). Utilizing a genomic-tagging
construct, subcellular fractionation, immunohistochemistry and fluorescence microscopy
LOAL could be localized to both endoplasmic reticulum (ER) and lipid droplets (LD's)
(Ayciriex S e a. (2012) YPR139c¢/LOAI encodes a novel lysophosphatidic acid
acyltransferase associated with lipid droplets and involved in TAG homeostasis. Mol Biol
Cell 23(2): 233-246).

[0285] In some embodiments, the lysophosphatidic acid acyltransferase is plsC from E. coli
(MetaCyc Accession |ID EG11377). In other embodiments, the lysophosphatidic acid
acyltransferase is plsC from s. pneumoniae (MetaCyc Accession ID G-10763). In some
embodiments, the lysophosphatidic acid acyltransferase is LAT1 from Limnanthes douglasii.
In some embodiments, the lysophosphatidic acid acyltransferase is LAT2 from Limnanthes
douglasii (MetaCyc Accession ID G-9398). In some embodiments, the lysophosphatidic acid
acyltransferase is SLC1 from Saccharomyces cerevisiae (YDL052c). In some embodiments,
the lysophosphatidic acid acyltransferase is YALIOE18964g from Yarrowia lipolytica. In
some embodiments, the lysophosphatidic acid acyltransferase is Ca0 19.250 from Candida
albicans. In some embodiments, the lysophosphatidic acid acyltransferase is Ca019.7881
from Candida albicans. In some embodiments, the lysophosphatidic acid acyltransferase is
CTRG_02437 from Candida tropicalis. In some embodiments, the lysophosphatidic acid
acyltransferase is ALEL from Saccharomyces cerevisiae (YOR175C). In some embodiments,
the lysophosphatidic acid acyltransferase is YALIOF195l4g from Yarrowia lipolytica. In
some embodiments, the lysophosphatidic acid acyltransferase is Ca019.18%1 from Candida
albicans. In some embodiments, the lysophosphatidic acid acyltransferase is Ca019.9437
from Candida albicans. In some embodiments, the lysophosphatidic acid acyltransferase is

CTRG_01687 from Candida tropicalis. In some embodiments, the lysophosphatidic acid
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acyltransferase is LOA | from Saccharomyces cerevisiae (YPR139C). in some embodiments,
the lysophosphatidic acid acyltransferase is YALIOC14014g from Yarrowia lipolytica. In
some embodiments, the lysophosphatidic acid acyltransferase is Ca019.1043 from Candida
albicans. In some embodiments, the lysophosphatidic acid acyltransferase is Ca019.8645
from Candida albicans. In some embodiments, the lysophosphatidic acid acyltransferase is
CTRG 04750 from Candida tropicalis.

Glycerolphospholipid acyltranserase (GPLAT)

[0286] The present disclosure describes enzymes that catalyze the following reaction:

[0287] I-alkyl-sn-glycero-3-phosphoethanolamine + a 2-acyl-l-akyl-sn-glycero-3-

phosphocholine =% an 0-I-alkyl-2-acyl-sn-glycero-3-phosphoethanolamine  + a I-akyl-2-
lyso-sn-glycero-3-phosphocholine

[0288] GPLAT enzymes catdyze the transfer of fatty acids from intact choline- or
ethanolamine-containing  glycerolphospholipids to the sn-2 position of a lyso-
glycerolphospholipid. Tire organyl group on sn-1 of the donor or acceptor molecule can be
alkyl, acyl or ak-l-enyl. The term ‘radyl’ has sometimes been used to refer to such
substituting groups. The enzyme requires Coenzyme A and does not favor the transfer of
polyunsaturated acyl groups.

Diacylglycerol acyltransferase (DGAT)

[0289] The present disclosure describes enzymes that add an acyl group to the sn-3 position
of diacylglycerol (DAG) to form triacylglycerol (TAG).

[0290] Diacylglycerol acyltransferase (DGAT) catalyzes the only unique reaction in
triacylglycerol biosynthesis. It adds an acyl group to the sn-3 position of diacylglycerol
(DAG) and forms triacylglycerol (TAG), shown asfollows:

[0291] an acyl-CoA + a 1,2-diacyl-sn-glycerol — atriacyl-sn-glycerol + coenzyme A.

[0292] DGAT accepts abroad range of acyl-CoA as acyl donor including C18:1, C18:2, and
C20:I acyl-CoA as demonstrated for the Arabidopsis DGAT (Jako C e da. (2001) Seed-
specific over-expression of an Arabidopsis cDNA encoding a diacylglycerol acyltransferase
enhances seed oil conieni and seed weight. Plant Physiol 126(2): 861-874). Expressing the
Arabidopsis cDNA of DGAT in an insect ceil culture and in yeast, aswell as over-expressing
the cDNA in wild type Arabidopsis, demonstrated the DGAT activity in transferring an acyl
group to the sn-3 position of DAG (Hobbs DH et al. (1999) Cloning of a cDNA encoding
diacylglycerol acyltransferase from Arabidopsis thaliana and its functional expression. FEBS
Lett 452(3): 145-149; Zou J et a. (1999) The Arabidopsis thaliana TAG1 mutant has a
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mutation in a diacylglycerol acyltransferase gene. Plant J 19(6): 645-653). Over-expression
of the Arabidopsis cDNA in wild type Arabidopsis increased oil deposition in seeds and this
increase is correlated to the increased mRNA expression level of DGAT. This indicates that
DGAT isaregulatory' point of the triacylglycerol biosynthesis pathway.

[0293] The gene encoding the bifunctional acyl-CoA:acylglycerol acyltransferase (DGAT)
has been identified in Saccharomyces cerevisiae as a major contributor to triacylglycerol
biosynthesis (Sandager L e al. (2002.) Storage lipid synthesis is non-essential in yeast. J Biol
Chem 277(8): 6478-6482). The gene (DGAI) belongs in the DGAT2 family which members
are characterized as acyl-CoA dependent acyltransferases (Lardizabai KD et a. (2001)
DGAT2 is a new diacylglycerol acyltransferase gene family: purification, cloning, and
expression in insect cells of two polypeptides from Mortierella ramanniana with
diacylglycerol acyltransferase activity." J Biol Chem 276(42): 38862-38869). It has been
demonstrated that DGAIp is the only acyl-CoA dependent acyltransferase catalyzing the
esterification of diacylglycerol (DAG) totriacylglycerol (TAG) in the yeast genome. This has
been shown in deletion mutants of DGAI (Adgal) and in combination with the deletion of
the other diacylglycerol acyltransferase of importance in yeast, i.e. LROI which esterifies
DAG utilizing a phospholipid acyl donor (Alrol). In the Adga Alrol double mutant amost
al of the diacylglycerol acyltransferase has been lost and TAG synthesis was abolished. A
plasmid carrying the DGAI gene could rescue the TAG synthetic deficiency in the mutant
indicating that /n vivo DGAIl was prominently involved in the TAG biosynthetic route
(Sorger D, Daum G (2002). Synthesis of triacylglycerols by the acyl-coenzyme A:diacyl-
glycerol acyltransferase Dgap in lipid particles of the yeast Saccharomyces cerevisiae. J
Bacteriol 184(2): 519-524; Oeikers P et a. (2002) The DGAI gene determines a second
triglyceride synthetic pathway in yeast. J Biol Chem 277(11): 8877-8881). In vitro a
preference of DGAIp towards oleoyl-CoA and pamitoyl-CoA was observed which is
inverted for the phospholipid dependent acyltransferase LROIp (Oeikers et al. 2002).

[0294] In addition, the function of DGAIp as an acyl-CoA dependent monoacylglycerol
acyltransferase (MGAT) was demonstrated in vivo utilizing Adga mutants which had lost
more than 60% of the MGAT activity. The in vitro MGAT activity of DGAI was shown by
the oleoyl-CoA dependent esterification of 2-oleoylglycerol yielding 1,2-dioieoylglycerol in
the process (Heier C & a. (2010) Identification of Yju3p as functional orthologue of
mammalian monoglyceride lipase in the yeast Saccharomyces cerevisiae. Biochim Biophys
Acta 1801(9): 1063-1071).
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[0295] More insights into the functional importance and topological orientation of sequence
motifs in the primary sequence of DGAIp has been gained by in silico analyses, site-directed
mutagenesis of signature motifs and deletion mutations of the c~and N-termini. it could be
demonstrated that besides the signature motifs found in other DGAT2 family members
Saccharomyces possesses a unique hydrophilic stretch which was shown to significantly
modulate enzyme activity. Also, the histidine residue 195 in the second of the four
determined transmembrane domains was proven to be essentia for enzyme activity. The
topology of DGA1 reveaed that both C- and N-termini face the cytoplasm and that the C-
terminus was more important for DGA1 activity than the N-terminus (Liu Q et a. (2011)
Functional and topological analysis of yeast acyl-CoA:diacylglycerol acyitransferase 2, an
endoplasmic reticulum enzyme essential for triacylglycerol biosynthesis. J Biol Chem
286(15): 131 15-13126).

[0296] Using highly purified cell fragments and immunobiottmg, Sorger et a. (2002) and Liu
e a. (2011) demonstrated that DGA1l was localized to lipid droplets and microsomal
membranes, most probably the endoplasmic reticulum.

[0297] Acineiobacter sp. ADP1 expresses a Afunctional enzyme that exhibits both wax ester
synthase (WS) and acyl-coA:diacylglyceroi acyitransferase (DGAT) activities (Kalscheuer R
and Steinbuchel A (2003) A novel bifunctional wax ester synthase/acyl-CoA:diacylglycerol

acyitransferase mediates wax ester and triacylglycerol biosynthesis in Acineiobacter
calcoaceticus ADPi. JBiol Chem 278(10): 8075-8082). This homodimer catalyzes the final
steps in TAG and WE biosynthesis (Stoveken T et al. (2005) The wax ester synthase/acyi
coenzyme A:diacylglycerol acyitransferase from Acineiobacter sp. strain ADPI:

characterization of a novel type of acyitransferase. J Bacterid 187(4). 1369-1376). It
mediates both oxo ester and thio ester bond formation and has a broad substrate range,
accepting medium chain fatty alcohols and acyl-CoA esters as well as monoacylglycerols
(MAGs) (Uthoff S et a. (2005) Thio wax ester biosynthesis utilizing the unspecific
bifunctional wax ester synthase/lacyl coenzyme A:diacylglycerol acyitransferase of
Acineiobacter sp. strain ADPI. Appi Environ Microbiol 71(2): 790-796).

[0298] In some embodiments, the diacylglycerol acyitransferase is TAG! from Arabidopsis
thaliana (Gene ID AT2G19450). In some embodiments, the diacylglycerol acyitransferase is
DGA1 from S. cerevisiae (YQR245c). In some embodiments, the diacylglycerol

acyitransferase is atfA from Acineiobacter sp. ADPI (MetaCyc Accession ID ACIADO0832).

In some embodiments, the diacylglycerol acyitransferase is YALIOE32769g from Yarrowia
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lipofytica. In some embodiments, the diacy]glycerol acyltransferase is Ca019.6941 from
Candida albicans. In some embodiments, the diacylglycerol acyltransferase is Ca0O19. 14203
from Candida albicans. In some embodiments, the diacylglycerol acyltransferase is
CTRG_06209 from Candida tropicalis.

[0299] Phospholipid: diacylglycerol acyltransferase (PDAT) catalyzes the following reaction:
a phosphatidylcholine + a 1,2-diacyl-sn-glycerol - a tnacyl-sn-giycerol + a l-acyi-sn-
glycero-3-phosphocholine.

[0300] The Arabidopsis PDAT can use different phospholipids as acyl donor, with acyl
groups of 10-22 carbon chain length at either sn- positions (Stahl U et al. (2004) Cloning and
functional characterization of a phospholipid:diacylglycerol — acyltransferase  from
Arabidopsis. Plant Physiol 135(3): 1324-1335). Acyl group a the sn-2 position of
phosphatidylcholine ishowever used three times greater than a the sn-1 position. The highest
activity is with acyl groups having multiple double bonds, epoxy or hydroxy groups. Among
the tested, the enzyme activity was highest with ricinoleoyl. 18:0- and 22:1-acyl groups gave
the lowest enzyme activity. Among different phospholipid species, higher activity is with
phosphatidylethanolamine than with phosphatidate or phosphatidylcholine.

[0301] A PDAT activity was detected in castor bean seed microsome fraction. Radio-labeled
ricinoleoyl and vernoloyl groups are effectively transferred from phosphatidylcholine to
DAG forming triacylglycerol (Dahlgvist A et al. (2000) Phospholipid: diacylglycerol
acyltransferase: an enzyme that catalyzes the acyi-CoA -independent formation of
triacylglycerol inyeast and plants. Proc Natl Acad Sci USA 97(12): 6487-6492).

[0302] In other embodiments, the diacylglycerol acyltransferase is a phospholipid:
diacylglycerol acyltransferase (PDAT). In some embodiments, the PDAT isfrom Arabidopsis
thaliana (Gene ID AT5G13640). In some embodiments, the PDAT is from Ricimis
communis. In some embodiments, the PDAT is LROI from Saccharoniyces cerevisiae
(YNROQOO8w). In some embodiments, the PDAT is YALIOE16797g from Yarrowia lipolvtica.
In some embodiments, the PDAT is Ca()19.13439 from Candida albicans. In some
embodiments, the PDAT is CTRG 04390 from Candida tropicalis.

[0303] In some embodiments, a recombinant microorganism capable of producing a mono-
or poly-unsaturated < C;x fatty alcohol, faity aldehyde and/or fatty acetate from an
endogenous or exogenous source of saturated cs.c2¢ fatty acid is provided, wherein the
recombinant microorganism expresses one or more acyltransferase enzymes, and wherein the

recombinant microorganism is manipulated to delete, disrupt, mutate, and/or reduce the
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activity of one or more endogenous acyltransferase enzymes. In some embodiments, the one
or more acyltransferase enzymes being expressed are different from the one or more
endogenous acyltransferase enzymes being deleted or downregulated. In some embodiments,
the one or more endogenous or exogenous acyltransferase enzymes comprise glycerol-3-
phosphate acyl transferases (GPATS), lysophosphatidic acid acyltransferases (LPAATS),
glycerolphosphoiipid acyltransferase (GPLATSs) and/or diacylglycerol acyltransferases
(DGATS). In some embodiments, the one or more acyltransferase enzymes being expressed
prefer to store short-chain fatty acyl-CoAs. In other embodiments, the one or more
acyltransferase enzymes being expressed are selected from Table 5b. In some embodiments,
the one or more endogenous acyltransferase enzymes being deleted or downregulated are
selected from Y. lipofytica YALIOC00209g, Y. lipofytica YALTOE18964g, Y. lipolytica
YALIOF19514g, Y. lipolytica YALIOC14014g, Y lipolytica YALIOE16797g, Y. lipolytica
YALIOE32769g, Y. lipofytica YALIODO7986g, S. cerevisiae YBLOllw, S. cerevisiae
YDLO052c, s. cerevisiae YOR175C, S. cerevisae YPR139C, S. cerevisiae YNROOSw, S.
cerevisiae YOR245¢, Candida T503 02577, Candida CTRG_02630, Candida Ca019.250,
Candida Ca019.7881, Candida CTRG__ 02437, Candida Ca019.1881, Candida Ca019.9437,
Candida CTRG 01687, Candida Ca019.1043, Candida Ca019.8645 ~ Candida
CTRG_04750, Candida Ca019.13439, Candida CTRG 04390, Candida Ca019.6941,
Candida Ca0 19. 14203, and Candida CTRG_06209. In some embodiments, the recombinant
microorganism further expresses pheromone biosynthetic pathway enzymes. In further
embodiments, the pheromone biosynthetic pathway enzymes comprise one or more fatty acyl
desaturase and/or fatty acyl conjugase. In yet further embodiments, the pheromone
biosynthetic pathway enzymes comprise one or more fatty alcohol forming fatty acyl
reductase.

[0304] In some embodiments, a method of producing a mono- or poly-unsaturated < Cisfatty
alcohol, fatty aldehyde and/or fatty acetate from an endogenous or exogenous source of
saturated ce.cos  fatty acid are provided, wherein the method comprises introducing into or
expressing in a recombinant microorganism at least one endogenous or exogenous nucleic
acid molecule encoding an acyltransferase and introducing a deletion, insertion, or loss of
function mutation in one or more gene encoding an acyltransferase, wherein the at least one
endogenous or exogenous hucleic acid molecule encoding an acyltransferase being
introduced or expressed is different from the one or more gene encoding an acyltransferase

being deleted or downregulated. In some embodiments, the a least one endogenous or
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exogenous nucleic acid molecule encoding an acytransferase being introduced or expressed
or the one or more gene encoding an acyltransferase being deleted or downregulated
comprise glycerol-3-phosphate acyl transferases (GPATS), lysophosphatidic acid
acyltransferases (LPAATS), glycerolphospholipid acyltransferase  (GPLATs) and/or
diacylglycerol acyltransferases (DGATS). In some embodiments, the at least one endogenous
or exogenous nucleic acid molecule encodes an acyltransferase that prefers to store short-
chain fatty acyl-CoAs. In some embodiments, the at least one endogenous or exogenous
nucleic acid molecule encodes an acyltransferase selected from Table 5b. In some
embodiments, the one or more endogenous acyltransferase enzymes being deleted or
downregulated are selected from Y. lipotytica Y ALIOC00209g, Y. lipotytica Y ALIOE18964g,
Y. lipotytica YALTOF19514g, Y. lipotytica Y AU 0CA4614g, Y. lipotytica YALIOE16797g, V.
lipotytica YALIOE32769g, Y. lipotytica YALIOD07986g, S. cerevisae YBLOIllw, S.
cerevisiae YDLO052c, S. cerevisae YOR175C, S. cerevisiae YPR139C, S. cerevisiae
YNROOSW, S. cerevisiae YOR245¢, Candida 1503 02577, Candida CTRG_02630, Candida
Ca019.250, Candida Ca019.7881, Candida CTRG 02437, Candida Ca0O 19.1881, Candida
Ca()19.9437, Candida CTRG_01687, Candida Ca()19.1043, Candida Ca019.8645, Candida
CTRG 04750, Candida Ca019.13439, Candida CTRG 04390, Candida CaO19.6941,
Candida Ca019. 14203, and Candida CTRG_06209. In some embodiments, the method
further comprises introducing into or expressing in the recombinant microorganism at least
one endogenous or exogenous nucleic acid molecule encoding a fatty acyl desaturase and/or
fatty acyl conjugase. In further embodiments, the method further comprises introducing into
or expressing in the recombinant microorganism at least one endogenous or exogenous

nucleic acid molecule encoding afatty acohol forming fatty acyl reductase.

Table Sb, Exemplary acyltransferases

Accession No. Source Organism

Bos taurus

BAC43730.1 Rattus norvegicus
AAHRVEAG | Kattus norvegicus
F6TMUG Faguus caballus
FePXX7 Equus cabalius
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Accession No.

Source Organism

F7B020 Equus caballus
ALTS83519.1 Muocadamia letraphylic
ANN46862.1 Cuphea avigera
ANN46863.1 Cuphea avigera
ANN46864.1 Cuphea avigera
ANN46865.1 Cuphea avigera
AAC49 1191 Cocos nucifera
JAT48335.1 Anthurium amnicola

XP 0087932031

Phoenix dactylifera

XP 008806896.1

Phoenix dactylifera

XP 0088067401

Phoenix dactylifera

XP 0109088951

Elaeis giiineensis

XP_010908896.1

Elaeis guineensis

QoBUY2 Umbelopsis ramanniana
AOAQ77WEUS Lichtheimia ramosa
AOA068SDP4 Lichtheimia corymbifera IMRC
AOAO068RXA2 Lichtheimia corymbifera IMRC
AO0A197JCE2 Mortierelia elongata AG-77
AOA1C7NO60 Choanephora cucurbitarum
11BLC3 Rhizopus delemar
AOA1C7NC56 Choanephora cucurbitarum
AOQAQ77X3B5 Lichtheimia ramosa

Qo6BUY1 Umbelopsis ramanniana
AOQAQ77WVDA4 Lichtheimia ramosa
AOA163K8G3 Absidia glauca
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Accession No.

Source Organism

S2J8P3 Mucor circineHoides
AOA168J818 Mucor circineHoides
AOAOCOMRI10 Mucor arnbiguus
AOA162PN39 Phycomyces hlakes eeanus
AOA167QXDO0 Phycomyces hlakesl eeanus
AOAOCIMA4C3 Mucor arnbiguus
AOAOB7NDT1 Parasitella parasitica
AOAQ015LM78 Rhizophagus irregularis
AOAOB7NHQ3 Parasitella parasiiica
AOAOAINVKS5 Rhizopus microsporias
AOAOQA1P436 Rhizopus microsporia
AOAQOD7BI48 Cylindrohasidium torrendii
AOA1B9HZTS Kwoniella pini
AOA1D1IXN50 Anthurium amnicola
AOA1BOILFO Kwoniella mangroviensis
S2JU94 Mucor circineHoides
AOA1B9GCBO Kwoniella bestiolae CBS101/S
AOAOQ0B8RKTO Lichtheimia corymhifera
Q5KFU4 Cryptococcus neoformans
Q55QC2 Cryptococcus neoformans
U5GY58 Microhotryum lychnidis
AOA197KA%4 Mortierella elongata AG-77
AOAO88FR92 Rhodotorula diohovata
AOA194SBY 3 Rhodotorula grammis
E6R8N8 Cryptococcus gattii
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Accession No.

Source Organism

M7WKS9 Rhodosporidium toruioides
AOA191UMWO Rhodosporidium toruioides
C6KZS6 Rhodosporidium toruioides

JOV S50 Cryptococcus heoformans
AOA109FM23 Rhodotorula sp. JG-Ib

14Y E91 Wallemiamellicola
AOAO066WAJ3 Tilletiaria anomala UBC 951
AOA151VHM Hypsizygus marmoreus
AOA168LDJ3 Absidia glauca

AOAOA1ULKS Rhizoctonia solani AG-3 RhslAP
AOAQ74RWU7 Rhizocionia solani 123E
AOAOKBFWT6 Rhizoctonia solani

ROAL76 Wallemiaichthyophaga
E6ZMUS5 Sporisorium reilianum
AOAOK3CJIX4 Rhodosporidium toruioides
AOA162Y 103 Phycomyces blakes eeanus
AOAOB7FYU9 Thanatephorus cucumeris
AOA1A5ZUI2 Kwoniella dejecticola
AOA1B9GXE9 Kwoniella heveanensis BCC8398
V5E1P7 Kalmanozyma brasiliensis
AOA127ZHGO Sporisorium scitamineum
M5FTN9 Dacryopinax primogenitus
AOA166HX72 Sstotremastrum suecicum
AOA067QH80 Jaapia argillacea MUCL 33604
AOA165PFB6 Neolentinus lepideus
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Accession No.

Source Organism

G7DXE4 Mixia osmundae
AOA165KIK5 Exidia glandulosa HHB 12029
AOCAOF7TLQ7 Penicillium brasiUariiim
S8FI87 Fomitopsis pinicola

S7ZL04 Penicillium oxalicum

I2FM X3 Ustilago hordel

F8P370 Serpula lactymans
V2WTH2 Moniliophthora roreri
S7Q9H4 Gloeophyllum trabeum
W3VTz4 Pseudozyrna aphidis
BB8MOV7 Talaromyces stipilatus
AOAOD7B6H5 Cylindrohasidiiim torrendii
R7SCW4 Tremella mesenterial
AOA093UWDO Talaromyces marneffei PMI
B6Q8Q9 Talaromyces mar neffel
AOA093VC12 Talaromyces marneffel PMI
AOQA167SF58 Caiocera viscosa Ti/FC12733
AO0A180GQ68 Puccinia iriticina

E3KWZ5 Piiccinia graminisf. sp.
FAS978 Melampsora larici-popuUna
AOAOQOUSGNS87 Aspergillus calidoustus
WOWBT1 Cladopkialophora yegresii
AOAOD2A9GO Verrucosis gallopava
S3DKQ1 Glarea lozoyensis
AOA1675691 Penicillium chrysogenum
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Accession No.

Source Organism

AOAQ0C3G1P8 Piloderma croceum F 1598
AOCA1INM34 Penicilliumfreii
AOAOM8BNPT1 Penicillium nordicum
M2R3J5 Ceriporiopsis siibvermispora
AOA1E3JS60 Cryptococcus depauperatus
VoDJY4 Cladopkialophora carrionii
AOA1C1D128 Cladophialophora carrionii
AOA194XRZ1 Phialocephala scopiformis
AOA135LQY4 Penicillium patulum

F2S034 Trichophyton tonsurans
AOA059J710 Trichophyton interdigitale
R7YTC1 Coniosporium apollinis
AOAOG4PR1 1 Penicillium camemberti FM 013
F2SHG6 Trichophyton rubrum
AOAQ22VWY 8 Trichophyton rubrum. CBS 288.86
AOA178F1Q9 Trichophyton rubrum
AOAQ22XM67 Trichophyton soudanense
F2PHM 1 Trichophyton equinum
AOA178FDVO Trichophyton violaceurn
AOAOFBUUV5 Aspergillus ochraceoroseus
AOAOF8XD12 Aspergillus rambeliii
D8Q1Z6 Schizophyllum commune
AOAOLOVQ99 Puccinia striiformis
WG6QE33 Penicillium roqueforti
AOA0JOXU39 Cutaneotrichosporon
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Accession No.

Source Organism

K2R1Y7 Macrophomina phaseolma
AOA1B9HIE8 Kwoniella heveanensis CBS 569
AOAOA2KLE4 Peniciilium ilalicum
AOAL177FP94 Fonsecaea monophora
QocCus1 Aspergillus terrens
AOAOD2C195 Exophiala spinifera

K9GS70 Peniciilium digitatum

K9HAT7 Peniciilium digitatum
AOAOQA2IRX2 Peniciilium expansum
AOA165XA55 Fibulorhizoctonici sp.
AOA1E3HS30 Cryptococcus clepauperatus
ROJHT6 Setosphaeria turcica

W6XT38 Bipolaris zeicola 26-R-1 3
K1WNS8 Marssonina brunneaf. sp.
AOAQ77R6Q5 M elanopsi chium pennsylvanicum.
AOAO0G2F2K4 Phaeomoniella chlamydospora
M2UB23 Cochliobolus heterosirophus
N4WZB4 Cochliobolus heterosirophus
AOAOD2ECH Caproriia semi-imrnersa
K5ULK®6 Phanerochaete carnosa
AOAOBICNS6 Pseudozyma antarctica
W7E3D1 Bipolaris victoriae FI3
AOAOD1YATO Exophiala sideris

V5FVB4 Byssochlamys speciabilis
AOA150V2M4 Acidomyces richmondensis BFW
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Accession No.

Source Organism

AOAOD2P224 Hypholoma sublateritium
C5FY 83 Arlhroderma otae
AOAOESONND3 Sailoella complicates
AOA163JYI7 Ahsidia glauca

M2S5YNSE Cochliobolus sativus
AOAOD2A9Y8 Exophiala oligospernia
B2WFQ5 Pyrenophora tritici
AOA1787686 Fonsecaea erecta

R1GYF1 Botryosphaeria parva
AOAOD2AMT7 Cladophialophora imnnmda
AOAO067TPJ7 Galerina rnarginaia CBS 339. 88
AOA0G2DT71 Diplodia seriata
AOAQ0SBXG57 fungal sp. No. 11243

A1CD57 Aspergillus clavatus strain
WG6ZES59 Bipolaris oryzae ATCC 44560
W9X299 Cladophialophora psammophila
AOAOL 1HS74 Semphylium lycopersici
E3SRYEG6 Pyrenophora teres
AOA178C491 Fonsecaea multimorphosa
AOAOD2JW30 Fonsecaea multimorphosa
AOA100ISz7 Aspergillus niger

G7XRR4 Aspergillus kawachii

E4ZGH1 Leptosphaeria macuians
AOAOC3AUBY9 Serendipita vermifera
AOAOU1IM 481 Talaromyces islandiciis
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Accession No.

Source Organism

AOA179UDBS8 Ajellomyces dermatitidis
AOA177DMLO Alternaria allemala
AOAQ74XTA2 Aureobasidium namibiae
R8BK 00 Togninia minima
AOA178E1IM9 Pyrenochaeta sp. DS3sA Y3a
AOAQ74XCF2 Aureobasidium puHulans
AOA178CVL7 Fonsecaea nubica

JAH349 Fnbroporia radiculosa
F2T2H3 Ajellomyces dermatitidis
T5C9R0 Blastomyces dermatitidis
C5GGF5 Ajellomyces dermatitidis
F8QA4F5 Serpula lacrymans
AOAQ74YHWS3 Aureobasidium subglaciale
AOAOD2E953 Exophiala xenohiotica
AOAOD2ETM7 Exophiala xenohiotica
AOA163ADX9 Didymella rabiei

U7PLY5 Sporoihrix schenckii
AOAOF2MF45 Soorothrix schenckii 1099-18
AOA0C2J820 Soorothrix brasiliensis 5110
AOA1E3B843 Aspergillus cristaius
AOAOLBWTD3 Termitomyces sp. J132
G2YTS7 Botryotiniafuckeliana
WOXGA9 Capronia epimyces CBS 606.96
AOAOF4Y S69 Rasamsoma emer sonii
MOLWR9 Pseudozyma antarctica
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Accession No.

Source Organism

AOA074WDM7 Aureobasidium melanogenum
M3CBZ0 Sohaerulina #:u:5i Vi
AOAO0C7C2J7 Rhizopus microsporias

W9y u83 Capronia coronata CBS 617.96
T8IUHS Aspergillus oryzae
AOA139HZIO Pseudocercospora musae
E9DGY4 Coccidioides posadasu
AOA0J6FIP8 Coccidioidesposadasii

H6BM 52 Exophiala dermatitidis
Q2UDX3 Aspergillus oryzae

M3ASH Pseudocercospora fijiensis
AOA177BZUO Paraphaeosphaeria sporulosa
AO0A0175910 Aspergillus ruber CBS 135680
AOA175WF2 Madurella mycetomatis
AOAQJBUWI6 Coccidioides immitis
AOAQJBYFS7 Coccidioides immitis RMSCC
J3K3F7 Coccidioides immitis
AOAOD2FX82 Rhinocladiella rnackenziei
AOA072PSS5 Exophiala aguamarina
AOAOAIMWE2 Rhizopus microsporus
W2RSU8 Cypheilophora europaea
C0S1D5 Paracoccidioides brasiliensiensis
C1G9R2 Paracoccidioides brasiliensiensis
AOA1D2JGH6 Paracoccidioides brasiliensis
AOA166PXNO Cordyceps brongniartii
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Accession No. Source Organism

Q54GC1 Dictyostelvam discoideum
AOAOH1B9A9 Emmonsiaparva UAMH 139
RAXEF3 Taphriria deformans
D3B2US8 Polysphondylium pallidum
UIHHTS Endocarpon pusillum
AOA1E3JYY5 Tsuckiyaea wingfieldH
AOAOC3IN41 Pisolithus tmctorius Marx. 270
B6HF05 Penicillium nibens
AOA060S368 Pycnoporus cinnabarinus
K5W449 Agaricns bisponis

BOCTAO Laccaria bicolor

FOXD96 Grosmannia clavigera
AOA165EPI1 Calocera cornea HHB12733

Acylglycero! lipases and sterol esterases

[0305] In some embodiments, recombinant microorganisms and methods are provided for the
production of short chain fatty alcohols, fatty aldehydes and/or fatty acetates. In certain
embodiments, the short chain fatty alcohols, fatty aldehydes and/or fatty acetates have carbon
chain length shorter than or equal to Ci%. In some preferred embodiments of methods to
produce short chain pheromones, select enzymes which prefer to hydrolyze ester bonds of
long-chain acylglycerols are co-expressed with one or more fatty acyl desaturases. Such
suitable enzymes are exemplified by heterologous or engineered acylglvcerol lipases.
Examples of acylglvcerol lipases that are suitable for this purpose are listed in Table 5c.

[0306] In some preferred embodiments of methods to produce fatty alcohols, fatty aldehydes
and/or fatty acetates, one or more genes of the microbial host encoding acviglyceroi Upases
(mono-, di-, ortriacylglycerol lipases) and sterol ester esterases are deleted or downregulated
and replaced with one or more acylglvcerol lipases which prefer long chain acviglyceroi

substrates. Such deletion or down-regulation targets include, but are not limited to Y.
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lipofytica YALIOE32035g, Y. ipofytica YALIOD17534g, Y. hpolytica YALIOFIOOIOg, Y.
hpofytica YALIOC14520g, Y. hpolytica YALIOEO0528g, S. cerevisiae YKL140w, S.
cerevishae YMR313c, S. cerevisae YKRO089c, S. cerevisae YORO08lc, 5. cerevisiae
YKLO94W, s. cerevisiae YLLO12W, S. cerevisae YLR020C, Candida Ca019.2050,
Candida CaOl 9.9598, Candida CTRG 01138, Candida W5Q_ 03398, Candida
CTRG 00057, Candida Ca019.5426, Candida Ca019.12881, Candida CTRG 06185,
Candida Ca019.4864, Candida Ca019. 12328, Candida CTRG 03360, Candida
Ca0l 9.6501, Candida Ca019. 13854, Candida CTRG 05049, Candida Ca019.1887,

Candida Ca019.9443, Candida CTRG 01683, and Candida CTRG_04630.

[0307] Carboxylic ester hydrolases (EC 3.1.1) are a large class of enzymes catalyzing the
hydrolysis or synthesis of ester bonds. They have been described in all life domains,
prokaiyotic and eukaryotic. Most of them belong to the o/B-hydrolase superfamily and have a
conserved "catalytic triad" formed by His, an acidic amino acid and a Ser residue that is
located in a highly conserved GXSXG sequence. During hydrolysis, the catalytic Ser will
start the nucleophilic attack of the substrate helped by the other two residues from the triad,
which are in close spatial vicinity. These are presumed to facilitate the hydrolysis of esters by
a mechanism similar to that of chymotrypsin-like serine proteases. Another characteristic
feature isthe presence of an amino acidic region whose sequence is not as conserved as that
of the catalytic triad, the oxyanion hole, which senses to stabilize a transition state generated
during catalysis. In addition, these enzymes generally do not require cofactors. Acylgiycerol

lipases and sterol esterases belong to the carboxylic ester hydrolase family.

[0308] An acylgiycerol lipase enzyme catalyzes a chemical reaction that uses water
molecules to break the glycerol monoesters of long-chain fatty acids. The systematic name of
this enzyme class is glycerol -ester acylhydrolase. Other names in common use include
monoacyiglycerol lipase, monoacylglycerolipase, monoglyceride lipase, monoglyceride
hydrolase, fatty acyl monoester lipase, monoacyiglycerol hydrolase, monoglyceridyllipase,

and monoglyceridase. This enzyme participates in glycerolipid metabolism.

[0309] A sterol esterase enzyme catalyzes the chemical reaction:

[0310] steryl ester + H20 = sterol + fatty acid

[0311] Thus, the two substrates of this enzyme are steryl ester and H20, whereas its two
products are sterol and fatty acid.

[0312] The systematic name of this enzyme class is steryl-ester acylhydrolase. Other names

in common use include cholesterol esterase, cholesteryl ester synthase, triterpenol esterase,
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cholesteryl esterase, cholesteryl ester hydrolase, sterol ester hydrolase, cholesterol ester
hydrolase, cholesterase, and acylcholesterol lipase. This enzyme participates in bile acid
biosynthesis . Sterol esterases are widespread in nature and have been identified from
mammals tissues such asthe pancreas, intestinal mucosa, liver, placenta, aorta, and brain, to
filamentous fungi, yeast, and bacteria.

[0313] In terms of substrate specificity, many sterol esterases are able to catalyze the
hydrolysis or synthesis of a rather broad range of other substrates containing ester linkages,
such as acylglycerols, aryl esters, and in some cases alcohol esters, cinnamyl esters,
xhantophyl esters, or synthetic polymers.

[0314] In some embodiments, a recombinant microorganism capable of producing a mono-
or poly-unsaturated < C;s fatty acohol, fatty aldehyde and/or fatty acetate from an
endogenous or exogenous source of saturated ce-cz4 fatty acid is provided, wherein the
recombinant microorganism expresses one or more acylglycerol lipase and/or sterol ester
esterase enzymes, and wherein the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous acylglycerol lipase
and/or sterol ester esterase enzymes. In some embodiments, the one or more acylglycerol
lipase and/or sterol ester esterase enzymes being expressed are different from the one or more
endogenous acylglycerol lipase and/or sterol ester esterase enzymes being deleted or
downregulated. In some embodiments, the one or more endogenous or exogenous
acylglycerol lipase and/or sterol ester esterase enzymes being expressed prefer to hydroiyze
ester bonds of long-chain acylglycerols. In other embodiments, the one or more acylglycerol
lipase and/or sterol ester esterase enzymes being expressed are selected from Table 5c. In
some embodiments, the one or more endogenous acylglycerol lipase and/or sterol ester
esterase enzymes being deleted or downregulated are selected from V. lipolytica
YALIOE32035g, Y lipolytica YALIOD 17534g, Y lipolytica YALIOFIOOlog, Y lipolytica
YALIOC 14520g, Y. lipolytica YALIOE00528g, S. cerevisiae YKL140w, S. cerevisiae
YMR3 13c, S. cerevisae YKR089c, S. cerevisiae YORGSIc, S. cerevisae YKL09%4W, sS.
cerevisiae YLLO 12W, S. cerevisiae Y LR020C, Candida CaO 19.2050, Candida Ca0 19.9598,
Candida CTRG_{1138, Candida W5Q 03398, Candida CTRG_00057, Candida
Ca() 19.5426, Candida Ca0 19.12881, Candida CTRG (6185 Candida Ca0 19.4864,
Candida Ca0 19.12328, Candida CTRG 0336G, Candida Ca019.6501, Candida
Ca0 19.13854, Candida CTRG 05049, Candida Ca0 19.1887, Candida Ca0 19.9443,
Candida CTRG_0 1683, and Candida CTRG_04630. In some embodiments, the recombinant
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microorganism further expresses pheromone biosynthetic pathway enzymes. In further
embodiments, the pheromone biosynthetic pathway enzymes comprise one or more fatty acyl
desaturase and/or fatty acyl conjugase. In yet further embodiments, the pheromone
biosynthetic pathway enzymes comprise one or more fatty alcohol forming fatty acyl
reductase.

[0315] In some embodiments, a method of producing a mono- or poly-unsaturated < Cis fatty
alcohol, fatty aldehyde and/or fatty acetate from an endogenous or exogenous source of
saturated ce-c24 fatty acyl-CoA are provided, wherein the method comprises introducing into
or expressing in a recombinant microorganism at least one endogenous or exogenous nucleic
acid molecule encoding an acylglyceroi lipase or sterol ester esterase and introducing a
deletion, insertion, or loss of function mutation in one or more gene encoding an acylglyceroi

lipase or sterol ester esterase, wherein the at least one endogenous or exogenous nucleic acid
molecule encoding an acylglyceroi lipase or sterol ester esterase being introduced or
expressed is different from the one or more gene encoding an acylglyceroi lipase or sterol
ester esterase being deleted or downregulated. In some embodiments, the a least one
endogenous or exogenous nucleic acid molecule encoding an acylglyceroi lipase or sterol
ester esterase being introduced or expressed prefers to hydroiyze ester bonds of long-chain
acylglycerols. In some embodiments, the at least one endogenous or exogenous nucleic acid
molecule encoding an acylglyceroi lipase or sterol ester esterase being introduced or
expressed is selected from Table Sc. In some embodiments, the one or more gene being
deleted or downregulated encodes an acylglyceroi lipase or sterol ester esterase selected from
v. lipofytica YALIOE32035g, Y. lipofytica YALIOD17534g, Y. lipolytica YALIOF10010g, Y.
lipofytica YALIOC14520g, V. lipofytica YALIOE00528g, S. cerevisiae YKL140w, S.
cerevisae YMR313c, S. cerevisae YKRO089c, S. cerevisae YOROSIc, S. cerevisiae
YKL094W, S. cerevisae YLLO12W, S. cerevisae YLR020C, Candida CaO 19.2050,
Candida Ca019.9598, Candida CTRG 01138, Candida W5Q 03398, Candida
CTRG_00057, Candida Ca019.5426, Candida Ca019.12881, Candida CTRG 06185,
Candida Ca019.4864, Candida Ca019. 12328, Candida CTRG 03360, Candida
Ca019.6501, Candida Ca019. 13854, Candida CTRG_05049, Candida Ca019.1887,

Candida Ca019.9443, Candida CTRG 01683, and Candida CTRG 04630. In some
embodiments, the method further comprises introducing into or expressing in the
recombinant microorganism a least one endogenous or exogenous nucleic acid molecule

encoding a fatty acyl desaturase and/or fatty acyl conjugase. In further embodiments, the
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method further comprises introducing into or expressing in the recombinant microorganism at
least one endogenous or exogenous nucleic acid molecule encoding a fatty alcohol forming
fatty acyl reductase.

Table Sc. Exemplary acviglyceroi lipases

Accession No. Source Organism
EAY76846.1 Oryza sativa

OEL29276.1 Dichanthelium oligosanthes
ONM35522.1 Lea mays

AFW36472.1 Zea mays

AFW6(230.1 Lea miays

ACG33769.1 Zea mays

ACG30143 1 Zed wmays

ACG39100.1 Zea mays

ACGA8810.1 Zed ways

KOK11040.1 Brachypodium distachyon
CAAGLO04 1 Saccharomyces cerevisiae
CAAB1640.1 Succharomyces cerevisioe
CAGTR037 1 Yarrowia lipolytica
EEF47283.1 Ricinus communis
EEF43491.1 Ricinus communis
EEF52390.1 Ricirmus communis
EEF38788.1 Kicinus communis
EEF38789.1 Ricinus communis
EEF28363.1 Ricinus communis
FEF46013.1 Ricinus communis
AF(93681 1 Ricinus communis
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Accession No. Source Organism

EEF45592.1 Ricinus communis
EEF43592.1 Ricinus communis
EEF50924.1 Ricinus communis
EEF33440.1 Ricinus communis

Expression of Toxic Proteins or Polypeptides

[0316] The present disclosure describes a toxic protein, peptide, or small molecule that can
be encoded by a recombinant microorganism. in some embodiments, the toxic protein,
peptide, or small molecule is biosynthetically produced along with an insect pheromone.
[0317] In some embodiments, the recombinant microorganism expresses one or more nucleic
acid molecules encoding a protein or polypeptide which is toxic to an insect. In some
embodiments, the toxic protein or polypeptide is from an entomopathogemc organism. In
some embodiments, the entomopathogenic organism is selected from Bacillus thuringiensis,
Pseudomonas aeruginosa, and Serratia marcescens. In a particular embodiment, the nucleic
acid molecule encodes aBacillus thuringiensis toxin.

[0318] In some embodiments, a recombinant microorganism is engineered to express a
metabolic pathway which, when expressed, produces a small molecule that is toxic to an
insect.

[0319] In exemplary embodiments, an insect pheromone produced by a recombinant
microorganism described herein may be used to attract a pest insect, and subsequently, the
pest insect is eradicated with atoxic substance, such as a toxic protein, peptide, or small
molecule, which has been co-produced by arecombinant microorganism described herein.
[0320] Biosynthesis of Pheromones Using a Recombinant Microorganism

[0321] Asdiscussed above, in afirst aspect, the present disclosure relates to a recombinant
microorganism capable of producing a mono- or poly-unsaturated c s-c 2« fatty alcohol from
an endogenous or exogenous source of saturated ce-c24 fatty acyi-CoA. An illustrative
embodiment of the first aspect is shown in Figure 1. The blue lines designate biochemical
pathways used to produce a saturated acyl-CoA, which acts as a substrate for unsaturated
fatty-acyl CoA conversion. The substrate to unsaturated fatty acyl-CoA conversion can be

performed by endogenous or exogenous enzymes in a host. Green lines indicate conversions
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catalyzed by an exogenous nucleic acid molecule encoding for an enzyme. Accordingly, in
some embodiments, the conversion of a saturated fatty acyl-CoA to a mono- or poly-
unsaturated fatty acyi-CoA is catalyzed by at least one desaturase, which is encoded by an
exogenous nucleic acid molecule. In further embodiments, the conversion of the mono- or
poly-unsaturated fatty acyl-CoA to a mono- or poly-unsaturated fatty alcohol is catalyzed by
a least one reductase, which is encoded by an exogenous nucleic acid molecule. The dashed
grey lines indicate downsream steps for the synthesis of pheromones, fragrances, flavors,
and polymer intermediates, such as using an alcohol oxidase or oxidant to produce a mono-
or poly-unsaturated fatty aldehyde, and an acetyl transferase or a chemical such as
acetyichioride to produce a mono- or poly-unsaturated fatty acetate. The red crosses indicate
deleted or down regulated pathways native to the host, which increase flux towards the
engineered pathway.

[0322] Accordingly, in one embodiment, the recombinant microorganism expresses. (a) at
least one exogenous nucleic acid molecule encoding a fatty acyl desaturase that catalyzes the
conversion of a saturated cecos  fatty acyl-CoA to a corresponding mono- or poly-
unsaturated cs.c 2+ fatty acyl-CoA; and (b) a least one exogenous nucleic acid molecule
encoding a fatty alcohol forming fatty-acyl reductase that catalyzes the conversion of the
mono- or poly-unsaturated ce.cos fatty acyl-CoA from (a) into the corresponding mono- or
poly-unsaturated cecos fatty alcohol. In some embodiments, the saturated Cs-c-24 fatty acyl-
CoA can be produced using endogenous enzymes in the host microorganism. In other
embodiments, the saturated cecos  fatty acyl-CoA can be produced using one or more
exogenous enzymes in the host microorganism.

[0323] As described above, a fatty acyl desaturase catalyzes the desaturation of the
hydrocarbon chain on, e.g., a saturated fatty acyl-CoA molecule to generate a corresponding
unsaturated fatty acyl CoA molecule. In some embodiments, an exogenous fatty acyl
desaturase can be selected and expressed in a recombinant microorganism to catalyze the
formation of a least one double bond in fatty acyl-CoA molecule having from 6 to 24
carbons in the hydrocarbon chain. Accordingly, in some embodiments, the fatty-acyl
desaturase is a desaturase capable of utilizing a fatty acyl-CoA as a substrate that has a chain
length of 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 carbon atoms.
[0324] An exogenous fatty acyl desaturase described herein can be selected to catalyze the
desaturation a a desired position on the hydrocarbon chain. Accordingly, in some

embodiments, the fatty-acyl desaturase is capable of generating a double bond at position C5,
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C6, C7, C8, C9, CiQ Cl1, C12, or C13, in the fatty acid or its derivatives, such as, for
example, fatty acid CoA esters.

[0325] One or more than one fatty acyl-CoA desaturase can be expressed in the host to
catalyze desaturation at multiple positions on the hydrocarbon chain. In some embodiments,
the fatty acyl-CoA desaturase is heterologous to the host microorganism. Accordingly,
various embodiments provide for recombinant microorganism comprised of a least one
exogenous nucleic acid molecule, which encodes a fatty acyl desaturase that catalyzes the
conversion of a saturated cs-c2 fatty acyl-CoA to a corresponding mono- or poly-
unsaturated cscos fatty acyl-CoA.

[0326] In one exemplary embodiment, the fatty-acyl desaturase isaZi 1desaturase. The Z11
fatty-acyl desaturase catalyze double bond formation between the 11t and 12t carbons in the
substrate relative to the carbonyl group. In various embodiments described herein, the Z11
desaturase, or the nucleic acid sequence that encodes it, can be isolated from organisms of the
species Agrotis segeium, Amyelois transitella, Argyrotaenia velutiana, Ckoristoneura
rosaceana, l.anpronia capitella, Trichoplusa ni, Helicoverpa zea, or Thalassiosira
pseudonana. Further Zll-desaturases, or the nucleic acid sequences encoding them, can be
isolated from Bombyx mori, Mandiucs sex-ta, Diatriea grandiosalki, Earias insulana, Earias
vittella, Piutelia xylostella, Bombyx mori or Diaphania niUdalis. ln exemplary embodiments,
the ZIl desaturase comprises a sequence selected from GenBank Accession Nos. JX679209,
JX964774, AF416738, AF545481, EU152335, AADO03775, AAF81787, and AY493438. In
some embodiments, a nucleic acid sequence encoding a ZIl desaturase from organisms of
the species Agrotis segetus, Amyelois transitella, Argyrotaenia velutiana, Ckoristoneura
rosaceana, Lampronia capitella, Trichoplusia ni, Helicoverpa zea, or Thalassiosira
pseudonana is codon optimized. In some embodiments, the Z11 desaturase comprises a
sequence selected from SEQ ID NOs: 9, 18, 24 and 26 from Trichoplusia ni. In some
embodiments, the ZI| 1 desaturase comprises an amino acid sequence set forth in SEQ ID NO:
49 from Trichoplusia ni. In other embodiments, the Z11 desaturase comprises a sequence
selected from SEQ ID NOs: 10 and 16 from Agrotis segetum. In some embodiments, the Z11
desaturase comprises an amino acid sequence set forth in SEQ ID NO: 53 from Agrotis
segetum. In some embodiments, the ZIl desaturase comprises a sequence selected from SEQ
ID NOs. 11 and 23 from Thalassiosira pseudonana. In some embodiments, the Z1}
desaturase comprises an amino acid sequence selected from SEQ ID NOs. 50 and 51 from

Thalassiosira pseudonana. In certain embodiments, the Z1} desaturase comprises a sequence
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selected from SEQ ID NOs: 12, 17 and 30 from Amyelois tramitella. In some embodiments,
the Z11 desaturase comprises an ammo acid sequence set forth in SEQ ID NO: 52 from
Amyelois tramitella. In further embodiments, the ZI| desaturase comprises a sequence
selected from SEQ ID NOs: 13, 19, 25, 27 and 31 from Helicoverpa zea. In some
embodiments, the ZI| 1desaturase comprises an amino acid sequence set forth in SEQ ID NO:
54 from Helicoverpa zea. In some embodiments, the Z| 1 desaturase comprises an amino acid
sequence set forth in SEQ ID NO: 39 from S. inferens. In some embodiments, the Z11
desaturase comprises an amino acid sequence set forth in GenBank Accession nos.
AF416738, AGH12217.1, AM21943.1, CAJ3430.2, AF441221, AAF81787.1, AF545481,
AJ271414, AY362879, ABX71630.1, NP001299594.1, QO9N9Z8, ABX71630.1 and
AIM4022 ] .1. In some embodiments, the Z 11 desaturase comprises achimeric polypeptide . In
some embodiments, a complete or partial Z11 desaturase is fused to another polypeptide. In
certain embodiments, the N-terminal native leader sequence of a ZIl desaturase is replaced
by an oleosin leader sequence from another species. In certain embodiments, the Z11
desaturase comprises a sequence selected from SEQ ID NOs: 15, 28 and 29. In some
embodiments, the Z11 desaturase comprises an amino acid sequence selected from SEQ 1D
NOs: 6%, 62, 63, 78, 79 and 80.

[0327] In certain embodiments, the ZI1 desaturase catalyzes the conversion of a fatty acyl-
CoA into a mono- or poly-unsaturated product selected from ZII-13:Acyl-CoA, EllI-
13:Acyl-CoA, (Z,2)-7,1-13:Acyl-CoA,  ZlI-14:Acyl-CoA, Ell-14:Acyl-CoA, (E,E)-9,li-
14:Acyl-CoA, (E,Z)-9,11-14:Acyl-CoA, (Z,E)-9,il-14:Acyl-CoA, (Z,2)-9,1-14:Acyl-CoA,
(E,2)-9,1 I-15:Acyl-CoA, (Z,2)-9,1 1-15:Acyl-CoA, ZII-16:Acyl-CoA,  Ell-16:Acy!-CoA,
(E,2)-6,1 1-16:Acyl-CoA, (E,Z)-7,11-16:Acyl-CoA, (E,Z)-8,11-16:Acyl-CoA, (EE)-9,11-
16:Acyl-CoA, (E,Z2)-9, 11-16:Acyl-CoA, (Z,E)-9, 11-16:Acyl-CoA, (Z,2)-9, 11-16:Acyl-CoA,
(E,E)-11,13-16:Acy3~CoA, (E,Z)-11,13-16:Acy3~CoA, (Z,E)-11,13-16:Aey3~CoA, (I.1)-
11,13-16:Acyl~CoA, (Z,E)-11,14-16:Acyl-CoA, (E,EZ)-4,6,i 1-16:Acyl-CoA, (Z,Z,E)-
7,11,13-16:Acyl-CoA, (EEZ,2)-4,6,11,13-16:Acyl-CoA, Z1I1-17:Acyl-CoA, (Z,2)-8,11-
17:Acyl-CoA, ZII-18:Acyl-CoA,  Eli-18:Acyl-CoA,  (Z,2)-11,13-18:Acyl-CoA, (E,E)-
11,14-18:Acyl-CoA, or combinations thereof.

[0328] In another exemplary embodiment, the fatty-acyl desaturase is a Z9 desaturase. The
Z9 fatty-acyl desaturase catalyze double bond formation between the 9th and 10t carbons in
the substrate relative to the carbonyl group. In various embodiments described herein, the Z9

desaturase, or the nucleic acid sequence that encodes it, can be isolated from organisms of the
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species Ostrinia fiirnacalis, Ostrinia nohilalis. Choristoneura rosaceana, Lampronia
capitella, Hehcoverpa assulta, or Helicoverpa zea. In exemplary- embodiments, the Z9
desaturase comprises a sequence selected from GenBank Accession Nos AY057862,
AF243047, AF518017, EU152332, AF482906, and AAF81788. In some embodiments, a
nucleic acid sequence encoding a Z9 desaturase is codon optimized. In some embodiments,
the Z9 desaturase comprises anucleotide sequence set forth in SEQ ID NO: 20 from Ostrinia
fiirnacalis. In some embodiments, the Z9 desaturase comprises an amino acid sequence set
forth in SEQ ID NO: 58 from Ostriniafiirnacalis. In other embodiments, the Z9 desaturase
comprises a nucleotide sequence set forth in SEQ ID NO: 21 from Lampronia capitella. In
some embodiments, the Z9 desaturase comprises an ammo acid sequence set forth in SEQ ID
NO: 59 from Lampronia capitella. In some embodiments, the Z9 desaturase comprises a
nucleotide sequence set forth in SEQ ID NO:. 22 from Helicoverpa zea. In some
embodiments, the Z9 desaturase comprises an amino acid sequence set forth in SEQ ID NO:
60 from Helicoverpa zea.

[0329] In certain embodiments, the Z9 desaturase catalyzes the conversion of a fatty acyl-
CoA into amonounsaturated or polyunsaturated product selected from Z9-1l:Acyl-CoA, Z9-
12:Acyl-CoA, E9-12:Acyl-CoA, (E,E)-7,9-12:Acyl-CoA, (E,Z)-7,9-12:Acyl-CoA, (Z,E)-7,9-
12:Acyl-CoA, (Z,2)~7,94 2:Acyl-CoA, Z9-13Acyl-CoA, E9-13:Acyl-CoA, (EZ)-59~
13:Acyl-CoA, (Z,E)-5,9-13:Acyi-CoA, (Z,2)-5,9-13:Acyl-CoA, Z9-14:Acyl-CoA, E9-
14:Acyl-CoA, (E,Z)-4,9-14:Acyl-CoA, (E,E)-9,1 M4:Acyi-CoA, (E,Z)-9,-14:Acyl-CoA,
(Z,E)-9,1 1-14: Acyl-CoA, (Z,2)-9,11-14:Acyl-CoA, (E,E)-9,12-14:Acyl-CoA, (Z,E)-9,i2-
14:Acyl-CoA, (Z,2)-9,12-14:Acyl-CoA, Z9-15:Acyl-CoA, E9-15:Acyl-CoA, (Z,2)-6,9-
15:Acyl-CoA, Z9-16:Acyl-CoA, E9-16:Acyl-CoA, (EE)-9,ll-16:Acyl-CoA,  (E,Z)-9,11-
16:Acyl-CoA, (Z,E)-9,1-16:Acyi-CoA, (Z,2)-9,lI-16:Acyl-CoA, Z9-17:Acyl-CoA, E9-
18:Acyl-CoA, Z9-18:Acyl-CoA, (EE)-59-18:Acyl-CoA, (E,E)-9,12-18:Acyl-CoA, (Z,2)-
9,12-18:Acyl-CoA, (Z,2,2)-3,6,9-18:Acyl-CoA,  (E,EE)-9,12,15-18:Acyl-CoA, (Z,Z,2)-
9,12,15-18:Acyl-CoA, or combinations thereof.

[0330] Desaturation of a saturated cscos  fatty acyl-CoA can proceed through a plurality of
reactions to produce a poly-unsaturated cscos fatty acyl-CoA. In some embodiments, the
recombinant microorganism may express a bifunctional desaturase capable of catalyzing the
formation at least two double bonds. In some embodiments, the recombinant microorganism
may express more than one exogenous nucleic acid molecule encoding more than one fatty-

acyl desaturase that catalyzes the conversion of a saturated cecos fatty acyl-CoA to a
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corresponding poly-unsaturated O+ C:»> fatty acyl-CoA. For example, the recombinant
microorganism may express an exogenous nucleic acid molecule encoding aZ11 desaturase
and another exogenous nucleic acid molecule encoding a Z9 desaturase. Thus, the resultant
poly-unsaturated fatty acyl-CoA would have a double bond between the 9h and 16t carbon
and another double bond between the 11" and 12t carbon.

[0331] In some embodiments, the recombinant microorganism may express a fatty-acyl
conjugase that acts independently or together with a fatty-acyl desaturase to catalyze the
conversion of a saturated or monounsaturated fatty acyl-CoA to a conjugated polyunsaturated
fatty acyl-CoA.

[0332] In one embodiment, the disclosure provides a recombinant microorganism capable of
producing a polyunsaturated ce-c24 fatty alcohol from an endogenous or exogenous source of
saturated or monounsaturated cs-c2  fatty acyl-CoA, wherein the recombinant
microorganism expresses. (a) a least one exogenous nucleic acid molecule encoding a fatty
acyl conjugase that catalyzes the conversion of a saturated or monounsaturated CvC24 fatty
acyl-CoA to a corresponding polyunsaturated ce-c24 fatty acyl-CoA; and (b) at least one
exogenous nucleic acid molecule encoding a fatty alcohol forming fatty-acyl reductase that
catalyzes the conversion of the polyunsaturated ce.co4 fatty acyl-CoA from (a) into the
corresponding polyunsaturated ce-cp4 fatty acohol.

[0333] In another embodiment, the recombinant microorganism expresses at least two
exogenous nucleic acid molecules encoding fatty-acyl conjugases that catalyze the
conversion of a saturated or monounsaturated ce-c24 fatty acyl-CoA to a corresponding
polyunsaturated ce-c24 fatty acyl-CoA.

[0334] In a further embodiment, the disclosure provides a recombinant microorganism
capable of producing a polyunsaturated ce-c24 fatty alcohol from an endogenous or
exogenous source of saturated or monounsaturated cvc24 fatty acyl-CoA, wherein the
recombinant microorganism expresses. (a) a least one exogenous nucleic acid molecule
encoding a fatty-acyl desaturase and at least one exogenous nucleic acid molecule encoding a
fatty acyl conjugase that catalyze the conversion of a saturated or monounsaturated ce-c24
fatty acyl-CoA to acorresponding polyunsaturated gs.co4 fatty acyl-CoA; and (b) at least one
exogenous nucleic acid molecule encoding a fatty alcohol forming fatty-acyl reductase that
catalyzes the conversion of the polyunsaturated ce-c24 fatty acyl-CoA from (&) into the
corresponding polyunsaturated ce-cp4 fatty acohol.
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[0335] In another embodiment, the recombinant microorganism expresses at least two
exogenous nucleic acid molecules encoding fatty-acyl desaturases and at least two exogenous
nucleic acid molecules encoding fatty-acyl conjugases that catalyze the conversion of a
saturated or monounsaturated C.6-C24 fatty acy!-CoA to a corresponding polyunsaturated Cs-
c24 fatty acyl-CoA.

[0336] In yet a further embodiment, the fatty-acyl conjugase is a conjugase capable of
utilizing afatty acyl-CoA asa substrate that has a chain length of 6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 carbon atoms.

[0337] In certain embodiments, the conjugase, or the nucleic acid sequence that encodes it,
can be isolaled from organisms of the species Cydiapomonella, Cydig nigricana,
Lohesia botrana, Myelois cribreila, Plodia interpunctella, Dendrolimus  punctatus,
Lampronia capitella, Spodoptera litura, Amyelois trarisitella, Manduca sexia, Bombyx mori,
Calendula officinalis, Trichosanihes hrilowii, Punica granatum, Momordica charantia,
Impatiens balsamina, and Epiphyas postvittana. In exemplar}' embodiments, the conjugase
comprises a sequence selected from GenBank Accession No. or Uniprot database:

AOAOQ59TBF5, AOAOM3L9ES, AOAOM3L9HA, AOAOM3LAHS, AOAOM3LASS,

AOAOM3LAHS, B6CB4, XP_013183656.1, X'P_004923568.2, ALAB5425.1,

NP_001296494.1, NP 001274330.1, Q4A181, Q75PL7, QOFPP8, AY178444, AY 178446,
AF182521, AF 182520, Q95UJ3.

[0338] Asdescribed above, afatty acyl reductase catalyzes the reduction of a carbonyl group,
e.g., on an unsaturated fatty acyl-CoA molecule to generate a corresponding unsaturated fatty
acid molecule. In some embodiments, the fatty alcohol forming fatty acyl CoA reductase is
heterologous to the microorganism.  Accordingly, various embodiments provide for
recombinant microorganism comprised of at least one exogenous nucleic acid molecule,

which encodes a fatty alcohol forming fatty acyl reductase that catalyzes the reduction of a
carbonyl group on an unsaturated fatty acyl-CoA molecule to generate a corresponding

unsaturated fatty acid molecule.

[0339] In some embodiments, the fatty acyl reductase is from an organism of the species
Agrotis segetum, Spodoptera exigua. Spodoptera Uttoralis, Euglena gracilis, Yponomeuta
evonymellus and Helicoverpa armigera. In some embodiments, a nucleic acid segquence
encoding a fatty-acyl reductase is codon optimized. In some embodiments, the fatty acyl
reductase comprises a sequence set forth in SEQ ID NO: 1 from Agrotis segetum. In some
embodiments, the fatty acyl reductase comprises an amino acid sequence set forth in SEQ ID
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NO: 55 from Agrotis segetum. In other embodiments, the fatty acyl reductase comprises a
sequence set forth in SEQ ID NO: 2 from Spodoptera httoralis. In other embodiments, the
fatty acyl reductase comprises an amino acid sequence set forth in SEQ ID NO: 56 from
Soodoptera Httoralis. In some embodiments, the fatty acyl reductase comprises a sequence
selected from SEQ ID NOs. SEQ ID NOs. 3, 32, 40, 72, 74, 76 and 81. In some
embodiments, the fatty acyl reductase comprises an amino acid sequence set forth in SEQ 1D
NO: 55 from Agrotis segetum. In other embodiments, the fatty acyl reductase comprises an
amino acid sequence set forth in SEQ ID NO: 56 from Spodoptera Httoralis. In some
embodiments, the fatty acyl reductase comprises an amino acid sequence selected from SEQ
ID NOs: 41 and 57 from Helicoverpa armigera. In some embodiments, the fatty acyl
reductase comprises an amino acid sequence selected from SEQ ID NOs: 73 and 82 from
Soodoptera exigua. In some embodiments, the fatty acyl reductase comprises an amino acid
sequence set forth in SEQ ID NO: 75 from Euglena gracilis. In some embodiments, the fatty
acyl reductase comprises an amino acid sequence set forth in SEQ ID NO: 77 from
Yponomeuia evonymellus.

[0340] In some embodiments, the production of unsaturated fatty alcohols in a recombinant
microorganism comprises the expression of one or more mutant FARsS. In certain
embodiments, Helicoverpa amigera fatty acyl-CoA reductase (HaFAR) variants are provided
which show anet increase in fatty alcohol produced compared to the wild type Helicoverpa
amigera fatty acyl-CoA reductase encoded by an amino acid sequence set forth in SEQ ID
NO: 41. In some embodiments, the increased enzymatic activity is a net activity increase in
amount of fatty alcohol produced relative to the amount of fatty alcohol produced by a wild
type enzymatic activity of HaFAR encoded by an amino acid sequence set forth in SEQ 1D
NO: 41. In some embodiments, awild type HaFAR comprises a nucleotide sequence set forth
in SEQ ID NO: 90. In some embodiments, a variant of a wild type HaFAR encoded by an
amino acid sequence set forth in SEQ ID NO: 4} comprises point mutations a the following
positions. S60X, S195X, S298X, S378X, S394X, 418X, and S453X, wherein X comprises
the amino acids F, L, M, I, V, P, T, A, Y, K, H, N, Q, K, D, E, C, W, R. In some
embodiments, avariant of a wild type HaFAR encoded by an amino acid sequence set forth
in SEQ 1D NO: 41 comprises a combination of point mutations selected from mutations at the
following amino acid positions. S60X, S195X, S298X, S378X, S394X, $418X, and $453X,
wherein X comprises the amino acidsF,L, M, I,V,P,T,A,Y,K,H,N,Q,K,D,E,C,W,R.
In some embodiments, the fatty acyl reductase is a mutated fatty acyl reductase and
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comprises an amino acid sequence selected from SEQ ID NOs. 42-48. in some embodiments,

the fatty acyl reductase is a mutated fatty acyl reductase and comprises nucleotide sequence
selected from SEO ID NOs: 83-89.

[0341] In exemplary embodiments, the fatty-acyl reductase catalyzes the conversion of a
mono- or poly-unsaturated fatty acyl-CoA into a fatty acohol product selected from (Z2)-3-
hexenol, (Z)-3-nonenol, (Z)-5-decenol, (E)-5-decenol, (Z)-7-dodecenol, (E)-S-dodecenal,

(2)-8-dodecenal, (2)~9-dodecenal, (2)-9-tetradecenol, (2)-9-hexadecenal, (2)-11-

tetradecenol, (Z)-7-hexadecenol, (Z)-I 1-hexadecenol, (E)-I I-tetradecenol, or (Z,2)~1 1,13-
hexadecadienol, (11Z,13E)-hexadecadienal, (E,E)-8,10-dodecadienal, (E,2)-7,9-
dodecadienol, (Z)-13-octadecenol, or combinations thereof.

[0342] In some embodiments, a recombinant microorganism described herein can include a
plurality of fatty acyl reductases. Accordingly, in such embodiments, the recombinant

microorganism expresses at least two exogenous nucleic acid molecules, which encode fatty-
acyl reductases that catalyze the conversion of the mono- or poly-unsaturated ce-c24 fatty
acyl -CoA into the corresponding mono- or poly-unsaturated ce-c24 fatty acohol.

[0343] In a further embodiment, the disclosure provides a recombinant microorganism

capable of producing amono- or poly -unsaturated < Cis fatty alcohol from an endogenous or
exogenous source of saturated cec24 fatty acid, wherein the recombinant microorganism

comprises. (@) at least one exogenous nucleic acid molecule encoding a fatty acyl desaturase
that catalyzes the conversion of a saturated ce-c24 fatty acyl-CoA to a corresponding mono-
or poly-unsaturated ce-c24 fart}” acyl-CoA; (b) at least one exogenous nucleic acid molecule
encoding an acyl -CoA oxidase that catalyzes the conversion of the mono- or poly-unsaturated

ce-c 24 fatty acyl-CoA from (a) into a mono- or poly-unsaturated < Cis fatty acyl-CoA after
one or more successive cycle of acyl-CoA oxidase activity, with a given cycle producing a
mono- or poly-unsaturated c4-C22 fatty acyl-CoA intermediate with atwo carbon truncation
relative to a starting mono- or poly-unsaturated ce-c24 fatty acyl-CoA substrate in that cycle;
and (c) at least one exogenous nucleic acid molecule encoding afatty alcohol forming fatty
acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated < C18 fatty
acyl -CoA from (b) into the corresponding mono- or poly-unsaturated < CI8 fatty alcohol. In
some embodiments, the fatty acyl desaturase is selected from an Argyrotaenia velutinana,
Soodoptera litura, Sesamia inferens, Manduca sexta, Ostrmia nubilalis, Helicoverpa zea,
Choristoneura rosaceana, Drosophila melanogaster, Spodoptera littoralis, Lampronia

cepitella, Amyelois transitei/a, Trichoplusia ni, Agrotis segetum, Ostrmia furnicalis, and
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Thalassiosira pseudonana derived fatty acyi desaturase. In some embodiments, the fatty acyl
desaturase has 95% sequence identity to a fatty acyl desaturase selected from the group
consisting of: SEQ ID NOs. 39, 49-54, 58-63, 78-80 and GenBank Accession nos.
AF416738, AGH12217.1, AM21943.1, CAJ3430.2, AF441221, AAF81787.1, AF545481,
AJ271414, AY362879, ABX71630.1, NP001299594.1, Q9N9Z8, ABX71630.1 and
AIM40221.1. in some embodiments, the acyi-CoA oxidase is selected from Table 5a. In
other embodiments, the fatty alcohol forming fatty acyl reductase is selected from an Agrotis
segetum, Spodoptera  exigiia, Spodoptera  /ttoralis, Euglena gracilis, Yponomeuta
evonymelius and Helicoverpa arrnigera derived fatty alcohol forming fatty acyl reductase. In
further embodiments, the fatty alcohol forming fatty acyl reductase has 95% sequence
identity to a fatty alcohol forming fatty acyl reductase selected from the group consisting of
SEQ ID NOs. 1-3, 32, 41-48, 55-57, 73, 75, 77 and 82. In some embodiments, the
recombinant microorganism is a yeast selected from the group consisting of Yarroma
lipolytica, Saccharomyces cerevisiae, Candida albicans, Candida tropicalis and Candida
viswanathii.

[0344] In some embodiments, the recombinant microorganism further comprises a least one
endogenous or exogenous nucleic acid molecule encoding an acyltransferase that preferably
stores < Cis fatty acyl-CoA. In some embodiments, the acyltransferase is selected from the
group consisting of glycerol-3-phosphate acyl transferase (GPAT), Ivsophosphatidsc acid
acyltransferase (LPAAT), glycerolphospholipid acyltransferase (GPLAT) and diacylglycerol
acyltransferases (DGAT). In some preferred embodiments, the acyltransferase is selected
from Table 5b.

[0345] In some embodiments, the coexpression of awax esterase would allow the storage of
fatty alcohols and fatty acids in a 1: 1ratio. In combination with TAG storage that could lead
to intersting ratios of TAG and fatty alcohols which could subsequently be used for different
product streams. Examples for waxester synthasess Homo sapiens AWAT2
(XM 011530876.2), Mus muscuius (AAT68766.1) Euglena gracilis WS (ADI60058.1),
Euglena gracilis WSD2 (BAV82975.1), Euglena gracilis WSD5 (BAV82978.1).

[0346] In some embodiments, the recombinant microorganism further comprises a least one
endogenous or exogenous nucleic acid molecule encoding an acylglycerol lipase that
preferably hydroiyzes ester bonds of >C16, of >C14, of >C12 or of >C10 acylglycerol

substrates. In some embodiments, the acylglycerol lipase is selected from Table 5e.

164



WO 2018/213554 PCT/US2018/033151

[0347] In some embodiments, the recombinant microorganism comprises a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous enzymes
that catalyzes a reaction in a pathway that competes with the biosynthesis pathway for the
production of a mono- or poly-unsaturated < Cis fatty alcohol. In further embodiments, the
recombinant microorganism comprises a deletion, disruption, mutation, and/or reduction in
the activity of one or more endogenous enzyme selected from: (i) one or more acyl-CoA
oxidase; (ii) one or more acyltransferase; (iii) one or more acylglycerol lipase and/or sterol
ester esterase; (iv) one or more (fatty) alcohol dehydrogenase; (v) one or more (fatty) alcohol
oxidase; and (vi) one or more cytochrome P450 monooxygenase.

[0348] In some preferred embodiments, one or more genes of the microbial host encoding
acyl-CoA oxidases are deleted or down-regulated to eliminate or reduce the truncation of
desired fatty acyl-CoAs beyond a desired chain-length. In some embodiments, the
recombinant microorganism comprises a deletion, disruption, mutation, and/or reduction in
the activity of one or more endogenous acyl-CoA oxidase enzyme selected from the group
consisting of ¥. lipolytica POX1 (YALIOE32835g), Y. lipolytica POX2 (YALIOF14857g), Y.
lipolytica POX3 fYALIOD24750gj, Y. lipolytica POX4 (YALIOE27654g), Y. lipolytica
POX5 (YALIOC23859g), Y lipolytica POX6 (YAL10EO06567g); S. cerevmae POX1
(YGL205W); Candida POX2 (Ca019.1655, Ca019.9224, CTRG_02374, M18259), Candida
POX4 (Ca019.1652, (Ca019.9221, (TRi=02377. M12160), and Candida POX5
(Ca019.5723, Ca019. 13146, CTRG 02721, M12161).

[0349] In some embodiments, a recombinant microorganism capable of producing a mono-
or poly-unsaturated Ce-»s fatty alcohol, fatty aldehyde and/or fatty acetate from an
endogenous or exogenous source of saturated Cs-Czs fatty acid is provided, wherein the
recombinant microorganism expresses one or more acyl-CoA oxidase enzymes, and wherein
the recombinant microorganism is manipulated to delete, disrupt, mutate, and/or reduce the
activity of one or more endogenous acyl-CoA oxidase enzymes. In some embodiments, the
one or more acyl-CoA oxidase enzymes being expressed are different from the one or more
endogenous acyl-CoA oxidase enzymes being deleted or downregulated. In other
embodiments, the one or more acyl-CoA oxidase enzymes that are expressed regulate chain
length of the mono- or poly-unsaturated Ce-C:4 fatty alcohol, fatty aldehyde and/or fatty
acetate. In other embodiments, the one or more acyl-CoA oxidase enzymes being expressed
are selected from Table 5a.
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[0350] In some embodiments, the recombinant microorganism comprises a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous
acyltransferase enzyme selected from the group consisting of Y. lipolytica Y ALI0C00209g,
Y. lipolytica YALIOE!8964g, Y. lipolytica YALIOF195 14g, Y. lipolytica YALTOC!4014g, Y.
lipolytica YALIOE16797g, Y. lipolytica YALIOE32769g, and Y. lipolytica YALIOD07986g,
S. cerevisiae YBLOIlw, S. cerevisiae YDL052c, S. cerevisae YORI75C, ' cerevisiae
YPR139C, S. cerevisiae YNR0O8w, and S. cerevisiae YOR245c¢. and Candida 1503 02577,
Candida CTRG_02630, Candida CaO 19.250, Candida Ca0 19.7881, Candida CTRG_02437,
Candida Ca019.1881, Candida CaO 19.9437, Candida CTRG 01687, Candida Ca019.1043,
Candida Ca019.8645, Candida CTRG 04750. Candida Ca019.13439, Candida
CTRG_04390, Candida Ca0 19.6941, Candida CaO 19. 14203, and Candida CTRG_06209.
[0351] In some embodiments, a recombinant microorganism capable of producing a mono-
or poly-unsaturated < Cig fatty acohol, fatty adehyde and/or fatty acetate from an
endogenous or exogenous source of saturated cCs-c2: fatty acid is provided, wherein the
recombinant microorganism expresses one or more acyltransferase enzymes, and wherein the
recombinant microorganism is manipulated to delete, disrupt, mutate, and/or reduce the
activity of one or more endogenous acyltransferase enzymes. In some preferred
embodiments, one or more genes of the microbial host encoding GPATs, LPAATs, GPLAT's
and/or DGATs are deleted or downregulated, and replaced with one or more GPATS,
LPAATs, GPLATs, or DGATs which prefer to store short-chain fatty acyl-CoAs. In some
embodiments, the one or more acyltransferase enzymes being expressed are different from
the one or more endogenous acyltransferase enzymes being deleted or downregulated. In
other embodiments, the one or more acyltransferase enzymes being expressed are selected
from Table 5bh.

[0352] In some preferred embodiments, one or more genes of the microbia host encoding
acylglycerol lipases (mono-, di-, or triacylglycerol lipases) and sterol ester esterases are
deleted or downregulated and replaced with one or more acylglycerol lipases which prefer
long chain acylglycerol substrates. In some embodiments, the recombinant microorganism
comprises a deletion, disruption, mutation, and/or reduction in the activity of one or more
endogenous acylglycerol lipase and/or sterol ester esterase enzyme selected from the group
consisting of Y. lipolytica YALIOE32035g, Y. lipolytica YALIOD17534g, Y. lipolytica
YALIOFIOOIOg, VY. lipolytica YALIOC14520g, and Y. lipolytica YALIOEO0528g, S.

cerevisiae YKLMOw, S. cerevisiae YMR313c, S. cerevisiae YKR089c, S. cerevisiae
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YORQGic, S. cerevisiae YKL094W, S. cerevisiae YLLO12W, and S. cerevisiae YLR020C,
and Candida Ca019.2050, Candida CaQ19.9598, Candida CTRG 1138, Candida
W5Q 03398, Candida CTRG_ 00057, Candida Ca019.5426, Candida Ca019.12881,
Candida CTRG 06185, Candida Ca019.4864, Candida Ca019.12328, Candida
CTRG_03360, Candida Ca019.6501, Candida Ca019.13854, Candida CTRG 05049,
Candida Ca019.1887, Candida Ca019.9443, Candida CTRG 01683, and Candida
CTRG_04630.

[0353] In some embodiments, the recombinant microorganism comprises a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous cytochrome
P450 monooxygenases selected from the group consisting of Y. lipolyiica YALIOE25982g
(ALK1), Y. lipolyiica YALIOF01320g (ALK?2), Y. lipolyiica YALIOE23474g (ALK3), Y.
lipolyiica YALI()B13816g (ALK4), Y. lipolyiica YALIOB13838g (ALKS5), Y. lipolyiica
YALIOB01848g (ALK®6), Y. lipolyiica YALIOA15488g (ALK7), Y. lipolyiica
YALICCi?i22g (ALKS8), Y. lipolyiica YALIQ306248g (ALK9), Y. lipolyiica
YALIOB20702g (AL¥.1Q, V. lipolyiica YALIOCK)054g (ALK11) and Y. lipolyiica
Y ALiI0A201 3y (ALK 12).

[0354] In some embodiments, a recombinant microorganism capable of producing a mono-
or poly-unsaturated < C;s fatty alcohol, fatty aldehyde and/or fatty acetate from an
endogenous or exogenous source of saturated ce.cos faity acid is provided, wherein the
recombinant microorganism expresses one or more acylglycerol lipase and/or sterol ester
esterase enzymes, and wherein the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous acylglycerol lipase
and/or sterol ester esterase enzymes. In some embodiments, the one or more acylglycerol
lipase and/or sterol ester esterase enzymes being expressed are different from the one or more
endogenous acylglycerol lipase and/or sterol ester esterase enzymes being deleted or
downregulated. In some embodiments, the one or more endogenous or exogenous
acylglycerol lipase and/or sterol ester esterase enzymes being expressed prefer to hydrolyze
ester bonds of long-chain acyiglycerols. In other embodiments, the one or more acylglycerol
lipase and/or sterol ester esterase enzymes being expressed are selected from Table 5c.

[0355] In some embodiments, the fatty acyl desaturase catalyzes the conversion of a fatty
acyl-CoA into a mono- or poly-unsaturated intermediate selected from E5-10:Acyl-CoA, E7-
12:Acyl-CoA, E9-14:Acyl-CoA, EII-16:Acyl-CoA, E13-18:Acyl-CoA,Z7-12: Acyl-CoA,
Z9-14:Acyl-CoA, Z11-16:Acyl-CoA, Z13-18Acyl-CoA, Z8-12:Acyl-CoA, Z!0-14:Acyl-
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CoA, Z12-16:Acyl-CoA, Z14-18:Acyl-CoA, Z7-10:Acyl~coA, Z9-12:Acyl-CoA, Zi1-
14:Acyl-CoA, Z13-16:Acyl-CoA, Z15-18:Acyl-CoA, E7-10:Acyl-CoA, E9-12:Acyl-CoA,

Eil-14:Acyl-CoA, E13-16:Acyl-CoA, EI15-18:Acyl-CoA, E5Z7-12:Acyl-CoA, E7Z9-
12:Acyl-CoA, E9ZI I-14:Acyl-CoA, EI1Z13-~16:Acyl-CoA, E13Z 15-18:Acyl-CoA, EG6ES8-
10:Acyl-CoA, E8BE10-12 :Acyl-CoA, EI10E12-14:Acyl-CoA, E12E14-16:Acyl-CoA,Z5E8-

10:Acyl-CoA, Z7E10-12:Acyl-CoA, Z9E12-14:Acyl-CoA, ZIIE14-16:Acyl-CoA, Z13E16-
18:Acyl-CoA, Z3-10:Acyl-CoA, Z5-12:Acyl-CoA, Z7-14:Acyl-CoA, Z9-16:Acyl-CoA, Z11-
18:Acyl-CoA,Z3Z25- 10:Acyl-CoA, Z5Z7- 1 2:Acyl-CoA, Z779-1 4:Acyl-CoA, 797 11-
16:Acyl-CoA, Z11Z13-16:Acyl-CoA, and Z13Z15-18:Acyl-CoA. In further embodiments,

the mono- or poly -unsaturated < C;efatty acohol is selected from the group consisting of E5-
10:0H, Z8- 12:0H, Z9- 12:0H, ZI1-14:0H, Zi1-16:0 H.. El I-14:0OH, E8E10-12:0H, E7Z9-
12:0H, Z11713-160H, Z9-14:0H, Z9-16:0H, and Z13-18:0H.

[0356] In some embodiments, the recombinant microorganism further comprises a least one
endogenous or exogenous nucleic acid molecule encoding an aldehyde forming fatty acyl-
CoA reductase capable of catalyzing the conversion of the mono- or poly-unsaturated < Cis
fatty alcohol into a corresponding < Cis fatty adehyde. In some preferred embodiments, the
aldehyde forming fatty acyl-CoA reductase is selected from the group consisting of
Acineiobacter calcoaceticus AOA1C4HNT78, A. calcoaceticus N9DAS5, A. caicoaceticus
R8XW24, A. calcoaceticus AOA 1A0GGMS5, A. calcoaceticus AOA1 17N 158, and Nosioc
punctiforme Y P_001865324. In some embodiments, the recombinant microorganism further
comprises a least one endogenous or exogenous nucleic acid molecule encoding an acohol
oxidase or an alcohol dehydrogenase capable of catalyzing the conversion of the mono- or
poly-unsaturated < Cis fatty acohol into a corresponding < Cis faity aldehyde. In some
preferred embodiments, the < Cis fatty aldehyde is selected from the group consisting of z9~
16:Ald, Z11-16:Ald, Z 11/ 13-16:Ald, and Z 13- 18:Ald.

[0357] In some embodiments, the recombinant microorganism further comprises at least one
endogenous or exogenous nucleic acid molecule encoding an acetyl transferase capable of
catalyzing the conversion of the mono- or poly-unsaturated < Cis fatty acohol into a
corresponding < Cis fatty acetate. In some embodiments, the acetyl transferase is selected
from Table 5d. In some preferred embodiments, the < Ci# fatty acetate is selected from the
group consisting of E5-10:Ac, Z7-12:Ac, Z8-12:Ac, Z9-12:Ac, E7Z9-12:Ac, Z9-14:Ac,
Z9E12-14:Ac, Zil-14:Ac.El1-14:Ac.Z9- 16:Ac, and Zi1-16:Ac.
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[0358] In some embodiments, the recombinant microorganism further comprises. at least one
endogenous or exogenous nucleic acid molecule encoding an enzyme selected from an
alcohol oxidase, an acohol dehydrogenase, and an adehyde forming fatty acyl-CoA
reductase capable of catalyzing the conversion of the mono- or poly-unsaturated < Cis fatty-
alcohal into a corresponding < Cis fatty aldehyde; and at least one endogenous or exogenous
nucleic acid molecule encoding an acetyl transferase capable of catalyzing the conversion of
the mono- or poly-unsaturated < Cis fatty alcohol into a corresponding < C;sfatty acetate. In
some preferred embodiments, the mono- or poly-unsaturated < C18 fatty aldehyde and < Cis
fatty acetate is selected from the group consisting of E5-10:Ac, Z7-12:Ac, Z8-12:Ac, Z9-
12:Ac, E7Z9-12:Ac, Z9-14:Ac, Z9E12-14:Ac, Ell-14:Ac, ZIM4:Ac, ZIlI-16:Ac, Z9-
16:Ac, Z9-16:Ald, Zi I~16:Ald,ZI 1Z13-16:Ald, and Z13-18:Ald.

[0359] In a further embodiment, the disclosure provides a recombinant Yarrowia lipolytica
microorganism capable of producing a mono- or poly-unsaturated cs-C24 fatty alcohol from
an endogenous or exogenous source of saturated cs.c24 fatty acid, wherein the recombinant
Yarrowia lipolytica microorganism comprises. (a) a least one nucleic acid molecule
encoding a fatty acyl desaturase having 95% sequence identity to a fatty acyl desaturase
selected from the group consisting of SEQ ID N{s: 54, 60, 62, 78, 79, 80, 95, 97, 99, 101,
103, and 105 that catalyzes the conversion of a saturated cecoa fatty acyl-CoA to a
corresponding mono- or poly-unsaturated ¢ e-C24 fatty acyl-CoA: and (b) at least one nucleic
acid molecule encoding a fatty alcohol forming fatty acyl reductase having 95% sequence
identity to a fatty alcohol forming fatty acyl reductase selected from the group consisting of
SEQ ID NOs: 41-48, 57, 73, 75 and 77 that catalyzes the conversion of the mono- or poly-
unsaturated cec24 fatty acyl-CoA from (@) into the corresponding mono- or poly-unsaturated
CvC24 fatty alcohal.

[0360] In some embodiments, the recombinant Yarrowia lipolytica microorganism
comprises a deletion, disruption, mutation, and/or reduction in the activity of one or more
endogenous enzymes that catalyzes a reaction in a pathway that competes with the
biosynthesis pathway for the production of a mono- or poly-unsaturated c s-C24 fatty alcohol.
In some preferred embodiments, the recombinant Yarrowia lipolytica microorganism
comprises a deletion, disruption, mutation, and/or reduction in the activity of one or more
endogenous enzyme selected from the following: (i) one or more acyl-CoA oxidase selected
from the group consisting of YALIOE32835g (PGXI), YALIOF10857g (PGX2),
YALI0D24750g (POX3), YALIOE27654g (POX4), YALIOC23859g (POX5),
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YALIOEO6567g (POX6); (ii) one or more (fatty) alcohol dehydrogenase selected from the
group consisting of YAL10F09603g (FADH), YALIOD25630g (ADH1), YALIOE17787g
(ADH2), YALIOA16379g (ADH3), YALIOE158 18y (ADH4), YALIODO2 167g (ADHD5),
YAI,TOA15147g (ADH6), YALIOEQO7766g (ADH7); (iii)) a (fatty) acohol oxidase
YALIOB 14014g (FAOI); (iv) one or more cytochrome P450 enzyme selected from the group
consisting of YALIOE25982g (ALKI),YALIOFO 1320g (ALK2), YALIOE23474g (ALK3),
YALIOB 138169 (ALK4), YALIOB 13838g (ALK5), YALIOBO1848g (ALKS®),
YALIOA 15488g (ALK7), (YALIOC 121229 (ALKS8),YALIOB06248g (ALK9),
YALIOB20702g (ALK10), YALIOC 10054g (ALKI 1) and YALIOA20130g (Alkl2); and (v)
one or more diacylglyceroi acyltransferase selected from the group consisting of
YAI,TOE32791g (DGA 1) and YALTODO07986g (DGAZ2). In other preferred embodiments, the
recombinant Yarrowia lipolytica microorganism comprises a deletion of one or more
endogenous enzyme selected from the following: (i) one or more acyl-CoA oxidase selected
from the group consisting of YALIOE32835g (POX1), YALIOF10857g (P0X2),
YALIOD24750g (POX3), YALIOE27654g (POX4), YALTOC23859g (POX5),
YALIOEOB567g (POX6); (ii) one or more (fatty) alcohol dehydrogenase selected from the
group consisting of YAL10F09603g (FADH), YALIOD25630g (ADH1), YALIOE17787g
(ADH2), YALIOA16379g (ADH3), YALIOE158 189 (ADH4), YALIODO2 1679 (Ai¥Hs),
YALIOA15 147g (ADH6), YALIOEQ7766g (ADH7); (iii) a (fatty) alcohol oxidase
YALIOB 14014g (FAO); (iv) one or more cytochrome P450 enzyme selected from the group
consisting of YALIOE25982g (ALKI),YALIOFO 1320g (ALK2), YALIOE23474g (ALK3),
YALIOB 13816g (ALK4), YALIOB 13838g (ALK5), YALIOBO 1848g (ALK®),
YALIOA 15488g (ALK7), (YALIOC12 1229 (ALKS8),YALIOB06248g (ALK9),
YALIOB20702g (ALKIO), YALIOC 10054g (ALKI I) and YALIOA20130g (AH12); and (v)
one or more diacylglyceroi acyltransferase selected from the group consisting of
YAI,TOE3279 1g (DGA1) and YALTODO07986g (DGA?2).

[0361] In some embodiments, the fatty acyl desaturase catalyzes the conversion of a
saturated fatty acyl-CoA into a mono- or poly-unsaturated intermediate selected from Z9-
14:Acyl-CoA, ZI11-14:Acyl-CoA, E11-14:Acyl-CoA, Z9-16:Acyl-CoA, and /A 1-16:Acyl-
CoA. In dilier embodiments, the mono- or poly-unsaturated ce.coa fatty alcohol is selected
from the group consisting of z9-14:0H, Z1M4:0H, L1i-14:0H, Z9-16:0H, Z1I-16:0H,
Z11/ 13-16:0H, and /.13-18:0OH.
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[0362] In some embodiments, the recombinant Yarrowia lipolytica. microorganism further
comprises a least one endogenous or exogenous nucleic acid molecule encoding an alcohol
oxidase or an acohol dehydrogenase capable of catayzing the conversion of the mono- or
poly-unsaturated Ce-c24 fatty alcohol into a corresponding ce-c24 fatty adehyde. In some
embodiments, the alcohol dehydrogenase is selected from Table 3a In some embodiments,
the ce.cosa fatty aldehyde is selected from the group consisting of Z9-14:Aid, ZII-14:A3d,
Ell-14:Ald, Z79-16:Ald, ZI1-16:Ald, Z11Z,13-16:Ald and Z13-18:Ald.

[0363] In some embodiments, the recombinant Yarrowia. lipolytica. microorganism further
comprises at least one endogenous or exogenous nucleic acid molecule encoding an acetyl
transferase capable of catalyzing the conversion of the mono- or poly-unsaturated C6-C24
fatty alcohol into a corresponding ce-c24 fatty acetate. In some embodiments, the acetyl
transferase is selected from Table 5d. In some embodiments, the cecxs fatty acetate is
selected from the group consisting of Z9-14:Ac, ZII-14:Ac, Ell-14:Ac, Z9-16:Ac, ZII-
16:Ac, Z11Z13-16:Ac, and Z 13~18:Ac.

[0364] In some embodiments, the recombinant Yarrowia. lipolytica. microorganism further
comprises: at least one endogenous or exogenous nucleic acid molecule encoding an alcohol
oxidase or an acohol dehydrogenase capable of catayzing the conversion of the mono- or
poly-unsaturated csc24 fatty alcohol into a corresponding ce-c24 fatty adehyde; and at least
one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase capable
of catalyzing the conversion of the mono- or poly-unsaturated Ce6-c24 fatty acohol into a
corresponding C&-C24 fatty acetate. In some embodiments, the mono- or poly-unsaturated Cs-
c24 fatty aldehyde and ce-c24 fatty acetate is selected from the group consisting of Z9-14:Ac,
Zll-14:Ac, Ell-14:Ac, Z9-16:Ac, ZIMBAc, ZI11Z713-16:Ac, Z13-18:Ac, Z9-14:Ald, ZII-
14:Ald, Ell-14:Ald, Z9-16:Ald, ZIl-16:Ald, ZIIZ13-16:Ald  and Z13-18:Ald.

[0365] In some embodiments, the fatty acyl desaturase does not comprise a fatty acyl
desaturase comprising an amino acid sequence selected from the group consisting of SEQ ID
NOs: 64, 65, 66 and 67. In other embodiments, the fatty acyl desaturase does not comprise a
fatty acyl desaturase selected from an Amyelois trcmsitella, Spodoptera littoralis, Agrotis
segetum, or Trichoplusia ni derived desaturase.

[0366] In some embodiments, the disclosure provides a method of engineering a Yarrowia
lipolytica microorganism that is capable of producing a mono- or poly-unsaturated ce-coa
fatty alcohol from an endogenous or exogenous source of saturated cecos4 fatty acid, wherein

the method comprises introducing into the Yarrowia lipolytica microorganism the following:
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(a) at least one nucleic acid molecule encoding afatty acyl desaturase having 95% sequence
identity to afatty acyl desaturase selected from the group consisting of SEQ iD NOs: 39, 54,
60, 62, 78, 79, 80, 95, 97, 99, 101, 103, and 105 that catalyzes the conversion of a saturated
ce-cos fatty acyl-CoA to a corresponding mono- or poly-unsaturated cecos fatty acyl-CoA;
and (b) at least one nucleic acid molecule encoding a fatty acohol forming fatty acyl
reductase having 95% sequence identity to a fatty acohol forming fatty acyl reductase
selected from the group consisting of SEQ ID NOs: 41-48, 57, 73, 75 and 77 that catalyzes
the conversion of the mono- or poly-unsaturated csco4 fatty acyl-CoA from (&) into the
corresponding mono- or poly-unsaturated Cs-Cys fatty alcohol. In some embodiments, the
microorganism is MATA ura3-302::SUC2 Apoxl Apox2 Apox3 Apox4 Apox5 Apoxo Afadh
Aadhi Aadh2 Aadh3 Aadh4 Aadh5 Aadh6 Aadh7 Afaol::URA3.

[0367] In some embodiments, the disclosure provides a method of producing a mono- or
poly-unsaturated ce.co4 fatty alcohol, fatty aldehyde or fatty acetate from an endogenous or
exogenous source of saturated cecpsa fatty acid, comprising: cultivating a recombinant
microorganism described herein in a culture medium containing a feedstock that provides a
carbon source adequate for the production of the mono- or poly-unsaturated cecoa fatty-
alcohol, fatty aldehyde or fatty acetate. In some embodiments, the metliod fuither comprises a
step of recovering the mono- or poly-unsaturated cs.cos fatty acohol, fatty aldehyde or fatty
acetate. In further embodiments, the recovery step comprises distillation. In yet further
embodiments, the recovery step comprises membrane-based separation.

[0368] In some embodiments, the mono- or poly-unsaturated cec2s4 fatty acohol is
converted into a corresponding C.6-C24 fatty aldehyde using chemical methods. In further
embodiments, the chemical methods are selected from TEMPO-bleach, TEMPO-copper-air,

TEMPQ-PM(QACc)2, Swern oxidation and noble metal-air. In some embodiments, the mono-
or poly-unsaturated cs.cos fatty alcohol isconverted into acorresponding cecos fatty acetate
using chemica methods. In further embodiments, the chemical methods utilize a chemical
agent selected from the group consisting of acetyl chloride, acetic anhydride, butyryl
chloride, butyric anhydride, propanoyl chloride and propionic anhydride in the presence of 4-
N, N-dimethylaniinopyridine (DMAP) or sodium acetate to esterify the mono- or poly-
unsaturated ce.co4 fatty alcohol tothe corresponding ce.cos fatty acetate.

[0369] As discussed above, in a second aspect, the application relates to a recombinant
microorganism capable of producing an unsaturated ce.cos4 fatty acohol from an endogenous

or exogenous source of ce.co4 fatty acid. An illustrative embodiment of the second aspect is
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shown in Figure 2. The blue lines designate biochemical pathways endogenous to the host,
e.g., pahways for converting an n-alkane, fatty alcohol, or fatty aldehyde to a fatty acid, or
the conversion of a fatty acid to fatty-acyl-CoA, acetyl-CoA, or dicarboxylic acid. The
substrate to unsaturated fatty acid conversion  can be performed by endogenous or exogenous
enzymes in ahost. Yellow lines indicate conversions catalyzed by an exogenous nucleic acid
molecule encoding for an enzyme. Accordingly, in some embodiments, the conversion of a
saturated fatty acid to a saturated fatty acyl-ACP can be catalyzed by at least one saturated
fatty acyl-ACP synthetase, wherein the fatty acyl-ACP synthetase is encoded by an
exogenous nucleic acid molecule. In further embodiments, the conversion of the saturated
fatty acyl-ACP to a mono- or poly -unsaturated fatty acyl-ACP can be catalyzed by at least
one fatty acyl-ACP desaturase, wherein the fatty acyl-ACP desaturase is encoded by an
exogenous nucleic acid molecule. In still further embodiments, the mono- or poly-unsaturated
fatty acyl-ACP can be elongated by at least 2 carbons relative using a fatty acid synthase
complex and acarbon source, e.g., malonyl-ACP. In one such embodiment, the conversion of
the mono- or poly-unsaturated fatty acyl-ACP to a corresponding two carbon elongated
mono- or poly-unsaturated fatty acyl-ACP can be catalyzed by ai least one fatty acid synthase
complex, wherein the fatty acid synthase complex is encoded by one or more exogenous
nucleic acid molecules. In yet further embodiments, the conversion of the elongated mono- or
poly-unsaturated  fatty acyl-ACP to a mono- or poly-unsaturaied fatty aldehyde can be
catalyzed by a fatty aldehyde forming fatty acyl reductase, wherein the fatty aldehyde
forming fatty acyl reductase is encoded by an exogenous nucleic acid molecule. In some
embodiments, the mono- or poly-unsaturated fatty aldehyde can be converted to a
corresponding mono- or poly-unsaturated fatty alcohol, wherein the substrate to product
conversion is catayzed by a dehydrogenase, wherein the dehydrogenase is encoded by an
endogenous or exogenous nucleic acid molecule. The dashed lines indicate downstream steps
of the disclosure, such asutilizing an acetyl transferase or metathesis, or subsequent chemical
transformations © produce functionalized pheromones. The red crosses indicate deleted or
down regulated pathways native to the host, which increase flux towards the engineered
pathway.

[0370] In one embodiment, the recombinant microorganism expresses (a): a least one
exogenous nucleic acid molecule encoding an acyl-ACP synthetase that catayzes the
conversion of a cs-c24 fatty acid to a corresponding saturated C&-c24 fatty acyl-ACP;, (b) at

least one exogenous nucleic acid molecule encoding a fatty-acyl-ACP desaturase that
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catalyzes the conversion of a saturated cecos fatty acyl-ACP to a corresponding mono- or
poly-unsaturated  ce.co4 fatty acyl-ACP; (c) one or more endogenous or exogenous nucleic
acid molecules encoding a fatty acid synthase complex that catalyzes the conversion of the
mono- or poly-unsaturated ce.cos fatty acyl-ACP from (b) to a corresponding mono- or poly-
unsaturated ce-c24 fatty acyl-ACP with atwo carbon elongation relative to the product of (b);
(d): a least one exogenous nucleic acid molecule encoding a fatty aldehyde forming fatty -
acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated  ce-c24 fatty
acyl-ACP from (c) into a corresponding mono- or poly-unsaturated ce.cosa fatty adehyde;
and (e) at least one endogenous or exogenous nhucleic acid molecule encoding a
dehydrogenase that catalyzes the conversion of the mono- or poly-unsaturated cecos fatty
adehyde ces.coa from (d) into a corresponding mono- or poly-unsaturated ce.cos  fatty
alcohol. In some embodiments, the ces-c24 fatty acid can be produced using endogenous
enzymes in the host microorganism. In other embodiments, the saturated csco4 fatty acid
can be produced by one or more exogenous enzymes inthe host microorganism.

[0371] In some embodiments, the recombinant microorganism disclosed herein includes an
acyl-ACP synthetase to catalyze the conversion of a csco4 fatty acid to a corresponding
saturated CvC24 fatty acyl-ACP. In some embodiments the acyl-ACP synthetase is a
synthetase capable of utilizing afatty acid as a substrate that has a chain length of 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 carbon atoms. In exemplary

embodiments, the recombmant microorganism can include a heterologous the acyl-ACP
synthetase from an organism of the species Vibrio han'eyi, Rhodotorula ghitinis, or Yarrovria
lipolytica.

[0372] In some embodiments, the recombinant microorganism includes a fatty acyl-ACP
desaturase. In some embodiments, the fatty acyl-ACP desaturase is a soluble desaturase. In
other embodiments, the fatty-acyi-ACP  desaturase is from an organism of the species
Pelargonium hortorum, Asclepias syriaca, or Uncaria tomentosa.

[0373] In some embodiments, the recombinant microorganism includes a fatty acid synthase
complex. In some embodiments, the one or more nucleic acid molecules encoding the fatty
acid synthase complex are endogenous nucleic acid molecules. In other embodiments, the one
or more nucleic acid molecules encoding a fatty acid synthase complex are exogenous
nucleic acid molecules.

[0374] In some embodiments, the recombinant microorganism disclosed herein includes a

fatty aldehyde forming fatty-acyl reductase which catalyzes the conversion of a ce-c24 fatty
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acyl-ACP to the corresponding ce-c2: fatty aldehyde. In exemplary embodiments, the fatty
aldehyde forming fatty-acyl reductase is from an organism of the species Pelargonium
hortorum, Asclepias syriaca, and Uncaria tomentosa. In some embodiments, the recombinant
microorganism includes a dehydrogenase to convert the unsaturated fatty aldehyde to a
corresponding unsaturated fatty alcohol. In some embodiments, the nucleic acid molecule
encoding the dehydrogenase is endogenous to the recombinant microorganism. In other
embodiments, the nucleic acid molecule encoding a dehydrogenase is exogenous to the
recombinant microorganism. In exemplary embodiments, the endogenous or exogenous
nucleic acid molecule encoding a dehydrogenase is isolated from organisms of the species
Soccharomyces cerevisiae, Escherichia coh, Yarrowia hpolytica, or Candida tropicalis.
[0375] As discussed above, in a third aspect, the application relates to a recombinant
microorganism capable of producing an unsaturated ce-c24 fatty alcohol from an endogenous
or exogenous source of ce-c24 fatty acid. An illustrative embodiment of the second aspect is
shown in Figure 3. The blue lines designate biochemica pathways endogenous to the host,
e.g., pathways for converting an n-alkane, fatty alcohol, or fatty aldehyde to a fatty acid, or
the conversion of a fatty acid to fatty-acyl-CoA, acetyl-CoA, or dicarboxylic acid. The
substrate to unsaturated fatty acid conversion can be performed by endogenous or exogenous
enzymes in ahost. Yellow lines indicate conversions catalyzed by an exogenous nucleic acid
molecule encoding for an enzyme. Accordingly, in some embodiments, the conversion of a
saturated fatty acid to a saturated fatty acyl-ACP can be catalyzed by a least one saturated
fatty acyl-ACP synthetase, wherein the fatty acyl-ACP synthetase is encoded by an
exogenous nucleic acid molecule. The non-native saturated fatty acyl-ACP thioesters create a
substrate suitable for desaturation and distinct from CoA-thioesters used for beta-oxidation or
fatty acid elongation. In further embodiments, the conversion of the saturated fatty acyl-ACP
to a mono- or poly-unsaturated fatty acyl-ACP can be catalyzed by at least one fatty acyl-
ACP desaturase, wherein the fatty acyl-ACP desaturase is encoded by an exogenous nucleic
acid molecule. In still further embodiments, the mono- or poly-unsaturated fatty acyl-ACP
can be converted to a corresponding mono- or poly-unsaturated fatty acid by a fatty-acyi-
ACP thioesterase. In a particular embodiment, soluble fatty acyl-ACP thioesterases can be
used to release free fatty acids for reactivation to a CoA thioester. Fatty acyl-ACP
thioesterases including Q41635, Q39473, P05521.2, AEM72519, AEM72520, AEM72521,
AEM72523, AAC49784, CAB60830, EER87824, EER96252, ABN54268, AA077182,
CAHO09236, ACL08376, and homologs thereof may be used. In an additional embodiment,
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the mono- or poly-unsaturated fatty acyl-CoA can be elongated by & least 2 carbons relative
using an elongase and a carbon source, e.g., malonyl-ACP. In yet further embodiments, the
conversion of the elongated mono- or poly-unsaturated fatty acyl-CoA to a mono- or poly-
unsaturated fatty alcohol can be catalyzed by a fatty alcohol forming fatty acyl reductase,
wherein the fatty alcohol forming fatty acyl reductase is encoded by an exogenous nucleic
acid molecule. The dashed lines indicate downstream steps of the disclosure, such as
utilizing an acetyl transferase or metathesis, or subsequent chemical transforations to
produce functionalized pheromones. The red crosses indicate deleted or down regulated
pathways native to the hosi, which increase flux towards the engineered pathway.

[0376] The fatty acohols produced as taught herein can be further converted to produce
downstream products such as insect pheromones, fragrances, flavors, and polymer
intermediates, which utilize aldehydes or acetate functional groups. Tims, in some
embodiments, the recombinant microorganism further comprises a least one endogenous or
exogenous nucleic acid molecule encoding an alcohol oxidase or an alcohol dehydrogenase,
wherein the alcohol oxidase or alcohol dehydrogenase is capable of catalyzing the conversion
of a Ce-Cy4 fatty acohol into a corresponding cs.coa fatty aldehyde. In other embodiments,
the recombinant microorganism can further comprise a least one endogenous or exogenous
nucleic acid molecule encoding an acetyl transferase capable of catalyzing the conversion of
a G 524 fatty acohol into a corresponding ce.cos fatty acetate. In certain embodiments, the
acetyl transferase, or the nucleic acid sequence that encodes it, can be isolated from
organisms of the species Candida glabraia, Saccharomyces cerevisiae, Danaus plexippus,
Heliotis virescens, Bombyx mori, Agrotis ipsilon, Agrotis segetum, Euonymus «lgtus. Homo
sapiens, Lacharicea thermotolerans and Yarrowia lipolytica. In exemplary embodiments, the
acetyl transferase comprises a sequence selected from GenBank Accession Nos. AY 242066,
AY 242065, AY?242064, AY?242063, AY?242062, EHJ65205, ACX53812, NP_001 182381,
EHJ65977, EHJI68573, KJI579226, GU5S94061 KTA99184.1, AIN34693.1, AY605053,
XP_002552712.1, XP_503024.1, and XP_505595.1.

Recombinant Microorganism

[0377] The disclosure provides microorganisms that can be engineered to express various
EX0QgENOUS enzymes.

[0378] In various embodiments described herein, the recombinant microorganism is a
eukaryotie microorganism. in some embodiments, the eukaryotie microorganism isayeast. In

exemplary embodiments, the yeast isamember of agenus selected from the group consisting
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of Yarrowia, Candida, Saccharomyces , Pichia, Hansenula, Kluyveromyces, Issatchenkia,

Zygosaccharomyces, Debaryornyces, Schizosaccharomyces, Pachysolen, Cryptococcus,

Trichosporon, Rhodotorula, and Myxozyma.

[0379] The present inventors have discovered that oleaginous yeast, such as Candida and
Yarrowia, have a surprisingly high tolerance to the ce.co4 fatty acohol substrates and
products. Accordingly, in one such exemplary embodiment, the recombinant microorganism
of the invention is an oleaginous yeast. In further embodiments, the oleaginous yeast is a
member of a genus selected from the group consisting of Yarrowia, Candida, Rhodotorula,

Rhodosporidium, Cryptococcus, Trichosporon, and Lipomyces. In even further embodiments,
the oleaginous yeast is a member of a species selected from Yarrowia hpolytica, Candida
tropicalis, Rhodosporidium toruloid.es, Lipomyces starkey, L. lipoferus, C. revkau.fi, C.
pulcherrirna, C. utilis, Rhodotorula rniriuta, Trichosporon pullans, T. cutaneum,

Cryptococcus curvatus, R. glutinis, and R. graminis.

[0380] In some embodiments, the recombinant microorganism is a prokaryotic
microorganism. In exemplar}' embodiments, the prokaryotic microorganism is amember of a
genus selected from the group consisting of Escherichia, Clostridium, Zyrnornonas,
Salmonella, Rhodococcus, Fseudomonas. Bacillus, Lactobacillus, Enterococciis, Alcaiigenes,

Klebsiella. PaenibacHIlus, Arthrobacter. Corynebacterium. and Brevibacterium.

[0381] In some embodiments, the recombinant microorganism is used to produce a mono- or
poly-unsaturated ce-co4 fatty alcohol, aldehyde, or acetate disclosed herein.

[0382] Accordingly, in another aspect, the present inventions provide a method of producing
amono- or poly-unsaturated (’s-C». fatty alcohol, aldehyde, or acetate using a recombinant
microorganism described herein. In one embodiment, the method comprises cultivating the
recombinant microorganism in a culture medium containing a feedstock providing a carbon
source until the mono- or poly-unsaturated cs-c24 fatty alcohol, aldehyde, or acetate is
produced. In some embodiments, the method comprises cultivating the recombinant
microorganism described herein in a culture medium containing a feedstock that provides a
carbon source adequate for the production of a mono- or poly-unsaturated < Cis fatty alcohol,
fatty aldehyde or fatty acetate. In a further embodiment, the mono- or poly-unsaturated < Cis
fatty alcohol, aldehyde, or acetate is recovered. Recover}' can be by methods known in the
art, such as distillation, membrane-based separation gas stripping, solvent extraction, and

expanded bed adsorption.
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[0383] In some embodiments, the feedstock comprises a carbon source. In various
embodiments described herein, the carbon source may be selected from sugars, glycerol,
alcohals, organic acids, alkanes, fatty acids, lignocellulose, proteins, carbon dioxide, and
carbon monoxide. In afurther embodiment, the sugar is selected from the group consisting of
glucose, fructose, and sucrose.

[0384] Methods of engineering microorganisms that are capable of producing mono- or poly-
unsaturated ce-c24 fatty alcohols, fatty aldehydes and/or fatty acetates

[0385] In one aspect, the present disclosure provides a method of engineering a
microorganism that is capable of producing a mono- or poly-unsaturated < cig fatty alcohol
from an endogenous or exogenous source of saturated ce.co4 fatty acid, wherein the method
comprises introducing into a microorganism the following: (a) a least one exogenous nucleic
acid molecule encoding afatty acyl desaturase that catalyzes the conversion of a saturated Ce-
c24 fatty acyi-CoA to a corresponding mono- or poly-unsaturated cs-c24 fatty acyl-CoA; (b)
a least one exogenous nucleic acid molecule encoding an acyl-CoA oxidase that catalyzes
the conversion of the mono- or poly-unsaturated co-c24 fatty acyl-CoA from (@) into a mono-
or poly-unsaturated < Ciz fatty acyl-CoA after one or more successive cycle of acyl-CoA
oxidase activity, with agiven cycle producing a mono- or poly-unsaturated ca.ce fatty acyl-
CoA intermediate with a two carbon truncation relative to a starting mono- or poly-
unsaturated ce-c24 fatty acyl-CoA substrate in that cycle; and (c) a least one exogenous
nucleic acid molecule encoding a fatty alcohol forming fatty acyl reductase that catalyzes the
conversion of the mono- or poly-unsaturated < ciz fatty acyl-CoA from (b) into the
corresponding mono- or poly-unsaturated < Cis fatty alcohol. In some embodiments, the
microorganism is MATA ura3-302::SUC2 Apoxi Apox2 Apox3 Apox4 Apox5 Apoxo Afadl
Aadhi Aadh2 Aadh3 Aadh4 Aadh5 Aadh6 Aadh7 Afaol::URA3.

[0386] In some embodiments, the fatty acyl desaturase is selected from an Argyrotaenia
velutinana, Spodoptera litura, Sesamia inferens, Manduca sexta, Ostrinia nubilalis,
Helicoverpa zea, Choristoneura rosaceana, Drosophila melanogaster, Spodoptera littoralis,
Lampronia capitella, Amyelois transitella, Trichoplusia ni, Agrotis segetum, Ostrinia
fumicalis, and Thaiassiosira pseudonana derived fatty acyl desaturase. In some preferred
embodiments, the fatty acyl desaturase has 95% sequence identity b a fatty acyl desaturase
selected from the group consisting of: SEQ ID NOs: 39, 49-54, 58-63, 78-80 and GenBank
Accession nos. AF416738, AGH12217.1, All21943.1, CAJM3430.2, AF441221,
AAF81787.1, AF545481, AJ71414, AY362879, ABX71630.1 and NP001299594.1,
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QIN9Z8, ABX71630.1 and AIM40221.1. In further embodiments, the acyl-CoA oxidase is
selected from Table 5a In yet further embodiments, the fatty alcohol forming fatty acyl
reductase is selected from an Agrotis segetum, Spodoptera exigua, Spodoptera littoralis,
Euglena gracilis, Yponomeuta evonymellus and Helicoverpa armigera derived fatty alcohol
forming fatty acyl reductase. In further embodiments, the fatty alcohol forming fatty acyl
reductase has 90% sequence identity to a fatty alcohol forming fatty acyl reductase selected
from the group consisting of: SEQ ID NOs. 1-3, 32, 41-48, 55-57, 73, 75, 77 and 82. In some
embodiments, the recombinant microorganism is a yeast selected from the group consisting
of Yarrowia lipolytica, Saccharomyces cerevisiae, Candida albicans, Candida tropicalis and
Candida viswanathii.

[0387] In some embodiments, the fatty acyl desaturase catalyzes the conversion of a fatty
acyl-CoA into a mono- or poly-unsaturated intermediate selected from E5-10:Acyl-CoA, E7-
12:Acyl-CoA, E9-14:Acyl-CoA, EII-16:Acyl-CoA, E13-18:Acyl-CoA,Z7-12:Acyl-CoA,

Z9-14:Acyl-CoA, ZII-16:Acyl-CoA, Z13-18:Acyl-CoA, Z8-12:Acyl-CoA, Z10-14:Acyl-
CoA, Z12-16:Acyl-CoA, Z14~18:Acyl-CoA, Z7-10:Acyl~coA, Z9-12:Acyl-CoA, Zii-
14:Acyl-CoA, Z13-16:Acyl-CoA, Z15-18:Acyl-CoA, E7-10:Acyl-CoA, E9-12:Acyl-CoA,
Ell-14:Acyl-CoA, E13-16:Acyl-CoA, E15-18:Acyl-CoA, EBZ7-12:Acyl-CoA, E7Z9-
12:Acyl-CoA, E9ZII-14:Acyl-CoA, ElIZ13-16:Acyl-CoA, E13715-18:Acyl-CoA, EBES-
10:Acyl-CoA, E8E10-12:Acyl-CoA, EI10E12-14:Acyl-CoA, E12E14-16:Acyl-CoA,Z5E8-

10:Acyl-CoA, Z7E10-12:Acyl-CoA, Z9E 12-14:Acyl-CoA, ZIIE14-16:Acyl-CoA, ZI13E16-
18:Acyl-CoA, Z3-10:Acyl-CoA, Z5- 12:Acyl-CoA, Z7-14:Acyl-CoA, Z9-16:Acyl-CoA, ZII-

18:Acyl-CoA,Z3Z5 10:Acyl-CoA,  Z5Z7-12:Acyl-CoA,  Z7Z9-14:Acyl-CoA, 7971 1-
16:Acyl-CoA, ZI1Z13-16:Acyl-CoA, and Z13Z15-18:Acyl-CoA. In further embodiments,
the mono- or poly-unsaturated < C;efatty alcohol is selected from the group consisting of E5-
10:0H, Z8-12:0H, Z9-12:0H, ZII-14:0H, ZII-16:0H, £1i-14:0 ¥, E8E10-12:0H, E7Z9-
12:0H, Z1 1Z13-160H, Z9-14:0H, Z9-16:0H, and Z13-18:0H.

[0388] In some embodiments, the method further comprises introducing into the
microorganism a least one endogenous or exogenous nucleic acid molecule encoding an
acvitransferase that preferably stores < Cig fatty acyl-CoA. In some embodiments, the
acvltransferase is selected from the group consisting of glycerol-3-phosphate acyl transferase
(GPAT), lysophosphatidic  acid  acvltransferase  (LPAAT),  glyceroiphosphoiipid
acvitransferase (GPLAT) and diacylglycerol acyltransferases (DGAT). In some preferred

embodiments, the acvltransferase is selected from Table 5b.
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[0389] In some embodiments, the method further comprises introducing into the
microorganism a least one endogenous or exogenous nucleic acid molecule encoding an
acylglycerol lipase that preferably hydrolyzes ester bonds of >C16, of >C14, of >C!2 or of
>C10 acylglycerol substrates. In some embodiments, the acylglycerol lipase is selected from
Table 5c.

[0390] in some embodiments, the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disruption, mutation, and/or
reduction in the activity of one or more endogenous enzyme that catalyzes a reaction in a
pathway that competes with the biosynthesis pathway for the production of a mono- or poly-
unsaturated < C:8 fatty alcohol. In further embodiments, the recombinant microorganism
comprises a deletion, disruption, mutation, and/or reduction in the activity of one or more
endogenous enzyme selected from: (i) one or more acyl-CoA oxidase; (ii) one or more
acyltransferase; (iii) one or more acylglycerol lipase and/or sterol ester esterase; (iv) one or
more (fatty) alcohol dehydrogenase; (v) one or more (fatty) alcohol oxidase; and (vi) one or
more cytochrome P450 monooxygenase.

[0391] In some embodiments, the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disruption, mutation, and/or
reduction in the activity of one or more endogenous acyl-CoA oxidase enzyme selected from
the group consisting of 7. lipolytica POXI(YALIOE32835g), 7. lipolytica
POX2(YALIOF10857g), Y. lipolytica  POX3(YALIOD24750g), Y lipolytica
POX4(Y ALIOE27654Q), Y. lipolytica  POX5(YALIOC23859q), Y lipolytica
POX6(YALTOEO6567g); S. cerevisae POX1(YGL205W); Candida POX2 (Ca019.1655,

Ca()19.9224, CTRG 02374, M18259), Candida POX4 (Ca019.1652, Ca019.9221,

CTRG 02377, M12160), and Candida POX5 (Ca019.5723, Ca019.13146, CTRG_02721,

M12161).

[0392] In some embodiments, the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disruption, mutation, and/or
reduction in the activity of one or more endogenous acyltransferase enzyme selected from the
group consisting of 7. lipolytica YALIOC00209g, 7. lipolytica YALIOE18964g, 7. lipolytica
YALIOF19514g, 7. lipolytica YALIOC14014g, 7. lipolytica YALIOE16797g, 7. lipolytica
YALIOE32769g, and 7. lipolytica YALIOD07986g, S. cerevisiae YBLOI1w, S. cerevisiae
YDLO052c, S. cerevisiae YOR175C, S. cerevisiae YPR139C, S. cerevisiae YNROO8Sw, and S.
cerevisae YOR245c, and Candida 1503 02577, Candida CTRG_02630, Candida
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Ca019.250, Candida Ca019.788 1, Candida CTRG_02437, Candida Ca0 19.1881, Candida
Ca0 19.9437, Candida CTRG 01687, Candida Ca019.1043, Candida Ca0 19.8645, Candida
CTRG_04750, Candida Ca019.13439, Candida CTRG 04390, Candida Ca0 19.6941,
Candida Ca0 19.14203, and Candida CTRG_06209.

[0393] In some embodiments, the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disruption, mutation, and/or
reduction in the activity of one or more endogenous acyiglycerol lipase and/or sterol ester
esterase enzyme selected from the group consisting of Y. lipotytica YALIOE32035g, Y.
lipolytics YALIOD 17534g, Y. lipofytica YALIOF 10010g, Y. lipofytica YALIOC 14520g, and
Y. lipofytica YALIOE00528g, S. cerevisiae YKL140w, S. cerevisiae YMR3 13c, S. cerevisiae
YKRO089c, S. cerevisiae YOROSIc, S. cerevisiae YKL094W, S. cerevisiae YLLO 12W, and S.
cerevisiae YLR02QC, and Candida Ca019.2050, Candida Ca019.9598, Candida
CTRG 01138, Candida W5Q 03398, Candida CTRG 00057, Candida Ca0 19.5426,
Candida Ca0 19.12881, Candida CTRG 06185, Candida Ca0 19.4864, Candida
Ca0 19.12328, Candida CTRG 03360, Candida Ca019.6501, Candida Ca0 19.1 3854,
Candida CTRG 05049, Candida Ca()19.1887, Candida Ca0 19.9443, Candida
CTRG 01683, and Candida CTRG 04630.

[0394] In some embodiments, the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disruption, mutation, and/or
reduction in the activity of one or more endogenous cytochrome P450 monooxygenases
selected from the group consisting of Y. lipofytica YALIOE25982g (ALK 1), Y. lipotytica
YALIOFO 1320g (ALK?2), Y. lipofytica YALIOE23 474g (ALK3), Y. lipofytica Y ALICB 138 {5g
(ALK4), Y. lipofytica YALIOB 13838y (ALK5), Y. lipofytica YALIOBO 1848g (ALK®). Y.
lipotytica YALIOA15488g (ALKY), Y. lipotytica YALIOC12122g (ALKS), Y. lipofytica
YALK)B06248g (41.K9), Y. lipotytica YALIOB20702g (Al.X 10), Y. lipofytica
YALIOC10054g (ALE 1) and Y. lipofytica YALIOA20 130g (ALK 12).

[0395] In some embodiments, the method further comprises introducing into the
microorganism a least one endogenous or exogenous nucleic acid molecule encoding an
aldehyde formmg fatty acyl-CoA reductase capable of catalyzing the conversion of the mono-
or poly-unsaturated < C;s fatty alcohol into a corresponding < C;s fatty aldehyde. In some
preferred embodiments, tlie aldehyde forming fatty acyl-CoA reductase is selected from tlie
group consisting of Acinetobacter calcoaceticus AOA1C4HNT78, A. calcoaceticus NO9DASS,
A. calcoaceticus R8XW24, A. calcoaceticus AOA1AOGGM5, A. calcoaceticus
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AOA1 17N 158, and Nostoc punctiforme Y P_001 865324. In some embodiments, the method
further comprises introducing into the microorganism a least one endogenous or exogenous
nucleic acid molecule encoding an acohol oxidase or an acohol dehydrogenase capable of
catalyzing the conversion of the mono- or poly-unsaturated < C;s fatty alcohol into a
corresponding < Cis fatty aldehyde. In some preferred embodiments, the < Cis fatty aldehyde
is selected from the group consisting of Z9-16:Aid, Z11-16:Aki, Z11Z13-16:Ald, and Z 13-
i8:Ald.

[0396] In some embodiments, the method further comprises introducing into the
microorganism a least one endogenous or exogenous nucleic acid molecule encoding an
acetyl transferase capable of catalyzing the conversion of the mono- or poly-unsaturated <
Cis fatty alcohol into a corresponding < Cis fatty acetate. In some embodiments, the acetyl
transferase is selected from Table 5d. In some preferred embodiments, the < C;sfatty acetate
is selected from the group consisting of E5-10:Ac, Z7-12:Ac, Z8-12:Ac, Z9-12:Ac, E7Z9-
12:Ac, Z9-14 :Ac, Z9E12-14:Ac, Z11-14:Ac, El l-14:Ac, Z9- 16 Ac, and ZI | -16:Ac.

[0397] In some embodiments, the method further comprises introducing into the
microorganism: at least one endogenous or exogenous nucleic acid molecule encoding an
enzyme selected from an acohol oxidase, an acohol dehydrogenase, and an aldehyde
forming fatty acyl-CoA reductase capable of catalyzing the conversion of the mono- or poly-
unsaturated < Cis fatty alcohol into a corresponding < C;s fatty aldehyde; and at least one
endogenous or exogenous nucleic acid molecule encoding an acetyl transferase capable of
catalyzing the conversion of the mono- or poly-unsaturated < Cis fatty alcohol into a
corresponding < Cis fatty acetate. In some preferred embodiments, the mono- or poly-
unsaturated < Cis fatty aldehyde and < Cis fatty acetate is selected from the group consisting
of E5-10:Ac, Z7-12:Ac, Z8-12:Ac, Z9-12:Ac, E7Z9-12:Ac, Z9-14:Ac, Z9E12- 14:Ac, EIl | -
14:Ac, Z11-14:Ac, Z11-16:Ac, Z9-16:Ac, Z9-16:Ald, ZI1-16:Ald,Z 11Z13-16:Ald, and Z 13-
18:Ald.

[0398] In some embodiments, the disclosure provides a method of producing a mono- or
poly-unsaturated < Cis fatty alcohol, fatty aldehyde or fatty acetate from an endogenous or
exogenous source of saturated ce.co4 fatty acid, comprising: cultivating a recombinant
microorganism described herein in a culture medium containing a feedstock that provides a
carbon source adeguate for the production of the mono- or poly-unsaturated < C;s fatty
alcohol, fatty aldehyde or fatty acetate. In some embodiments, the method further comprises a
step of recovering the mono- or poly-unsaturated < Cis fatty alcohol, fatty aldehyde or fatty
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acetate. In further embodiments, the recovery step comprises distillation. In yet further
embodiments, the recovery step comprises membrane-based separation.

[0399] In some embodiments, the mono- or poly-unsaturated < Cis fatty alcohol is converted
into a corresponding < Cis fatty aldehyde using chemical methods. In further embodiments,
the chemical methods are selected from TEMPO-bleach, TEMPO-copper-air, TEMPO-
Phl(OAc)2, Swern oxidation and noble metal-air. In some embodiments, the mono- or poly-
unsaturated < Cis fatty alcohol is converted into a corresponding < Cis fatty acetate using
chemica methods. In further embodiments, the chemica methods utilize a chemical agent
selected from the group consisting of acetyl chloride, acetic anhydride, butyryl chloride,
butyric anhydride, propanoyl chloride and propionic anhydride in the presence of 4-N, N-
dimethylaminopyridine (DMAP) or sodium acetate to esterify the mono- or poly-unsaturated
< Cisfatty alcohol to the corresponding < Cis fatty acetate.

[0400] In another aspect, the present disclosure provides methods of engineering a Yarrowia
lipolytica microorganism capable of producing a mono- or poly-unsaturated cg-c24 fatty
alcohol from an endogenous or exogenous source of saturated ce.co4 fatty acid, wherein the
recombinant Yarrowia lipolytica microorganism comprises. (d) a least one nucleic acid
molecule encoding a fatty acyl desaturase having 95% sequence identity to a fatty acyl
desaturase selected from the group consisting of SEQ ID NOs. 54, 60, 62, 78, 79, 80, 95, 97,
99, 101, 103, and 105 that catalyzes the conversion of a saturated ce.co4 fatty acyl-CoA to a
corresponding mono- or poly-unsaturated cecp4 fatty acyl-CoA: and (b) at least one nucleic
acid molecule encoding a fatty alcohol forming fatty acyl reductase having 95% sequence
identity to a fatty alcohol forming fatty acyl reductase selected from the group consisting of
SEQ ID NOs: 41-48, 57, 73, 75 and 77 that catalyzes the conversion of the mono- or poly-
unsaturated cec24 fatty acyl-CoA from (a) into the corresponding mono- or poly-unsaturated
cecoa fatty acohol.

[0401] In some embodiments, the method further comprises introducing into the
Yarrowia lipolytica microorganism one or more modifications comprising a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous enzymes
that catalyzes a reaction in a pathway that competes with the biosynthesis pathway for the
production of a mono- or poly-unsaturated csco4 fatty acohol. In some preferred
embodiments, the recombinant Yarroma lipolytica microorganism comprises a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous enzyme

selected from the following: (i) one or more acyl-CoA oxidase selected from the group

183



WO 2018/213554 PCT/US2018/033151

consisting of YALIOE32835g (POXI ), YALTOF10857g (POX2), YALIOD24750g (POX3),
YALIOE27654g (PQX4), YALI0C23859g (POX5), YALIOE06567g (POX6): (11) one or
more (fatty) alcohol dehydrogenase selected from the group consisting of YALIOF09603g
(FADH), YALI0D25630g (ADHI), YALIOE17787g (ADH2), YALI0A16379g (ADH3),
YALIOE15818g (ADH4), YALIODO02167g (ADH5), YALIOA15147g (ADHS®),
YALIOEQ7766g (ADHT7); (lii) a (fatty) alcohol oxidase YAL10B14014g (FAOI); (iv) one or
more cytochrome P450 enzyme selected from the group consisting of YALIOE25982g
(ALKI),YALIOF01320g (ALK2), YALTOE23474g (ALIO), YALIOB13816g (ALK4),
YALIOB13838g (ALK5), YALIOB01848g (ALK6), YALIOA15488g (ALK7),
(YAL10C12122g  (ALKS8),YALI0B06248g (ALK9),  YALI0B20702g (ALK 10),
YALIOC10054g (ALKI 1y and YALIOA20130g (Alkl2); and (v) one or more diacylglycerol
acyltransferase selected from the group consisting of YALIOE32791g (DGA1l) and
YALIOD07986g (DGAZ2). In other preferred embodiments, the recombinant Yarrowia
lipolytica microorganism comprises a deletion of one or more endogenous enzyme selected
from the following: (i) one or more acyl-CoA oxidase selected from the group consisting of
YALIOE32835g  (POX1), YALIOF10857g (POX2), YALIOD24750g  (POX3),
YALIOE27654g (POX4), YALI0C23859g (POX5), YALIOE06567g (POX6): (11) one or
more (fatty) alcohol dehydrogenase selected from the group consisting of YALIOF09603g
(FADH), YALI0D25630g (ADHI), YALIOE17787g (ADH2), YALI0A16379g (ADH3),
YALIOE15818g (ADH4), YALIOD02167g (ADH5), YAL10A15147g (ADHS6),
YALIOEQ7766g (ADH?7); (iii) a (tatty) alcohol oxidase YALI0B14014g (FAOQI); (iv) one or
more cytochrome P450 enzyme selected from the group consisting of YALIOE25982g
(ALKI),YALIOF01320g (ALK2), YALIOE23474g (ALK3), YALIOB13816g (ALKA4),
YALIOB13838g (ALK5), YALIOB01848g (ALK6), YALIOA15488g (ALK7),
(YALIOC12122g  (ALKS8),YALIOB06248g  (ALK9), YALIOB20702g  (ALK10),
YALMCi0@®4g (ALK11) and YALIOA20130g (Alkl2); and (v) one or more diacylglycerol
acyltransferase selected from the group consisting of YALIOE32791g (DGA1l) and
YALI0D07986g (DGA?2).

[0402] In some embodiments, the fatty acyl desaturase catalyzes the conversion of a
saiuraied fatty acyl-CoA into a mono- or poly-unsaturated intermediate selected from Z9-
14:Acyl-CoA, Z£11-14:Acyl-CoA, Ell-14:Acyl-CoA, Z9-16:Acyl-CoA, and ZII-16:Acyl-

CoA. In other embodiments, the mono- or poly-unsaturated Cse.cp4 fatty alcohol is selected
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from the group consisting of 29-14:0GH, ZIi~14:0H, EI{-14:.0H, Z9~16:0H, z 11-16:0H,
Z11713-16:0H, and Z13-18:0H.

[0403] In some embodiments, the method further comprises introducing into the Yarrowia
lipofytica microorganism a least one endogenous or exogenous nucleic acid molecule
encoding an acohol oxidase or an alcohol dehydrogenase capable of catalyzing the
conversion of the mono- or poly-unsaturated ce-c24 fatty alcohol into a corresponding ce-c24
fatty aldehyde. In some embodiments, the alcohol dehydrogenase is selected from Table 3a
In some embodiments, the ce.co4 fatty aldehyde is selected from the group consisting of Z9-
14:Ald, Z11-14:Ald, Ell-14:Ald, Z9-16:Ald, ZII-16:Ald, ZI11Z13-16:Ald and Z13-18:Ald.
[0404] In some embodiments, the method further comprises introducing into the Yarrowia
lipofytica microorganism at least one endogenous or exogenous nucleic acid molecule
encoding an acetyl transferase capable of catalyzing the conversion of the mono- or poly-
unsaturated CvC24 fatty alcohol into a corresponding ce-c24 fatty acetate. In some
embodiments, the acetyl transferase is selected from 'Table Sd. In some embodiments, the Cs-
c24 fatty acetate is selected from the group consisting of Z9-i4:Ac, ZlI-14:Ac, EIlI-14:Ac,
Z9-16:Ac, ZIl-16:Ac, ZIIZ13-16:Ac, and Z13-18:Ac.

[0405] In some embodiments, the method further comprises introducing into the Yarrowia
lipofytica microorganism: at least one endogenous or exogenous nucleic acid molecule
encoding an acohol oxidase or an alcohol dehydrogenase capable of catalyzing the
conversion of the mono- or poly-unsaturated ce-c24 fatty alcohol into a corresponding ce-c24
fatty aldehyde: and a least one endogenous or exogenous nucleic acid molecule encoding an
acetyl transferase capable of catalyzing the conversion of the mono- or poly-unsaturated Ce-
c24 fatty alcohol into a corresponding cecos fatty acetate. In some embodiments, the mono-
or poly-unsaturated ce.c2.4 fatty aldehyde and cecos fatty acetate is selected from the group
consisting of Z9-14:Ac, ZII-14:Ac, Ell-14:Ac, Z9-16:Ac, ZI1!-16:Ac, ZIIZ13-16:Ac, Z13-
18:Ac, Z9-i4:Ald, ZI1-14:Ald, EIlI-14:Ald, Z9-16:Ald, Zil~16:Ald, ZII1Z13-16:Ald and
Z13-18:Ald.

[0406] In some embodiments, the fatty acyl desaturase does not comprise a fatty acyi
desaturase comprising an amino acid sequence selected from the group consisting of SEQ ID
NOs: 64, 65, 66 and 67. In other embodiments, the fatty acyl desaturase does not comprise a
fatty acyi desaturase selected from an Amyelois transitella, Spodoptera littoralis, Agrotis
segetum, or Trichoplusiani derived desaturase.
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[0407] In some embodiments, the disclosure provides a method of producing a mono- or
poly-unsaturated ce-cos4 fatty alcohol, fatty aldehyde or fatty acetate from an endogenous or
exogenous source of saturated ces-co4 fatty acid, comprising: cultivating a recombinant
microorganism described herein in a culture medium containing a feedstock that provides a
carbon source adequate for the production of the mono- or poly-unsaturated ce-co4 fatty
alcohol, fatty aldehyde or fatty acetate. In some embodiments, the method further comprises a
step of recovering the mono- or poly-unsaturated ce-c 2 fatty alcohol, fatty adehyde or fatty
acetate. In further embodiments, the recovery step comprises digtillation. In yet further
embodiments, the recovery step comprises membrane-based separation.

[0408] In some embodiments, the mono- or poly-unsaturated ce-co4 fatty acohol is
converted into a corresponding ce-c24 fatty aldehyde using chemical methods. In further
embodiments, the chemical methods are selected from TEMPO-bleach, TEMPO-copper-air,

TEMPO-PhI(OAC)2, Swern oxidation and noble metal-air. In some embodiments, the mono-
or poly-unsaturated ce-c24 fatty alcohol isconverted into a corresponding ce-co4 fatty acetate
using chemical methods. In further embodiments, the chemical methods utilize a chemica
agent selected from the group consisting of acetyl chloride, acetic anhydride, butyryl
chloride, butyric anhydride, propanoyl chloride and propionic anhydride in the presence of 4-
N, N-dimethylaminopyridine (DMAP) or sodium acetate to esterify the mono- or poly-
unsaturated ce-cos fatty alcohol to the corresponding ce-cos fatty acetate.

Enzyme Engineering

[0409] The enzymes in the recombinant microorganism can be engineered to improve one or
more aspects of the substrate to product conversion. Non-limiting examples of enzymes that
can be further engineered for use in methods of the disclosure include a desaturase (eg., a
fatty acyl-CoA desaturase or fatty acyl-ACP desaturase), a fatty alcohol forming fatty acyl
reductase, an acyl-ACP synthetase, a fatty acid synthetase, a fatty acid synthase complex, an
acetyl transferase, dehydrogenase, and an alcohol oxidase, and combinations thereof. These
enzymes can be engineered for improved catalytic activity, improved selectivity, improved
stability, improved tolerance to various fermentations conditions (temperature, pH, etc.), or
improved tolerance to various metabolic substrates, products, by-products, intermediates, etc.
[0410] Desaturase enzymes can be engineered for improved cataytic activity in the
desaturation of an unsaturated substrate, for improved hydrocarbon selectivity, for improved

selectivity of aZ product over an E product, or an E product over aZ product. For example,
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the Z9 fatty-acyl desaturase cars be engineered to improve the yield in the substrate to product
conversion of a saturated fatty acyl-CoA to the corresponding unsaturated fatty acyl-CoA,
and, in addition or in the alternative, to improve selectivity of the desaturation at the 9
position to produce a corresponding Z-9 fatty acyl-CoA. in further non-limiting examples, the
fatty acyl-ACP synthetase can be engineered for improved ACP ligation activity; a fatty acid
synthase complex enzyme can be engineered for improved catalytic activity of elongation of
a fatty acid substrate; a fatty' alcohol forming fatty acyl- reductase can be engineered for
improved catalytic activity in the reduction of a fatty acyi-CoA to a corresponding fatty-
acohol; a fatty aldehyde forming fatty acyl-reductase can be engineered for improved
catalytic activity in the reduction of a fatty acyl-ACP to a corresponding fatty aldehyde; a
dehydrogenase can be engineered for improved catalytic activity in the conversion of a fatty
acyl-ACP to a corresponding fatty acohol; an acohol oxidase can be engineered for
improved catalytic activity in the conversion of a fatty alcohol into a corresponding fatty
aldehyde; and an acetyl transferase can be engineered for improved catalytic activity in the
conversion of afatty acohol into acorresponding fatty acetate.

[0411] The term "improved catalytic activity" as used herein with respect to a particular
enzymatic activity refers to ahigher level of enzymatic activity than that measured relative to
a comparable non-engineered enzyme, such as a non-engineered desaturase (e.g. fatty' acyl-
CoA desaturase or fatty acyl-ACP desaturase), fatty alcohol or aldehyde forming fatty-acyl

reductase, acyl-ACP synthetase, fatty acid synthetase, fatty acid synthase complex, acyl
transferase, dehydrogenase, or an alcohol oxidase enzyme. For example, overexpression of a
specific enzyme can lead to an increased level of activity in the cells for that enzyme.

Mutations can be introduced into a desaturase (e.g. fatty acyl-CoA desaturase or fatty acyl-
ACP desaturase), a fatty alcohol or adehyde forming fatty-acyl reductase, a acyl-ACP
synthetase, a fatty acid synthetase, a fatty acid synthase complex, a acyl transferase, a
dehydrogenase, or an acohol oxidase enzyme resulting in engineered enzymes with
improved catalytic activity. Methods to increase enzymatic activity are known to those
skilled in the art. Such techniques can include increasing the expression of the enzyme by
increasing plasmid copy number and/or use of a stronger promoter and/or use of activating
riboswitches, introduction of mutations to relieve negative regulation of the enzyme,
introduction of specific mutations to increase specific activity and/or decrease the K M for the
substrate, or by directed evolution. See, e.g., Methods in Molecular Biology (vol. 231), ed.
Arnold and Georgiou, Humana Press (2003).
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Metabolic Engineering - Enzyme Overexpression and gene deletion/downregulation  for

Increased Pathway Fiux

[0412] In various embodiments described herein, the exogenous and endogenous enzymes in
the recombinant microorganism participating in the biosynthesis pathways described herein
may be overexpressed.

[0413] The terms "overexpressed’ or "overexpression” refers to an elevated leve (eg.,
aberrant level) of mMRNASs encoding for a protein(s), and/or to elevated levels of protein(s) in
cells as compared to similar corresponding unmodified cells expressing basal levels of
MRNAs or having basa levels of proteins. In particular embodiments, niRNA(s) or
protein(s) may be overexpressed by a least 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 8-fold, 10-
fold, 12-fold, 15-fold or more in microorganisms engineered b exhibit increased gene
MRNA, protemn, and/or activity.

[0414] In some embodiments, a recombinant microorganism of the disclosure is generated
from ahost that contains the enzymatic capability to synthesize a substrate fatty acid. In this
specific embodiment it can be useful to increase the synthesis or accumulation of a fatty acid
to, for example, increase the amount of fatty acid available to an engineered fatty alcohol
production pathway.

[0415] In some embodiments, it may be useful to increase the expression of endogenous or
exogenous enzymes involved in the fatly alcohol, aldehyde, or acetate production pathway to
increase flux from the fatty acid to the fatty alcohol, aldehyde, or acetate, thereby resulting in
increased synthesis or accumulation of the fatty alcohol, aldehyde, or acetate.

[0416] In some embodiments, it may be useful to increase the expression of endogenous or
exogenous enzymes to increase intracellular levels of a coenzyme. In one embodiment, the
coenzyme is NADH. In another embodiment, the coenzyme is NADPH. In one embodiment,
the expression of proteins in the pentose phosphate pathway is increased to increase the
intracellular levels of NADPH. The pentose phosphate pathway is an important catabolic
pathway for supplying reduction equivalents and an important anabolic pathway for
biosynthesis reactions. In one embodiment, a glucose-6-phosphate dehydrogenase that
converts glucose-6-phosphate to 6-phospho D-glucono-1,5-lactone is overexpressed. In some
embodiments, the glucose-6-phosphate dehydrogenase is ZWF1 from yeast. In another
embodiment, the glucose-6-phosphate dehydrogenase is ZWF1 (YNL241C) from
Saccharomyces cerevisiae. In one embodiment, a glucose-6-phosphate- | -dehydrogenase that

converts  D-glucopyranose-6-phosphate to  6-phospho  D-glucono- 1,5-lactone  is
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overexpressed. In another embodiment, the glucose-6-phosphate-l -dehydrogenase is zwf
from bacteria. In certam embodiments, the glucose-6-phosphate-I-dehydrogenase is zwf
(NP_416366) from E. coli. In one embodiment, a 6-phosphogluconolactonase that converts 6-
phospho D-glucono- 1,5-lactone to D-gluconate 6-phosphate is overexpressed. In some
embodiments, the 6-phosphogluconolactonase is SOL3 of yeast. In certain embodiments, the
6-phosphogluconolactonase is SOL3 (NP_012033) of Saccharomyces cerevisiae. In some
embodiments, the 6-phosphogluconolactonase is SOL4 of yeast. In certain embodiments, the
6-phosphogluconolactonase is SOL4 (NP_011764) of Saccharomyces cerevisiae. In some
embodiments, the 6-phosphogluconolactonase is pg! of bacteria. In certain embodiments, the
6-phosphogluconolactonase is pgl (NP _415288) of E. coii. In one embodiment, a 6-
phosphogluconate dehydrogenase that converts D-gluconate 6-phosphate to D-ribulose 5-
phosphate is overexpressed. In some embodiments, the 6-phosphogluconate dehydrogenase is
GND1 from yeast. In certain embodiments, the 6-phosphogluconate dehydrogenase is GND1
(YHR183W) from Saccharomyces cerevisiae. In some embodiments, the 6-phosphogluconate
dehydrogenase is GND2 from yeast. In certain embodiments, the 6-phosphogluconate
dehydrogenase is GND2 (YGR256W) from Saccharomyces cerevisiae. In  some
embodiments, the 6-phosphogluconate dehydrogenase is gnd from bacteria. In certain
embodiments, the 6-phosphogluconate dehydrogenase is gnd (NP_416533) from E. coli. In
one embodiment, a transaldolase that interconverts D-glyceraldehyde 3-phosphate and D-
sedoheptulose 7-phosphate to B-D-fructofuranose 6-phosphate and D-erythrose 4-phosphate
is overexpressed. In some embodiments, the transaldolase is TAL1 of yeast. In certain
embodiments, the transaldolase is TAL1 (NP_013458) of Saccharomyces cerevisiae. In some
embodiments, the transaldolase is NQMI of yeast. In certain embodiments, the transaldolase
is NQMI (NP _011557) of Saccharomyces cerevisae. In some embodiments, the
transaldolase istal of bacteria. In certain embodiments, the transaldolase istalB (NP_4 14549)
of E. cali. In certain embodiments, the transaldolase istaA (NP_416959) of E. coli. In one
embodiment, a transketolase that interconverts D-erythrose 4-phosphate and D-xylulose 5-
phosphate to B-D-fructofuranose 6-phosphate and D-glyceraldehyde 3-phosphate and/or
interconverts D-sedoheptulose 7-phosphate and D-glyceraldehyde 3-phosphate to D-ribose 5-
phosphate and D-xylulose 5-phosphate is overexpressed. In some embodiments, the
transketolase is TKL1 of yeast. In certain embodiments, the transketolase is TKLI
(NP_015399) of Saccharomyces cerevisiae. In some embodiments, the transketolase is TKL2

of yeast. In some embodiments, the transketolase is TKL2 (NP_009675) of Saccharomyces
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cerevisiae. In some embodiments, the transketolase istkt of bacteria. In certain embodiments,
the transketolase istktA (YP _026188) ofi E. coli. In certain embodiments, the transketolase is
tktB (NP_416960) of E. coli. In one embodiment, a ribose-5-phosphate ketol-isomerase that
interconverts D~ribose 5-phosphate and D-ribulose 5-phosphate is overexpressed. In some
embodiments, the ribose-5-phosphate ketol-isomerase is RKI1 of yeast. In certain
embodiments, the ribose-5-phosphate  ketol-isomerase is RKI1 (NP _014738) of
Saccharomyces cerevisiae. In some embodiments, the ribose-5 -phosphate isomerase is rpi of
bacteria. In certain embodiments, the ribose-5-phosphate isomerase is @ 1A (NP_417389) of
E. coli. In certain embodiments, the ribose-5 -phosphate isomerase isrpiB (NP_418514) of E.
coli. In one embodiment, a D-ribulose-5-phosphate 3-epimerase that interconverts D-ribulose
5-phosphate and D-xylulose 5-phosphate is overexpressed. In some embodiments, the D-
ribulose-5-phosphate  3-epimerase is RPE1 of yeast. In certain embodiments, the D-ribulose-
5-phosphate 3-epimerase is RPEI (NP_012414) of Saccharomyces cerevisiae. In some
embodiments, the D-ribulose-5-phosphate  3-epimerase is rpe of bacteria. In certain
embodiments, the D-ribulose-5-phosphate 3-epimerase isrpe (NP_4 17845) ofE. coli.

[0417] In one embodiment, the expression of an NADP+-dependent isocitrate dehydrogenase
is increased to increase intracellular levels of a coenzyme. In one embodiment, an NADP+
dependent isocitrate dehydrogenase oxidizes D-threo-isocitrate to 2-oxoglutarate with
concomitant generation of NADPH. In another embodiment, an NADP+ dependent isocitrate
dehydrogenase oxidizes D-threo-isocitrate to 2-oxaiosuccinate with concomitant generation
of NADPH. In some embodiments, the NADP+-dependent isocitrate dehydrogenase is IDP
from yeast. In certain embodiments, the NADP+-dependent isocitrate dehydrogenase is|DP2
(YLR174W) from Saccharomyces cerevisiae. In some embodiments, the NADP+-dependent
isocitrate dehydrogenase isicd from bacteria. In certain embodiments, the NADP-r-dependent
isocitrate dehydrogenase isicd (NP_4 15654) from E. cali.

[0418] In some embodiments, the expression of a malic enzyme that decarboxylates malate
to pyruvate with concomitant generation of NADH or NADPH is increased to increase
intracellular levels of a coenzyme. In one embodiment, the malic enzyme is NAD+
dependent. In another embodiment, the malic enzyme is NADP+ dependent. In one
embodiment, the malic enzyme is an NAD+ dependent malate dehydrogenase from bacteria
In some embodiments, the NAD-f- dependent malate dehydrogenase is maeA (NP_415996)
from E. coli. In some embodiments, the NAD+ dependent malate dehydrogenase is maeE

(CAQ68I 19) from Lactobacillus casei. In another embodiment, the malic enzyme is a
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mitochondrial NAD+ dependent malate dehydrogenase from yeast. In some embodiments,
the NAD+ dependent malate dehydrogenase is MAEL (YKL029C) from S. cerevisiae. In
another embodiment, the malic enzyme is a mitochondrial NAD+ dependent malate
dehydrogenase from a parasitic nematode. In some embodiments, the NAD+ dependent
malate dehydrogenase is M81055 from Ascaris suum. In one embodiment, the malic enzyme
is an NADP-+ dependent malate dehydrogenase from bacteria. In some embodiments, the
NADP+ dependent malate dehydrogenase is maeB (NP_416958) from E. coli. In one
embodiment, the malic enzyme is an NADP+ dependent malate dehydrogenase from com. In
some embodiments, the NADP+ dependent malate dehydrogenase isel from Zea mays.
[0419] In some embodiments, the expression of an aldehyde dehydrogenase that oxidizes an
aldehyde to a carboxylic acid with concomitant generation of NADH or NADPH isincreased
to increase intracellular levels of a coenzyme. In one embodiment, the adehyde
dehydrogenase is NAD+ dependent. In another embodiment, the aldehyde dehydrogenase is
NADP+ dependent. In one embodiment, the aldehyde dehydrogenase is an NAD+ dependent
aldehyde dehydrogenase from bacteria. In some embodiments, the NAD+ dependent
aldehyde dehydrogenase is aldA (NP _415933) from E. coli. In another embodiment, the
aldehyde dehydrogenase is a cytosolic NADP+ dependent aldehyde dehydrogenase from
yeast. In some embodiments, the NADP+ dependent aldehyde dehydrogenase is ALDG6
(YPLO61IW) from S. cerevisiae. In another embodiment, the aldehyde dehydrogenase is a
cytosolic NADP+ dependent aldehyde dehydrogenase from bacteria. In some embodiments,
the NADP+ dependent aldehyde dehydrogenase isadB (NP_4 18045) from E. coli.

[042QG In one embodiment, overexpression of an enzyme to increase intracellular levels of a
coenzyme comprises coupling supplementation of a co-substrate and overexpression of the
enzyme. In one embodiment, the overexpression of an enzyme coupled with supplementation
of a co-substrate of that enzyme increase flux through a biochemical pathway. In one
embodiment, an NAD+ or NADP+ dependent alcohol dehydrogenase is expressed with a co-
substrate. In certain embodiments, an acohol dehydrogenase is expressed with an
isopropanol co-substrate. In one embodiment, an NAD+ or NADP+ dependent glucose
dehydrogenase is expressed with a co-substrate. In certain embodiments, a glucose
dehydrogenase isexpressed with aglucose co-substrate.

[0421] In one embodiment, the expression of a transhydrogenase is increased to interconvert
NADH and NADPH. In some embodiments, the transhydrogenase is a pyridine nuclectide

transhydrogenase. In some embodiments, the pyridine nucleotide transhydrogenase is from
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bacteria. In certain embodiments, the pyridine nucleotide transhydrogenase is pntAB (beta
subunit: NP_416119: apha subunit: NP _416120) from E. coli. In some embodiments, the
pyridine nucleotide transhydrogenase is from human. in certain embodiments, the pyridine
nucleotide transhydrogenase is NNT (NP_036475) from Homo sapiens. In certain
embodiments, the pyridine nucleotide transhydrogenase is from Solatium tuberosum. In
certain embodiments, the pyridine nuclectide transhydrogenase isfrom Spinacea oleracea.
[0422] In some embodiments, it may be useful to increase the expression of endogenous or
exogenous proteins to induce endoplasmic reticulum (ER) membrane proliferation. In some
embodiments, the induction of endoplasmic reticulum membrane proliferation can improve
production of fatty alcohols, aldehydes, or acetates. In one embodiment, the expression of an
inactivated HMG-CoA reductase (hydroxjnnethylglutaryl-CoA reductase) containing one or
more ER facing loops isincreased. In certain embodiments, the one or more loops is between
transmembrane domains 6 and 7 of an inactivated HMG-CoA reductase. In some
embodiments, the inactivated HMG-CoA reductase comprises an inactivated protein or
chimera which codes for the first 500 amino acids or a subsequence of the first 500 amino
acids of Yarrowia lipolytica YALIOEO4807p. In other embodiments, the inactivated HMG-
CoA reductase comprises an inactivated protein or chimera which codes for the first 522
amino acids or a subsequence of the first 522 amino acids of HMG1 from Saccharomyces
cerevisae (NP _013636.1). In other embodiments, the inactivated HMG-CoA reductase
comprises an inactivated protein or chimera which codes for the first 522 amino acids or a
subsequence of the first 522 amino acids of HMG2 from Saccharomyces cerevisiae
(NP_013555.1). In some embodiments, the expression of one or more regulatory proteins is
increased to improve production of fatty acohols, aldehydes, or acetates. In certain
embodiments, the regulatory protein comprisess HACL1 transcription factor from
Saccharomyces cerevisiae (NP_116622.1). In certain embodiments, the regulatory protein
comprises HACH transcription factor from Yarrowia lipolytica (YALI0B12716p).

[0423] Increased synthesis or accumulation can be accomplished by, for example,
overexpression of nucleic acids encoding one or more of the above-described a fatty acohol
pathway enzymes. Overexpression of afatty alcohol pathway enzyme or enzymes can occur,
for example, through increased expression of an endogenous gene or genes, or through the
expression, or increased expression, of an exogenous gene or genes. Therefore, naturally
occurring organisms can be readily modified to generate non-natural, fatty alcohol producing

microorganisms through overexpression of one or more nucleic acid molecules encoding a
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fatty alcohol biosynthetic pathway enzyme. In addition, a non-naturally occurring organism
can be generated by mutagenesis of an endogenous gene that results in an increase in activity
of an enzyme inthe fatty alcohol biosynthetic pathways.

[0424] Equipped with the present disclosure, the skilled artisan will be able to readily
construct the recombinant microorganisms described herein, as the recombinant
microorganisms of the disclosure can be constructed using methods well known in the art as
exemplified above to exogenously express at least one nucleic acid encoding a fatty alcohol
pathway enzyme in sufficient amounts to produce afatty acohol.

[0425] Methods for constructing and testing the expression levels of a non-naturally
occurring fatty acohol-producing host can be performed, for example, by recombinant and
detection methods well known in the art. Such methods can be found described in, for
example, Sambrook et al., Molecular Cloning: A Laboratory Manual, Third Ed., Cold Spring
Harbor Laboratory, New York (2001): Ausubo e al, Current Protocols in Molecular
Biology, John Wiley and Sons, Baltimore, Md. (1999).

[0426] A variety of mechanisms known in the art can be used to express, or overexpress,
exogenous or endogenous genes. For example, an expression vector or vectors can be
constructed to harbor one or more fatty alcohol biosynthetic pathway enzyme encoding
nucleic acids as exemplified herein operably linked to expression control segquences
functional in the host organism. Expression vectors applicable for use in the microbial host
organisms of the invention include, for example, plasmids, phage vectors, vira vectors,
episomes and artificial chromosomes, including vectors and selection sequences or markers
operable for stable integration into a host chromosome.

[0427] Selectable marker genes also can be included that, for example, provide resistance to
antibiotics or toxins, complement auxotrophic deficiencies, or supply critical nutrients not in
the culture media. In some embodiments, the present disclosure teaches the use of the bla
(bacterial ampR resistance marker). In some embodiments, the present disclosure teaches use
of the URA3 marker. In some embodiments, the present disclosure teaches microorganisms
comprising the SUC2 gene to permit fermentation in sucrose media.

[0428] Expression control sequences can include constitutive and inducible promoters,
transcription enhancers, transcription terminators, and the like which are well known in the
art. When two or more exogenous encoding nucleic acids are to be co-expressed, both nucleic
acids can be inserted, for example, into a single expression vector or in separate expression

vectors. For single vector expression, the encoding nucleic acids can be operationally linked
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to one common expression control sequence or linked to different expression control
sequences, such as one inducible promoter and one constitutive promoter. The transformation
of exogenous nucleic acid sequences involved in a metabolic or synthetic pathway can be
confirmed using methods well known in the art.

[0429] Expression control sequences are known in the art and include, for example,
promoters, enhancers, polyadenyiation signals, transcription terminators, internal ribosome
entry sites (IRES), and the like, that provide for the expression of the polynucleotide
sequence in a host cell. Expression control sequences interact specifically with cellular
proteins involved in transcription (Maniatis et a., Science, 236: 1237-1245 (1987)).
Exemplary expression control sequences are described in, for example, Goeddel, Gene-
Expression Technology: Methods in Enzymology, Vol. 185, Academic Press, San Diego,
Calif. (1990).

[0430] In various embodiments, an expression control sequence may be operabiy linked to a
polynucleotide sequence. By "operabiy linked" is meant that a polynuclectide sequence and
an expression control sequence(s) are connected in such away as to permit gene expression
when the appropriate molecules (e.g., transcriptional activator proteins) are bound to the
expression control sequence(s). Operabiy linked promoters are located upstream of the
selected polynucleotide sequence in terms of the direction of transcription and trandation.
Operabiy linked enhancers can be located upstream, within, or downstream of the selected
polynuclectide.

[0431] In some embodiments, the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
areaction in a pathway that competes with the biosynthesis pathway for the production of a
mono- or poly-unsaturated cs.cos fatty alcohol, aldehyde, or acetate.

[0432] In some embodiments, the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
the conversion of a fatty acid into a w-hydroxyfatty acid. In some such embodiments, the
enzymes that catalyze the conversion of a fatty acid into a w-hydroxyfatty acid are selected
from the group consisting of XP 504406, XP_504857, XP 504311, XPJ500855,
XP 500856, XP 500402, XP 500097, XP 501748, XP 500560, XP 501148, XP 501667,
XP_500273, BAA02041, CAA39366, CAA39367, BAA02210, BAA02211, BAA02212,
BAA02213, BAA02214, AA073952, AAO073953, AA073954, AA073955, AA073956,
AA073958, AA073959, AAOQ73960, AA0739%61, AA073957, XP_002546278,
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BAM49649, AABB80867, AAB 17462, ADL27534, AAU24352, AAAB87602, CAA34612,
ABM1770L AAA25760, CABS1047, AAC82967, WP 011027348, orhomologs thereof.
[0433] in some embodiments, the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous cytochrome P450
monooxygenases selected from the group consisting of Y. lipolytica YALIOE25982g
{ALK1y, V. lipolytica YALIOF01320g (ALK2), Y. lipolytica YALIOE23474g (ALK3), Y.
lipolytica YAUOB13816g (ALK4), ¥ lipolytica YALIOB13838g (ALKS5), Y. lipolytica
YALIOB01848g (ALK®6), v. lipolytica YALXOAL5488g (ALK7), Y. lipolytica
YALIOC12122g (ALKS8), Y. lipolytica YALIOB06248g (ALK9), Y. lipolytica
YALIOB20702g (ALK1#), Y. lipolytica YALIOC10054g (ALK11l) and Y. lipolytica
YALIOA20130g (ALK12).

[0434] In other embodiments, the recombinant microorganism is manipulated to delete,
disrapt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
the conversion of a fatty acyl-CoA into a,B-enoyl-CoA. In some such embodiments, the
enzymes that catalyze the conversion of a fatty acyl-CoA into «,B-enoyl-CoA are selected
from the group consisting of CAA04659, CAA04660, CAA04661, CAA04662, CAA04663,
CAGT79214, AAA34322, AAA34361, AAA34363, CAA2990L BAAO0476L AAA34891,
AABO08643, CAB 15271, BAN5S5749, CAC44516, ADK16968, AEI37634, WP_000973047,
WPJ325433422, WP_035 184107, WP 026484842,  CEL80920, WP_0268 18657,
WP_005293707, WP_005883960, or homologs thereof.

[0435] In some embodiments, one or more genes of the microbial host encoding acyl-CoA
oxidases are deleted or down-regulated to eliminate or reduce the truncation of desired fatty
acyl-CoAs beyond a desired chain-length. Such deletion or down-regulation targets include
but ae not limited to Y. lipolytica POXI(YAL10E32835g), Y. lipolytica
POX2(YALIOF10857g), Y. lipolytica  POX3(YALIOD24750g), ¥ lipolytica
POX4(Y ALIOE27654g), Y. lipolytica  POX5(YALI0OC23859g), Y. lipolytica
POX6(YALIOEO6567g); S. cerevisae PC)X1(YGL205W); Candida POX2 (Ca019.1655,
Ca019.9224, CTRG 02374, MI8259), Candida POX4 (Ca019.1652, Ca019.922l,
CTRG_02377, M12160), and Candida POX5 (Ca0 195723, Ca0 19.13146, CTRG_02721,
M12161).

[0436] In some embodiments, the recombinant microorganism is manipulated to delete,
disrapt, mutate, and/or reduce the activity of one or more proteins involved in peroxisome

biogenesis. In such embodiments, the one or more proteins involved in peroxisome
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biogenesis are selected from the group consisting of XP_505754, XP__5Q1986, XP_501311,
XP_504845, XP_503326, XP_ 504029, XP_002549868, XP 002547 156, XP 002545227,
XP_002547350, XP_002546990, EIW11539, EIW08094, EIW11472, EIW09743, EIW0828,
or homologs thereof.

[0437] In some embodiments, the recombinant microorganism is manipulated to delete,
disrapt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
a reaction in a pathway that competes with the biosynthesis pathway for one or more
unsaturated fatty acyl-CoA intermediates. In one embodiment, the one or more endogenous
enzymes comprise one or more diacylglycerol acyltransferases. In the context of a
recombinant yeast microorganism, the recombinant yeast microorganism is engineered to
delete, disrupt, mutate, and/or reduce the activity of one or more diacylglycerol
acyltransferases selected from the group consisting of YALI()E32769g, YALIOD07986g and
CTRG 06209, or homoiog thereof. In another embodiment, the one or more endogenous
enzymes comprise one or more glycerolphospholipid acyltransferases. In the context of a
recombinant yeast microorganism, the recombinant yeast microorganism is engineered to
delete, disrupt, mutate, and/or reduce the activity of one or more glycerolphospholipid
acyltransferases selected from the group consisting of YALIOE16797g and CTG_ 04390, or
homoiog thereof. In another embodiment, the one or more endogenous enzymes comprise
one or more acyl-CoA/sterol acyltransferases. In the context of a recombinant yeast
microorganism, the recombinant yeast microorganism isengineered to delete, disrupt, mutate,
and/or reduce the activity of one or more acyl-CoA/sterol acyltransferases selected from the
group consisting of YALIOF06578g, CTRG_01764 and CTRG_01765, or homoiog thereof.
[0438] In some embodiments, one or more genes of the microbial host encoding glycerol-3-
phosphate acyl transferases (GPATS), lysophosphatidic acid acyltransferases (LPAATS),
glycerolphospholipid  acyltransferase  (GPLAT's) and/or diacylglycerol acyltransferases
(DGATS) are deleted or downregulated, and replaced with one or more GPATS, LPAATS,
GPLATs, or DGATs which prefer to store short-chain fatty acyl-CoAs. Such deletion or
downregulation targets include but are not limited to Y. lipolytica YALIOC00209g, Y.
lipofytica YALIOE18964g, Y. lipolytica YALIOF19514g, Y. lipolytica Y. lipolytica
YALIOC14014g, Y. lipolytica YALIOE16797g, Y. lipolytica YALIOE32769g, Y lipolytica
YALIODQ7986g, S. cerevisiae YBLOIllw, S. cerevisiae YDLO52c, S. cerevisiae YOR175C,
S. cerevisiae YPR139C, sS. cerevisiae YNROO8w, S cerevisae YQR245c, Candida
1503 _02577, Candida CTRG_02630, Candida Ca019 250, Candida Ca019.7881, Candida
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CTRG_02437, Candida Ca019.1881, Candida CaOl 9.9437, Candida CTRG_01687,
Candida Ca019.1043, Candida Ca019.8645, Candida CTRG 04750, Candida
Ca0 19.13439, Candida CTRG_04390, Candida Ca019.6941, Candida Ca019.14203, and
Candida CTRG_06209.

[0439] In some preferred embodiments, one or more genes of the microbial host encoding
acylglycerol lipases (mono-, di-, or triacyiglycerol lipases) and sterol ester esterases are
deleted or downregulated and replaced with one or more acylglycerol lipases which prefer
long chain acylglycerol substrates. In some embodiments, the one or more endogenous
acylglycerol lipase and/or sterol ester esterase enzymes being deleted or downregulated are
sdlected from Y. lipolytica YALIOE32035g, Y. lipolyiica YAL10D17534g, Y. lipolytica
YALIOFIOOIOg, Y. lipolytica YALTO0C14520g, Y. lipolytica YALIOEO0528g, S. cerevisiae
YKL140w, S. cerevisae YMR313c, S. cerevisae YKR089c, S. cerevisae YORO081c, S.
cerevisae YKLO94W, s. cerevisae YLLO12W, S. cerevisae YLR020C, Candida
Ca019.2050, Candida Ca019.9598, Candida CTRG_ 01138, Candida W5Q 03398, Candida
CTRG_00057, Candida Ca019.5426, Candida Ca019.12881, Candida CTRG_06185,
Candida Ca019.4864, Candida Ca019. 12328, Candida CTRG 03360, Candida
Ca019.6501, Candida Ca019. 13854, Candida CTRG 05049, Candida Ca019.1887,
Candida Ca0 19,9443, Candida CTRG_01683, and Candida CTRG 04630.

[0440] In another embodiment, the recombinant microorganism is manipulated to delete,
disrapt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
a reaction in a pathway that oxidizes fatty aldehyde intermediates. In one embodiment, the
one or more endogenous enzymes comprise one or more fatty aldehyde dehydrogenases. In
the context of a recombinant yeast microorganism, the recombinant yeast microorganism is
engineered to delete, disrupt, mutate, and/or reduce the activity of one or more fatty aldehyde
dehydrogenases selected from the group consisting of YALIOA17875g, YALIOE15400g,
YALI0B01298g, YALIOF23793g, CTRG_05010 and CTRG_04471, or homolog thereof.
[0441] In another embodiment, the recombinant microorganism is manipulated to delete,
disrapt, mutate, and/or reduce the activity of one or more endogenous enzymes that catalyzes
areaction in a pathway that consumes fatty acetate products. In one embodiment, the one or
more endogenous enzymes comprise one or more sterol esterases. In the context of a
recombinant yeast microorganism, the recombinant yeast microorganism is engineered to
delete, disrupt, mutate, and/or reduce the activity of one or more sterol esterases selected
from the group consisting of YALIOE32035g, YALIOE00528g, CTRG 01138, CTRG_01683
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and CTRG_04630, or homolog thereof. In another embodiment, the one or more endogenous
enzymes comprise one or more triacyigiycerol lipases. In the context of a recombinant yeast
microorganism, the recombinant yeast microorganism is engineered to delete, disrupt, mutate,
and/or reduce the activity of one or more triacyigiycerol lipases selected from the group
consisting of YALIOD17534g, YALIOFIOOIOg, CTRG 00057 and CTRG_06185, or
homolog thereof. In another embodiment, the one or more endogenous enzymes comprise
one or more monoacylglycerol lipases. Inthe context of a recombinant yeast microorganism,
the recombinant yeast microorganism is engineered to delete, disrupt, mutate, and/or reduce
the activity of one or more monoacylglycerol lipases selected from the group consisting of
YALiIOCI4520g, CTRG 03360 and CTRG 05049, or homolog thereof. In another
embodiment, the one or more endogenous enzymes comprise one or more extracellular
lipases. In the context of a recombinant yeast microorganism, the recombinant yeast
microorganism is engineered to delete, disrapt, mutate, and/or reduce the activity of one or
more extracellular lipases selected from the group consisting of YALIOA20350qg,
YALIOD19184g,  YALIOB09361lg, CTRG 05930, CTRG_ 04188, CTRG_02799,
CTRG 03052 and CTRG_ 03885, or homolog thereof.

[0442] In some embodiments, the recombinant microorganism is manipulated to delete,
disrapt, mutate, and/or reduce the activity of one or more endogenous enzymes that (1) break
down fatty acids in the course of beta-oxidation and/or (2) oxidize co-hydroxy fatty acids to
fatty acid aldehyde or to dicarboxylic acid in the course of w-oxidation. In some
embodiments, the recombinant microorganism comprises a deletion, disruption, mutation,
and/or reduction in the activity of: (i) one or more endogenous acyl-CoA oxidase selected
from the group consisting of YALIOE32835g (POX1), YALIOF10857g (POX2),
YALIOD24750g  (POX3), YALIOE27654g  (POX4), YAL10C23859g (POX5),
YALIOE06567g (POX6); (ii) one or more endogenous (fatty) alcohol dehydrogenase selected
from the group consisting of YALIOF09603g (FADH), YALIOD25630g (ADH1),
YALIOE17787g (ADH2), YALIOA16379g (ADH3), YALIOE15818g (ADH4),
YALIOD02167g (ADHS5), YALIOA15147g (ADH6), YAL10EQ7766g (ADH7); and (iii) an
endogenous (fatty) alcohol oxidase YALI0B14014g (FAOQI).

[0443] In some embodiments, the Y. lipolylica microorganism into which biosynthesis
pathway s for the production of cecos fatty alcohol, fatty aldehyde and/or fatty acetate are
introduced isH222 AP AA AF AURA3. AP denotes deletion of the acyl-CoA oxidase genes
(POX 1-6) in Y. lipolytica. AA denotes deletion of the (fatty) alcohol dehydrogenase genes
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(FADH, ADH 1-7) in 7. lipolytica. AF denotes deletion of the (fatty) alcohol oxidase gene
(FAQI) in 7. lipolytica. AURA3 denotes deletion of the URA3 gene in 7. lipolytica,
rendering the yeast auracil auxotroph. In some embodiments, the Y. lipolytica microorganism
into which biosynthesis pathways for the production of ce.cos4 fatty acohol, fatty aldehyde
and/or fatty acetate are introduced is H222 AP AA AF. In some embodiments, the Y.
lipolytica microorganism into which biosynthesis pathways for the production of ce.cos fatty
alcohol, fatty aldehyde and/or fatty acetate are introduced is MATA ura3-302::SUC2 Apoxi
Apox2 Apox3 Apox4 Apox5 Apox6 Afadh Aadhl Aadh2 Aadh3 Aadh4 Aadh5 Aadh6 Aadi7
Afaol::URA3.

[0444] A wild type isolate of the yeast Y. lipolytica, preferably of the strain H222, can be
used as the starting strain for the construction of strains according to the disclosure. The
strain H222 was deposited on 29.04.2013 at the DSMZ (Deutsche Sammlung fur
Mikroorganismen and Zellkulturen GmbH, D-38142 Braunschweig) under the number DSM
27185 according to the Budapest Treaty on the International Recognition of the Deposit of
Microorganisms for the Purposes of Patent Procedure. A selection marker is required for the
use of a strain for further genetic processing. This selection marker can be introduced into the
strain in a manner known per se, eg. in the form of the uracil auxotroph. Alternatively,
already known uracil auxotrophic strains can be used, preferably the strain H222-$4
(Mauersberger S, Wang HJ, Gaillard in C, Barth G & Nicaud JM (2001) J Bacterial 183:
5102-5109). The respective deletion cassette (e.g. POX 1-6, FADH, ADH 1-7, FAOI) is
obtained by PCR or restriction and transformed into Y. lipolytica H222-S4, which can be
produced from Y. lipolytica H222 (Mauers-berger et a. (2001)), according to Barth and
Gaillardin (Barth G & Gaillardin C (1996) Yarrowia lipolytica. Springer-Verlag, Berlin,
Heidelberg, New York). The creation of H222 AP AA AF AURAS3 is described in WO
2015/086684, which is herein incorporated by reference in its entirety. 7. lipolytica strain
H222 AP AA AF AURA3 is used as the starting microorganism for introduction of
desaturases and reductases in the present disclosure (see, for example, Examples 7, 9 and 10).
[0445] In another embodiment, the recombinant microorganism is manipulated to delete,
disrupt, mutate, and/or reduce the activity of one or more endogenous reductase or desaturase
enzymes that interferes with the unsaturated ces.cosa fatty alcohol, aldehyde, or acetate, i.e.,
catalyzes the conversion of a pathway substrate or product into an unwanted by-product.

Chemical Conversion of Product from Microorganism Synthesis
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[0446] The present disclosure describes chemical conversions that can be used to convert a
product synthesized by recombinant microorganism into a down-stream product.

[0447] In some embodiments, an unsaturated fatty alcohol, aldehyde, acetate, or carboxylic
acid produced by amicroorganism can undergo subsequent chemical conversion to produce a
pheromone, fragrance, flavor, polymer, or polymer intermediate. Non-limiting examples of
chemical transformations include esterification, metathesis, and polymerization.

[0448] Unsaturated fatty carboxylic acids can be esterified by methods known in the art. For
example, Fischer esterification can be used to covert a fatty carboxylic acid to a
corresponding fatty ester. See, e.g., Komura, K. et al., Synthesis 2008. 3407-3410.

[0449] Elongation of the carbon chain can be performed by known methods to covert an
unsaturated fatty alcohol into an elongated derivative thereof Olefin metastasis catalysts can
be performed to increase the number of carbons on the fatty carbon chain and impart Z or E
stereochemistry on the corresponding unsaturated product.

[0450] In some embodiments, the metathesis catalyst is a tungsten metathesis catalyst, a
molybdenum metathesis catalyst, or a ruthenium metathesis catalyst. In certain
embodiments, the metathesis catalyst is a tungsten catalyst or a molybdenum catalyst. The
catalysts employed in the present invention generaly employ metals which can mediate a
particular desired chemical reaction. In general, any transition metal (e.g., having d electrons)
can be used to form the catalyst, e.g., a metal selected from one of Groups 3-12 of the
periodic table or from the ianthanide series. In some embodiments, the metal is selected from
Groups 3-8, or, in some cases, from Groups 4-7. In some embodiments, the metal is selected
from Group 6. The term "Group 6" refers to the transition metal group comprising
chromium, molybdenum, and tungsten. Additionally, the present invention may also include
the formation of heterogeneous catalysts containing forms of these elements (e.g., by
immoabilizing ametal complex on an insoluble substrate, for example, silica).

[0451] In general, any metathesis catalyst stable under the reaction conditions and
nonreactive with functional groups on the fatty substrate (e.g., alcohol, ester, carboxylic acid,
aldehyde, or acetate) can be used with the present disclosure. Such catalysts are, for example,
those described by Grubbs (Grubbs, R.H., "Synthesis of large and small molecules using
olefin metathesis catalysts." PMSE Prepr., 2012), herein incorporated by reference in its
entirety. Depending on the desired isomer of the olefin, as cis-selective metathesis catalyst
may be used, for example one of those described by Shahane et al (Shahane, S, et al

ChemCatChem, 2013. 5(12): p. 3436-3459), herein incorporated by reference in its entirety.
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Catalysts exhibiting cis-selectivity have been described previousy (Khan, R.K., etal. J. Am.
Chem. Soc. 2013. 135(28): p. 10258-61; Hartung, J. et al. J. Am. Chem. Soc. 2013. 135(28):
p. 10183-5.; Rosebrugh, L.E., etal. J. Am. Chem. Soc., 2013. 135(4): p. 1276-9.; Marx, V.M.,
e al. J. Am. Chem. Soc, 2013. 135(1): p. 94-7.; Herbert, M.B., et al. Artgew. Chem. Int. Ed.
Engl., 2013. 52(1): p. 310-4; Keitz, B.K., etal. J. Am. Chem. Soc, 2012. 134(4): p. 2040-3,;
Keitz, B.K., etal. J. Am. Chem. Soc, 2012. 134(1): p. 693-9.; Endo, K. et al. J. Am. Chem.
Soc, 2011. 133(22): p. 8525-7).

[0452] Additional Z-selective catalysts are described in (Cannon and Grubbs 2013; Bronner
et al. 2014; Hartung et al. 2014; Pnbisko et al. 2014; Quigley and Grubbs 2014) and are
herein incorporated by reference in their entirety. Due to their excellent stability and
functional group tolerance, in some embodiments metathesis catalysts include, but are not
limited to, neutral ruthenium or osmiurn metal carbene complexes that possess metal centers
that are formally in the +2 oxidation state, have an electron count of 16, are penta
coordinated, and are of the general formula LLA A‘'M=CRbRc or LL'AA'M=(C=)nCRbRc
(Pederson and Grubbs 2002); wherein

[0453] M isruthenium or osmium;

[0454] L and L' are each independently any neutral electron donor iigand and selected from
phosphine, sulfonated phosphine, phosphite, phosphinite, phosphonite, arsine, stibnite, ether,
amine, amide, imine, sulfoxide, carboxyl, nitrosyl, pyridine, thioether, or heterocyclic
carbenes; and

[0455] A and A’ are anionic ligands independently selected from halogen, hydrogen, C1-C20
alkyl, aryl, C1-C20 akoxide, aryloxide, C2-C20 akoxycarbonyl, arylcarboxylate, C1-C20
carboxylate, arylsulfonyl, C1-C20 akyisulfonyl, C1-C20 akylsulfinyi; each ligand optionally-
being substituted with C1-C5 akyl, halogen, C1-C5 alkoxy; or with a phenyl group that is
optionally substituted with halogen, C1-C5 akyl, or C1-C5 akoxy; and A and A' together
may optionally comprise a bidentate ligand; and

[0456] Rb and Rc are independently selected from hydrogen, C1-C20 akyl, aryl, C1-C20
carboxylate, C1-C20 akoxy, aryloxy, C1-C20 akoxycarbonyl, C1-C20 akyithio, C1-C20
alkyisulfonyl and C1-C20 alkylsulfinyi, each of Rb and Rc optionally substituted with C1-C5
alkyl, halogen, C1-C5 akoxy or with a phenyl group that is optionaly substituted with
halogen, C1-C5 alkyl, or C1-C5 akoxy .

[0457] Other metathesis catalysts such as "well defined catalysts' can aso be used. Such
catalysts include, but are not limited to, Schrock's molybdenum metathesis catalyst, 2,6-
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diisopropylphenylimido neophylidenemolybdenum )] bis(hexafluoro-t-butoxide),

described by Grabbs et al. (Tetrahedron 1998, 54: 4413-4450) and Basset's tungsten
metathesis catalyst described by Couturier, J. L. etal. (Angew. Chem. Int. Ed. Engl 1992, 31:
628).

[0458] Catalysts useful in the methods of the disclosure aso include those described by U.S.
Patent NO. 9,776,179, Peryshkov, etal. J. Am. Chem. Soc. 2011, 133: 20754-20757; Wang,
et al. Angewandte Chemie, 2013, 52: 1939-1943; Yu, et al J. Am. Chem. Soc, 2012, 134:
2788-2799; Halford. Chem. Eng. News. 2011, 89 (45): 11; Yu, et al Nature, 2011, 479: 88-
93; Lee. Nature, 2011, 471: 452-453; Meek, €l al. Nature, 2011: 471, 461-466; Flook, et al.
J.Am. Chem. Soc. 2011, 133: 1784-1786; Zhao, etal. Org Lett., 2011, 13(4): 784-787; Ondi,
et al. "High activity, stabilized formulations, efficient synthesis and industrial use of Mo-
and W-based metathesis catalysts’ XiMo Technology Updates, 2015: http://www.ximo-

inc.com/files/xmio/uploads/ download/Summary ~3.11.15.pdf; Schrock, et al.
Macromolecul.es, 2010: 43, 7515-7522; Peryshkov, et al. Organometallics 2013: 32,
5256-5259; Gerber, et al Organometallics 2013: 32, 5573-5580; Marinescu, et al.
Organometallics 2012; 31, 6336-6343; Wang, e al Angew. Chem. Int. Ed. 2013: 52, 1939 -
1943; Wang, et al. Chem. Eur. J. 2013: 19, 2726-2740; and Townsend et al J. Am. Chem.
Soc. 2012: 134, 11334-11337.

[0459] Catalysts useful in the methods of the disclosure aso include those described in
International Pub. No. WO 2014/155185; International Pub. No. WO 2014/172534; U.S. Pat.
Appl. Pub. No. 2014/0330018; international Pub. No. WO 2015/003815; and Intemational

Pub.No. WO 2015/003814.

[0460] Catalysts useful in the methods of the disclosure aso include those described in U.S.
Pat. No. 4,231,947; U.S. Pat. No. 4,245131; U.S. Pat. No. 4,427,595; U.S. Pa. No.
4,681,956; U.S. Pat. No. 4,727,215; international Pub. No. WO 1991/009825; U.S. Pat. No.
5,0877,10; U.S. Pat. No. 5,142,073; U.S Pat. No. 5,146,033; Intemational Pub. No. WO
1992/019631; U.S. Pat. No. 6,121,473; U.S. Pat. No. 6,346,652; U.S. Pat. No. 8,987,531;
U.S. Pat. Appl. Pub. No. 2008/0119678; International Pub. No. WO 2008/066754;
Intemational Pub. No. WO 2009/094201; U.S. Pat. Appl. Pub. No. 201 1/0015430; U.S. Pat.
Appl. Pub. No. 20} 1/0065915; U.S. Pat. Appl. Pub. No. 201 1/0077421; International Pub.
No. WO 2011/040963; International Pub. No. WO 2011/097642; U.S. Pat. Appl. Pub. No.
201 1/0237815; U.S. Pat. Appl. Pub. No. 2012/0302710; International Pub. No. WO
2012/167171; U.S. Pat. Appl. Pub. No. 2012/0323000; U.S. Pat. Appl. Pub. No.
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2013/0116434; International Pub. No. WO 2013/070725; U.S. Pat Appl. Pub. No.
2013/0274482; U.S. Pat. AppL Pub. No. 2013/0281706; International Pub. No. WO
2014/139679; International Pub. No. WO 2014/169014; U.S. Pat. Appi. Pub. No.
2014/03300 18; and U.S. Pat. Appl. Pub. No. 2014/0378637.

[0461] Catalysts useful in the methods of the disclosure aso include those described in
International Pub. No. w O 2007/075427; U.S. Pat. Appl. Pub. No. 2007/0282 148;
International Pub. No. WO 2009/12683 1; International Pub. No. WO 2011/069134; U.S. Pat.
Appl. Pub. No. 2012/0123133; U.S. Pat. Appl. Pub. No. 2013/026 1312; U.S. Pat. AppL Pub.
No. 2013/0296511; International Pub. No. w O 2014/134333; and U.S. Pat. Appl. Pub. No.
2015/00 18557.

[0462] Catalysts useful in the methods of the disclosure also include those described in U.S.
Pat. AppL Pub. No. 2008/0009598; U.S. Pat. Appl. Pub. No. 2008/020791 }; U.S. Pat. Appl.
Pub. No. 2008/0275247; U.S. Pat. AppL Pub. No. 201 1/0040099; U.S. Pat. Appl. Pub. No.
201 1/0282068; and U.S. Pat Appl. Pub. No. 2015/0038723.

[0463] Catalysts useful in the methods of the disclosure include those described in
International Pub. No. w O 2007/140954; U.S. Pat. Appl. Pub. No. 2008/022 1345;
International Pub. No. WO 2010/037550; U.S. Pat. AppL Pub. No. 2010/0087644; U.S. Pat.
Appl. Pub. No. 2010/0113795; U.S. Pat. Appl. Pub. No. 2010/0174068; International Pub.
No. WO 2011/091980; International Pub. No. WO 2012/168183; U.S. Pat. AppL Pub. No.
2013/0079515; U.S. Pat. Appl. Pub. No. 2013/0144060; U.S. Pat. AppL Pub. No.
2013/0211096; Internationa Pub. No. WO 2013/135776; International Pub. No. WO
2014/001291; International Pub. No. WO 2014/067767; U.S Pat. AppL Pub. No.
2014/0171607; and U.S. Pat. Appl. Pub. No. 2015/0045558.

[0464] The catalyst is typicaly provided in the reaction mixture in a sub-stoichiometric
amount (eg., catalytic amount). In certain embodiments, that amount isin the range of about
0.001 to about 50 mol % with respect to the limiting reagent of the chemical reaction,
depending upon which reagent isin stoichiometric excess. In some embodiments, the catalyst
is present in less than or equa to about 40 mol % relative to the limiting reagent. In some
embodiments, the catalyst is present in less than or equal to about 30 mol % relative to the
limiting reagent. In some embodiments, the catalyst is present in less than about 20 mol %,
less than about 10 mol %, less than about 5 mol %, less than about 2.5 mol %, less than about
1mol %, less than about 0.5 mol %, less than about 0.1 mol %, less than about 0.015 mol %,

less than about 0.01 mol %, less than about 0.0015 mol %, or less, relative to the limiting
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reagent. In some embodiments, the catalyst is present in the range of about 2.5 mol % to
about 5 mol %, relative to the limiting reagent. In some embodiments, the reaction mixture
contains about 0.5 mol% catalyst. In the case where the molecular formula of the catalyst
complex includes more than one metal, the amount of the catalyst complex used in the
reaction may be adjusted accordingly.

[0465] In some cases, the methods described herein can be performed in the absence of
solvent (eg., neat). In some cases, the methods can include the use of one or more solvents.
Examples of solvents that may be suitable for use in the disclosure include, but are not
limited to, benzene, p-cresol, toluene, xylene, diethyl ether, glycol, diethyl ether, petroleum
ether, hexane, cyclohexane, pentane, methylene chloride, chloroform, carbon tetrachloride,
dioxane, tetrahydrofuran (THF), dimethyl sulfoxide, dimethylformamide, hexamethyl-
phosphoric triamide, ethyl acetate, pyridine, triethylamine, picoline, and the like, as well as
mixtures thereof. In some embodiments, the solvent is selected from benzene, toluene,
pentane, methylene chloride, and THF. In certain embodiments, the solvent isbenzene.

[0466] In some embodiments, the method is performed under reduced pressure. This may be
advantageous in cases where avolatile byproduct, such as ethylene, may be produced during
the course of the metathesis reaction. For example, removal of the ethylene byproduct from
the reaction vessel may advantageously shift the equilibrium of the metathesis reaction
towards formation of the desired product. In some embodiments, the method is performed at
a pressure of about less than 760 torr. In some embodiments, the method is performed a a

pressure of about less than 700 torr. In some embodiments, the method is performed a a

pressure of about less than 650 torr. In some embodiments, the method is performed a a
pressure of about less than 600 torr. In some embodiments, the method is performed a a
pressure of about less than 550 torr. In some embodiments, the method is performed a a
pressure of about less than 500 torr. In some embodiments, the method is perfonned a a
pressure of about less than 450 torr. In some embodiments, the method is performed a a
pressure of about less than 400 torr. In some embodiments, the method is perfonned at a
pressure of about less than 350 torr. In some embodiments, the method is performed a a
pressure of about less than 300 torr. In some embodiments, the method is performed a a
pressure of about less than 250 torr. In some embodiments, the method is performed a a
pressure of about less than 200 torr. In some embodiments, the method is performed a a
pressure of about less than 150 torr. In some embodiments, the method is perfonned a a
pressure of about less than 100 torr. In some embodiments, the method is perfonned a a
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pressure of about less than 90 torr. In some embodiments, the method is performed
pressure of about less than 80 torr. In some embodiments, the method is performed
pressure of about less than 70 torr. In some embodiments, the method is performed
pressure of about less than 60 torr. In some embodiments, the method is performed
pressure of about less than 50 torr. In some embodiments, the method is performed

pressure of about less than 40 torr. In some embodiments, the method is performed
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pressure of about less than 30 torr. In some embodiments, the method is performed
pressure of about less than 20 torr. In some embodiments, the method is performed a
pressure of about 20 torr. In some embodiments, the method is performed at a pressure of
about 10 torr. In some embodiments, the method is performed at a pressure of about 1 torr.
In some embodiments, the method is performed a a pressure of about i torr. In some
embodiments, the method isperformed at apressure of less than about 1torr.

[0467] In some embodiments, the two metathesis reactants are present in equimolar amounts.
In some embodiments, the two metathesis reactants are not present in equimolar amounts. In
certain embodiments, the two reactants are present in amolar ratio of about 20:1, 1%:1, 18:1,
17:1, 16:1, 151, 14:1, 13:1, 12:1, 11:1, 10:1, 9:1, 8:1, 7:1, 6:1, 5:1, 4:1, 3:1, 2:1, 1:1, 1:2, 1:3,
1:4, 1:5, 1.6, 1.7, 1:8, 1:9, 1:10, 1:11, 1:12, §:13, 1:14, 1:15, }:16, 1:17, 1:18, 1:19, or 1:20.
In certain embodiments, the two reactants are present in amolar ratio of about 10: 1. In certain
embodiments, the two reactants are present in a molar ratio of about 7:1. In certain
embodiments, the two reactants are present in a molar ratio of about 5:1. In certain
embodiments, the two reactants are present in a molar ratio of about 2:1. In certain
embodiments, the two reactants are present in a molar ratio of about 1:10. In certain
embodiments, the two reactants are present in a molar ratio of about 1.7. In certain
embodiments, the two reactants are present in a molar ratio of about 1.5. In certain
embodiments, the two reactants are present in amolar ratio of about 1:2.

[0468] In genera, the reactions with many of the metathesis catalysts disclosed herein
provide yields better than 15%, better than 50%, better than 75%, or better than 90%. In
addition, the reactants and products are chosen to provide a least a 5°C difference, a greater
than 20°C difference, or a greater than 40°C difference in boiling points. Additionally, the
use of metathesis catalysts allows for much faster product formation than byproduct, it is
desirable to ran these reactions as quickly as practical. In particular, the reactions are
performed in less than about 24 hours, less than 12 hours, less than 8 hours, or less than 4

hours.
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[0469] One of skill i the art will appreciate that the time, temperature and solvent can
depend on each other, and that changing one can require changing the others to prepare the
pyrethroid products and intermediates in the methods of the disclosure. The metathesis steps
can proceed at a variety of temperatures and times. In general, reactions in the methods of
the disclosure are conducted using reaction times of several minutes to several days. For
example, reaction times of from about 12 hours to about 7 days can be used. In some
embodiments, reaction times of 1-5 days can be used. In some embodiments, reaction times
of from about 1} minutes to about 10 hours can be used. In genera, reactions in the methods
of the disclosure are conducted at a temperature of from about 0 °C to about 200 °C. For
example, reactions can be conducted at i5-1¢0 °C. In some embodiments, reaction can be
conducted at 20-80 °C. In some embodiments, reactions can be conducted at 100-150 °C.
[0470] Unsaturated fatty esters can be reduced using a suitable reducing agent which
selectively reduces the ester to the corresponding adehyde or acohol but does not reduce the
double bond. An unsaturated fatty ester can be reduced to the corresponding unsaturated fatty
aldehyde using di-isobutyl aluminum halide (DIBAL) or Vitride®. The unsaturated fatty-
aldehyde can be reduced to the corresponding fatty alcohol with, eg., DIBAL or Vitride®.
In some embodiments, the unsaturated fatty ester can be reduced to the corresponding fatty
acohol using AIH3 or 9-Borabicyclo(3 .3.1)nonane (9-BBN). (See Galatis, P. Encyclopedia d
Reagents for Organic Synthesis. 2001. New York: John Wiley & Sons, and Carey &
Sunderburg. Organic Chemistry. Part B: Reactions and Synthesis, 5" edition. 2007. New
York. Springer Sciences.)

Pheromone Compositions and Uses Thereof

[0471] Asdescribed above, products made via the methods described herein are pheromones.
Pheromones prepared according to the methods of the invention can be formulated for use as
insect control compositions. The pheromone compositions can include a carrier, and/or be
contained in adispenser. The carrier can be, but isnot limited to, an inert liquid or solid.

[0472] Examples of solid carriers include but are not limited to fillers such as kaolin,
bentonite, dolomite, calcium carbonate, talc, powdered magnesia. Fuller's earth, wax,
gypsum, diatomaceous earth, rubber, plastic, China clay, mineral earths such as silicas,
silica gels, dilicates, attaclay, limestone, chak, loess, clay, dolomite, calcium sulfate,
magnesium  sulfate, magnesium oxide, ground synthetic materials, fertilizers such as
ammonium sulfate, ammonium phosphate, ammonium nitrate, thiourea and urea, products of

vegetable origin such as cereal meals, tree bark meal, wood meal and nutshell meal, cellulose

206



WO 2018/213554 PCT/US2018/033151

powders, atapulgit.es, montmorillonites, mica, vermiculites, synthetic silicas and synthetic
calcium silicates, or compositions of these.

[0473] Examples of liquid carriers include, but are not limited to, water; alcohols, such as
ethanol, butanol or glycol, as well as their ethers or esters, such as methylglycol acetate;
ketones, such as acetone, cyclohexanone, methylethyl ketone, methylisobutylketone, or
isophorone; akanes such as hexane, pentane, or heptanes, aromatic hydrocarbons, such as
xylenes or akyl naphthalenes; minera or vegetable oils; aliphatic chlorinated hydrocarbons,
such as trichloroethane or methylene chloride; aromatic chlorinated hydrocarbons, such as
chlorobenzenes; water-soluble or strongly polar solvents such as dimethylformamide,
dimethyl sulfoxide, or N- methylpyrrolidone; liquefied gases; waxes, such as beeswax,
lanolin, shellac wax, caraauba wax, fruit wax (such as bavberry or sugar cane wax) candelilla
wax, other waxes such as microcrystalline, ozocerite, ceresin,or montan; salts such as
monoethanolamine salt, sodium sulfate, potassium sulfate, sodium chloride, potassium
chloride, sodium acetate, ammonium hydrogen sulfate, ammonium chloride, ammonium
acetate, ammonium formate, ammonium oxalate, ammonium carbonate, ammonium
hydrogen carbonate, ammonium thiosulfate, ammonium hydrogen diphosphate, ammonium
dihydrogen monophosphate, ammonium sodium hydrogen phosphate, ammonium
thiocyanate, ammonium suifaniate or ammonium carbaniateand mixtures thereof. Baits or
feeding stimulants can also be added to the carrier.

Synergist

[0474] In some embodiments, the pheromone composition is combined with an active
chemical agent such that a synergistic effect results. The synergistic effect obtained by the
taught methods can be quantified according to Colby's formula (i.e. (E) =X+Y-(X*Y/100).
See Colby, R. S, "Cdculating Synergistic and Antagonistic Responses of Herbicide
Combinations', 1967 Weeds, vol. 15, pp. 20-22, incorporated herein by reference in its
entirety. Thus, by "synergistic" is intended a component which, by virtue of its presence,
increases the desired effect by more than an additive amount. The pheromone compositions
and adjuvants of the present methods can synergistically increase the effectiveness of
agricultural active compounds and also agricultural auxiliary compounds.

[0475] Thus, in some embodiments, a pheromone composition can be formulated with a
synergist. The term, "synergist,” asused herein, refers to a substance that can be used with a

pheromone for reducing the amount of the pheromone dose or enhancing the effectiveness of
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the pheromone for attracting at least one species of insect. The synergist may or may not be
an independent attractant of an insect in the absence of apheromone.

[0476] In some embodiments, the synergist is a volatile phytochemical that attracts at least
one species of Lepidoptera. The term, "phytochemical,” as used herein, means a compound
occurring naturally in a plant species. In a particular embodiment, the synergist is selected
from the group comprising B-caryophyllene, iso-caryophyllene, a-humulene, inalool, Z3-
hexenol/yl acetate, B-famesene, benzaldehyde, phenylacetaldehyde, and combinations
thereof.

[0477] The pheromone composition can contain the pheromone and the synergist in a mixed
or otherwise combined form, or it may contain the pheromone and the synergist
independently in anon-nrixed form.

Insecticide

[0478] The pheromone composition can include one or more insecticides. In one
embodiment, the insecticides are chemica insecticides known to one skilled in the art.
Examples of the chemical insecticides include one or more of pyrethoroid or
organophosphorus insecticides, including but are not limited to, cyfluthrin, permethrin,
cypermethrm, bifinthrin, fenvalerate, flucythrinate, azinphosmethyl, methyl parathion,
buprofezin, pyriproxyfen, flonicamid, acetamiprid, dinotefuran, clothianidin, acephate,
malathion, quinolphos, chloropyriphos, profenophos, bendiocarb, bifenthrin, chlorpyrifos,
cyfluthrin, diazinon, pyrethrum, fenpropathrin, kinoprene, insecticida soap or oil,
neonicotinoids, diamides, avermectin and derivatives, spinosad and derivatives, azadirachtin,
pyridalyl, and mixtures thereof.

[0479] In another embodiment, the insecticides are one or more biological insecticides
known to one skilled in the art. Examples of the biological insecticides include, but are not
limited to, azadirachtin (neem ail), toxins from natural pyrethrins, Bacillus thuringiencis and
Beauveria bassiana, viruses (e.g., CYD-X™, CYD-X HP™, Germstar™, Madex HP™ and
Spod-X™), peptides (Spear-T™, Spear-P™, and Spear-C™)

[0480] In another embodiment, the insecticides are insecticides that target the nerve and
muscle. Examples include acetylcholinesterase (AChE) inhibitors, such as carbamates (e.g.,
methomyl and thiodicarb) and organophosphates (e.g., chlorpyrifos) GABA-gated chloride
channegl antagonists, such as cyclodiene organochlorines (e.g., endosulfan) and
phenylpyrazoles (e.g., flpronil), sodium channel modulators, such as pyrethrins and

pyrethroids (e.g., cypermethrin and A-cyhalothrin), nicotinic acetylcholine receptor (NAChR)
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agonists, such as neonicotinoids (e.g., acetamiprid, tiacloprid, thiamethoxam), nicotinic
acetylcholine receptor (NAChR) ailosteric modulators, such as spinosyns (e.g., spinose and
spinetoram), chloride channel activators, such as avermectins and milbemycins (e.g.,
abamectin, emamectin benzoate), Nicotinic acetylcholine receptor (nAChR) blockers, such as
bensultap and cartap, voltage dependent sodium channel blockers, such as indoxacarb and
metaflumizone, ryanodine receptor modulator, such as diamides (e.g. dhlorantraniliprole and
flubendiamide). In another embodiment, the insecticides are insecticides that target
respiration. Examples include chemicals that uncouple oxidative phosphorylation via
disruption of the proton gradient, such as chlorfenapyr, and mitochondrial complex | electron
transport inhibitors.

[0481] In another embodiment, the insecticides are insecticides that target midgut. Examples
include microbial disrupters of insect midgut membranes, such as Bacillus thuririgiensis and
Bacillus sphaericus.

[0482] In another embodiment, the insecticides are insecticides that target growth and
development. Examples include juvenile hormone mimics, such as juvenile hormone
analogues (e.g. fenoxycarb), inhibitors of chitin biosynthesis, Type 0, such as benzoylureas
(e.g., flufenoxuron, lufenuron, and novaluron), and ecdysone receptor agonists, such as
diaeyihydrazines (e.g., methoxyfenozide and tebufenozide)

Stabilizer

[0483] According to another embodiment of the disclosure, the pheromone composition may
include one or more additives that enhance the stability of the composition. Examples of
additives include, but are not limited to, fatty acids and vegetable oils, such as for example
olive ail, soybean qil, com oail, safflower oil, canola oil, and combinations thereof.

Filler

[0484] According to another embodiment of the disclosure, the pheromone composition may
include one or more fillers. Examples of fillers include, but are not limited to, one or more
mineral clays (e.g., attapulgite). In some embodiments, the attractant-composition may
include one or more organic thickeners. Examples of such thickeners include, but are not
limited to, methyl cellulose, ethyl cellulose, and any combinations thereof.

[0485] Solvent

[0486] According to another embodiment, the pheromone compositions of the present
disclosure can include one or more solvents. Compositions containing solvents are desirable

when a user is to employ liquid compositions which may be applied by brushing, dipping,
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rolling, spraying, or otherwise applying the liquid compositions to substrates on which the
user wishes to provide a pheromone coating {eg. a lure). In some embodiments, the
solvent(s) to be used ig/ are selected so asto solubilize, or substantially solubilize, the one or
more ingredients of the pheromone composition. Examples of solvents include, but are not
limited to, water, aqueous solvent (eg., mixture of water and ethanol), ethanol, methanal,
chlorinated hydrocarbons, petroleum solvents, turpentine, xylene, and any combinations
thereof.

[0487] In some embodiments, the pheromone compositions of the present disclosure
comprise organic solvents. Organic solvents are used mainly in the formulation of
emulsifiabie concentrates, ULV formulations, and to a lesser extent granular formulations.
Sometimes mixtures of solvents are used. In some embodiments, the present disclosure
teaches the use of solvents including aliphatic paraffmic oils such as kerosene or refined
paraffins. In other embodiments, the present disclosure teaches the use of aromatic solvents
such as xylene and higher molecular weight fractions of C9 and C10 aromatic solvents. In
some embodiments, chlorinated hydrocarbons are useful as co-solvents to prevent
ciystailization when the formulation isemulsified into water. Alcohols are sometimes used as
co-solvents to increase solvent power.

Solubilizing Agent

[0488] In some embodiments, the pheromone compositions of the present disclosure
comprise solubilizing agents. A solubilizing agent is a surfactant, which will form micelles in
water a concentrations above the critical micelle concentration. The micelles are then able to
dissolve or solubilize water-insoluble materials inside the hydrophobic part of the micelle.
The types of surfactants usually used for solubilization are non-ionics: sorbitan monooleates;
sorbitan monooleate ethoxylates; and methyl oleate esters.

Binder

[0489] According to another embodiment of the disclosure, the pheromone composition may
include one or more binders. Binders can be used to promote association of the pheromone
composition with the surface of the material on which said composition is coated. In some
embodiments, the binder can be used to promote association of another additive (eg.,
insecticide, insect growth regulators, and the like) to the pheromone composition and/or the
surface of amaterial. For example, a binder can include a synthetic or natural resin typically
used in paints and coatings. These may be modified to cause the coated surface to be friable

enough to alow* insects to bite off and ingest the components of the composition (eg.,
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insecticide, insect growth regulators, and the like), while still maintaining the structural
integrity of the coating.

[0490] Non-limiting examples of binders include polyvinylpyrrolidone, polyvinyl acohal,
partially hydrolyzed polyvinyl acetate, carboxymethylcellul ose, starch,
vinylpyrroli done/vinyl acetate copolymers and polyvinyl acetate, or compositions of these;
lubricants such as magnesium stearate, sodium stearate, talc or polyethylene glycol, or
compositions of these; antifoams such as silicone emulsions, long-chain acohols, phosphoric
esters, acetylene dials, fatty acids or organofluorine compounds, and complexing agents such
as. salts of ethylenediaminetetraacetic acid (EDTA), salts of trinitrilotriacetic acid or salts of
polyphosphoric acids, or compositions of these.

[0491] In some embodiments, the binder also acts a filler and/ or a thickener. Examples of
such binders include, but are not limited to, one or more of shellac, acrylics, epoxies, akyds,
polyurethanes, linseed ail, tung oil, and any combinations thereof.

[0492] Surface-Active Agents

[0493] In some embodiments, the pheromone compositions comprise surface-active agents.
In some embodiments, the surface-active agents are added to liquid agriculturd
compositions. In other embodiments, the surface-active agents are added to solid
formulations, especially those designed to be diluted with a carrier before application. Thus,
in some embodiments, the pheromone compositions comprise surfactants. Surfactants are
sometimes used, either alone or with other additives, such as mmerai or vegetable oils as
adjuvants to spray-tank mixes to improve the biological performance of the pheromone on
the target. The surface-active agents can be anionic, cationic, or nonionic in character, and
can be employed as emulsifying agents, wetting agents, suspending agents, or for other
purposes. In some embodiments, the surfactants are non-ionics such as: aky ethoxyiates,
linear aliphatic alcohol ethoxyiates, and aliphatic amine ethoxyiates. Surfactants
conventionally used in the art of formulation and which may also be used in the present
formulations are described, in McCulcheon's Detergents and Emulsiflers Annual, MC
Publishing Corp., Ridgewood, N.J.,1998, and in Encyclopedia of Surfactants, Vol. i-li,
Chemical Publishing Co., New York, 1980-81. In some embodiments, the present disclosure
teaches the use of surfactants including alkali metal, alkaline earth metal or ammonium salts
of aromatic sulfonic acids, for example, ligno-, phenol-, naphthalene- and
dibutylnaphthalenesulfonic acid, and of fatty acids of arylsulfonates, of alkyl ethers, of lausyl
ethers, of fatty alcohol sulfates and of fatty alcohol glycol ether sulfates, condensates of
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sulfonated naphthalene and its derivatives with formaldehyde, condensates of naphthalene or
of the naphthalenesulfonic acids with phenol and formaldehyde, condensates of phenol or
phenolsulfonic acid with formaldehyde, condensates of phenol with formaldehyde and
sodium sulfite, polyoxy ethylene octylphenyl ether, ethoxylated isooctyl-, octyl- or
nonylphenol, tributylphenyl polyglvcol ether, akyiar}'! polyether alcohols, isotridecyl
alcohol, ethoxylated castor oil, ethoxylated triarylphenols, salts of phosphated
triarylphenolethoxylates, lauryl acohol polyglvcol ether acetate, sorbitol esters, lignin-sulfite
waste liquors or methylcellulose, or compositions of these.

[0494] In some embodiments, the present disclosure teaches other suitable surface-active
agents, including salts of akyl sulfates, such as diethanolammonium lauryl sulfate;
alky] ary] sulfonate salts, such as calcium dodecylbenzenesulfonate; alkylphenol-alkylene
oxide addition products, such as nonylphenol -C18 ethoxylate; acohol -alkylene oxide
addition products, such as tndecyi alcohol-C16 ethoxylate; soaps, such as sodium stearate;
alkylnaphthalene-sulfonate salts, such as sodium dibutyl-naphthalenesulfonate; dialkyl esters
of sulfosuccinate salts, such as sodium di(2-ethylhexyl)sulfosuccinate; sorbitol esters, such as
sorbitol oleate; quaternary amines, such as lauryl trimethylammonium chloride; polyethylene
glycol esters of fatty acids, such as polyethylene glycol stearate; block copolymers of
ethylene oxide and propylene oxide; salts of mono and dialkyl phosphate esters; vegetable
oils such as soybean oil, rapeseed/canola ail, olive ail, castor oil, sunflower seed ail, coconut
oil, corn ail, cottonseed ail, linseed oil, palm oil, peanut oil, safflower oil, sesame ail, rung oil
and the like; and esters of the above vegetable ails, particularly methyl esters.

Wetting Agents

[0495] In some embodiments, the pheromone compositions comprise wetting agents. A
wetting agent is a substance that when added to a liquid increases the spreading or
penetration power of the liquid by reducing the interfacial tension between the liquid and the
surface on which it is spreading. Wetting agents are used for two main functions in
agrochemical formulations. during processing and manufacture to increase the rate of wetting
of powders in water to make concentrates for soluble liquids or suspension concentrates; and
during mixing of a product with water in a spray tank or other vessel to reduce the wetting
time of wettable powders and to improve the penetration of water into water-dispersible
granules. In some embodiments, examples of wetting agents used in the pheromone

compositions of the present disclosure, including wettable powders, suspension concentrates,
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and water-dispersible granule formulations are: sodium lauryl sulphate; sodium dioctyl
suiphosuccinate; aikyl phenol ethoxyiates;, and aliphatic acohol ethoxyiates.
Dispersing Agent

[0496] In some embodiments, the pheromone compositions of the present disclosure
comprise dispersing agents. A dispersing agent is a substance which adsorbs onto the surface
of particles and helps to preserve the state of dispersion of the particles and prevents them
from reaggregating. In some embodiments, dispersing agents are added to pheromone
compositions of the present disclosure to facilitate dispersion and suspension during
manufacture, and to ensure the particles redisperse into water in a spray tank. In some
embodiments, dispersing agents are used in wettable powders, suspension concentrates, and
water-dispersible granules. Surfactants that are used as dispersing agents have the ability to
adsorb strongly onto a particle surface and provide a charged or stenc barrier to re-
aggregation of pasticles. In some embodiments, the most commonly used surfactants are
anionic, non-ionic, or mixtures of the two types.

[0497] In some embodiments, for wettable powder formulations, the most common
dispersing agents are sodium lignosulphonates. In some embodiments, suspension
concentrates provide very good adsorption and stabilization using polyelectrolytes, such as
sodium naphthalene sulphonate formaldehyde condensates. In some embodiments,
tristyryiphenoi  ethoxyiated phosphate esters are aso used. In some embodiments, such as
alkylarylethylene oxide condensates and EO-PO block copolymers are sometimes combined
with anionics as dispersing agents for suspension concentrates.

Polymeric Surfactant

[0498] In some embodiments, the pheromone compositions of the present disclosure
comprise polymeric surfactants. In some embodiments, the polymeric surfactants have very-
long hydrophobic 'backbones and a large number of ethylene oxide chains forming the
'teeth’ of a ‘comb’ surfactant. In some embodiments, these high molecular weight polymers
can give very good long-term stability to suspension concentrates, because the hydrophobic
backbones have many anchoring points onto the particle surfaces. In some embodiments,
examples of dispersing agents used in pheromone compositions of the present disclosure are:
sodium lignosulphonates:  sodium naphthalene sulphonate formaldehyde condensates;
tristyryiphenoi  ethoxylate phosphate esters; aiphatic acohol ethoxyiates, aky ethoxyiates;
EO-PO block copolymers, and graft copolymers.

Emulsifying Agent
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[0499] In some embodiments, the pheromone compositions of the present disclosure
comprise emulsifying agents. An emulsifying agent is a substance, which stabilizes a
suspension of droplets of one liquid phase in another liquid phase. Without the emulsifying
agent the two liquids would separate into two immiscible liquid phases. In some
embodiments, the most commonly used emulsifier blends include akylphenol or aliphatic
alcohol with 12 or more ethylene oxide units and the oil-soluble calcium sat of
dodecylbenzene sulphonic acid. A range of hydrophile-lipophile balance ("HLB") values
from 8to 18 will normally provide good stable emulsions. In some embodiments, emulsion
stability can sometimes be improved by the addition of a small amount of an EO-PO block
copolymer surfactant.

Gelling Agent

[0500] In some embodiments, the pheromone compositions comprise gelling agents.
Thickeners or gelling agents are used mainly in the formulation of suspension concentrates,
emulsions, and suspoemulsions to modify the rheology or flow properties of the liquid and to
prevent separation and settling of the dispersed particles or droplets. Thickening, gelling, and
anti-settling agents generally fall into two categories, namely water-insoluble particulates and
water-soluble polymers. It is possible to produce suspension concentrate formulations using
clays and silicas. In some embodiments, the pheromone compositions comprise one or more
thickeners including, but not limited to: montmorillonite, e.g. bentonite; magnesium
aluminum silicate; and attapulgste. In some embodiments, the present disclosure teaches the
use of polysaccharides as thickening agents. The types of polysaccharides most commonly-
used are natural extracts of seeds and seaweeds or synthetic derivatives of cellulose. Some
embodiments utilize xanthan and some embodiments utilize cellulose. In some embodiments,
the present disclosure teaches the use of thickening agents including, but are not limited to:
guar gum; locust bean gum; carrageenam; alginates; methyl cellulose; sodium carboxymethyl
cellulose (SCMC); hydroxyethyi celulose (HEC). In some embodiments, the present
disclosure teaches the use of other types of anti-settling agents such as modified starches,
polyacrylates, polyvinyl alcohol, and polyethylene oxide. Another good anti-settling agent is
xanthan gum.

Anti-Foam Agent

[0501] In some embodiments, the presence of surfactants, which lower interfacial tension,
can cause water-based formulations to foam during mixing operations in production and in

application through a spray tank. Thus, in some embodiments, in order to reduce the tendency

214



WO 2018/213554 PCT/US2018/033151

to foam, anti-foam agents are often added either during the production stage or before filling
into bottles/spray tanks. Generaly, there are two types of anti-foam agents, namely silicones
and nonsilicones. Silicones are usually agueous emulsions of dimethyl polysiloxane, while
the nonsilicone anti-foam agents are water-insoluble oils, such as octanol and nonanol, or
silica. In both cases, the function of the anti-foam agent isto displace the surfactant from the
air-water interface.

Preservative

[0502] In some embodiments, the pheromone compositions comprise a preservative.

Additional Active Agent

[0503] According to another embodiment of the disclosure, the pheromone composition may
include one or more insect feeding stimulants. Examples of insect feeding stimulants include,
but are not limited to, crude cottonseed oil, fatty acid esters of phytol, fatty acid esters of
geranyl geraniol, fatty acid esters of other plant alcohols, plant extracts, and combinations
thereof.

[0504] According to another embodiment of the disclosure, the pheromone composition may
include one or more insect growth regulators ("IGRSs"). IGRs may be used to ater the growth
of the insect and produce defonned insects. Examples of insect growth regulators include, for
example, dimilin.

[0505] According to another embodiment of the disclosure, the attractant-composition may
include one or more insect sterilants that sterilize the trapped insects or otherwise block their
reproductive capacity, thereby reducing the population in the following generation. In some
situations allowing the sterilized insects to survive and compete with non-trapped insects for
mates is more effective than killing them outright.

Sprayable Compositions

[0506] In some embodiments, the pheromone compositions disclosed herein can be
formulated as a sprayable composition (i.e., a sprayable pheromone composition). An
agueous solvent can be used in the sprayable composition, e.g., water or a mixture of water
and an acohol, glycoal, ketone, or other water-miscible solvent. In some embodiments, the
water content of such mixture is at least about 10%, at least about 20%, at least about 30%, at
least about 40%, 50%, at least about 60 %, a least about 70%, & least about 80%, or at |east
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about 90%. In some embodiments, the sprayable composition is concentrate, i.e. a
concentrated suspension of the pheromone, and other additives [e.g., a waxy substance, a
stabilizer, and the like) in the aqueous solvent, and can be diluted to the final use
concentration by addition of solvent (e.g., water).

[0507] In some embodiments, a waxy substance can be used as a carrier for the pheromone
and its positional isomer in the sprayable composition. The waxy substance can be, eg., a
biodegradable wax, such as bees wax, carnauba wax and the like, candelilla wax
(hydrocarbon wax), montan wax, shellac and similar waxes, saturated or unsaturated fatty-
acids, such as lauric, palmitic, oleic or stearic acid, fatty acid amides and esters, hydroxylic
fatty acid esters, such as hvdroxyethyl or hydroxy-propyl fatty acid esters, fatty acohols, and
low molecular weight polyesters such as polyakylene succinates.

[0508] In some embodiments, a stabilizer can be used with the sprayable pheromone
compositions. The stabilizer can be used to regulate the particle size of concentrate and/or to
alow the preparation of a stable suspension of the pheromone composition. In some
embodiments, the stabilizer is selected from hydroxylic and/or ethoxylated polymers.
Examples include ethylene oxide and propylene oxide copolymer, polyalcohols, including
starch, maltodextrin and other soluble carbohydrates or their ethers or esters, cellulose ethers,
gelatin, polyacryiie acid and salts and partial esters thereof and the like. In other
embodiments, the stabilizer can include polyvinyl acohols and copolymers thereof, such as
partly hydroiyzed polyvinyl acetate. The stabilizer may be used a a level sufficient to
regulate particle size and/or to prepare a stable suspension, eg., between 0.1% and 15% of
the agueous solution.

[0509] In some embodiments, a binder can be used with the sprayable pheromone
compositions. In some embodiments, the binder can act to further stabilize the dispersion
and/or improve the adhesion of the sprayed dispersion to the target locus (e.g., trap, lure,
plant, and the like). The binder can be polysaccharide, such as an alginate, cellulose
derivative (acetate, akyl, carboxymethyl, hydroxyalkyl), starch or starch derivative, dextrin,
gum (arable, guar, locust bean, tragacanth, carrageenan, and the like), sucrose, and the like.
The binder can aso be a non-carbohydrate, water-soluble polymer such as polyvinyl
pyrrolidone, or an acidic polymer such as polyacryiie acid or polymethacrylic acid, in acid
and/or salt form, or mixtures of such polymers.

Microencapsulated  Pheromones
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[0510] In some embodiments, the pheromone compositions disclosed herein can be
formulated as a microencapsulated pheromone, such as disclosed in iil'lchev, AL et ai, J.
Hcon. Entomol. 2006;99(6):2048-54; and Stelinki, LL e al., J. Eicon. Entomol
2007;! 00(4); 1360-9. Microencapsulated pheromones (MECs) are small droplets of
pheromone enclosed within polymer capsules. The capsules control the release rate of the
pheromone into the surrounding environment, and are small enough to be applied in the same
method as used to spray insecticides. The effective field longevity of the microencapsulated
pheromone formulations can range from a few days to dlightly more than a week, depending
on inter alia climatic conditions, capsule size and chemical properties.

Slow-Release Formulation

[0511] Pheromone compositions can be formulated so as to provide slow release into the
atmosphere, and/or so asto be protected from degradation following release. For example,
the pheromone compositions can be included in carriers such as microcapsules,
biodegradable flakes and paraffin wax-based matrices. Alternatively, the pheromone
composition can be formulated as a slow release sprayable.

[0512] In certain embodiments, the pheromone composition may include one or more
polymeric agents known to one skilled in the art. The polymeric agents may control the rate
of release of the composition to the environment. In some embodiments, the polymeric
attractant-composition is impervious to environmental conditions. The polymeric agent may
also be a sustained-release agent that enables the composition to be released to the
environment in a sustained manner.

[0513] Examples of polymeric agents include, but are not limited to, celluloses, proteins such
as casein, fluorocarbon-based polymers, hydrogenated rosins, lignins, meiamme,
polyurethanes, vinyl polymers such as polyvinyl acetate (PVAC), polycarbonates,
polyvinyiidene dinitrile, polyamides, polyvinyl acohol (PVA), polyamide-adehyde,
polyvinyl adehyde, polyesters, polyvinyl chloride (PVC), polyethylenes, polystyrenes,
polyvinyiidene, silicones, and combinations thereof. Examples of celluloses include, but are
not limited to, methylcellulose, ethyl cellulose, cellulose acetate, cellulose acetate-butyrate,
cellulose acetate-propionate, cellulose propionate, and combinations thereof.

[0514] Other agents which can be used in slow-release or sustained-release formulations
include fatty acid esters (such as a sebacate, laurate, palmitate, stearate or arachidate ester)

or a fatty alcohols (such as undecanol, dodecanol, tridecanol, tridecenol, tetradecanol,
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tetradecenol, tetradecadienol, pentadecanol, pentadecenol, hexadecanol, hexadecenal,
hexadecadienol, octadecenol and octadecadienal).

[0515] Pheromones prepared according to the methods of the invention, as well as
compositions containing the pheromones, can be used to control the behavior and/or growth
of insects in various environments. The pheromones can be used, for example, to attract or
repel male or female insects to or from a particular target area. The pheromones can be used
to attract insects away from vulnerable crop areas. The pheromones can also be used
example to afttract insects as part of a strategy for insect monitoring, mass trapping,
lurefattract-and-kill or mating disruption.

Lures

[0516] The pheromone compositions of the present disclosure may be coated on or sprayed
on alure, or the lure may be otherwise impregnated with a pheromone composition.

[0517] Traps

[0518] The pheromone compositions of the disclosure may be used in traps, such as those
commonly used to attract any insect species, e.g., insects of the order Lepidoptera. Such traps
are well laiown to one skilled in the art, and are commonly used in many states and countries
in insect eradication programs. In one embodiment, the trap includes one or more septa,
containers, or storage receptacles for holding the pheromone composition. Thus, in some
embodiments, the present disclosure provides a trap loaded with a least one pheromone
composition. Thus, the pheromone compositions of the present disclosure can be used in
traps for example to attract insects as part of a strategy for insect monitoring, mass trapping,
mating disruption, or lure/attract and kill for example by incorporating atoxic substance into
the trap to kill insects caught.

[0519] Mass trapping involves placing ahigh density of traps in a crop to be protected so that
a high proportion of the insects are removed before the crop is damaged. Lure/attract-and-kill
techniques are similar except once the insect is attracted to alure, it is subjected to akilling
agent. Where the killing agent is an insecticide, a dispenser can also contain abait or feeding
stimulant that will entice the insects to ingest an effective amount of an insecticide. The
insecticide may be an insecticide known to one skilled in the art. The insecticide may be
mixed with the attractant-composition or may be separately present in atrap. Mixtures may
perform the dual function of attracting and killing the insect.

[0520] Such traps may take any suitable form, and killing traps need not necessarily

incorporate toxic substances, the insects being optionaly killed by other means, such as

218



WO 2018/213554 PCT/US2018/033151

drowning or electrocution. Alternatively, the traps can contaminate the insect with a fungus
or virus that kills the insect later. Even where the insects are not killed, the trap can serve to
remove the male insects from the locale of the female insects, to prevent breeding.

[0521] It will be appreciated by a person skilled in the art that a variety of different traps are
possible. Suitable examples of such traps include water traps, sticky traps, and one-way traps.
Sticky traps come in many varieties. One example of a sticky trap is of cardboard
construction, triangular or wedge-shaped in cross-section, where the interior surfaces are
coated with a non-drying sticky substance. Tire insects contact the sticky surface and are
caught. Water traps include pans of water and detergent that are used to trap insects. The
detergent destroys the surface tension of the water, causing insects that are attracted to the
pan, to drown in the water. One-way traps allow an insect to enter the trap but prevent it from
exiting. The traps of the disclosure can be colored brightly, to provide additional attraction
for the insects.

[0522] In some embodiments, the pheromone traps containing the composition may be
combined with other kinds of trapping mechanisms. For example, in addition to the
pheromone composition, the trap may include one or more fforescent lights, one or more
sticky substrates and/or one or more colored surfaces for attracting moths. In other
embodiments, the pheromone trap containing the composition may not have other kinds of
trapping mechanisms.

[0523] The trap may be set a any time of the year in a field. Those of skill in the art can
readily determine an appropriate amount of the compositions to use in a particular trap, and
can also determine an appropriate density of traps/acre of crop field to be protected.

[0524] The trap can be positioned in an area infested (or potentially infested) with insects.
Generally, the trap is placed on or close to atree or plant. The aroma of the pheromone
attracts the insects to the trap. The insects can then be caught, immobilized and/or killed
within the trap, for example, by the killing agent present in the trap.

[0525] Traps may also be placed within an orchard to overwhelm the pheromones emitted by
the females, so that the males simply cannot locate the females. in this respect, atrap need be
nothing more than a simple apparatus, for example, a protected wickable to dispense
pheromone.

[0526] The traps of the present disclosure may be provided in made-up form, where the
compound of the disclosure has already been applied. In such an instance, depending on the

half-life of the compound, the compound may be exposed, or may be sealed in conventional
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manner, such asis standard with other aromatic dispensers, the seal only being removed once
the trap isin place.

[0527] Alternatively. the traps may be sold separately, and the compound of the disclosure
provided in dispensable format so that an amount may be applied to trap, once the trap isin
place. Thus, the present disclosure may provide the compound in a sachet or other dispenser.

Dispenser

[0528] Pherornone compositions can be used in conjunction with a dispenser for release of
the composition in a particular environment. Any suitable dispenser known in the art can be
used. Examples of such dispensers include but are not limited to, aerosol emitters, hand-
applied dispensers, bubble caps comprising a reservoir with a permeable barrier through
which pheromones are slowly released, pads, beads, tubes rods, spirals or balls composed of
rubber, plastic, leather, cotton, cotton wool, wood or wood products that are impregnated
with the pherornone composition. For example, polyvinyl chloride laminates, pellets,
granules, ropes or spirals from which the pherornone composition evaporates, or rubber septa.
One of skill in the art will be able to select suitable carriers and/or dispensers for the desired
mode of application, storage, transport or handling.

[0529] In another embodiment, a device may be used that contaminates the male insects with
apowder containing the pherornone substance itself. The contaminated males then fly off and
provide a source of mating disruption by permeating the atmosphere with the pherornone
substance, or by attracting other males to the contaminated males, rather than to real females.
Behavior Modification

[0530] Pherornone compositions prepared according to the methods disclosed herein can be
used to control or modulate the behavior of insects. In some embodiments, the behavior of
the target insect can be modulated in a tunable manner inter alia by varying the ratio of the
pherornone to the positional isomer in the composition such that the insect is attracted to a
particular locus but does not contact said locus or such the insect in fact contacts said locus.
Thus, in some embodiments, the pheromones can be used to attract insects away from
vulnerable crop areas. Accordingly, the disclosure also provides a method for attracting
insects to a locus. The method includes administering to a locus an effective amount of the
pherornone composition.

[0531] The method of mating disruption may include periodically monitoring the total
number or quantity of the trapped insects. The monitoring may be performed by counting the

number of insects trapped for a predetermined period of time such as, for example, daily,
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Weekly, bi-Weekly, monthly, once-in-three months, or any other time periods selected by the
monitor. Such monitoring of the trapped insects may help estimate the population of insects
for that particular period, and thereby help determine a particular type and/or dosage of pest
control in an integrated pest management system. For example, a discover}' of a high insect
population can necessitate the use of methods for removal of the insect. Early warning of an
infestation in a new habitat can allow action to be taken before the population becomes
unmanageable. Conversely, a discovery of alow insect population can lead to a decision that
it is sufficient to continue monitoring the population. Insect populations can be monitored
regularly so that the insects are only controlled when they reach a certain threshold. This
provides cost-effective control of the insects and reduces the environmental impact of the use
of insecticides.

Mating Disruption

[0532] Pheromones prepared according to the methods of the disclosure can also be used to
disrupt mating. Mating disruption is a pest management technique designed to control insect
pests by introducing artificial stimuli (e.g., a pheromone composition as disclosed herein) that
confuses the insects and disrupts mating localization and/or courtship, thereby preventing
mating and blocking the reproductive cycle.

[0533] In many insect species of interest to agriculture, such as those in the order
Lepidoptera, females emit an airborne trail of a specific chemical blend constituting that
species sex pheromone. This aerial trail is referred to as a pheromone plume. Males of that
species use the information contained in the pheromone plume to locate the emitting female
(known as a "calling" femae). Mating disruption exploits the male insects natural response
to follow the plume by introducing a synthetic pheromone into the insects habitat, which is
designed to mimic the sex pheromone produced by the femae insect. Thus, in some
embodiments, the synthetic pheromone utilized in mating disruption is a synthetically derived
pheromone composition comprising a pheromone having a chemica structure of a sex
pheromone and a positional isomer thereof which is not produced by the target insect.

[0534] The general effect of mating disruption isto confuse the male insects by masking the
natural pheromone plumes, causing the males to follow "false pheromone trals' a the
expense of finding mates, and affecting the males ability to respond to "calling” females.
Consequently, the male population experiences a reduced probability of successfully locating
and mating with females, which leads to the eventual cessation of breeding and collapse of

the insect infestation
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[0535] Strategies of mating disruption include confusion, trail-masking and false-trail
following. Constant exposure of insects to a high concentration of a pheromone can prevent
male insects from responding to normal levels of the pheromone released by female insects.
Trail-masking uses a pheromone to destroy the trail of pheromones released by females.
False-trail following is carried out by laying numerous spots of a pheromone in high
concentration to present the mae with many false trails to follow. When released in
sufficiently high quantities, the male insects are unable to find the natural source of the sex
pheromones (the female insects) so that mating cannot occur.

[0536] In some embodiments, a wick or trap may be adapted to emit a pheromone for a
period a least equivalent to the breeding season(s) of the midge, thus causing mating
disruption. If the midge has an extended breeding season, or repeated breeding season, the
present disclosure provides a wick or trap capable of emitting pheromone for a period of
time, especially about two weeks, and generally between about 1 and 4 weeks and up to 6
weeks, which may be rotated or replaced by subsequent similar traps. A plurality of traps
containing the pheromone composition may be placed in alocus, e.g., adjacent to a crop field.
The locations of the traps, and the height of the traps from ground may be selected in
accordance with methods known to one skilled in the art.

[0537] Alternatively, the pheromone composition may be dispensed from formulations such
as microcapsules or twist-ties, such as are commonly used for disruption of the mating of
insect pests.

Attract and Kilf

[0538] The attract and kill method utilizes an attractant, such as a sex pheromone, to lure
insects of the target speciesto an insecticidai chemical, surface, device, etc., for mass-killing
and ultimate population suppression, and can have the same effect as mass-trapping. For
instance, when a synthetic female sex pheromone is used to lure male pests, e.g., moths, in an
attract-and-kill strategy, a large number of male moths must be killed over extended periods
of time to reduce matings and reproduction, and ultimately suppress the pest population. The
attract-and-kill approach may be a favorable alternative to mass-trapping because no trap-
servicing or other frequent maintenance is required. In various embodiments described
herein, arecombinant microorganism can co-express (i) a pathway for production of an insect
pheromone and (ii) a protein, peptide, oligonucleotide, or small molecule which istoxic to
the insect. In this way, the recombinant microorganism can co-produce substances suitable

for use in an attract-and-kill approach.
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[0539] As will be apparent to one of skill in the art, the amount of a pheromone or
pheromone composition used for a particular application can vary depending on severa
factors such as the type and level of infestation; the type of composition used; the
concentration of the active components; how the composition is provided, for example, the
type of dispenser used; the type of location to be treated; the length of time the method isto
be used for; and environmental factors such astemperature, wind speed and direction, rainfall
and humidity. Those of skill in the art will be able to determine an effective amount of a
pheromone or pheromone composition for use in agiven application.

[0540] Asused herein, an "effective amount” means that amount of tlie disclosed pheromone
composition that is sufficient to affect desired results. An effective amount can be
administered in one or more administrations. For example, an effective amount of the
composition may refer to an amount of the pheromone composition that is sufficient to attract
agiven insect to a given locus. Further, an effective amount of the composition may refer to
an amount of the pheromone composition that is sufficient to disrupt mating of a particular
insect population of interest in agiven locality.

EXAMPLES

Example 1. Production of Pheromooes Products from Enzymatically-Derived Gondoic

Acid through Metathesis and Chemical Conversion

[0541] This example illustrates that different fatty acids can be used as a starting material for
the biosynthetic production of a pheromone or pheromone precursor. The product obtained
from the biosynthetic process disclosed herein can be subject to further chemical conversions

to generate different products.
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[0542] Enzymatic two carbon elongation of oleic acid yields gondoic acid. Afier
esterification, gondoic fatty acid methyl ester (FAME) can then converted via Z-selective
olefin metathesis into C16 and Ct8 FAME products containing a Cl} unsaturation. Upon
reduction of the ester, aldehyde and fatty alcohol pheromone materials can be produced.
Acetylation of the fatty alcohol product can generate the corresponding fatty acetate
pheromones. Additionally, gondoic acid can be directly converted into C20 fatty' aldehyde,
alcohol and acetate pheromones through application of the same chemical transformation of

enzvmaticallv modified oleic acid.

Prophetic Example 2: Tailored Synthetic Blends

[0543] This prophetic example illustrates that the recombinant microorganisms disclosed
herein can be used to create synthetic blends of insect pheromones.

[0544] As shown in the scheme depicted in Figure 54, using tetradecyl-ACP (14:ACP), a
blend of E- and Z- tetradecenyl acetate (Ell-14:0Ac and ZI1 1-14:0AC) pheromones can be
produced with the recombinant microorganism. This blend is produced by a variety of
insects, e.g., Chonstoneura roseceana (a moth of the Tortricidae family).

[0545] Similarly, using hexadecyl-ACP (16:ACP), ablend of Z- and E hexadecenyl acetate
pheromones (El I-16:0Ac and Z[1-16:0Ac) can be produced with the recombinant

microorganism.
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[0546] The microorganism can be engineered with different desaturases, or other enzymes
such as reductases, etc. to produce the desired blend of pheromones. One blend of particular
relevance capable of being produced using the recombinant microorganisms and methods of
the instant invention is a 97:3 ratio of (Z)~ 1-hexadecenal (Zi1-16;Ald) and (2)-9~
hexadecenal (Z9-16:Ald).

Example 3: Expression of transmembrane acohol-forming reductases in S. cerevisiae
Background and Rationale

[0547] Engineering microbial production of insect fatty alcohols from fatty acids entails the
functional expression of a synthetic pathway. One such pathway comprises atransmembrane
desaturase, and an alcohol-forming reductase to mediate the conversion of fatty acyl-CoA
into regio- and stereospecific unsaturated fatty acyl-CoA, and subsequently into fatty-
alcohols. A number of genes encoding these enzymes are found in some insects (as well as
some microalgae in the case of fatty alcohol reductase) and can be used to construct the
synthetic pathway in yeasts, which are preferred production hosts. A number of
transmembrane desaturases and alcohol-forming reductase variants will be screened to
identify ensembles which allow high level synthesis of a single insect fatty alcohol or ablend
of fatty acohols. Additionally, these enzymes will be screened across multiple hosts
(Saccharomyces cerevisiae, Candida tropicalis, and Yarrowia lipolytica) to optimize the
search toward finding a suitable host for optimum expression of these transmembrane
proteins.

[0548] Summary of Approach

[0549] Three acohol-forming reductases of insect origin were selected.

[0550] Nucleic acids encoding the reductases were synthesized (synthons) with codon
optimization for expression in 5. cerevisiae

[0551] Each nucleic acid encoding a given reductase was subcloned into an episoma
expression cassette under the Gal 1 promoter.

[0552] S. cerevisiae wild-type and beta-oxidation deletion mutant were transformed with
expression constructs.

[0553] Heterologous protein was induced by gaactose, and functional expression of the
reductases was assessed in vivo via byconversion of Z| 1-hexadecenoic acid into ZlII-

hexedecenol.

[0554] GC-MS analysis was used to identify and quantify metabolites.
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[3555] Results

[0556] Alcohol-forming reductase variants were screened for activity in S. cerevisiae W303
(wild type) and BY4742 APOX 1 (beta-oxidation deletion mutant). ZI| 1-hexadecenoic acid
was chosen as a substrate in assessing enzyme activity. The in vivo byconversion assay-
showed that the expression of enzyme variants derived from Spodoptera littoralis,
Hehcoverpa armigera, and Agrotis segetum (Ding, B-J., Lofstedt, C. Analysis of the Agrotis
segetum pheromone gland transcriptome in the light of sex pheromone biosynthesis BMC
Genomics 16:71 1(2015)) in W303A conferred Z | 1-hexadecenol production, and reached up-
to~37 uM (8 mg/L), -70 uM (-16 mg/L), and 11 UM (-3 mg/L), respectively, within 48h of
protein induction (Figure 5 and Figure 6). Biologically-produced Z 1 1-hexadecenol matched
authentic Z | 1-hexadecenol standard (Bedoukian) as determined via GC-MS (Figure 7).
BY4742 APOX 1 was aso explored as an expression host since deletion in the key beta-
oxidation pathway enzyme could limit the degradation of Z| 1-hexadecenoic acid. Expressing
the reductase variants in the beta-oxidation deletion mutant, however, reduced the product
titer when compared to expression in the wild-type host (Figure 5). One contributing factor
of titer reduction when using BY4742 APOX1 as a host was the reduction of biomass when
compared to W303 (Figure 8).

[0557] Therefore, functional expression of a least two acohol-forming reductases in 5.
cerevisiae conferred byconversion of Z1 1-hexadecenoic acid into Z 1 1-hexedecenal.

[0558] Conclusions

[0559] Functional expression of insect transmembrane alcohol-fonning reductase in S.
cerevisiae was demonstrated. Among the reductases tested, the variant derived from
Hehcoverpa armigerais most active toward Z 1 1-hexadecenoic acid.

[0560] The byconversion of other fatty acid substrates can be explored to assess enzyme
plasticity.

[0561] Materials & Methods

[0562] Strain construction and functional expression assay

[0563] s. cerevisiae W303 (MATA ura3-l trpi-1 leu2-3 112 his3-11 15 ade2-| can 1-100)
and BY4742 (MATa POXI::kanMX his3Al leu2A0 lys2A0 ura3AQ were used as expression
hosts. DNA sequences which encode fatty alcohol reductase variants were redesigned to
optimize expression in S cerevisiae (SEQ ID NOs. 1-3). Generated synthons (Genscript)
were cloned into pESC-URA vector using BamHI-Xhoi sites to facilitate protein expression

utilizing the Gall promoter. The resulting plasmid constructs were used to transform W303,
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and positive transfonmants were selected on CM agar medium (with 2% glucose, and lacking
uracil) (Teknova). To assess functional expression, two positive transformation clones that
have been patched on CM agar medium (with 2% glucose, and lacking uracil) were used to
seed CM liquid medium using a 24 deep-well plate format. To induce protein expression, the
overnight cultures that had been grown at 28°C were then supplemented with galactose,
raffinose, and YNB to afinal concentration of 2%, 1%, and 6.7 g/L, respectively. Post 24h of
protein induction, the bioconversion substrate Zll-hexadecenoic acid (in ethanol) or
heptadecanoic acid (in ethanol) was added to a fina concentration of 300 mg/L.
Bioconversion assay proceeded for 48 h a 28°C prior to GC-MS analysis.

[0564] Metabolite extraction and GC-MS detection

[0565] The lipids were extracted according to amodified procedure of Hagstrom et al. (2(:12)
(Hagstrom, A. K., Lienard, M. A., Groot, A. T., Hedenstrom, E. & Lofstedt, C. Semi-
Selective Fatty Acyl Reductases from Four Heliothme Moths Influence the Specific
Pheromone Composition. PLOSOne 7: 37230 (2012)). 1.5 mL-celi culture was transferred
to a 15 mL falcon tube. The cell suspension was acidified with 1 mL 5 N HC1. 5 pi,
tetradecanedioic acid (10 mM in ethanol) was added as internal standard. The mixture was
extracted by adding 1.5 mL hexane, then shaken for 1h a 37 °C, 250 rpm. To facilitate phase
separation, the sample was centrifuged for 10 min a 2000 g. 1 mL of the organic hexane
phase was then transferred to a 1.5 mL plastic tube. Hie solvent was removed by heating the
sample 30 min a 90 °C. After the sample was evaporated to dryness, 50 ul. of BSTFA (N,O-
bis(trimethylsilyl) trifluoroacetamide containing 1% of trimethylchlorosilane) was added.
The 1.5 mL plastic tubes were shaken vigorously two times for {# s. Prior to the transfer into
a screw cap GC glass via containing a glass insert, the sample was centrifuged for 1 min
(13000 rpm). The vials were capped and heated for 30 min a 90°C. The trimethylsilyi-esters,

which were generated by this method were subsequently analyzed by GC-MS analysis. GC-
M S parameters are specified in Table 6. The use of SIM mode (characteristic product and IS
ions) increases detection sensitivity by reducing background noise, allowing detection of the
product as low as 24 puM (0.6 mg/L). A further reduction in the split ratio offers the
possibility to further increase the sensitivity: for future applications. A Z| 1-hexadecenol

calibration curve shown in Figure 9 was used to quantify the Z1 1-hexadecenol produced
from yeasts. The bioconversion of heptadecanoic acid was also tested since the easily
distinguished heptadecanol product could be used to benchmark successful GC-MS runs.

However, none of the reductase tested showed any activity toward heptadecanoic acid.
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Table 6. GC-MS parameters

System Agilent $890%:GC, .ChsmStation G1701EA .E.02.01.1i77
Column Ktx-5-30m x 320 am-x 25 pm
Pressure =11.74 psi; Plow = 7.1 i/ min
inlet Heater = 250°C, Pressure = 11.74 psi;
Total Flow {Ha} =19,5 miL/ mit
Carrier He @ 147 cm/sec, 11.74 psi
Signa Data rate =2 Hz/3.1 rin
Oven 150=Cfor 1riin

Ramg 12°CIrnin to- 2287, hold 3 rin
Ramp .35°C/ min to 333°C, hold 4 rain

Injeetion Split, 250°t
Split-ratio - 20:1
Detector HP 5973 M.sD.in.SIM mode (myz:'297.3' and 387.3),

100-msec ‘Dwell BNV mode:Gain factor 1,
3 min solvent delay, 8.33 cycies/say
Sample injectionvolinte = 1 i

Example 4: Expression of transmembrane  desaturases im S. cerevisiae

[0566] Background and Rationale

[0567] Engineering microbial production of insect fatty alcohols from fatty acidsrequires the
functional expression of a synthetic pathway. One such pathway comprises atransmembrane

desaturase, and an alcohol-forming reductase to mediate the conversion of fatty acyl-CoA

into regio- and stereospecific unsaturated fatty acyl-CoA, and subsequently into fatty
alcohols. A number of genes encoding these enzymes are found in some insects as well as
some microalgae. A number of transmembrane desaturases and alcohol-forming reductase
variants will be screened to identify ensembles which allow high level synthesis of a single
insect fatty alcohol or a blend of fatty alcohols. Additionally, these enzymes will be screened
across multiple hosts (Saccharomyces cerevisiae, Candida tropicalis, and Yarrowia
lipoiytica) to optimize the search toward finding a suitable host for optimum expression of
these transmembrane proteins.

[0568] Summary of Approach

[0569] A small set of desaturases (insect origin: Agrotis segetum, Trichophisia ni, Amyelois
iransitella, Hehcoverpa zea, and marine diatom: Thalassiosirapseudonana) were selected as
a test case to explore and establish functional expression assays, metabolite extraction

methods, and analytical chemistry.
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[0570] A synthetic cassette for expression of the desaturases in S. cerevisiae was constructed.
The cassette consists of the OLEI promoter region, OLEI N-terminal leader sequence, and
V SP13 terminator.

[0571] The expression cassette was tested for functionality via expression of a GFP variant.
Validation of the cassette allowed its utilization for exploring expression of insect desaturase.
[0572] S. cerevisiae AOLEl was transformed with expression constructs containing
heterologous desaturases. Functionality of the desaturases was assessed via the ability to
rescue growth of AOLEIl without exogenous supplementation of unsaturated fatty acid
(UFA). s. cerevisiae desaturase (OLEl) was used as a positive control of successful
complementation.

[0573] Functionality of the desaturase was validated via an in vivo bioconversion of
hexadecanoic acid (pamitic acid) into (Z)-I 1-hexadecenoic acid (palrnitvaccenic acid).

[0574] GC-MS analysis was used to identify and quantify metabolites.

[0575] Results

[0576] Transmembrane desaturase variants were screened in S. cerevisiae. Three variants
were initially tested to explore and establish functional expression assays, metabolite
extraction methods, and analytical chemistry. To alow functional expression of these
desaturases in S. cerevisiae, an episomal synthetic expression cassette termed pOLEl cassette
(Figure 10) was constructed, which consisted of an OLEI promoter region, an N-termina
leader sequence encoding for the first 27 amino acids of $. cerevisiae OLEI, and aterminator
region of VPS13 (aprotein involved in the protospore membrane formation, the terminator of
which has been previously characterized to increase heterologous protein expression
potentially by extending mRNA half-life). The functionality of the pOLEl cassette was
validated via its ability to express a GFP (Figure |IA-Figure HE). Subsequently, insect
desaturase synthons, and yeast OLEI synthon were cloned into the pOLEl cassette, and
expressed in S. cerevisiae AOLEI strain. This strain was chosen since deletion of the OLE!
alele (which encodes for pamitoyl:CoA/stearoyl:CoA (z)-9-desaturase) allows its utilization
as atool to screen for functional insect desaturase. Specifically, an active desaturase would
allow complementation of growth without requiring exogenous supplementation of UFAs.
Expression of OLElI using pOLEIl cassette complemented growth of AOLEI growth without
UFA (Figure HA-Figure HE); therefore, it serves as a positive control in the
complementation assays. When insect desaturases were expressed, we observed that they
rescued AOLEI growth without UFA a varying degree. On rich medium (YPD) agar plate,
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expression of S. cerevisiae OLE1 conferred the highest level of growth, followed by T. ni
desaturase (Figure 12A). The latter indicated that production of unsaturated fatty acyl:CoA
by T. ni desaturase could act as a surrogate to the missing (Z)-9-hexadecenoyl:CoA
biosynthesis in AOLE1 Expression of T. pesiidoncma and A. segetum desaturases did not
appear to rescue growth on YPD very well (Figure 12A). When patched on minima medium
(CM-Ura glucose) agar plate, only expression of 5. cerevisiae OLEf and T. ni desaturase
rescued AOLEI growth without exogenous UFA (Figure 12B). Expression of T. pseudonana
and A. segetum desaturases did not confer growth of AOLElI on minima medium agar,
suggesting their limited activity in producing UFA (results not shown). Screening a
desaturase library in Candida tropicalis identified functional expression of 4. transitella and
H. zea desaturases. When these desaturases were expressed in AOLEI, they conferred growth
without UFA on both YPD and CM-Ura glucose media similar to expression of T. ni
desaturase (Figure 12B).

[0577] Functional expression of the heterologous desaturases was further characterized viain
vivo byconversion of pamitic acid into insect-specific UFA. Post ~96h-cultivation in
minimal medium containing palmitic acid, total fatty acid analysis of S. cerevisiae AOLEI
expressing T. ni desaturase revealed production of a new fatty acid species (Z2)-1I-

hexadecenoic acid that isnot present in the control strain which expresses native yeast OLE1
desaturase (Figure ISA-Figure 13B). (Z)-I 1-hexadecenoic acid is not detected in strains
expressing A. segetum, or T. pseudonana desaturase (results not shown). in addition to (Z)-
1i-hexadecenoic acid, (Z)-9-hexadecenoic acid was aso detected in AOLEI strain expressing
T. ni desaturase (Figure 1SA-Figure 13B). Under the cultivation condition, C16-fatty acid in
the AOLEl expressing T. ni desaturase is composed of approximately 84.7% hexadecanoic
acid, 5.6% (Z)-9-hexadecenoic acid and 9.8% (Z)-11-hexadeceneoic acid. In comparison, the
C16 fatty acid fraction of AOLEI expressing OLE! desaturase is composed of approximately
68.6% hexadecanoic acid and 31.4% (Z)-9-hexadecenoic acid. (Z)-1 I-hexadecenoic acid
biosynthesis in AOLEI expressing T. ni desaturase account for -1.5 mg/L. The amount of
total fatty acids and each fatty acid within this mixture can be quantified. The biologicaly
produced (2)-1 1-hexadecenoic acid also match the retention time and fragmentation pattera
of authentic standard (Z)- 11-hexadecenoic acid (Larodan) as determined by GC-MS (Figure
14A-Figure 14B). Therefore, the regio- and sterecisomer of the biologicaly produced (Z2)-
1t -hexadecenoic acid was confirmed. In vivo characterization of A. transitella and H. zea

desaturase can also be done.
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[0578] In summary, a least three insect desaturases capable of rescuing growth of S.
cerevisiae AOLEI without exogenous supplementation of UFA, i.e. (Z)-9-hexadecenoic acid
(pamitoleic acid), were identified.

[0579] The extent of growth on rich medium (YPD) of S. cerevisiae AOLE] bearing the
expression construct was in the following order of desaturase content: OLE:, T. ni, T.
pseudonana, and A. segetum.

[0580] The extent of growth on minimal medium (CM Glucose w/out uracil) of S. cerevisiae
AOLE!| bearing the expression construct was in the following order of desaturase content:
OLEL, T. ni.

[0581] Complementation assays using A. transUella and H. zea desaturases were also done,
demonstrating functional expression in Candida tropicalis shown via in vivo byconversion

assay. These desaturases also complemented S. cerevisiae AOEE1 growth on rich and
minimal media at least aswell as T. ni desaturase.

[0582] Expression of T. pseudonana and A. segetum desaturases did not confer growth of S.
cerevisiae AOLElI on minimal medium without UFAs even after an extended incubation
period up to 14 days. No (Z)- 11-hexadecenoic acid was observed in strains harboring T.
pseudonana oxA. segetum desaturase.

[0583] Conclusions

[0584] Functional expression of transmembrane desaturases of insect origin in S. cerevisiae
has been achieved.

[0585] The activity of a given heterologous desaturase can be assessed from its ability to
complement growth of S. cerevisiae AOLEI without exogenous palmitoleic supplementation,
and its ability to convert palmitic acid into insect pheromone precursors (Z)-1 1-hexadecenoic
acid.

[0586] Functional expression and/or activity of insect desaturase in S. cerevisiae varies
widely depending on sequence origin. Variants derived from T. ni exhibited the best activity-
compared to A. segetum and T. pseudonana, as measured by the above criteria

[0587] Desaturases derived from A. transUella and H. zea complemented AOLEIl aswell as
T. ni desaturase. Bioconversion assays using these desaturases can be done.

[0588] The bioconversion of other fatty acid substrates can be explored to assess enzyme
plasticity.

[0589] Materials & Methods

[0590] Strain construction and functional expression assay
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[0591] s. cerevisiae AOLEI (MATA OLEI ::LEU2 ura3-52 his4) was used as an expression
host. A synthetic expression cassette termed pOLEl (Figure 10, SEQ ID NO: 4) which
comprises the OLE! promoter region (SEQ ID NOs: 5 and 6), nucleotides encoding for 27
N-terminal amino acids of the OLE1l leader sequence (SEQ ID NO: 7), and a VPS13
terminator sequence (SEQ ID NO: 8) was created, and cloned into pESC-URA vector in
between Sacl and EcoRI sites. To test the functionality of the pOLEl cassette, Dasher GFP
synthon was inserted in between Spel and Notl sites to create pOLEI-GFP piasmid.
Competent AOLE! was transformed with pOLEI-GFP, and plated on CM-Ura glucose agar
plate (Teknova) containing UFA (20mm CM-URA glucose agar plate was coated with 100
ul. CM-Ura glucose medium containing 1% tergitol, and 3 pi paimitoieic acid). After
incubation a 30°C for 5 days. Dasher GFP expression was apparent as displayed by green
coloration of AOLE! transformants. This result showed that the pOL E! cassette was capable
of driving heterologous protein expression. Validation of AOLElI complementation was
performed by restoring OLEL activity. Specifically, native S. cerevisiae OLE! synthon was
inserted into pOLEI cassette devoid of the leader sequence to create pOLEI-OLElI piasmid.
After transformation of AOLEI, and selection on CM-Ura glucose agar containing UFA,
single colonies were patched onto YPD and CM-Ura glucose without UFA. After incubation
at 30°C for 5 days, growth was observed (Figure IIA-Figure HE). As expected, Dasher
GFP expression could not complement AOLElI growth without UFA (Figure IIA-Figure
HE). DNA sequences which encode for desaturase variants were synthesized (to include
nucleotide changes which remove restriction sites used for cloning purposes), and cloned into
pPOLEl using Spel-Notl sites (Genscript, SEQ ID NOs. 9-13). Complementation assay of
AOLEI with insect desaturases were performed in the same way aswith OLEL desaturase.
[0592] To assess functional expression, two positive transformation clones that had been
patched on CM-Ura glucose agar medium containing UFA were inoculated in 1.5 mL CM-
Ura glucose liguid medium containing palmitic acid (in ethanol) at a final concentration of
300 mg/L, and with 6.7 g/L of YNB. For (2)-11-hexadecenoic isomer confirmation, a 20 mL
culture was generated. Bioconversion assay proceeded for 96 h a 28°C prior to GC-MS
analysis.

[0593] Metabolite extraction and GC-MS detection

[0594] Total lipid composition as well as the (Z)-lI-hexadecenoic acid quantification was
based on modified procedures by Moss et ai. (1982) (Moss, C.W., Shinoda, T. & Samuels, J.

W. Determination of cellular fatty acid compositions of various yeasts by gasliquid
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chromatography. J. Clin. Microbiol. 16: 1073-1079 (1982)) and Y ousuf et al (2010) (Y ousuf,
A., Sannino, F., Addorisio, V. & Pirozzi, D. Microbia Conversion of Olive Oil Mill
Wastewaters into Lipids Suitable for Biodiesei Production. J. Agric. Food Chem. 58: 8630-
8635 (2010)). The pelleted cells (in 1.5 mL plastic tubes), usually about 10 mg to 80 mg,
were resuspended in methanol containing 5 % (w/w) of sodium hydroxide. The alkaline cell
suspension was transferred into a 1.8 mL screw-cap GC-viai. The mixture was heated for 1h
in the heat block at 90°C. Prior to acidification with 400 2.5 N H{1 the vial was allowed to
cool to room temperature. 500 fiL chloroform containing 1 mM heptadecanoic were added
and the mixture was shaken vigorously, then both agueous and organic phase were
transferred into a 1.5 mL plastic tube. The mixture was centrifuged a 13,000 rpm, afterwards
450 fiL of the organic phase were transferred into a new 1.5 mL plastic tube. The agueous
phase was extracted a second time with 500 pi. chloroform, this time without heptadecanoic
acid. The combined organic phases were evaporated at 90°C. After cooling to room
temperature, residual fatty acid methyl esters and free fatty acids were dissolved and
derivatized in methanol containing 0.2 M TMSH (trimethylsulfonium hydroxide).

[0595] The regioselectivity of biologically produced (Z)-1 I-hexadecenoic acid was
determined by comparing the fragmentation patterns of the dimethyl disulfide (DMDS)
derivative with the DMDS derivative of an authentic standard. A yeast culture was split into
12 aliquots (to not change any parameters in the developed procedure). The cells were
pelleted, which yielded 63 mg cells (ccw) on average (755 mg from 18 mL culture). The
pellets were subjected to base methanolysis as described above. However, after acidification
the samples were combined in a 50 mL Falcon tube. The combined sample was extracted two
times with 10 mL chloroform. The mixture was centrifuged 10 min a 3000 iprn to achieve a
better phase separation. The combined organic phases, which were combined in a new 50 mL
Falcon and were washed consecutively with 10 mL brine and 10 mL water. The organic
phase was dried with anhydrous sodium sulfate and concentrated in vacuo. The concentrated
oil was dissolved in 1.5 mL chloroform and transferred to a 1.5 mL plastic tube. The
chloroform was evaporated at 90°C. The remaining sample was the dissolved in 50 uL
methy! tert-butyl ether (MTBE). The 50 ul, were splitinto 1, 5, 1€ and 20 pd. and transferred
into GC-vials without insert. To each vial 200 pi. DMDS (dimethyl disulfide) and 50 pi
MTBE (containing 60 mg/mL iodine) were added. After the mixture was heated 48 h a 50°C,
excess iodine was removed by the addition of 100 pE saturated sodium thiosulfate solution.

The samples were transferred to plastic vials and extracted to times with 500 uL
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dichloromethane. The combined organic phases were transferred to anew 1.5 raL plastic vial
and evaporated a 90°C. The samples were taken up in 50 pi. DCM and transferred to a GC-
vial. The sample was anayzed by GC-MS (Table 7} using the method of Hagstrom et al.
(2013) (Hagstrom, A. K. et al. A moth pheromone brewery': production of (2)-II-

hexadecenol by heterologous co-expression of two biosynthetic genes from anoctuid moth in
ayeast cell factory. Microb. Cell Fact. 12: 125 (2013)).

Table 7. Analytical parameters used for GC-MS anaysis of DMDS-derivatives

System Agiient 6890 N GC, ChemStation G1701EA E.02.01.1177
Column Rtx-5 30m X 320 pni X 25 pin
Pressure =11.74 psi; Flow = 7.1 mi/min
inlet Heater = 250°C; Pressure = 11.74 psi;
Total Flow {He} =19.5 mi/min
Carrier He @ 147 cm/sec, 11.74 ps
Signd Data rate =2 Hz/0.1 min
Oven 80°C for 2 min

Ramp | O:C' min to 180°C
Ramp 3°C/min to 260°C
Ramp 20°C/min to 280°C, hold 10 min

injection Split, 250°C
Split ratio -1:1
Detector HP 5973 M3 in SCAN mode (mass range: 41to 550 amts)

100 msec Dwell, EMV mode: Gain factor 1,
3 min solvent delay, 8.33 cycles/sec
Sample Injection volume =1uL

Example 5:S. cerevisiae as a production platform for insect fatty alcohol synthesis
Background and Rationale

[0596] Engineering microbial production of insect fatty alcohols from fatty acids requires the
functional expression of a synthetic pathway. One such pathway comprises atransmembrane
desaturase, and an alcohol -forming reductase to mediate the conversion of fatty acyl-CoA
into regio- and stereospecific unsaturated fatty acyl-CoA, and subsequently into fatty
alcohols. A number of genes encoding these enzymes are found in some insects as well as
some microalgae. A number of gene variants were screened to identify enzyme activities that
allow the creation of pathways capable of high level synthesis of a single or ablend of insect

fatty alcohols. Additionally, these enzymes were screened across multiple hosts
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(Saccharomyces cerevisiae, Candida iropicalis, and Yarrowia lipofytica) in order to find a
suitable host for optimum expression of these transmembrane proteins.

[0597] Summary of Approach

[0598] s. cerevisiae was engineered previously to express select functional transmembrane
desaturase variants to alow synthesis of (Z)- 1i-hexadecenoic acid from palmitic acid. This
allowed the identification and rank-ordering of the variants based on their bioconversion
performance (see Example 4).

[0599] S. cerevisiae was engineered previously to express select functional transmembrane
reductase variants to alow synthesis of (Z)-lI-hexadecenol (Z11-160H)  from
(2)- 11-hexadecenoic acid. This allowed the identification and rank-ordering of the variants
based on their bioconversion performance (see Example 3).

[0600] Several fatty alcohol pathways comprised of the most active variant desaturases and
reductases identified in the previous screens were assembled.

[0601] s. cerevisiae W303A and AQLE! were transformed with the pathway constructs.
Functionality of the pathway was assessed via the ability of the recombinant yeasts to
synthesize Z| 1-160H from palmitic acid.

[0602] GC-MS analysis was used to identify and quantify metabolites.

[0603] Results

[0604] The goa was to engineer one or more insect fatly alcohol biosynthetic pathways in S.
cerevisiae. Previoudly, the functional expression of several transmembrane desaturases of
insect origin in S. cerevisiae was demonstrated (see Example 4). Briefly, heterologous
desaturase expression was enabled by designing an expression cassette which consists of an
OLEL promoter region, an N-terminal leader sequence encoding the first 27 amino acids of S.
cerevisiae OLEL, and aterminator region of VPS13. Screening for active desaturases was
done by using two approaches. First, active desaturases were screened for their ability to
rescue AOLE1 growth without exogenous addition of unsaturated fatty acid (UFA), and
second, active desaturases were screened via an in vivo screen for bioconversion of palmitic
acid into (Z)- 11-hexadecenoic acid. These screening strategies allowed the identification of
several active variants, and the rank ordering of their relative activity. Based on these
screening results, desaturases from Trichophisia »i (TN_desat) and S. cerevisiae (SC_desat)
were selected for combinatorial expression in fatty alcohol pathways. S. cerevisiae desaturase

isknown to form palmitoleic acid and oleic acid.
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[0605] The functional expression of several transmembrane alcohol forming reductases of
insect origin in S. cerevisiae had also been previousy demonstrated (see Example 3). An
expression cassette comprising the GAL1 promoter and CYC terminator was used to enable
the functional expression of the reductases in S. cerevisiae. Screening several reductases via
in vivo bioconversion of (Z)-ll-hexadecenoic acid into Z1 1-160H alowed the identification
of active variants and rank ordering of their relative activity. Based on this screen, reductases
from Helicoverpa armigera (HAjreduc), and Spodoptera littoralis (SL_reduc) were chosen
for assembly of the fatty alcohol pathways.

[0606] Combinatorial assembly created four fatty acohol pathways, i.e. TN desat -
HA reduc, TN desat - SL reduc, SC desat - HA reduc, and SC desat - SL reduc. Pathways
with SC desat served as negative control for insect Z11-160H synthesis. S. cerevisiae
AOLEl and W303A were transformed with constructs harboring these pathways, and
transformants that grew on CM-Ura with 2% glucose and coated with pairnitoieic acid were
isolated . To test for fatty alcohol production, individual clones were inoculated into CM-Ura
medium containing 2% glucose, 1% raffinose, 2% gaactose. 300 mg/L pamitic acid, and
360 rng/L pairnitoieic acid were added as bioconversion substrates. Bioconversion using
palmitic acid without pairnitoieic was also tested. Post ~96h-cultivation in the presence of
palmitic and pairnitoieic acid, culture broth anaysis revealed synthesis of ZU-90H as a
major C16 alcohol product a -0.2 mg/L, and -0.3 mg/L in cultivation of AOLEl strains
harboring SC desat-HA reduc, and TN__desat-HA__reduc, respectively (Figure 15, Figure
16). A minute amount of Z| 1-160H was also detected in pathways with T. ni or S. cerevisiae
desaturase, and /. armigera reductase. In general, it was expected that in the presence of
palmitic acid and pairnitoieic acid, Z9-160H syntiiesis was more favorable than Z11-160H

synthesis because (Z)- 11-hexadecenoic acid must be biosynthesized from T . ni desaturase,
whereas exogenous addition of pairnitoieic acid resulted in a more readily available substrate
for synthesis of Z9-160H. Fatty acid analysis was aso performed. The results showed higher
accumulation of (2)-11-hexadecenoic acid (Figure 17) in pathways containing insect
desaturase than in pathways expressing S. cerevisiae desaturase. Albeit & mimute quantities,
detection of Z11-160H, and (Z)- 11-hexadecenoic acid from pathways harboring S. cerevisiae
desaturase (which was unexpected) opens the possibility of a minor A1} desaturation activity
by S. cerevisiae desaturase. Low level synthesis of Z11-16COOH fatty acid moieties can also
be derived from elongation of Z9-14COOH fatty acyl intermediate. The data shown in

Figure 15 also showed that in comparison to pathways with H. armigera reductase, the
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inclusion of S. littoralis reductase resulted i the reduction of (up-to -30 fold) in Z9-160H

titer. No Z11-160H could be detected in pathways employing S. littoralis reductase. These
results are consistent with the reductase screening assay, which showed superior
bioconversion of (Z)-I 1-hexadecenoic acid using H. armigera reductase in comparison to S.
littoralis reductase.

[0607] The bioconversion of palmitic acid was also tested alone (without exogenous addition
of palmitoleic acid) by AQLE! strains expressing TN_desat-HA reduc and
TN_desat-SL_reduc (Figure 18). Culture broth anaysis determined the synthesis of
Z11-160H asthe dominant unsaturated C16 fatty acid product (Figure 16). In this assay, up
to 0.22 mg/L, and 0.05 mg/L Z11-160H was synthesized by a pathway harboring H.
armigera reductase and S. littoralis reductase, respectively. The biologically produced
Z11-160H aso matched the retention time and exhibited the characteristic 297.3 m/z peak
like the authentic standard Z11-160H as determined by GC-MS (SIM). Therefore, the regio-
and sterecisomer of the biologically produced Z11-160H was confirmed (Figure 19).
Furthermore, Z9-160H (0.01 mg/L) was aso observed in the cultivation of strain
co-expressing T. ni desaturase and H. armigera reductase. This suggested that T. rii
desaturase may also possess A9 desaturation activity.

[0608] OLE! deletion impairs growth. Therefore, pathway expression was also explored in
WB303A, a host with intact OLEI allele. However, despite growth improvement, pathway
expression in this host resulted in more than two-fold reduction of ZI1-16QH titers. This
result was likely due to the repression of OLElI promoter (which drove heterologous
desaturase expression) by endogenous unsaturated fatty acykCoAs, the products of OLEi.
The S. cerevisiae OLElI promoter has been previously characterized with structural regions
found to be positively and negatively regulated by saturated and unsaturated fatty acid,
respectively (Choi, J-Y. et al. Regulatory Elements That Control Transcription Activation and
Unsaturated Fatty Acid-mediated Repression of the Sacckaromyces cerevisiae OLEI Gene. J.
Biol. Chem. 271. 3581-3589 (1996)). In addition to cis -transcriptional regulation,
unsaturated fatty acids also interact with OLEIl promoter elements to regulate mRNA
stability (Gonzales, C. 1. et al. Fatty acid-responsive control of mRNA stability. Unsaturated
fatty acid-induced degradation of the Saccharomvces OLEI transcript. J. Biol. Chem. 271:
258GI-25809 (1996)). Due to this inherent complexity of the OLEI promoter, the utilization
of unregulated orthogonal promoters, such asthe OLEI promoter from S. khiyveri (Kajiwara,

S. Molecular cloning and characterization of the v9 fatty acid desaturase gene and its

237



WO 2018/213554 PCT/US2018/033151

promoter region from Saccharomyces kluyveri. FEMS Yeast. Res. 2: 333-339 (2002)) to
drive insect desaturase expression can be explored to enhance fatty alcohol production.

[0609] In summary, functional expression of synthetic pheromone pathway variants in s.
cerevisiae AOLET! resulted in the synthesis of Z1 1-160H and Z9-160H from palm oail fatty
acids (palmitic acid and palmitoleic acid) up to approximately 0.2 mg/L and 0.3 mg/L,
respectively.

[0610] The engineered pathway that resulted in the highest fatty alcohols is comprised of T.
ni desaturase and H. armigera reductase.

[0611] Accumulation of (Z)-1 i-hexadecenoic acid, an intermediate of the pathway, was also
observed in strains that produced Z1 1-160H.

[0612] No z11-160H was produced and only trace Z9-160H was detected in the negative
control strain (harboring vector only).

[0613] The regio- and stereochemistry of the biologically produced Z11-160H were
confirmed by comparing the retention time and fragmentation pattern to the authentic
standard compound via GC-MS.

[0614] Conclusions

[0615] The engineering of Baker's yeast for synthesis of Z11-160H and Z9-160H, fatty
alcohol precursors of insect pheromones, was demonstrated.

[0616] Fatty alcohol production varies depending on the selection of the desaturase and
reductase variants.

[0617] Accumulation of (Z)-11-hexadecenoic acid suggested the possibility of further fatty
alcohol improvement by increasing the performance of alcohol forming reductase. However,
it is also possible that detection of (Z)-1 1-hexadecenoic acid was due to its incoiporation as
phospholipid into any membrane other than the endoplasmic reticulum membrane (such as
mitochondrial membranes, peroxisome, nuclear envelope, etc), therefore inaccessible to
alcohol forming reductase (presumably translocated into the endoplasmic reticulum) which
must utilize (Z)-1 1-hexadecenoic acid in its CoA thioester moiety asits substrate.

[0618] Culture conditions can be explored to increase fatty alcohol titers. The T. ni
desaturase can be replaced in the pathway by A. transitella desaturase, another variant that
also showed high activity and rescued AOLEl growth faster than T. ni desaturase. The
synthetic pathway can be imported into Candida tropicahs and Yarrowia lipolytica, which
are yeasts with high adhesion property to hydrophobic substrates such as palmitic and
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pamitoleic acid. By increasing substrate accessibility to the microbial production platform, it
isforeseeable that product titer and yield can be improved.

[0619] Materials & Methods

[0620] Strain construction and functional expression assay

[0621] S. cerevisae AOLElI (MATA OLEI::LEU2 ura3-52 his4), and W303A (MATA
ura3-l irpi-i leu2-3 112 his3-1I_15 ade2-l canl-100) were used as expression hosts.
Modular design allows combinatorial pathway assembly utilizing BamHI and Xliol to excise
reductase synthons (see Example 3) and subcloning into plasmids containing
pOLEl-desaturase constructs (see Example 4). Competent yeasts were transformed with
pathway constructs and plated on CM-Ura glucose agar plate (Teknova). In the case of
AOLE! transformation, colony platmg utilized 20mM CM-Ura glucose agar plates that were
coated with 100 pi. CM-Ura glucose medium containing 1% tergitol and 3 pE palmitoleic
acid.

[0622] To assess functional expression, transformants were inoculated in ~~20 mL CM-Ura
liguid medium containing 6.7 g/L of YNB, 2% glucose, 1% raffmose, and 2% galactose.
Fatty acid substrates, i.e. palmitic acid (in ethanol), was added at afinal concentration of 300
mg/L. Paimitoleic acid was added at afina concentration of 360 mg/L. Bioconversion assay
proceeded for 96 h a 28°C prior to GC-MS analysis.

[0623] Metabolite extraction and GC-MS detection

[0624] Fatty acid analysis was as described in Example 4, except that instead of extracting
the sample two times, the sample was only extracted once with chloroform containing 1 mM
methyl heptadecanoate (C17:0Me). Faity alcohol analysis was as described in Example 3,
except that instead of hexane (containing tetradecanedioic acid), chloroform (containing 1
mM methyl heptadecanoate) was used. The extraction time was reduced from i h to 20 s.
Afterwards the samples were collected ina 1.8 mL GC via and not in a 1.5 mL plastic tube.
The mass spectrometer was used in SIM mode (m/z 208, 297.3 and 387.3).

Example 6: Expression of transmembrane desaturases in Candidatropicalis
Background and Rationale

[0625] Engineering microbial production of insect fatty alcohols from fatty acids requires the
functional expression of a synthetic pathway. One such pathway comprises atransmembrane
desaturase, and an alcohol-forming reductase to mediate the conversion of fatty acyl-CoA
into regio- and stereospecific unsaturated fatty acyl-CoA, and subsequently into fatty

alcohols. A number of genes encoding these enzymes are found in some insects as well as
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some microalgae. A number of gene variants were screened to identify enzyme activities that
allow the creation of pathways capable of high level synthesis of a single or ablend of insect
fatty acohols. Additionally, these enzymes can be screened across multiple hosts
(Saccharomyces cerevisiae, Candida tropicalis, and Yarrowia lipolyticd) to optimize the
search toward finding a suitable host for optimum expression of these transmembrane
proteins.

[0626] Summary of Approach

[0627] A small set of desaturases (insect origin: Agrotis segetum, Amyelois transitella,
Helicoverpa zea, Trichoplusia rii, Osiririiajurnacalis, and Lampronia capilella and marine
diatom: Thalassiosira pseudonana) were selected as a test case to explore and establish
functional expression assays, metabolite extraction methods, and analytical chemistry.

[0628] Successful integration and functional expression of mCherry control from pXICL
expression cassette in SPV053 were confirmed.

[0629] A recombinant desaturase library using the same pXICL vector in SPV053
background was integrated (Figure 20). One variant, the Z}1 desaturase of Agrotis segetum,
was aso cloned to produce a protein product with the first 27 amino acids of Candida
albicans Olelp fused to the N-terminus of the insect desaturase (SEQ ID NO: 15).

[0630] Functionality of the desaturase was validated via an in vivo byconversion of
hexadecanoic acid (pamitic acid) into (Z)-I 1-hexadecenoic acid (palmitvaccenic acid).

[0631] GC-FID and GC-MS analyses were used to identify and quantify metabolites.

[0632] Results

[0633] Library construction

[0634] This study focused on the screening for transmembrane desaturase variants in C.
tropicalis (SPV053). Five insect desaturases with reported Zi1 desaturase activity on
pamitoyl-CoA (C16:0) (SEQ ID NOs. 16-19, 23) and three insect desaturases with reported
Z9 desaturase activity (SEQ ID NOs. 20-22) were included in the screen. One variant, the
Z11 desaturase from 4. segetum (SEQ ID NO: 16), was aso cloned with 27 amino acids of
the Candida albicans OLEl N-terminus fused upstream of the insect sequence (Figure 20,
SEQ ID NO: 15). At the time of construction, the A. segetum Zi | desaturase was believed to
be a positive control and the C. albicans OLE!l fusion was constructed to test if inclusion of a
Candida leader sequence would improve functional expression. The construct was designed
to mimic those used in Saccharomyces cerevisiae desaturase screening (See Example 4).

Finally, a control construct expressing mCherry red fluorescent protein (SEQ ID NO: 14)
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was included to act as a positive control for integration and expression and a negative control
for recombinant desaturase activity (Figure 21A-Figure 21D).

[0635] Transformation efficiencies of linearized plasmids into SPV053 varied greatly across
constructs. Despite low efficiencies, at least 3 clonal isolates were identified for each variant
(Tables 8 and 9). It had been hypothesized that larger colonies on transformation plates were
more likely to be positive integrants because the presence of the Zeocin resistance marker
should increase growth rate under Zeocin selection. Analysis of the screening results
suggested that the number of large colonies is not correlated to transformation efficiency.
Instead total colony (small and large) count correlated best with observed efficiency (Figure
22). In addition, in some cases positive clones were found among the small colonies. It is
possible that at lower plating density growth rate may be correlated with integration events
(i.e. positive integrants grow faster). A secondary screen of repatching colonies on
YPD+Zeacin proved effective in enriching for positive integrants. Fast growing patches were
more likely to be positive integrants than the general population of colonies on
transformation plates.

Table 8: Desaturase transformations in SPV053. Efficiency of transformation varied across
constructs with arelatively high degree of background under Zeocin selection.
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Table 9: Desaturase SPVO053 library construction.  Five insect desaturases with putative
Z1| desaturation activity and 3 insect desaturases with putative Z9 desaturation activity were
integrated into the SPV053 background using the pXICL vector. In addition, a control strain

expressing mCherry was constructed with the same vector.
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[0636} Functional expression assay

[0637] Functional expression of the heterologous desaturases was characterized by a series of
in vivo bioconversion experiments. C. tropicalis SPV053 derived stains expressing insect
desaturases were cultured in rich (YPLD) ©" defined (CM glucose) media supplemented with
ethanol (for induction) and saturated acid substrates (palmitic acid, methyl paimitate, methyl
myristate). Small scale (2 ml) cultures were cultivated for atotal of 72 hours in 24 deep well
plates with substrate added after the initial 24 hours.

[0638] The first screen examined multiple bioconversion media with supplementation of a
pamitic acid substrate. Two functional palmitoyl-CoA (2)-l | desaturases were identified by
fatty acid methyl ester (FAME) analysis of the cellular lipid content. Strains expressing A.
transiteUa or H. zea ZIl desaturases (SPV0305-SPV03 10) produced a fatty acid species not
observed in the mCherry control strains (SPV0302-SPV0304) which eiuted with the (Z)-11-

hexadecenoic acid standard (Figure 23). No other tested strains produced non-native fatty
acid species (data not shown). Approximate fatty acid composition of the Ci6-fraction is
listed in Table 10. The native palmitoyl-CoA (Z)-9 desaturase is still present in the SPV053
background which means the (2)-9/(2)-11 specificity of the desaturases cannot be rigorously
determined. Supplementation of pamitic acid in the media increased the (2)-1 1/(Z2)-9

hexadecenoic acid ratio from 0.6 to 14 for H. zea desaturase expressing drains (Z)-11-
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hexadecenoic acid titers were observed to be approximately 5.62 mg/L for strains expressing
A. transitelia desaturase and 5.96 mg/L for strains expressing H. zea desaturase. Similar
perfonnance was observed with methyl palmitate supplementation (data not shown).

Table 10: Composition of the Cl6~fatty acid fraction in different C. tropicalis SPV053

expressing different desaturases. *NS = no substrate (hexadecanoic acid) was added.

Sig IR-CIHL FEI-CESR 11T
31 £ £ ratie
mlharny TG 271 RS o0
Hzsa-¥PDR NS LG 3.5 153 (AR
Hrea-¥PD 38.1 175 244 1.4
AT-¥P0 353.5 45 380 2.3

[0639] The bioconversion assay was scaied-up to 20 ml in shake flasks in order to generate
enough biomass for additional characterization of the putative (Z)~11-hexadecenoic acid
species. While the observed species eluted with the (2)- 11-hexadecenoic acid standard and
independently of the (Z)-9-hexadecenoic acid standard, it was possible that a different fatty
acid isomer (e.g. (E)-9-hexadecenoic acid) could have a similar retention time to (2)-ll-
hexadecenoic acid. As different sterecisomers elute differently on the DB-23 the occurrence
of (E)- 11-hexadecenoic could be excluded. Fina confirmation of (Z)- 11-hexadecenoic acid
production was completed by using mass spectroscopy detection of DMDS derivatized fatty-
acids to confirm the 11-regioselectivity. Using this derivatization technique (2)-I 1and (E)-1 1
isomers could in principle aso be resolved. The fragmentation pattern of experimenta
samples could be matched b the (Z)-11-hexadecenoic acid standard (Figure 24A-24E).
Using this technique, production of the specific (Z)-11-hexadecenoic acid regio- and
sterecisomer was confirmed for both A. transitelia and H. zea desaturase expressing strains.
[064Q Finaly, methyl myristate (C14:0) was tested as substrate for the entire desaturase
library. A non-native fatty acid species which elutes between myristate (C14:0) and (Z)-9-
tetradecencic acid (Z9-C14:!) was observed in strains expressing either A. transitelia or H.
zey ZIl  desaturases (Figure 2SA). It is hypothesized that this non-native species is (2)-II-
tetradecenoic acid, and this can be confirmed with an authentic standard. In addition, A.
segetum Z 11 desaturase, O.furnacalis Z9 desaturase, and H. zea Z9 desaturase all produced a
shoulder peak which eluted just after the myristate (C14:0) peak (Figure 25B). Other Cl14
derived species (e.g. tetradecanedioic acid) were observed in al strains. These results suggest

that 4. transitelia and #/. zea desaturases have some activity on myristoyl-CoA. Confirmation
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of unknown species and quantification is required to draw further conclusions about
desaturase substrate specificity in vivo.

[0641] In summary, two desaturases from Helicoverpa zea (AAF81787) and from Amyelois
transitella (JX964774), were expressed in SPV053 and conferred synthesis of (Z2)-I-
hexadecenoic acid from either endogenously produced or supplemented palmitic acid.

[0642] Functional expression of H zea and A. transitella desaturases in C. tropicalis SPV053
was confirmed using an in vivo bioconversion assay in both rich (YPD) and defined (CM
glucose) media. The active desaturases generated intracellular (Z)-11-hexadecenoic acid
which was not observed in mCherry expressing control strains. C16-fatty acid composition of
SPV053 expressing H. zea desaturase is approximately 50.0% hexadecanoic acid, 30.91%
(2)-9-hexadecenoic acid and 19.1% (2)~1-hexadecenecic acid. With pamitic acid
supplementation the composition is 58.1% hexadecanoic acid, 17.5% (Z)-9-hexadecenoic
acid and 24.4% (Z)-11-hexadeceneoic acid. The Cl6-fatty acid composition of SPV053
expressing A. transitella desaturase is 55.5% hexadecanoic acid, 14.5% (Z)-9-hexadecenoic
acid and 30.0% (Z)-11-hexadeceneoic acid. In comparison, SPV053 expressing mCherry
produced a C16-fatiy acid composition of approximately 72.9% hexadecanoic acid, 27.1%
(2)-9-hexadecenoic acid and no (Z)- 11-hexadeceneoic acid. (Z)-l1l-hexadecencic acid was
produced a approximately 5.5 mg/L inboth strains expressing functional Z | 1 desaturases.
[0643] No (2)-ll-hexadecencic acid was observed in strains harboring T. ni, T. pseudonana,
or 4. segetum desaturase.

[0644] No difference in fatty acid composition was observed for strains expressing Z9 insect
desaturases from H. zea, O.furnacalis, or L. capitella.

[0645] The regio- and stereocisomer of the biologically produced (Z)-l1-hexadecenoic acid
were confirmed by comparing the retention time and fragmentation pattern of the authentic
standard compound via GC-MS after DMDS derivatization.

[0646] Byconversions of SPV053 expressing A. transitella and H zea desaturases with
supplementation of methyl myristate produced an unidentified metabolite not observed in the
mCherry expressing negative control strain. The GC retention time of this metabolite is found
between myristate (C14:0) and (Z)-9-tetradecenoic acid.

[0647] Conclusions

[0648] Functional expression of transmembrane desaturase of insect origin in C. tropicalis
SPV 053 has been achieved.
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[0649] The active desaturases identified via screening in C. tropicalis also complemented
OLE! function when expressed in S. cerevisiae AQLE1 (See Example 4).

[0650] An in vivo assay can be used to assay desaturase activity in C. tropicalis for non-
native fatty acid isomers (e.g. (2)-lI-hexadecenoic acid). Enhanced ratios of non-native fatty
acids can be produced with supplementation of saturated acid substrates such as palmitic acid
or methyl myristate.

[0651] Functional expression and/or activity of insect desaturases varies widely in C.
tropicalis SPV053 depending on sequence origin. Similar to results observed in the S.
cerevisiae screen (See Example 4), A. segeinrn and T. pseudonana variants did not produce
detectable (Z)-lI-hexadecenoic acid. Interestingly, T. ni desaturase also failed to produce
detectable (Z)-lI-hexadecenoic  acid under assay conditions. Unlike in the S. cerevisiae
assay, the T. ni expression construct did not include achimeric OLEI leader sequence.

[0652] The inclusion of the C. albicans OLE1 leader sequence on the functional H. zea
variant and non-functional T. ni variant can be tested.

[0653] The functional expression of additional desaturase variants to identify Cl4~specific
desaturases can be explored.

[0654] Expression of functional desaturase with reductase variants can be done and
subsequent screen for unsaturated fatty alcohol production can be performed.

[0655] Materials & Methods

[0656] Strain construction

[0657] A conservative approach was used for receding of genes. Native sequences were
unaltered except for replacement of CTG leucine codons with TTA. All genes were cloned
into pPV0053 using Ncol and Not restriction sites by Genscript. After transformation into E.
coli NEB 10{1 plasmids were miniprepped using the Zyppy Piasmid Miniprep Kit (Zymo
Research, Inane, CA). Plasmids were linearized by digestion with BsWI (New England
Biolabs, Ipswich, MA) before transformation into SPV053. After digestion, DNA was
isolated using Clean and Concentrator Kit (Zymo Research, Irvine, CA). Approximately 1ug
of DNA was transformed by electroporation. Instead of incubation with TE+100 mM lithium
acetate+DTT, cells were incubated in only TE+100 mM lithium acetate for 2 hours. Positive
integrants were found to be site-specific and genotyping was conducted by check PCR. A
two-stage approach was adopted for further screening of low efficiency transformations.
Approximately 60 colonies were re-paiched on YPD+300 ug/ml Zeocin and grown
overnight. The subset of patches which grew quickly (dense growth within 24 hours) were
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screened by colony PCR. The vast majority of rapid growing patches were identified as
positive integrants.

[0658] Functional expression assay

[0659] Pamitic acid supplementation in YPD and CM glucose

[0660] Positive isolates were re-patched onto YPD+300 pgf/ml1lZeocin and grown overnight
and then stored a 4°C. Strains were inoculated from patch plates into 2 ml of YPD in 24 deep
well plates (square well, pyramid bottom). Three positive clones were inoculated for each
desaturase variant and the mCherry expressing control strain. Deep well plates were
incubated at 30°C,1000 ipm, and 80% humidity in the Infors HT Multitron Pro plate shaker
for 24 hrs. After 24 hrs of incubation, cultures were split into equal 1 ml volumes to make
two sets of identical plates. Both sets of plates were pelleted by centrifugation a 5Q0xg. One
set of plates was resuspended in 2 ml of YPD+0.3% (v/v) ethanol and the second set was
resuspended in 2 ml of CM glucose+0.3% ethanol. Ethanol was added at this stage to induce
recombinant enzyme expression from the ICL promoter. Cultures were incubated for another
24 hours under the same conditions before 300 mg/L palmitic acid was added to cultures
from a 90 g/L stock solution in ethanol. The result was the addition of afresh 0.3% ethanol in
conjunction with the palmitic acid. A subset of strains was also cultured without palmitic acid
addition. These cultures had 0.3% ethanol added instead. All cultures were incubated for an
additional 24 hrs before a final addition of 0.3% ethanol. After another 24 hr period of
incubation, 1.5 ml of each culture was harvested in 1.7 ml microcentrifuge tubes and pelleted.
Supernatant was saved in fresh tubes and pellets were processed as described below. A subset
of supernatant samples was also extracted to look for free acid in the extracellular medium.
[0661] Repeated screening with alternate substrates

[0662] The mCherry control and confirmed positive variants were rescreened using both
pamitic acid and methyl palmitate as substrates. The culturing was conducted as described
above with equimolar (1.17 mM) amounts of substrate added from ethanol stock solutions
(methyl palmitate 94 g/L stock, 313 mg/L final concentration). The same protocol was also
repeated with the full panel of strains using an 84 g/L stock of methyl myristate (04:0). The
final concentration of substrate was again 1.17 mM.

[0663] Confirmation of (Z)-1 1-hexadecenoic acid isomer

[0664] The in vivo bioconversion assay was scaled up for confirmation of (2)-ll-
hexadecenoic acid synthesis. 2 ml YPD seed cultures of strains SPV0302, SPV0303, and
SPV0304 (mCherry), SPV0304, SPV0305, and SPV0306 (A. tramiteUa Z1 1 desaturase), and
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SPV0307, SPV0308, and SPV0309 (H. zea ZI| desaturase) were grown overnight a 30°C,
1000 rpm, 80% humidity in the Infers HT Muititron plate shaker. 200 1d of overnight culture
from each of the three clona isolates was pooled and inoculated into a single 125 ml baffled
flask containing 20 ml YPD. The resulting three flasks were grown for 24 hrs at 30°C and
250 rpm (Infers Flask shaker). Cultures were pelleted by centrifugation at 500xg and
resuspended in 20 ml of YPD+0.3%(v/v) etlianoi and returned to 125 ml baffled shake flasks.
Cultures were incubated for an additional 24 hours before addition of 300 mg/L pamitic acid
in a 90 g/L stock in ethanol (221 pi per flask). After 24 hours of incubation another 0.3%
(v/v) ethanol (221 pi) was added to each flask for sustained induction. Flasks were incubated
for an additiona 24 hours before cells were harvested for FAME analysis and DMDS
derivatization.

[0665] Metabolite extraction and GC-MS detection

[0666] Total lipid composition as well as the (Z)-lI-hexadecenocic  acid quantification was
based on modified procedures by Moss et a. (1982) and Yousuf et al (2010). The pelleted
cells (in 1.5 mL plastic tubes), usually about 10 mgto 80 mg, were resuspended in methanol
containing 5 % (w/w) of sodium hydroxide. The akaline cell suspension was transferred into
a 1.8 mL screw-cap GC-viai. The mixture was heated for 1h in the heat block at 90°C. Prior
to acidification with 400 2.5 N HCIl the vial was allowed to cool to room temperature. 500 ui.
chloroform containing 1 mM heptadecanoic were added and the mixture was shaken
vigorously, then both agueous and organic phase were transferred into a 1.5 mL plastic tube.
The mixture was centrifuged a 13,000 rpm, afterwards 450 uL of the organic phase were
transferred into a new 1.5 mL plastic tube. The agueous phase was extracted a second time
with 500 i L. chloroform, this time without heptadecanoic acid. The combined organic phases
were evaporated at 90°C. After cooling to room temperature, residua fatty acid methyl esters
and free fatty acids were dissolved and derivatized in methanol containing 0.2 M TMSH
(trimethylsulfonium hydroxide) .

[0667] The regioselectivity of biologicaly produced (Z)-11-hexadecenoic acid was
determined by comparing the fragmentation patterns of the dimethyl disulfide (DMDS)
derivative with the DMDS derivative of an authentic standard. A yeast culture was split into
12 aiquots (to not change any parameters in the developed procedure). The cells were
pelleted, which yielded 63 mg cells (ccw) on average (755 mg from 18 mL culture). The
pellets were subjected to base methanolysis as described above. However, after acidification

the samples were combined in a 50 mL falcon tube. The combined sample was extracted two
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times with 10 mL chloroform. The mixture was centrifuged 10 mim at 3000 rpm to achieve a
better phase separation. The combined organic phases were combined in anew 50 mL falcon
and were washed consecutively with 10 mL brine and 10 mL water. The organic phase was
dried with anhydrous sodium sulfate and concentrated in vacuo. The concentrated oil was
dissolved in 1.5 mL chloroform and transferred to a 1.5 mL plastic tube. The chloroform was
evaporated at 90°C. The remaining sample was the dissolved in 50 pl. methyl 7ess-butyi ether
(MTBE). The 50 pk, were split into 1, 5, 10 and 20 ui. and transferred into GC-vials without
insert. To each vial 200 pi, DMDS (dimethyl disulfide) and 50 i, MTBE (containing 60
mg/niL iodine) were added. After the mixture was heated 48 h at 50°C, excess iodine was
removed by the addition of 10 uL saturated sodium thiosulfate solution: however, due to
excessive formation of detergents from the Candida strain, the layer did not mix properly.
The samples were therefore diluted in a 15 mL falcon tube to afinal sample composition of
200 pi, 3.55 mL MTBE (containing iodine and analyte), 500 pL dichloromethane, 1.5 mL
water and 1 mL ethanol. The organic phase was evaporated stepwise a 85°C in a 1.8 mL
glass vial. The samples were taken up in 500 ul. dichloromethane and the sample was
analyzed by GC-M S using the method of Hagstrom et ai. (2013) asin Example 4.

Example 7: Expression of transmembrane desaturases in Yarrowialipolytica
Background and Rationale

[0668] Engineering microbial production of insect fatty alcohols from fatty acids requires the
functional expression of a synthetic pathway. One such pathway comprises a transmembrane
desaturase, and an alcohol-forming reductase to mediate the conversion of fatty acyl-CoA
into regio- and stereospecific unsaturated fatty acyl-CoA, and subsequently into fatty
alcohols. A number of genes encoding these enzymes are found in some insects as well as
some microalgae. Alternatively, regio- and stereospecific desaturases can be used to produce
a microbial oil rich in fatty acid precursors. The microbia oil can then be derivatized and
reduced to active ingredients. A number of gene variants were screened to identify enzyme
activities that allow the creation of pathways capable of high level synthesis of a single or a
blend of insect fatty acids and acohols. Additionally, these enzymes were screened across
multiple hosts (Saccharomyces cerevisiae, Candida viswanathii (tropicalis), and Yarrowia
lipolytica) to optimize the search toward finding a suitable host for optimum expression of
these transmembrane proteins.

[0669] Initial screening of desaturases in S. cerevisiae and C. viswanatkii (tropicalis)

identified three active Z11-C16:1 desaturase variants from Amyelois transitella, Helicoverpa
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zea, and Trichoplusia ni. The S. cerevisiae screening used coding sequences with an N-
terminal leader sequence of the S. cerevisiae Olelp Z9 desaturase fused to the full length
insect ZI1 desaturase sequence. This strategy has been used previously in the scientific
literature to express eukaryotic desaturases in S. cerevisiae. All three of the above desaturases
displayed Z11 desaturase activity with the Olel p leader fusion when expressed in a OLEL
deletion background. An analogous design with a C. albicans Olelp leader sequence was
used with the Z1 1 desaturase from H. zea. While active, this Oleip-H . zea desaturase fusion
did not significantly increase ZI 1-hexadecenoic acid titer. Additionally, a conservatively
optimized A. transitella Z || desaturase was active in both S. cerevisiae and C. viswanathii.
The following study focused on testing the functional expression of the H. zea, T. ni, and 4.
transitella Z| 1 desaturases in two different Y. lipolytica strains, SPV140 and SPV300. Both
native and Homo sapiens codon optimized sequences were used for the H. zea and 71 ni
desaturases while only the native sequence was used for A. transitella. Finally, the N-
terminus of the Y. lipolytica Olelp Z9 stearoly-CoA desaturase aligns more closely with
insect desaturases than the N-terminus of Olelp from either S. cerevisiae or C. albicans.
Based on this alignment two additional desaturase versions were created. A putative leader
sequence was swapped from the Y. lipolytica Olel p onto the 71 ni and H. zea desaturases.
[0670] Summary of Approach

[0671] A focused library of Z1 | desaturases (insect origin: Amyelois transitella, Helicoverpa
zea, Trichoplusia ni), which had observed activity in either S. cerevisiae or C. viswanathii
were cloned into a double crossover cassette targeting the XPR2 locus with a URA3 selection
marker. Protein coding sequences use either the native insect sequence (SEQ ID NOs: 24,
25), Homo sapiens optimized coding sequence (SEQ 1D NOs. 26, 27), or the Homo sapiens
optimized sequence with the N-termmai 84 bases (H. zea, SEQ ID NO: 29) or 81 bases (71
ni, SEQ ID NO: 28) swapped for the N-terminal 96 bases of the Y. lipolytica OLE1
(YALIOCO05951) gene. Unlike in the S. cerevisiae and C. viswanathii screens, the leader
sequence chimeras test a direct swap of leader sequences instead of concatenating a host
leader sequence to the N-terminus of the full length desaturase coding sequence. Only the
native coding sequence was used for the A. transitella desaturase (SEQ 1D NO: 30).

[0672] Each of the 7 desaturase constmcts was transformed into SPV140 (POIf) and SPV 300
(H222 AP AA AF AURAYS) and site-specific integrants were confirmed.

[0673] Desaturase activity was tested via an in vivo bioconversion of hexadecanoic acid

(palmitic acid) into (Z)-i 1-hexadecenoic acid (palmitvaccenic acid) in YPD medium.
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[0674] GC-FID analyses were used to identify and quantify metabolites.

[067S] Results

[0676] Strain construction

[0677] Desaturase variants were cloned into the pPV 1(}1 vector which contains a Y. lipolytica
expression cassette targeting integration into the XPR2 locus (Y ALi)F318890).

[0678] The T. ni and H. zea desaturases were each synthesized with the native insect
sequence (SEQ ID NOs: 24, 25), full length insect sequence codon optimized for Homo
sapiens (SEQ ID NOs. 26, 27), or with the putative leader sequence replaced by the leader
sequence from Y. lipolytica OLEL desaturase (SEQ ID NOs: 28, 29). The A. transitella
desaturase was aso synthesized using the native insect coding sequence (SEQ ID NO: 30).
All seven desaturase variants were transformed into SPV140. Based on previous activity
results, only theH zea and 4. transitella desaturase variants were transformed into SPV 300.
[0679] Functional expression assay

[0680] Functional activity was assessed by a modification of the protocol used for
transmembrane desaturase expression in C. viswanathii SPV053 (See Example 6). Briefly, V.
lipolytica SPV140 and SPV 300 derived stains expressing insect desaturases were cultured in
rich (YPD) to generate biomass. Using the YPD generated biomass, small scale (2 ml)
cultures were cultivated with palmitic acid for atotal of 48 hours in 24 deep well plates (See
Materials & Methods for detail).

[0681] Inthe initial screen of T. ni, H.zea, and A. transitella variants, only H. zea desaturase
variants that were codon optimized for Homo sapiens produced detectable 7.1 1-hexadecenoic
acid (Figure 26), Expression of native H. zea desaturase conferred production of 100 £ 5
mg/L Z 1i-hexadecenoic acid and the version with a Y. lipolytica OLEL leader sequence
produced 83 + 11 mg/L. As seen in Figure 26, the distribution of the other major fatty acid
species was relatively unaffected by functional desaturase expression. In the active strains,
Zli-hexadecenoic acid made up -10% (g/g) of the fatty acid species (including palmitic acid
substrate which may be adsorbed to the outer cell surface).

[0682] A follow up experiment was conducted comparing active variants in the SPV140
background to SPV300 derived desaturase strains. The parent SPV300 and SPV140
expressing hrGFP were used as negative controls. The same bioconversion assay protocol
was used. Asin SPv140, only H. sapiens optimized variants produced detectable activity
(Figure 27). SPV300 strains grew to higher final cell densities (SPV300 OD600=26-28,
SPV140 OD600=19-22) (Figure 28). The highest titers were observed for strains expressing
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the native H. zea Z! 1-desaturase with H. sapiens codon optimization (pPV 199), The retested
SPV140 dtrains produced 113+ 1mg/L (5.5 + 0.2 mg/L/OD) Zll-hexadecenoic acid which
is 13% higher than titers obsen'ed in the first experiment (Figure 29). SPV300 strains
expressing the same desaturase generated a wider range of productivity. On average they
produced 89+ 18 mg/L (3.3 £ 1.2 mg/L/OD) Z1 I-hexadecenoic acid, but one clone produced
124 mg/L (4.6 mg/L/OD) Z| |-hexadecenoic acid.

[0683] In summary, only the H. zea Z11 desaturase variants with Homo sapiens codon
optimization produced detectable Z| I-hexadecenoic acid. Under the current assay condition,
marginaly higher titers were obsen'ed in the SPV140 background over SPV300. Table 11
summarizes the Z | |-hexadecenoic acid titers.

Table 11: Z | I-hexadecenoic acid titers obtained from expression of exemplary desaturases in

Yarrowia lipolyiica

Zll-hexadecenoic acid

Desaturase Codon optinvzation Parent Strain titer {mg/fi}
ZAL1Toai Native SPY 140 M {reo detertiond
FIL1T af Hamo sqesiens APVE4G ND

VECLES-FIL T of Hormo sapians SPW 140 §D

711 H. zew Native R A

T H rew Homo sapiens
YIOLEL-Z11 A zew Homao saplens
711 A transitelin Natiee

[0684] In SPV300, one non-site-specific integrant of pPV200 (Y. lipolyiica OLE1-H zea ZIl
desaturase with Homo sapiens codon optimization) was tested. This integrant did not produce
detectable Zll-hexadecenoic  acid, while the two site-specific integrants produced 55 + 1
mg/L.

[0685] No major hydroxy or diacid peaks were obsen'ed from pellets of SPV140 or SPV300
derived strains, and deletion of B-oxidation/co-oxidation genes in SPV300 did not increase
Zll-hexadecenoic  acid accumulation ‘under the current assay condition (relatively low-
substrate concentration, rich medium).

[0686] Conclusions

[0687] The H. zea Z11 desaturase is active and confers production of ~100 mg/L ZIl-

hexadecenoic acid, from -500 mg/L palmitic acid substrate. The functional expression was
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demonstrated across three positive integrants and replicate experiments in a 24 well plate
assay.

[0688] H. zea desaturase required codon optimization (Homo sapiens or potentialy Y.
Upolytica) for activity in Y. Upolytica.

[0689] The T. ni Z11 desaturase, while active in S. cerevisiae, does not produce detectable
Zll-hexadecenoic acid in Y. Upolytica.

[0690] The reproducibility of the assay for Y. Upolytica strains can be confirmed starting
from glycerol stock.

[0691] A. Iransitella desaturase can be codon optimized for expression in Y. Upolytica.

[0692] Since Y. Upolytica is a candidate production host, additional copies of active
desaturases can be integrated in Y. Upolytica, culture conditions to improve byconversion can
be identified, and substrate conversion can be quantified.

[0693] Materids & Methods

[0694] Strain constraction

[0695] All desaturase genes were synthesized (Genscript). Either native sequences or Homo
sapiens codon optimization was used. Synthesized genes were subcloned into pPVIOI.
Plasmids were transformed and prepped from E. coli EPI400 using the Zyppy Plasmid
Miniprep Kit (Zyrno Research, Inane, CA). Approximately ~I-2 g of linearized DNA was
transformed using Frozen-EZ Y east Transformation |l Kit (Zyrno Research, Irvine, CA). The
entire transformation mixture was plated on CM glucose -ura agar plates. Positive integrants
were found to be site-specific and genotyping was conducted by check PCR.

[0696] Functional expression assay

[0697] Palmitic acid supplementation in YPD

[0698] Positive isolates were re-patched onto Y PD, grown overnight, and then stored at 4°C.
Strains were inoculated from patch plates into 2 ml of YPD in 24 deep well plates (square
well, pyramid bottom). Three positive clones were inoculated for each desaturase variant.
Three isolates of pPVIOI in SPV140 and the parent SPV300 were used as hegative controls.
Deep well plates were incubated a 28°C and 250 rpm in the Infers Multitron refrigerated
flask shaker for 24 hrs. After 24 hrsof incubation, a 1 ml volume of each culture was pelleted
by centrifugation a 500xg. Each pellet was resuspended in 2 mi of YPD. 500 rng/L palmitic
acid was added to cultures from a 90 g/L stock solution in ethanol. The result was the
addition of 0.5% ethanol with the palmitic acid substrate. All cultures were incubated for 48

hours before endpoint sampling. Final cell densities were measured with the Tecan Infinite
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200pro plate reader. 0.75 or 0.8 ml of each culture was harvested in 1.7 ml microcentrifuge
tubes and pelleted. Supernatant was removed and pellets were processed as described below.
[0699] Metabolite extraction and GC-FID analysis

[0700] Total lipid composition as well as the (Z2)-ll-hexadecenoic acid quantification was
based on modified procedures by Moss et a. (1982) and Yousuf et al (2010). The pelleted
cells (in 1.5 mL plastic tubes), usually about 10 mg to 80 mg, were resuspended in methanol
containing 5 % (w/w) of sodium hydroxide. The alkaline cell suspension was transferred into
a 1.8 ml, crimp via. The mixture was heated for 1 h in the heat block a 90°C. Prior to
acidification with 400 2.5 N H{} the via was allowed to cool to room temperature. 500 pi
chloroform containing 1 mM methyl heptadecanoate were added and the mixture was shaken
vigorously, then both agueous and organic phase were transferred into a 1.5 mL plastic tube.
The mixture was centrifuged a 13,000 rpm, afterwards 450 L of the organic phase were
transferred into a GC via. For the analysis of lipids and the quantification of fatty acids 50
pi. of 0.2 M TMSH (trimethylsulfonium hydroxide in methanol) was added and the sample
analyzed by GC-FID.

Example 8: Candida viswanathii (tropicalis) as aproduction platform for insect fatty alcohol

synthesis

[0701] Background and Rationale

[0702] Variants of insect transmembrane desaturases and reductases were previously
screened and rank-ordered based on their functional expression in either Candida viswanathii
or Saccharomyces cerevisiae (see Examples 3, 4 and 6). Helicoverpa zea desaturase and
Helicoverpa armigera reductase were selected to assemble a synthetic insect fatty alcohol
pathway in C viswanathii. Simultaneous expression of codon optimized H. zea desaturase
under Candida isocitrate lyase (ICL) promoter, and codon optimized H. armigera reductase
under Candida transcription elongation factor (TEF) promoter was achieved via genomic
integration of the full fatty alcohol pathway. Accumulation of Z11-160H was achieved in
cultures of the recombinant strain (SPV0490) using simple carbon sources and palmitic acid.
[0703] Summary of Approach

[0704] Integration plasmids were designed containing a functional Helicoverpa zea
desaturase (See Example 6) paired with a Helicoverpa armigera reductase driven by a
putatively constitutive C. tropicalis promoter (pTEF).

[0705] Functionality of the full pathway was assessed via an in vivo byconversion of
hexadecanoic acid (palmitic acid) into Z1 1-160H.
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[0706] GC-FID and GC-MS analyses were used to identify and quantify- metabolites,

[0707] Results

[0708] Accumulation of Z11-160H was detected in cultures of Candida engineered to
express ‘H. zea desaturase under an TCL promoter and H. armigera reductase under a TEF
promoter (Table 12 and Figure 30).

[0709] Table 12. Tabulated Z11-160H titers from Candida viswanathii bioconversion assay.
SPV088 is C. viswanathii which was engineered to express mCherry (negative control).

SPV0490 is C. viswanathii which was engineered to express the insect fatty alcohol pathway.

Z11-160H ters (mg/1)
T
{ negiiz’/:jiiroi) SPV0490
Sample 1 0.08 1.03
Sample 2 0.07 0.93
Sample 3 0.06 0.88
Average 8.07 4.95
Sthev 0.01 (.06

[0710] Materials & Methods

[0711] Strain construction

[0712] The integration plasmid (ppV0228) was designed to contain two expression cassettes.
The first cassette contains H. zea codon-optimized desaturase (SEQ ID NO: 31) that was
driven by the C. viswanathii ICL promoter (SEQ ID NO: 33). The second cassette contains
codon-optimized H. armigera reductase (SEQ ID NO: 32) driven by the C. tropicalis TEF
promoter (SEQ ID NO: 34). Gene expression in the ICL promoter cassette isterminated by
the ICL terminator sequence (SEQ ID NO: 35). Gene expression in the TEF promoter
cassette is terminated by the TEF terminator sequence (SEQ iD NO: 36). A conservative
approach was used for recoding of genes. Native gene segquences were unaltered except for
replacement of CTG leucine codons with TTA. After transformation into E. coli NEBIO,
plasmids were miniprepped using the Zyppy Plasrnid Miniprep Kit (Zymo Research, Irvine,
CA). Plasmids were linearized by digestion with BsiWI (New England Biolabs, Ipswich,
MA) before transformation into SPV053. After digestion, DNA was isolated using Clean and
Concentrator Kit (Zymo Research, Irvine, CA). Approximately 3-5 pg of DNA was
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transformed by electroporation . Positive integrants were found to be site-specific and
genotyping was conducted by check PCR. A two-stage approach was adopted for further
screening  of swr efficiency transformations.  Approximately 100 colonies were re-patched on
YPD+250 pg/ml Zeocin and grown overnight. The subset of patches which grew quickly
(dense growth within 24 hours) were screened by colony PCR.

[0713] Functional expression assay

[0714] Padmitic acid supplementation in YPD

[0715] Positive isolates were re-patched onto YPD+300 jig/ml Zeocin, grown overnight and
then stored at 4°C. Strains were inoculated from patch plates into 2 tni of YPD in 24 deep
well plates (square well, pyramid bottom). Four positive clones were inoculated for each
desaturase and reductase variant and three positive clones were inoculated for each desaturase
and mCherry expressing control strain. Deep well plates were incubated at 30°C, 1000 rpm,
and 80% humidity in the Infers HT Multitron Pro plate shaker for 24 hrs. After 24 hrs of
incubation, a 1 ml volume of each culture was pelleted by centrifugation at 500xg. Each
pellet was resuspended in 2 ml of YPD+0.3% (v/v) ethanol. Ethanol was added at this stage
to induce recombinant enzyme expression from the ICL promoter. Cultures were incubated
for another 24 hours under the same conditions before 300 mg/L palmitic acid was added to
cultures from a 90 g/L stock solution in ethanol. The result was the addition of a fresh 0.3%
ethanol in conjunction with the palmitic acid. All cultures were incubated for an additional
24 hrs before afinal addition of 0.3% ethanol. After another 24 hr period of incubation, 1.5
ml of each culture was harvested in 1.7 ml microcentrifuge tubes and pelleted. Supernatant
was removed and pellets were processed as described below.

[0716] Metabolite extraction and GC-MS detection

[0717] The pelleted ceils (in 1.5 mL plastic tubes), usually about 10 mg to 80 mg, were
resuspended in methanol containing 5 % (w/w) of sodium hydroxide. The akaine cell
suspension was transferred into a }.8 mL crimp via. The mixture was heated for | hin aheat
block at 90°C. Prior to acidification with 400 ui. 25 N HCI the via was allowed to cool to
room temperature. 500 k. chloroform containing 1 mM methyl heptadecanoate were added
and the mixture was shaken vigorously, then both aqueous and organic phase were
transferred into a 1.5 mL plastic tube. The mixture was centrifuged at 13,000 rpm, afterwards
450 pf. of the organic phase were transferred into a GC via. The organic phase was
evaporated in a heat block at 90°C for 30 min. The residue was dissolved in 50 \tf. N,0~

Bis(trimethylsily])trifluoroacetamide containing 1% trimethylchlorosilane. Prior to transfer
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into glass inserts the mixture was heated 5 min at 90°C. The samples were analyzed by GC-
MS (Table 13).
Table 13. Anahtical parameters used for GC-M S analysis of metabolites

System Agilent 6890 N GC, ChemStation G1701EA
E.02.01 .1177
Column DB23 30 m X 25 pnn X 25 unn

Pressure = 11.80 psi; Flow = 0.6 mL/min

Inlet Heater = 250°C; Pressure = 11.74 psi;

Total Flow {He} = 111 mL/min

Carrier He @ 29 cm/sec, 11.60 psi
Signal Data rate = 2 Hz/0.1 min
Oven 150°C for 1 min

Ramp 12°C/min to 220°C, hold 3 min

Ramp 35°C/min to 300°C, hold 4 min

Injection Spiitiess, 250°C

Detector HP 5973 MSD in SIM mode (m/z: 208.0, 297.3 and
387.3),

100 msec Dwell, ERV mode: Gain factor 1,

2.4 min solvent delay, 3.09 cycles/sec

Sample Injection volume =1 pI_

Example 9: Insect fatty alcohol production from Yarrowialipedtica

[0718] Background and Rationale

[0719] Yarrowia Upolytica was engineered as a production platform for insect fatty alcohol
(Zl 1-160H and Z9-160H) synthesis from palmitic acid.

[0720] After individually confirming functional expression of aZ11 desaturase (Example 7)
and fatty acyl-CoA reductase (FAR), the full Z11-160H and Z9-160H pathways (Bdr) were
engineered in Y. lipofytica. For the purpose of improving fatty acohol titers, cultivations

designed for promoting growth vs. for eliciting lipid storage were also explored. A growth
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condition favors high biomass production, but limits fatty acyl-CoA pool size used by the
engineered pathway and directs faity acyl-CoA intermediates to membrane synthesis.
Conversely, alipid storage condition creates a strong sink for production of fatty acyl-CoAs
which is desirable. However, fatty acyl-CoA transport towards lipid bodies creates a strong
competition for FAR activity. Under this second scenario, even though ZII-16Acid or Z9-
16Acid accumulates in the cell, most of it isinaccessible tothe FAR. On the other hand, there
may be a continual flux of lipid remobilization under lipid storage conditions which leads to a
sustained pool of Z1 1-16C0A or Z9-16CoA which is available to the FAR.

[0721] Summary of Approach

[0722] Two biodesaturation-reduction (Bar) pathway variants were tested in the H222
APAAAF (SPV300) background. The first combined recombinant expression of Helicoverpa
zea Z11 desaturase paired with a Helicoverpa arrnigera fatty acyl-CoA reductase (FAR
amino acid sequence set forth in SEQ iD NO: 41) creating a Z11-16QH synthesis pathway.
The second combined native V. lipolyiica Z9 desaturase activity with H. arrnigera fatty acyl-
CoA reductase (FAR) expression creating aZ9-160H pathway.

[0723] Two integration plasmids were constructed to express the H. zea desaturase and the
H. arrnigera FAR. The TEF promoter was used for desaturase expression and the EXP1
(export protein) or the TAL (transaidolase) promoter was used for reductase expression.
[0724] Successful integration of the Z11-160H pathway cassette into the H222 APAAAP
(SPV300) background was confirmed by colony PGR.

[0725] Functionality of the full Z11-160H pathway was assessed via an in vivo
bioconversion of 16Acid (palmitic acid) into ZI 1-160H (Z-1 1-hexadecenal).

[0726] Functionality of afull Z9-160H pathway was assessed via an in vivo bioconversion of
16Acid (palmitic acid) using previoudly constructed SPV471 (H222 APAAAP derived) which
expresses the H. arrnigera FAR driven by the TEF promoter.

[0727] GC-MS analysis was used to identify and quantify Z9-160H and Z1 1-160H. GC-FID
analysis was used to identify and quantify fatty acids.

[0728] Summary

[0729] Ten isolates expressing the H. zea desaturase (pTEF) and H. arrnigera reductase
(PEXP) were screened. The in vivo bioconversion assay confirmed Z11-160H production

from all isolates.
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[0730] Relatively low, detectable Z11-160H titers (0.26 & 0.09 mg/L) were obsen:ed in a
YPD medium supplemented with 10 g/L methyl palmitate. The ZIl-16Acid precursor was
measured at 22.0 = 11 mg/L (across clones 2, 4,9, 17, 23).

[0731] Higher Z11-160H titers were obsenred in a semi-defined medium with C:N ratio of
-80. Across al 10 isolates Z 11-160H was produced at 2.65 + 0.36 mg/L. The ZII-16Acid
precursor titer was 900 £ 30 mg/L. One isolate (SPV578) produced 3.68 + 0.31 mg/L ZII-
160H (ZII-16Acid 840 + 14 mg/L).

[0732] Nine isolates expressing the H. zea desaturase (pTEF) and H. armigera reductase
(pTALI) were screened. The in vivo bioconversion assay confirmed Z11-160H production
from all isolates.

[0733] One isolate (SPV603) produced 6.82 + 111 mg/L. Z11-160H in a semi-defined
medium (ZII-16Acid 1.36 g/L).

[0734] The previously tested reductase strain, SPV471 (H222 APAAAP expressing H.
armigera FAR), produced 4.30 + 2.33 mg/L Z9-160H and 450 + 80 mg/L Z9-16Acid using a
semi-defined medium (C:N ratio of -80).

Table 14: Summary table of Z11/Z9-160H titers from Bg, pathway strains in in vivo

bioconversion assay.

[0735] Results

[0736] Strain constraction

[0737] Evidence in the literature suggests both insect desaturases and FARS are localized in
the membrane of the endoplasmic reticulum with active sites oriented towards the cytoplasm.
Of the functional variants, the Z1} desaturase from H. zea and the FAR from H. armigera
(FAR amino acid sequence set forth in SEQ ID NO: 41) were selected, one hypothesis being
that using enzymes from the same genus (Helicoverpa) could better conserve protein-protein

interactions that may occur in the ER membrane.
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[0738] Two new constructs were ordered from Genscript and cloned into the previously-
assembled H zea desaturase plasmid, pPvV0199. Two FAR synthons with either the EXPI or
TAL1 promoter from Y. lipolytica were cloned into this expression casset e

[0739] One dua expression plasmid (with EXPl promoter) was transformed into the parent
strain SPV300 (H222 Apoxi Apox2 Apox3 Apox4 Apox5 Apoxp Aadhl Aadh2 Aadh3 Aadh4
Aadh5 Aadh6 Aadh7 Afaoi Aura3). Two different competent ceil preparations of the same
parent strain were transformed to study variability in strain performance resulting from
competent cell preparation. Approximately 25% of URA+ clones were confirmed to be
targeted integrants a the XPR2 locus (20% for preparation 1, 33% for preparation 2). Two
clones from Comp. Cell Preparation 1 and ail eight targeted clones from Comp. Cell
Preparation 2 were selected for screening in the functional expression assay.

[0740] The second dual expression plasmid (with TALI promoter) was integrated into the
same parent strain (SPV300). Twenty-three colonies were screened by check PCR and 11
were found to betargeted integrants (48%). Nine integrants were selected for screening in the
functional expression assay.

[0741] The construct of SPV471 (H222 APAAAP expressing H. armigera FAR) was
described previously.

[0742] Zi 1-160H functional expression assay

[0743] An in vivo, 24-well plate assay was used to evaluate production of Z11-160H. The
assay was based on designs used for screening desaturase and reductase variants as well as
conditions used to increase fatty acid accumulation. A rich medium (YPD) and a semi-
defined medium were used with 10 g/L methyl palmitate supplemented as bioconversion
substrate. The semi-defined medium had a C:N ratio of -80 and included 5 g/L glycerol and
60 g/L glucose (See Materials & Methods for further details).

[0744] The initial screen of strains harboring the H. zea desaturase driven by the TEF
promoter and the H armigera FAR (FAR amino acid sequence set forth in SEQ ID NO: 41)
driven by the EXPI promoter confirmed that the presence of FAR was required to produce
Z11-160H. No hexadecenol was observed from both the parent and desaturase-only control
strains under any condition. Under both media conditions Z} 1-160H and to a lesser extent
Z9-160 H were detected from clones expressing the full desaturase-reductase pathway. When
the conversion was completed in rich medium, 0.26 + 0.09 mg/L Z11-160H and 0.06 + 0.01
mg/L Z29-160 H were produced (Figure 32A). A 10-fold increase in Z11-160 H titer and 3-
fold increase in 29-160H titer was observed when the Semi-Defined medium was used
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(Figure 32B). Across all pathway clones 2.65 + 0.29 mg/L Z11-160H and 0.18 3 0.02 mg/L
Z9-160H were produced. The enrichment of Z1 1-160H over Z9-160H supports the potential
for engineering aregiospecific Bdr pathway. Consistency between technical replicates varied
across clones under the Semi-Defined medium condition. Titers for Clones 2, 4, 6, 9, and 17
were consistent with CV's < 20. Clones 1, 7, and 23 have CVs > 40%. The highest consistent ZII-
160H titer was observed for Clone 17, 3.68 + 31 mg/L (Table 15).

Table 1S. Summary table of Z11/Z9-160H titers for pEXPI clones. A population often
isolates expressing the H. zea desaturase driven by pTEF and H. armigera reductase driven
by pEXP1, from two independent competent cell preparations, were assayed for Z11-160H
and Z9-160H production under two different media conditions. Alcohol production across

isolates and from select clones are presented.

pTEF-H._deat 7313608 fold ZS-1SOH fold
$EXP-Ha_FAR Z713-16GH increase Increase
Clone{s} Medium im {refative to YPD) {relative to

[0745] The lipid profiles of the full pathway clones were also quantified. For simplicity the
16 carbon fatty acid species are plotted for select clones in Figure 33A-33B. In genera, the
full Bdr pathway clones accumulated less Zli-16Acid than the desaturase only control
(0.25<().5 g/L in YPD, 0.8-1.0<1.5 ¢/L in Semi-Defined). Lower ZII-16Acid titers in full
Bdr pathway clones may result from reduced desaturase expression in the dual expression
cassette or potentially from ZII-16Acid consumption by FAR and subsequent byproduct
pathways. No trend in 16Acid titer was observed in YPD, while 16Acid titers were similar
for desaturase only and full pathway strains inthe Semi-Defined medium.

[0746] Strains using the second dua expression cassette (pTAL-HaJFAR) were assayed
under the same Semi-Defined medium condition used to evaluate the pEXP clones. Nine
pPTAL clones were assayed against SPV300 (parent), SPV575 (pEXP-Ha FAR Clone 4), and
SPV578 (pEXP-Ha FAR Clone 17) controls. As expected, no acohol products were
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observed from the negative control. Alcohol titers from pEXP positive control strains
replicated results observed in the initial assay of pEXP clones (Figure 34, Table 16).
Excluding one outlier clone. Clone 9, Z11-160H titer was equivalent from pTAL clones
(4.19 £ 0.16 mg/L) and pEXP clones (4.10 £ 0.22 mg/L). Clone 9 produced Zi1-160H at
6.82 + 1.11 mg/L. Asin the first assay with pEXP clones, low, but detectable titers of Z9-
160H were observed (Figure 34, Table 16).

Table 16. Summary table of Z11/Z29-160H titers for pTALI clones. A population of nine
isolates expressing the H. zea desaturase under the TEF promoter and H. arrnigera reductase
under the TAL promoter were assayed for Z11-160H and Z9-160H production under a
Semi-Defined medium condition. Clones were compared to positive controls expressing the
H. zea desaturase under the TEF promoter and H. arrnigera reductase under the EXP

promoter. Alcohol production across isolates and from select clones are presented.

@TEF-He_desat
PEXP-Ha_ FaR Cloge

fedinm 233-160H {m

[0747] The lipid profiles of al strains in the second (pTAL) full pathway screen were aso
guantified. For simplicity the 16 carbon fatty acid species are plotted in Figure 35. As
expected, Z11-16Acid is present only for strains expressing the desaturase. Complete lipid
profiles were similar to those observed previously (Figure 36). Z9- 18Acid (oleic acid) was
the second most abundant fatty acid species after Z1 [-16Acid.

[0748] Z9-16GH functional expression assay

[0749] An in vivo, flask scale assay was used to test for Z9-160H production. The parent
control strain, H222 APAAAP (SPV300), was compared to a strain expressing H. arrnigera
FAR which relied on native Z9 desaturase activity to synthesize the Z9-16CoA precursor
(SPV471). Biomass was generated through a YPD seed culture, mimicking the plate assay.
Bioconversion flasks were inoculated a an initial OD600=1 or OD600=4 into the same Semi-
Defined C:N=80 medium used in the Z11-160H plate assay (See Materials & Methods for
details). As expected, control flasks did not produce detectable Z9-160H while SPV471
flasks produced up to 4.30 + 2.23 mg/L after 24 hours of incubation (Figure 37A-Figure
37B). While there was large variability between replicates, al SPV471 (H arrnigera FAR)
replicates exceeded 1 mgl/L titer. Increased seeding density did not increase Z9-16Acid or Z9-
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160H titer. The precursor Z9-16Acid titer at 24 hours was significantly less (<0.5 g/L) than
the ZIl-16Acid precursor observed for dual expression cassette strains used to produce Z11-
160H. The relative abundance of other fatty acid species was similar to previously observed
profiles, with Z9-18Acid as the next most abundant species (Figure 38). Both lipid and
alcohol samples were taken over the course of 48 hours to produce atime course of Z9-160H
and lipid titers. Z9-160H titer peaked a 24 hours before decreasing over the second day
(Figure 39A). Z9-16Acid increased rapidly over the first 24 hours before stabilizing or
increasing slowly over the second 24 hours (Figure 39B). Since the employed analytical
method utilizes only the cell pellet, the decrease in Z9-160H titer supports the hypothesis of
downstream consumption or secretion of the alcohol products. They may be oxidized (co-
oxidation), secreted as free acohol, or derivatized and secreted as an ester. Analysis of
supernatant samples using FID and M'S SCAN detection revealed no detectable Z9-160H or
Z9-16QH derivatives supporting the hypothesis of consumption via oxidation pathways.
[0750] Conclusions

[0751] Combining expression of Heiicoverpa Z1 1 desaturase and fatty acyl-CoA reductase
led to production of Z1 1-160H in Y. lipolytica H222 APAAAP (SPV300) at titers >1mg/L.
[0752] High C:N ratio conditions improved Z11-160H titer relative to a rich medium
condition.

[0753] Under lipid accumulating conditions the combination of native Z9 desaturase and Il.
armigera FAR activities are sufficient for synthesis of >1mg/L Z9-160H.

[0754] Titers are increased, for example, by deleting pathways consuming fatty acohol
products and/or fatty acid precursors; identifying FAR variants which exhibit higher tun -
over rate than |l. armigera FAR; and/or increasing pathway copy number.

[0755] Key undesired byproducts are identified.

[0756] The possibility that some of the fatty alcohol product is converted into fatty acetate by
the activity of one or more endogenous acetyltransferases is explored.

[0757] Improved host strains are engineered to eliminate the co-oxidation pathway and
components of the lipid storage pathway .

[0758] Materials & Methods

[0759] Strain construction

[0760] All desaturase and reductase genes were ordered from Genscnpt. Homo sapiens
codon optimization was used (Genscript algorithm). The newly synthesized expression

cassette was subcloned into pPV 199 by Genscript using the Sap! restriction site. Plasmids
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were transformed and prepped from E. coli EPi400 using the Zyppy Plamsid Miniprep Kit
(Zymo Research, Irvine, CA). Plasmids were digested with Pmel (New England Biolabs,
Ipswich, MA) and purified by gel extraction using Zymoclean Gel DNA recovery Kit (Zymo
Research, Irvine, CA). DNA was further concentrated using Clean and Concentrator Kit
(Zymo Research, Irvine, CA). Approximately -1-2 ug of DNA was transformed using
Frozen-EZ Yeast Transformation Il Kit (Zymo Research, Irvine, CA). The manufacturer's
protocol was modified as follows: A 2 ml YPD seed culture was inoculated a 9 am the day
before competent cell preparation. Tire seed was grown 8 hours (until 5 pm) before 40 ml of
YPD in a250 ml baffled shake flask (or 20 ml in a 125 ml baffled flask) was inoculated to an
initial OD600 of 0.0005. The culture was incubated a 28°C and 250 rpm -24 hours. Cells
were harvested a an OD600=0.5-1. Instead of resuspending 10 ml of culture in 1 ml of
Solution 2 as in the manufacturer's instructions (OD600~10), 10 ml of SPV140 culture was
resuspended in 0.5 ml (OD600-20-30). All Solution 2 aliguots were slowly frozen to -80°C
by placing the tubes in a closed Styrofoam box before putting in the -80°C freezer. 50 pi
aliquots of competent cells in 1.7 ml Eppendorf tubes were thawed on ice, DNA eluted in
water was added directly to the cells, and 500 pi of Solution 3 was used to suspend the cells
with gentle pipetting. Tubes were incubated a 28°C for 3 hours with gentle vortexing every
30 minutes. The entire transformation mixture was plated on CM glucose -ura agar plates.
Positive integrants were found to be site-specific and genotyping was conducted by check
PGR.

[0761] Z11-160H functional expression assay

[0762] Positive isolates were repatched onto YPD, grown overnight, and then stored at 4°C.
Strains were inoculated from patch plates into 2 ml of YPD in 24 deepwell plates (square
well, pyramid bottom). Replicate inoculations were made from each patch. Negative control
strains were struck out on YPD from glycerol stocks and individual colonies were used to
inoculate. Deepwell plates were incubated a 28°C and 250 rpm in the Infors Multitron
refrigerated flask shaker for 24 hrs. After 24 hrs of incubation, a 0.85 ml volume of each
culture was pelleted by centrifugation at 800xg. Each pellet was resuspended in either 2 ml of
YPD or Semi-defined medium (described in Table 17 below). 10 g/L methyl palmitate (pre-
warmed to ~50°C) was added to cultures. All cultures were incubated for 48 hours before
endpoint sampling. Fina cell densities were measured with the Tecan Infinite 200pro plate

reader. 1.5 ml (alcohol analysis) or 500 pi (lipid analysis) was transferred to 1.7 ml
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microcentrifuge tubes and pelleted. Supernatant was transferred to clean tubes and samples
were processed as described below.

[00100] Table 17. Semi-defined (C:N=80) medium composition. Components of the
semi-defined base medium used to induce lipid storage are described.

Peptune

123
)
w

Z9-160H functional expression assay

[0763] SPV300 (negative control) and SPV471 were struck out onto YPD agar plates, grown
overnight, and then stored at 4°C. Strains were inoculated from colonies into 2 ml of YPD
and incubated a 28°C and 250 rpm in 14 ml round bottom culture tubes for ~8 hours. After
incubation, 2 m of culture was used to inoculate 20 ml of YPD in a 125 ml baffled shake
flask. Shake flasks were incubated 24 hrs a 28°C and 250 rpm. After incubation, cell density
in shake flasks was measured using a Tecan Infinite 200pro plate reader. An appropriate
volume of culture was pelleted in order to resuspend cells in 25 ml of Semi-defined C:N=80
medium (see Table 17 above) a an initial OD600 = 1 (~1 gDCWI/L) or 4 (~4gDCW/L). The
resuspended culture was added to 250 ml baffled shake flasks. Neat methyl palmitate was
added a 10 g/L final concentration after pre-heating to 50°C. After substrate addition, flasks
were incubated a 28°C and 250 rpm for two days. At 12, 18, 24, 36, 42, and 48 hours 500 pi
(lipid analysis) and 1.5 ml (alcohol analysis) samples were taken in 1.7 ml microcentrifuge
tubes. Samples were pelleted and the supernatant was transferred to a clean microcentrifuge
tube.

[0764] Metabolite extraction and GC-MS detection

[0765] Alcohol anaysis

[0766] The pelleted cells (in 1.5 mL plastic tubes), usualy about 10 mg to 80 mg, were
resuspended in methanol containing 5 % (w/w) of sodium hydroxide. The akaline cell
suspension was transferred into a 1.8 mL crimp vial. The mixture was heated for 1h in the
heat block at 90 °C. Prior to acidification with 400 ; , 2.5 N H{] the vial was allowed to cool
to room temperature. 500 pl. chloroform containing 1 mM methyl heptadecanoate were

added and the mixture was shaken vigorously, then both agueous and organic phase were
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transferred into a 1.5 mL plastic tube. The mixture was centrifuged at 13,000 rpm, afterwards
450 upb. of the organic phase were transferred into a GC via. The organic phase was
evaporated in a heat block at 90 °C for 30 min. The residue was dissolved in 50 pl N,0~
Bis(trirnethylsily])trifluoroacetamide containing 1 % trimethylchlorosilane. Prior to transfer
into glass inserts the mixture was heated 5 rnin at 90 °C. The samples were analyzed by GC-
M S (Table 18).

[0767] Table 18. GC-MS parameters

System Agilent 6890 K i3C, iVsemsSate n Gi 701EA E.02831.1177
Golurnn f¥B23 38 my X 5 N x 25 pn
Pressure = 11.&G psi; Flow = 0.8 midmin
Inlet Hester = 254%; Pressure = 11.74 psi:
Tstal Flow {He} = 11.1 ad b
Carrier Be @ 29 crr$ ses, 11.60 pa
Signai Data srate=2 Hz/0.1 mm
Oven | 5% for 1 mm

Ramp 12%/minb 223*C, hold 3 mm
Rawngp 35%€/ min to 300°C, hold 4 mm

injection Spistless, 25i¥*C

Detector Initial strain screening and firste ¢M gai triplicate: H# 5973
M in SIM mode {m#s 28S.0, 297,3 and 387.33,
SPVASS/SPV49G diechal quantification: HP 5973 M in Sk
mods {mjz: 284,0 and 297.5§,
100 msec Dwell, B¥V mode: Gain: factor 1,
2.4 min sokvend delay, 3.09 oycied sex

Sample mjection vishane =i ul

|0768]
[0769] Lipid andysis

[0770] Total lipid composition was based on modified procedures by Moss ei a. (1982) and
Yousuf et al (2010). The pelleted cells (in 1.5 mL plastic tubes), usually about 10 mg to 80
mg, were resuspended in methanol containing 5 % (w/w) of sodium hydroxide. The akaline
cell suspension was transferred into a 1.8 mL glass crimp GC-vial. The mixture was heated
for 1hinthe heat block at 90 °C. Prior to acidification with 400 pi. 25 N HCi, the via was
dlowed to cool to room temperature. 500 ui. chloroform  containing 1 mM methyl
heptadecanoate were added and the mixture was shaken vigorously, then both aqueous and
organic phase were transferred into a 1.5 ml, plastic tube. The mixture was centrifuged at
13,000 rpm, afterwards 450 pl. of the organic phase was transferred into anew 1.8 mL glass
screw-cap GC-vial. After cooling b room temperature residua fatty acid methyl esters and free
fatty acids were dissolved and derivatized in methanol containing 0.2 M TMSH (trimethylsulfonium
hydroxide )(T able 19).

Table 19. GC-MS parameters
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System Agie nt &85 GC, ChemStation ‘Rev. B{i3£12{341)
Column J&W 08-23 30 s x 25 mm X 25 i
Pressure =1§ pdi; Fiow =0,9 sl /min; Run Time= 18 4 min
Met Heater = 3453°; Pressure = 16 psi; Total Flow {He} =31 .4 & fmin
Carrier Yo @ 1mlfmin, 9psi, 35emisec
Signs! Datarate =2 H27/ 3.1 min
Cven i S¥C far 1 min

Ramp 12% {miin tix 22@°€, hold 3 mm
Rasvyy 35°C%4in to 240°L, hold & mm
Equidiibfation Time: 2 mm

injection Spdit, 24QFE
Spif rails - 30:1; 29.3 ml fmin

Detector Fiv, 240°C
H: # 35.0 milfmim, Air @ 350 mi/min;; Becirasmstes {Lit Offset}
@ 2.0 pA

Sample injection volume =1 ui

Example 10: Production of ZII-14Acid in Yarrowia lipolytica

[0771] Background and Rationale

[0772] Yarrowia lipolytica was engineered to produce ZI11-14Acid, the precursor to target

Lepidoptera pheromone Z1l-14Ac.

[0773] A library of 73 desaturases was chosen to target potential pheromones including Z 1 1-

14Ac, Z7-12Ac, Z9E12-14Ac, EBE10-C120H and Z9El |-14Ac. All desaturases were tested
in the H222 APAAAF (SPV300) background.

[0774] Eleven desaturases were identified from literature to have Al activity (DSTOOI -~
DST009, DST030, and DST039, Table 20). All desaturases were screened by feeding either

methyl palmitate (C16), methyl myristate (C14), or methyl laurate (C12) as substrate, and full

product profiles were determined by GC analysis.

[0775] The resulting activity of the purported Al | desaturase library, and other desaturases

shown to produce Al 1compounds, specifically Z11-14Acid, is discussed.

Table 20. Desaturases

discussed in Example 10

Enzyme Organism of origin GenBank
Code Accession
DSTO01 Argyrotaenia velutinana AF41673
DBSTO02 Spodoprera lituro AGHI2217.1
DST003 Sesamia inferens AHIZ1943.1
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Enzyme Organism of origin GenBank
Code Accession
DST004 Manduca sexta CAM3430.2
DST005 Odlrinia nubHalts AF441221
DST006 Helicoverpa zea AAF81787.1
DST007 Choristoneura rosaceana AF545481
DST008 Drosophila melanogaster AJ271414
DST009 Soodoptera littoralis AY 362879
DST030 Lampronia capitella ABX71630.1
DST039 Amyelois transitella NP0} 1299594.1
[0776] Results

[0777] Up to 69 mg/L ZllI-14Acid production was observed when feeding 2 g/L methyl
myristate to the desaturase library (Figure 41). The current best desaturase, Helicoverpa zea
(H2) DST (SPV459, encoded by SEQ ID NO: 54), in addition to desaturases DST001 through
DST007, DST030 and DST039, produce some amount of ZII-14Acid ranging from 16 mg/L
to 69 mg/L. DST001 (A. vehitinana), DST004 (M. sexto), and DST039 (4. transitella) are
more specific for ZII-14Acid production than ZII-16Acid production, athough these
desaturases produce -20 mg/l. Z11-14Acid. Strains producing higher Z11-14Acid titer aso
produced Z9-14Acid from the methyl myristate substrate at 20-30 mg/L, which was reduced
compared to the negative control SPV298. The C14-C18 product profile of Hz DST
(SPV459) compared to SPV298 is shown in Figure 42.

[0778] Proof-of-concept of ZII-14Acid synthesis is shown. Attempts were made to identify
enzymes that had improved ZII-16Acid titer or product specificity over Helicoverpa zea
DST (1.05 g/L ZI1-16Acid; 69 mg/L Z11-14Acid). While there were no desaturases that had
higher production than Hz DST (SPV459), DST003 (SEQ ID NO: 39) had similar production
phenotypes to the HzDesat strain, and DST002 and DST005 had similar ZIl-16Acid

production with reduced ZII-14Acid. The desaturase in DSTQ06 is genetically equivalent to
the H. zea desaturase expressed in SPV459 and served as a library control. DST006
produced equivalent levels of ZI1-16Acid when fed methyl palrnitate; however this strain
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produced a lower titer of Zll-14Acid on methyl myristate. Genetic variation in strain
background may account for the observed difference.

[0779] DST039 (A. transitella) was previously screened under different conditions. In rich
media, Z11-!16Acid production with the native A. transitella coding sequence was not
observed. The H. sapiens optimized sequence was tested and till no activity was observed
with the rich medium condition. in this screen, DST039 was tested in nitrogen limited
condition with Hs optimized sequence and resulted in 235 mg/L production of ZII-16Acid

and 21 mg/L Z11-14Acid on the relevant substrates.

[0780] A1l products from DSTO008 (Drosophila melanogaster) or DST009 (Spodoptera
littoralis) in the SPV 300 background were not observed.

[0781] Summary

[0782] ZII-14Acid production was observed in ten desaturases with titers ranging from 16
mg/L to 69 mg/L (2 g/L methyl myristate fed).

[0783] H. zea DST (SEQ ID NO: 54) remained the best Z1 [-16Acid producer (>1 g/L when
fed with methyl palmitate) .

[0784] DSTO003 (S inferens, SEQ ID NO: 39) has the most similar phenotype toH. zea DST.

[0785] DST002 (S litiira) and DST005 (O. nubialis) are more specific than H. zea DST for
Z |1 1-16Acid production (reduced Z 1 I-14Acid production).

[0786] DST001 (A. velitiinana), DST004 (44 sexto), and DST039 (A. transitella) are more
specific than H. zea DST for ZI 1-14Acid production.

[0787] Conclusions

[0788] ZII-14Acid can be produced with the heterologous expression of specific desaturases
in Yarrowia lipolytica when feeding methyl myristate.

[0789] Multiple copies of desaturase (identical or combination of sequences) are integrated in
improved strain backgrounds for increased Zil-14Acid titer, product specificity, and genetic
stability.

[0790] Materials & Methods

[0791] Library Generation

[0792] Desaturase sequences were provided to Genscript for codon optimization (Homo
sapiens expression organism) cloning into pPV266 (XPR2 locus integration vector with TEF
promoter and terminator) using Pacl/Sapl restriction digestion. Lyophilized DNA was
provided aswell as EPI400 agar stabs. Desaturase constructs are listed in Table 21.
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[0793] Constructs were linearized using Pmel restriction enzyme and directly transformed
into host strain SPV300. Transformants were verified by check PCR using primers outside of
the XPR2 integration junction and within the pTEF promoter.

Table 21. Desaturase constructs

Enzyme Species GenBank E. coli Plasmid

Code Accession SPY pPV

DBSTO0] Argyrotaenia AF416738 SPV0609 | pPVO0300
velutinana

BST002 Spodoptera litura AGHIZ2171 SPV0610 | pPVO301

DST003 Sesamia inferens AllZ1943.1 SPV0611l | pPV0302

DBST004 Mandhica sexta CAJ434302 SPV0612 | pPVO303

DSTO0S {3sirinia nubiialis AF441221 SPV0613 | pPV0304

DST006 Helicoverpa zea AAFE1787.1 SPV0614 | pPVO303

DSTO07 Choristonieura AF545481 SPV0615 | pPVO0306
rosaceand

DSTOO0R Dirosophila AJ271414 SPV0616 | pPVO0307
melanogaster

BST009 Spodoptera AY362879 SPV0617 | pPV0308
littoralis

DSTO30 Lampronia ABX71630.1 SPV0638 | pPV0329
capirella

DST039 Amyelois fransitella | NP_001299594.1 | SPV0647 | pPV0338

|0794] Plasmid Digest

[0795] -10 ug of lyophilized DNA was ordered from Genscript. DNA was resuspsended in
50 ul. water for afinal concentration of ~200ng/AL. 10 pL of DNA was mixed with 1.25 pl.
i1 CutSmart Buffer and 1.25 pi. Pmel restriction enzyme (12.5 ul reaction volume). The
reaction was incubated in the PCR machine for 1.5 hours at 37°C and heat inactivated at
65°C for 30 minutes.

[0796] Transformation
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[0797] SPV300 competent cells were grown by inoculating a YPD culture a 0.001 OD in a
baffled flask and growing until 0.5-1.0 OD. Cells were harvested a 800xg and washed with
0.25x volume of Solution 1from the Zymo Frozen-EZ Transformation 11 Kit for Yeast. Cells
were resuspended in Solution 2 at 1000x concentration of the original culture volume and
dowly frozen at -80°C while insulated in a styrofoam container (frozen cells may have better
transformation  efficiency over fresh). 50 pb of cells were first mixed with the 125 pl_
digestion reaction (no cleanup necessary), and then with 500 pi. Solution 3. Transformations

were incubated for 3 hours a 28°C without shaking, after which the full transformation

mixture was plated to appropriate selective agar media. Petri dishes were incubated for 3-4
days before the appearance of colonies.

[0798] Check PCR

[0799] Transformation colonies were picked to 7 pL water in a PCR plate. 5 ul. of cells
were patched by multichannel to selective omni trays and grown overnight. The remaining 2

ui . of cells were microwaved for 2 minutes before adding 15 pi, of PCR master mix.

PCR Master Mix 1X reaction

2x Phusion Master Mix (HF Buffer) 7.5ul

100uM oPV204 (XPR2 locus F) 0.1 nb

100uM oPV 195 (pTEF R) 0.1 uk

Water 7.3 uL
PCR Cycle:

Temp. | Time Cycles

98°C 2 min Ix

gg°( 15 sec

640 30 sec 30x

72°C 6( sec

72¢C 5 pun ix
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[0800] Colony Patching
[0801] Positive clones were re-patched to YPD omni trays in 24-well format including assay
controls. Omni trays were grown overnight at 28°C and used to inoculate bioassay cultures.
[0802] Bioassay
[0803] Positive transformants (N=4 clones per construct) were inoculated into ImL YPD ina
24-well culture plate and incubated for 24 hours in the Infors HT Muiitron Pro at 28°C with
1000 rpm shaking. Cells were pelleted a 800xg and resuspended in S2 media with 5 pl.
substrate (~2 g/L concentration). 250 ul. of culture was sampled into glass crimp top vials
after 48 hours of bioconversion.
[0804] S2 Media
[0805] 2g/L Yeast Extract, 1g/L Peptone, 0.1M Phosphate buffer, 1.7g/L. YNB w/o aa,NH4,
60 g/L Glucose, 5g/L Glycerol
[0806] GC Sample Processing
[0807] Front Inlet/Detector:

System 6890 GC, ChemStation Rev. B.03.02 (341)

Column J&W DB-23 30 m X 25 mm X 25 um

Run Time==14.4 min

Inlet Heater = 240°C; Pressure = 9.0 psi; Total Flow {H2} = 36.2 mL/min
Carrier H2 @ 1.0 mL/min, 9.0 psi, 35 cm/sec

Signal Data rate = 2 Hz/0. 1min

Oven 150°C for 1 min

Ramp 12°C/min to 220°C, hold 3 min
Ramp 35°C/min to 240°C, hold 4 min
Equilibration Time: 2 min
Injection Split, 240°C
Split ratio - 30: 1; 29.1 mL/min
Detector FID, 240°C
H2 ¢ 35.0 mL/min, Air @ 350 mL/min

Electrometer {Lit Offset} @) 2.0 pA
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Sample Injection volume = 1ul,

[0808] Back Inlet/Detector:
System 6890 GC, ChemStation Rev. B.03.02 (341)

Column J&W DB-23 30 m x 25mm x 25 um

Run Time = 14.4 min

Inlet Heater . 240°C; Pressure = 9.8 psi: Total Flow {H2} =40.1 mL/mia
Carrier H2 @ 1.1mL/min, 9.8 psi, 38 cm/sec

Signal Data rate = 2 Hz/0.1 min

Oven 150°C for 1 min

Ramp 12°C/min to 220°C, hold 3 min
Ramp 35°C/min to 240°C, hold 4 min
Equilibration Time: 2min
Injection Split, 240°C
Split ratio - 30: {; 32.3 mL/min
Detector FID, 240°C
H2 @ 35.0 mL/min, Air @ 350 mL/min
Electrometer {Lit Offset} @ 2.0 pA
Sample Injection volume = 1uL

[0809] TMSH: Trimethyl sulfonium Hydroxide (0.2mol/L in Methanol) - VWR TCT1576-
025ML

Example 11: Production of z11-160H in Yarrowia lipolytica using increased copy
number of or engineered variant fatty alcohol forming fatty acyl-CoA reductases

(FARS)

[0810] Background and Rationale
[0811] Engineering the microbial production of unsaturated insect fatty alcohols requires the
functional expression of a synthetic pathway. One such pathway comprises a transmembrane

desaturase to mediate the conversion of fatty acyl-CoA into regio- and stereospecific
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unsaturated fatty acyl-CoA. An acohol-forming reductase (FAR) complements the synthetic
pathway to produce the respective fatty alcohol

[0812] In some insects species the respective FAR enzymes are activated via site specific
dephosphorylation (Jurenka, R. & Rafaeli, A. Regulator}' Role of PBAN in Sex Pheromone
Biosynthesis of Heiiothine Moths. Front. Endocrinol. (Lausanne). 2, 46 (201 1); Gilbert, L. 1.
Insect Endocrinology. (Academic Press)). Phosphorylation of heterologous!} “expressed FAR
enzymes in Y. lipoiytica may lead to inactivation, and result in low fatty alcohol titers. A
bioinformatic approach was used to predict phosphorylated residues within HaFAR.

[0813] Alanine substitution of serine and threonine residues has been shown to abolish
phosphorylation (Shi, S, Chen, Y., Siewers, V. & Nielsen, J. Improving Production of
Maonyl Coenzyme A-Derived Metabolites by Abolishing Snfl -Dependent Regulation of
Accl. mBio 5, (2014)). Tims, in addition to increasing FAR gene copy number, the impact
of alanine substitutions of several serine residues of an HaFAR enzyme (HaFAR amino acid
sequence set forth in SEQ ID NO: 41 and HaFAR nucleotide sequence set forth in SEQ ID
NO: 90) on Z| 1-160H titer was tested.

[0814] Approach

[0815] A second copy of human codon-optimized H. armigera FAR gene (HaFAR) was
introduced into the chromosome of the Z11-160H producer parent strain. In pardlel, the
effects of introducing a copy of a mutated H. armigera FAR gene variant towards Z 1 1-160H
production improvement were also explored. Seven mutated variants were designed with the
aim to increase FAR activity by potentially relieving the requirement for dephosphorylation
(as observed in some insect species). To this end, severa potential phosphorylation sites
within the amino acid sequence of the H. armigera FAR were identified, and replaced with
alanine.

[0816] Results

[0817] Determination of phosphorylated sites in HaFAR

[0818] The server at world wide web address: cbs.dtu.dk/services/NetPhos/ () predicts
potential  phosphorylation sites based on a database (world wide web address:
phospho.elm.eu.org/about.ntmL)  of experimentally verified phosphoproteins based on 17
kinases: ATM, CKI, CKil, CaMii, DNAPK, EGFR, GSK3, INSR, PICA, PKB, PKC, RSK,
SRC, cdc2, cdk5 and p38MAPK.

[0819] The software program predicted 22 serine, 11 threonine and 10 tyrosine as potential
phosphorylation sitesin H. armigera FAR (Figure 43).
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[082¢] Next, a tailored prediction program to determine phosphorylation sites of the H.
armigera FAR upon expression in yeasts was applied (world wide web address:
cbs.dtu.dk/services/NetPhosY east/; Biom, N., Gammeltoft, S. & Brunak, S. Sequence and
structure-based prediction of eukaryotic protein phosphorylation sitesi. J. Mol. Biol. 294,
1351-1362 (1999)). Since in yeast no tyrosine kinases have been identified yet (Ingrell, C.
R., Miller, M. L., Jensen, O. N. & Blom, N. NetPhosYeast: prediction of protein
phosphorylation sites in yeast. Bioinforma. 23, 895-897 (2007)), the yeast-specific software
only considers serine and threonine as potential phosphorylation sites. It was striking that
both programs predicted the same 11 serine residues to be phosphorylated. In contrast, the
yeast specific analysis tool did not predict any phosphorylated threonine residues (Figure 44).
[0821] In a first experiment a small library consisting of 7 Ser to Ala point mutants was
tested (Table 22). Three predicted phosphorylation sites were not considered for mutagenesis
(position Ser301, Ser386, Ser416 scored barely above the threshold). For the remaining 7
serine residues, alanine substitutions were introduced.

Table 22: Serineto alanine mutant library

Furent strain Additional Engyme | Strain #
Y. lipolvtica  H222APAANF xpr2: pTEF- HaFAR SPVOi6

HZ 711 desat Hs-tlIP2-pTALI-HA FAR-
tXPR2 loxP

¥ lipolvtica 222APAANE xpr2oplTEE- HaFAR 560A SPV909
HZ Z11 desat Hs-tLIP2-pTALI-HA FAR-
IXPR2 loxP

Y. lipobytica  H222APANANE xprl:. pTEF- HaFAR 51954 SPVOI0
HZ Zil desat Hs-tLIP2-pTALI-HA FAR-
tXPR2 JoxP

Y. lipalytica  H222APAANF xprl plEF- HaFAR 5298A SPVOll
HZ 711 desat Hs-tlIP2-pTALI-HA FAR-
tXPR2 loxP

Y. lipolviica  HI22APAAAE  xprl-plid-|  HaFAR 8378A SPVa12
HZ 711 desat Hs-tLIP2-pTALI-HA FAR-
IXPR2 loxP

Y. lipolytica  H22JAPAAMNE xpr2-pfEF-| HaFAR S394A SPV913
HZ ZI1 desat Hs+LIP2-pTALI-HA FAR-
IXPR2 JoxP
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Parent strain Additional Enzyme | Strain #
Y. lipolytica  H222APAAAF  xpr2:.pf¥k- HaFAR $A18A SPV§914
HZ Zll_desat HstUP2-pTALI-HA FAR-
tXPR2JoxP
Y. lipolytica  H222APAAAF Xpr2:.pTEF- HaFAR $453A SPV9l 5
HZ Zll_desat Hs-tlIP2-pTALI-HA FAR-
iXPR.2 /oxP

[0822] The HaFAR library was custom synthesized, and subcloned into plasmid pPV234 for
expression under TEF promoter, and XPR2 terminator a the AXP locus. Linearized
constructs were transformed into strain Y. lipolytica H 222APAAAF SPV603 which expresses
Il zea ZIl desaturase (SEQ ID NO: 54) combined with the ll. armigera FAR (SEQ ID NO:
41). This approach determined the impact of a second copy e.g. protein expression in addition
to the impact of the individual point mutations.

[0823] Four individua clones of positive integrants were tested. Cultivation was performed
in 24 well plates. Briefly, 2 mL YPD was inoculated from patches of individual clones and
incubated for 24h a 28°C, 1000 rpm. After 24h OD600 was measured and the cells were
centrifuged at 1300 rpm (Table 23). The cell pellets were resuspended in 1mL S2 media and
10 g/L methyl palmitate was added. The cells were incubated for 18h at 28°C, 1000 rpm.
Cultivations were stored at -20°C until analyzed. Extraction and analysis was performed
according to previoudly established standard protocols using GC-FID.

Table 23. OD600 measurement of the 24 well plate cultivations (two plates were cultivated
in paralel). Each individual well was measured as duplicates upon 1:10 dilution after 24h
cultivation in YPD. Calculated OD600 values are given.

HaFAR
S195A

Clonie

HaFAR
S195A
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AR HaFAR HaFAR HaFAR
5195A S195A S195A S195A
HaFAR-  HaFAR- HaFAR- HaFAR  Clone Cione Cione Clang HaFAR H.
S60A 2 2 3 3 S298A S298A SPV603  SPV603

N

27

S378A S378A S394A S394A SA418A S418A S453A S453A H5FAR  HaFAR  SPV603  SPVe03

R § 7 16.082  plate
\;\\ 163 17.306 16.064 165 15.654 16.344 15.59 15.598 15434 15.248 16.674 16.476  plate
\\ 17.088 17.145 15.966 15.472 16.508 16.548 15.82 15.216 15,785 16.098 15.81 17.246  plate
\\ 17.512 17.198 1515 14.168 16.094 13.93 15642 15.078 16.77 16.242 0.9 0.864  plate
\\ 16.4456 17.014 15.762 16.526 17.188 17.372 16.164 15.892 5.8 16.422 17.998 17.814  plate
%\ 15.982 11196 16098  13.148 161 12.348 16.68% 10.232 15.596 13.068 18.456 16038  plate
x\ 154 15.568 15.236 16.34¢ 15.503 15.824 14922 15.622 1511 15.576 17.142 17.672  plate
%\ 17.088 16.63 0.968 1.006 13.82 12.45 15.826 15.27 17.132 16.166 1,082 0.932  plate
L

|0824j As shown in Figure 45, strains expressing a second HaFAR copy encoding a point
mutation, HaFAR-GFP or HaFAR* (where * indicates a second copy of the parental HaFAR
enzyme in addition to the existing copy of the parental strain). The copy increased fatty
alcohol titers when compared to the parental strain (SPV603). The introduction of HaFAR
(S60A), HaFAR (S298A), HaFAR (394A), HaFAR (S453A) was neutral or showed dlight
increases when compared to the HaFAR double copy strain. In contrast, expression of
HaFAR (S418A), and HaFAR (SI95A) resulted in adistinct increase of Z1 1-160H titers.

[0825] Overal, these results suggest that residue 195 and 418 are important for increasing
HaFAR activity in Y. lipolytica. Their substitutions to alanine may inhibit phosphorylation;

therefore, a dephosphorylation mechanism was not required for their enhanced activity.
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17.322  piate

18336  17.928  16.392 1533 20.018 18.37 15.06 14.266 17.522 17.076 16.724 16,522  piate

16.258 16.12 16,134 16236 36.808 16176 15.382 14.53 1545 15334 7.664 7.956  piatel

1716  17.224 159884 15194 17.878% 17.626 15.372 15.15 16.688 17.022 17.742 16.942  piatetl



WO 2018/213554 PCT/US2018/033151

Among other explanations, the activating effect of the serine to alanine mutation could be
from improved protein folding, increased stability or higher protein expression.

[0826] In addition, several fatty acid species were quantified to determine whether the
increased Z11-160H production led to Z11-16Acid depletion. The standard deviations for
some samples were very high (Figure 46). In al samples saturated and ZII-16Acid was
detected. Quantification of the respective product intermediate ZII-16Acid showed increased
consumption for the mutant strains SPV910 and SPV914 expressing HaFAR S195A and
HaFAR S418A.

[0827] Chromosomal integration of an additional HaFAR into the parent strain increased the
Z11-160H titer from ~20 mg/L to 40 mg/L in shake flask experiments.

[0828] When HaFAR (Serl95Ala) or HaFAR (Ser418Ala) was introduced, Zi1-160H titer
increased from ~40 mg/L to ~ 120 mg/L or ~80 mg/L, respectively in shake flask
experiments.

[0829] The pathway intermediate ZII-16Acid for mutant strains SPV910 harboring HaFAR
(Ser195Ala), and SPV914 harboring HaFAR (Ser418Ala) accumulated at ~i00mg/L less than
the parent strain SPV603.

[0830] Conclusions

[0831] The addition of another H. armigera FAR gene into Z11-160H producer strain
marginally increased titer. Introduction of mutated FARs, however, signiticantly improved
Z11-160H by up to ~7X. This suggests that Y. lipolytica phosphorylates FAR enzymes, and
that FAR dephosphorylation is a bottleneck for its full activity. The designed mutations in
HaFAR may relieve its requirement for dephosphorylation to convert ZII-16Acid into Z1 -
160H. It is also possible that the designed mutations improved FAR activity through a
dephosphorylation-independent mechanism. Shake flask experiments suggest a direct
correlation between biomass, time and fatty alcohol titers.

[0832] Second generation strains are created for further improvement in Z11-160H by, for
example, eliminating lipid storage pathways (e.g. diacylglycerol acetyltransferase (DGAT)
gene deletions), and/or eliminating byproduct (hydroxyacid, diacid) pathways.

[0833] Materials & Methods

[0834] Marker rescue of SPV603

[0835] 30 mL of CM minus uracil were inoculated with SPV603 in a 250 mL baffled shake
flask. The culture was incubated in a bench top shaker a 250-300 rpm and 28°C. The
following morning the OD600 of the culture was measured. Cells were harvested at OD600:
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0.6. Cells were pelleted in afalcon tube (800xg, 5 min). Supernatant was removed and wash
in ¥2volume (15 mL) of Solution 1from the Zymo kit. Cells were pelleted again (800xg, 5
min) and resuspended in 200 p} of Solution 2. A 50 pi aliquot was used directly ina 1.7 mL
Eppendorf tube. Remaining aliquots were stored at -80°C. 1 pl of DNA (1-2 ug) was added
and gently mixed with cells. 500 pi of Solution 3 was added and mixed gently.
Transformation mix was incubated for >3 hours in 28°C plate incubator subsequently washed
with 2 mL deionized water (autoclaved). Recovery was performed in 2 mL YPD o/h a 28°C.
The transformation mix was plated directly on selection plate. Clones were picked and
repatched on URA minus FOA 0.1% and YPD plates. URA removal was confirmed using
standard PCR protocols.

[0836] Construction of HaFAR integration cassette

[0837] The HaFAR library was custom synthesized with human codons (Genscript), and
subcloned into plasmid pPV234 using the restriction site Spetl and Noii for expression under
TEF promoter, and XPR2 terminator a the AXP locus. Linearized constructs were
transformed into strain Y. lipolytica H222APAAAF SPV603 which expresses H. zea ZI}
desaturase (SEQ ID NO: 54) combined with the H. arrnigera FAR (SEQ ID NO: 41). Amino
acid sequences for the variant FARs are set forth in SEQ ID NOs: 42-48. Nucleotide
sequences for the variant FARs are set forth in SEQ ID NOs: 83-89.

[0838] Cultivation of HAFAR mutant library in 24 well plates

[0839] In a first round four individual isolate from each transformation was tested.
Cultivation was performed in 24 well plates. 2 mL YPD was inoculated from patches of
individual clones and incubated for 24h a 28°C, 1000 rpm. After 24h OD600 was measured
and the cells were centrifuged at 1000 rpm. The cell pellets were resuspended in 1 mL S2
media and 10 g/L methyl palmitate was added. The ceils were incubated for 24h a 28°C,
1000 rpm. Cultivations were stored a ~20°C until analyzed. Next, four clones of the best
performing positive integrant were tested. Cultivation was performed in 24 well plates. 2 mL
YPD was inoculated from patches of individual clones and incubated for ~28h at 28°C, 1000
rpm. After 28h OD600 was measured and the cells were centrifuged at 1000 rpm. The cell
pellets were resuspended in 1mL S2 media and 10 g/L methyl pamitate was added. The cells
were incubated for 18h at 28°C, 1000 rpm. Cultivations were stored a -20°C until analyzed.
[0840] Cultivation of HAFAR mutant library in shake flasks

[0841] Shake flask experiment 1: Time-course anaysis of fatty alcohol and fatty acid titers
during shake flask cultivation
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[0842] In a first step a shake flask experiment of the respective strains was performed to
analyze fatty alcohol and fatty acid formation over time. The best performing clone of the
strains expressing HaFAR, HaFAR SI95A and HaFAR S418A were tested. 10 mL YPD was
inoculated from patches of individual clones and incubated for 24h at 28°C, 250 rpm in a 125
mL shake flask. Next, 25 rnL YPD were inoculated with 5 mL starter culture in 500 mL
shake flasks and incubated for 24h at 28°C, 250 rpm. The ceils were harvested and the pellets
were resuspended in 15 mL S2 media and 10 g/L methyl palmitate was added. OD600 was
measured and subsequently methyl palmitate was added. The cells were incubated for 72h a
28°C, 1000 rpm. 4 x 0.5mL samples were taken every 24h and stored at -20°C until analyzed
according to a previously established standard protocol (Figure 47 and Figure 48). To
improve sampling and reduce the standard deviation, samples were transferred directly into
GC crimp vials and stored until analyzed.

[0843] The OD600 for the strains were: SPV910 - 10.2, SPV914 - 11.5 and SPV916 - 12.3.
[0844] Shake flask experiment 2: Impact of increased biomass on bioconversion

[0845] The time-course experiment revealed a decrease in fatty alcohols over time. Thus,
sampling was reduced to 20h. In previous 24 well plate bioconversion experiments the
measured biomass was ~ 2x higher compared to the shake flask experiment. Next a shake
flask experiment of the respective strains was performed to analyze the impact of biomass on
fatty alcohol titers. The overall incubation time was reduced and the biomass was increased
during bioconversion phase. The best performing clone of the strains expressing HaFAR
Si95A and HaFAR S418A were tested. 20 mL YPD was inoculated from patches of
individual clones and incubated for 28h at 28°C, 250 rpm in a 500 ml, shake flask. The cells
were harvested and the pellets were resuspended in 10 mL S2 media and 10 g/L, OD600 was
measured and subsequently metliyl palmitate was added. The ceils were incubated for 20h at
28°C, 1000 rpm. 4 x 0.5mL samples were taken and analyzed according to a previously
established standard protocol (Figure 49).

[0846] The OD600 for the strains were: SPV910 - 24.9 and SPV914 - 24.7.

[0847] Metabolite extraction

[0848] Cell pellets were resuspended with 500 1L 5% NaOH (in methanol) then heated for |
hour a 85°C. Samples were cooled down and then acidified by adding 400 L 5N HCI.
Next, 500 i chloroform (containing ImM C17:0 heptadecanoate internal standard) were
added to samples. Samples were mixed vigorousy then spun down for 2 minutes a

13,000RPM using atable top centrifuge. 450 ul. chloroform were transferred to a new vial

279



WO 2018/213554 PCT/US2018/033151

then evaporated at 85°C for ~ 15 minutes. Samples were then resuspended in 50 u. BSTFA
(and were now ready for GC analysis). After analysis of the fatty alcohols samples were
diluted ~ 1:10 and reran on the GC to improve peak separation of the fatty acid peaks.

[0849] Quantification

[0850] All quantifications were based on the concentration of the internal standard. The
concentration of the internal standard C17ME is 1 mM. The final concentration of fatty
alcohols as well as fatty acids were calculated based on the effective carbon number

compared to the internal standard.

Example 12: Production of fatty alcohol and fatty acid im Yarrowia lipolytics! using
second generation strains engineered to eiminate lipid storage pathways or using

additional variant fatty alcohol forming fatty acyl-CoA reductases (FARS)

[0851] The impact of an endogenous diacyl glycerol acyltransferase deletion selected from
the group consisting of YALIOE32791g (DGA1) and YALIOD07986g (DGAZ2) was tested.
Each dga gene was deleted individualy in the strain SPV 735 (AURA, AlLeu, leu2::pTEF-
HZ Z11 desat HstXPR2 loxP). Subsequently, the individual selection marker in each
deletion strain SPV957 (Adgal, ALeu, leu2::pTEF-HZ_ZIl desat Hs-tXPR2 |oxP) and
SPV959 (Adga2 AURA, ieu2::pTEF-HZ Z1| desat HstXPR2 1oxP) according to standard
procedures was performed. The resulting strain SPV1053 (Adgal AURA, AlLeu, leu2::pTEF-
HZ_ZIl desat HstXPR2_ |oxP) and SPV1054 (Adga2 AURA, AlLeu, leu2::pTEF-
HZ ZIl desat HstXPR2 1oxP) were used to transfoiTn HaFAR and HaFARS195A. The
formation of fatty alcohols compared to the strain SPV603 was tested in shake flasks (Figure
50 and Figure 51). The results in shake flasks over time suggest that the deletion of each
individual dga gene improves fatty alcohol formation and decreases fatty acid storage.

[0852] Time-course analysis of fatty alcohol and fatty acid titers during shake flask
cultivation

[0853] A copy of the enzyme HAFAR (SEQ ID NO: 41) or HaS195A (SEQ ID NO: 43) was
introduced into the strain SPV1053 (Adga AURA, Aleu, leu2::pTEF-HZ _Z11 desat_Hs
fXPR2 loxP) and  SPV1054 (Adga2 AURA, AlLeu, leu2:pTEF-HZ_Z11_desat Hs-
tXPR2 _|loxP), each of which expresses H. zea ZI|| desaturase (SEQ ID NO: 54) and is
deleted for either DGA1 or DGA?2 diacylglycerol acyltransferase.

[0854] Cultivation was performed as biological triplicates in shake flasks. The starting
culture for each strain was grown in 50 mL YPD in 250 mL shake flask for 28h a 250 rpm,
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28°C. Cedlls were harvested via centrifugation a 800 g for 5 min & room temperature and
resuspended in 30 mL S2 media. Cell suspensions were normalized to OD600: ~8. Each
starting culture was split in three individual 125 mL shake flasks. 10 g/L methyl palmitate
was added. Cultures were incubated for 72h. Sampling was performed every 24h and OD600
for each shake flask was measured. Figure 50 and Figure 51 show fatty alcohol titers and
fatty acid titers, respectively, for the time course experiments.

[0855] Extraction of cultivation samples. 0.5 mL of each sample were harvested directly into
crimp vias. The crimp vias were centrifuged at 800 g for 5 mm. The supernatant was
removed and the samples were sealed and stored a -20°C until analysis. Samples were
resuspended in 500 uL methanol containing 5% KOH and incubated for 60 mm at 65°C to 85
°C. 200 f:L 5N HCL was added to each crimp vial after cool down step. 600 ui. chloroform
containing 1mM C17Me were added and sealed again. Samples were mixed and centrifuged.
500 uL of the chloroform was transferred to a new GC vial and dried to completeness a 85
°C for 30 min. Samples were resuspend in 100 uL BSTFA and incubated at room temperature
for 1h. Samples were analyzed according to standard protocol using gas chromatography.
[0856] Fatty alcohol forming fatty acyl-CoA reductase library screening of new strains in 24
well plates

[0857] A single copy of each respective FAR enzyme from Table 24 was introduced into the
strain  SPV1054 (Adga2 AURA, NAi.ea. leu2::pTEF-HZ ZI | desat Hs-tXPR2 |oxP)
expressing H. zea Z11 desaturase (SEQ ID NO: 54) and deleted for DGA2 diacylglycerol
acyltransferase.

[0858] Cultivation was performed as biological quadruplicates in 24 well plates. 2 mL YPD
were inoculated from a patch of each individua transformant. 24 well plates were incubated
for 28h at 250 rpm, 28°C. Cells were harvested via centrifugation a 800 g for 5 min at room
temperature. Cells were resuspended in 1 mL S2 + 60 g/L glycerol and 10 g/L methyl
palmitate was added. Cell were incubated for 96h a 1900 rpm, 28°C. Figure 52 and Figure
53 show fatty alcohal titers and fatty acid titers, respectively, for the 24 well plate screening
experiments.

[0859] Extraction of cultivation samples. 0.5 mL of each sample were harvested directly into
crimp vials. The crimp vias were centrifuged at 800 g for 5 min. The supernatant was
removed, and the samples were sealed and stored at -20°C until analysis. Samples were
resuspended in 500 L methanol containing 5% KOH and incubated for 60 min at 65°C to 85
°C. 200 f:L 5N HCL was added to each crimp vial after cool down step. 600 ui. chloroform
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containing 1mM C17Me were added and sealed again. Samples were mixed and centrifuged.
500 uL of the chloroform was transferred to anew GC vial and dried to completeness at 85
°C for 30 min. Samples were resuspend in 100 uL BSTFA and incubated at room temperature
for Ih. Samples were analyzed according to standard protocol using gas chromatography.
Table 24. New FAR enzyme library

Agrotis segetnm FARGYY AlD60635.
Fuglena aracills FARGY GU733918
Ostrinic palusiralis FAROZD MIOSK:
Odranic latipens FARG30 MIRGT3
Oxsirinic nubilaliy FARO3 FIB07735
Ostrinia nmubilalis PARDZ2 FIS071730
Ostrinict zealis FARO33 MIOSEY
Yponomenta evonymellus BARDZ4 GOYSGI32
Yronomeuta padelius FARG3S G235
Yronomevic rorrelius FARO3b GOY07234
Tvio alba FAROZY ING63854Y
Cdstriia scapulalis FARD3S EL817405
Spodopteny exigug FAROGS KR7a1i21 1
Spodoptera Littoralls FARD40 KR781120
Hovivescens FARG41 EZ407233
H. subflexo FARO42 AFDU4T261
H. amigero FARO43 AKDOI7731
H assanlia FARO44 AFDO4727.1

[0860] Additional FAR variants and additional bacterial FAR enzymes are listed in Table 25
and Table 26, respectively. These FAR enzymes are tested as described above for fatty
alcohol and fatty acid production.

Table 25. New FAR Enzyme library with phosphorylation point mutants

A

SIFAR S10A pPARDSG
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SIPAR 561 A pPARNSE

SIFAR 83104 pEARUGO

SIFAR 84104 pEARGGY

Table 26. Additional bacterial FAR enzvme library

Oleiphitus sp. HIOORS KAY 308861

Mannobacter antarcicius WE 072790080 1

SEQUENCE LISTING

SEQ ID NO: | Agrotis  segetiun FAR_S. cerevlsiae codon opt

ATGCCAGTTTTGACTTCTAGAGAA.GATGAAAAGT T GT CAGT T CCAGAATTTTACGCT GGTA
AATCTATCTTCGTTACAGGTGGTACTGGTTTCTTGGGTAAAGTTTTTATTGAAAAGTTGT?
GTACT GTTGTCCAGATATT GATAAAATCTATATGTTAAT TAC-AGAAAAGAAAAATTTGTCT
ATTGATGAAAGAATGTC.AAA.GTTCTTGGATGATCCATTATTTTCTAGA TTGAAGGAAGAAA
GACCTGGTGACTTGGAAAAGATTGTTTTGATTCCAGGTGACATTACAGCTCCAAATTTGGG
TTTATC..GCAGAAAACGAAAGAATT TTGTTAGAAAAAGTTTCTGTTATTATTAATT CAGCT
GCAACTGTTAAGTTTAA TGAACCA. TTGCCAA. TCGCTTGGAAGATTAATGTTGAAGGTACAA
GAATETTGTTEECA TTGT CTAGAAGAATGAAGAGAATCGAAGTTTTTATTCATATTTCTAC
TGCTTACT CAAAT G CAT CTT CAGATAGAAT CETT G GATGAAAT CTTGTAT CCAG CF CCA
GCAGATA.TGGATCAAGTTTA.CCAATTGGTTAAAGA . TGGTGTTACAGAA.GAAGAAA.CTGAAA
GATTGTTGAACGGTTTGCCAAACACTTACACTTTTACTAAGGCTTTGACAGAACATTTGGT
i GCAGAACATCAAACATA.CGTi CCAZCTATCATCATCA.GACCATCTGTTGTTGCYTCAATT
AAAGATGAACCAATCAGAGGTTGGTTATGTANTTGGTTTGGTGCTACAGGTATCTCTGTTT
TTACTGCAAAGGGTTTGAACA.GAGTTTTGTTGGGTAAAGCTTCAAACA TCGTTGATGTTAT
CCCAGTTGATTACGTTGCAAATTTGGTTATTGT TGCT GGT GCAAAATCT GGT GGT CAAAAA
TCAGATGIATTAAAGATCTATIACTGTTGTTCTTCAGATTGTIACCCAGTTACTTTGAY.GA
AAATTATTAAAGAGTTTACTGAAGATACTATTAAAAATAAGTCTCATATTATGCCATTGCC
AGGTTGGTTCGTTTTTACTA%GTACAY%GTGGTTGTTGACATTGTT/ A CTATTATTTTTCRA
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ATGTTACCAATGIATTTGGCTGATGTTTACAGA GT'T' T TZACA GGTARAA T CCCAA GATACA
TGAAGTTGCATCATTTSGT TATTCAAACAAGATTGGGTATCGATTTCTTTACTTCTCATTC
ATGGGTTATGAAGY\ CAGATAGAGTTAG7\ GAATTATTCGGTTCTTTGTC7\ TTGGCAG/ N ¥3/G
CATATGTTTCCATGTGAT CCATCTTCAATCGATTGGACAGATTATTTGCAAT CATACTGT'?
A CGGT GT TAGAAGAT  TTTT GGAAAAGAAGAAATAA

5EQ IDNO 2 Spodcpters Littoralis par _S. cerevisiae ccdon opt

ATGGTTGTTTTGACT T AAA GGAAAAATCAAACATGTCTGIT GCTGATTTCTACGCTGGTA
AATC - GTTTTI ATTACAGGTGGTAC - GGTTTC TGGGTAAAGTTTTI ATTGAAAAGITGT- i -

GTACT CATGTCCAGAT ATT GWVIAAMAT CTATATGTTGAT CAGAGAAAAGAAAGGT  CAAT cT
AT CAG AGAAAG ATTAA CTAAMAT  YGTTGAT GAT CUATTGTTTAATAGAT TGAAGG ATAA GA
GACCAGAI - GATTTGGGTAAAA: OGTTTTGATCCCAGGTGACAI - CACAGT- : - CCAGGT-: - - : - GGG
TATTTCTGAAGAAAACGAAA. CAATCTTGACTGAAAAAGTTTCAGTTGTTATTC. ATTCTGCT

GCAACTGTTAAGT TTAATGAAJ CCATTGGCTACT GCATGGAACGT TAACGT TGAAGGT. AGAA

GAAT GaT CAT GGCATTAT CTYAGAZGAA TGAAGAG AATCGAAGT TTTTATTCAT ATTTCTAC
TGCTTACACTAACACAAACAGAGCAGT TATTGATGAAGT TTTGTATCCACCACCAGCTGAT

ATCAAC GAT GTTcAT CAACATGTTAAAAATGGT ST TACAGAAGAAGAAAC TGAAAAGAT T7T
TGAACGGTAGACCAAACACTTACACTTTTACTAA. GGCTTTGA. CTGAACA. TTTGGTTGCAGA

AAACCA?. TCATACATGCCAACAATCATTGT TAGACCATCTATTGT TGGTGCTATTA? AGAT
CGATCCAATTACGAGGTTGGTTGGCTAATT GGTATGGT GCALCAGGTTTGTCAGTTTTTACTG
CAAAGGGTTTGAACAGAGTTATATA. TGGTCA. TTCTAACCATGTTGTTGATTTGATTCCA. GT
TGATTACGTTGCTAATTTGGTTATTGT TGCTGGT GCAAAGACATACCATTCAAACGAAGTT
ACTATCTATAACTCTTGTTCTTCATCTTGTAACCCAATCACTATGAAGAGATTGGTTGGTT
TGTTTATTGATTACACAGITA?. GCATA?. GTCATACGT TATGCCATTGCCAGGT TGGTATGT

TTA. CTCT. AACTACAAGTGGTTGGTTTTCTTGGTTACTGTTATTTTCCAAGTTA. TTCCAGCT
TACTTAGGTGACATTGGTAGAAGATTGT TAGGTAAAAATCCAAGATACTACAAGT TGCAAA

ATTTGGT TGCTCAAACACT GAAGGAGT TCATTTCTTTACATCACATACTTGGGAAATTAA
ATCAAAGAGAACTTCTGAATTGTTTTCATCTTTGTCTTTGACAGATCAAAGAATGTTTCCA

TGTG ATGCTAACAGAATCGATTGGACAGATTACATCACTGATTACTGI TCTGGTGTTAGAC

AAT TTTTGGAA AAGAT TAAATAA

SEQ ID NO 3 Helicoverpa  arwnii gera FAR3 S, cerevisiae codon opt

ATGGTTGI TTTGACT TCAAAGGAAACAAAGCCATCTGT TGCTGAATTTTACGCTGGTAAAT

CAGTTTTTATT ACAGGTGTACTGGTTTCTT GGGTAAAGTTTTTATTGAAAAGTTGTTGTAC
TCTTGTCCAGATA. TTGAAAA. TATCT. ATA. TGTTGA. TCAGAGAAAAGAAA. GGTTTGTCAGTTT

CT GAAAGAAT TAAACAATTTTTAGATGAT CLATTGTTTACAAGAT TGAAG gaT AAGAGAC C
AGCTGATTTGGAAAAGA. TTGTTTTGATCCCA. GGTGACA. TCACTGCA. CCAGATTTGGGTA. TT

AATTCTGAAAI . CGAAAAGATGT TGATTGAAAAAGT TTCAGT TATTATTCATTCTGCTGCA?.
CTGTTAAGTTTAATGAACCATTACCAACAGCTTGGAAGY\ TTAATGTTGAAGGTACTAGINT
GATGTTGGCATTGT CAAGAAGAAT GAAGAGAATCGAAGT TTTTATTCATATTTCTACAGCT

TACAC TAACACAAACAGAGAAGT TGTT GAT GAAAT cTTGTAT CcCAGC TCCAGCAGATAT CG
ATCAAGT TCAT CAAT ACGTTAAGGAT GGTATCT CAGAA G AAGAT ACT GAAAAGAT TTTGAA
CGGTAGACCA? ACACTTACACTTTTACTAAGGCTTTGACAGAACATTTGGTTGCTGAAAA. T

CAAGCA. TACGTTCCAACTATTATTGT TAGACCATCTGTTGTTGCTGCAA. TTAAAGA. TGAAC

CATTGAAAGGT TGGT TCGGGTAATTGGT TTGGT GCTACAGGT TTGACTGT TTTTACAGCAAA

GGGTTTGAACAGAGT TATATATGGTCATTCTTCATACATCGT TGATTTGATCCCAGTI TGAT
TACGTTGCTAATTTGGT TATTGCTGCAGGT GCAAAAT CTTCAAAGT CAACAGAATTGAAGG
TTTACAACTGITGTTCTTCATCTTGTAACCCAGT TACTATCGGTACATTGATGTCAATGT T

CGCTGA. TGATGCAA. TTAAACAAAAATCTTACGCTA. TGCC. ATTGOCAGGTTGGTACA LTTTTT
ACAAAGT ACAAGT aar TGET TTTeTTGTTeacaT TTTTGITC caacr TAT TCCAGCAT ACe
TTACTGATTTeT CAAGACAT TTear CGGTAARTCTcCAAGAT ACAT CaacT TocaaT CAT T
GGTTAACCAAACTAGATCATCTATCGATTTCTTTACAAACCATTCTTGGGT TATGAAAGCT
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GATAGAGTTAGAGAATTGIACGCTTCATTGTCICCAGCTGATAAGTACTTATTCCCATGTG
ATCCAA.CTGATATCAACTGGA.CACATTA.CATCCAAGATTACTGTTGGGGTGTTAGA.CATTT
C7TGGAAAAGAAAT CTTAGGARATA

SEQ ID NO 4

pOLEL cassette

CTTGCTGAAAAGATGAT G? TCTGAGGTATTUG? ATCGLUTAGCTIGATACGETT 2 TAACAAR
AGTAAGCTTTTCGTTTGCAGGTTTGGTTACTTTTCTGTACGA&ATGATATCGCTANGTTTA

?AGTCAT' C? GTGAAA? TTLTCAAAAALC? CATGGT 2?2 CTCCAT CACLCAT2TTTUAT?2TCA
TTTGCCGGGCGGAAAAAAAAAAG GAAAAAAAAAAAAAAAAAAAAT  AAAT GACACAT GGAAA
TAAGTCAAGGATTAGCGGATATGTAGTTCCAGTCCGGGTTATACCATCACGTGATAATAAA
TCCAAAT&AGAATGA.GGGTGTCATATCTAAT'CATTATGCACGTCAAGATTCTCCGT&ACTA
TGGCTCTTTTCTGAAGCATTTTTCGGGCGCCCGGTGGCCAAAAACTAYLCTCCGAGCCCGGG
CATGTCCCGGGGTTAGCGGGCCCAACAAAGGCGCTTATCTGGTGGGCTTCCGTAGAAGAAA
AAAYGCTGTTGAGCGAGCTATTTCGGGTATCCCAGCCTTCTCTGCAGACCGCCCCAGTTGG
CTTGGCTCTGGTGCTGTTCGTTAGCATC7VCATCGCCTGTGAC7TVGGCAG\GGTAAT7 *AJCGGC
TTAAGGTTCTCTTCGCA.TAGTCGGCAGCTTTCTTTCGGA.CGTTGAA.CACTCAA.CAAACCTT
ATCTAGTGCCCAACCAGGTGTGCTTCTACGNGTCTTGCTIZACTC7\GACACACCTATCCCTA
TTGTTACGGCTATGGGGATGGCACACAAAGGTGGAAATAATAGTAGTTAACAATATATGCA

GCAAA.T CAT CGGCT CCT GGCT CATC GAGT CTTGCAAAT CAGCATATACATATATATATGGG
GGCAGAT CTTGAT TCAT TTATTGTTCTA1 TTCCAT CTTTCCTACTTCTGTTTCCGTTTATA
7 YTETATTAG GTAGAATAGAACAT  CATAGTAATAGATA.GT T GT GGT AT CATA TTATAAA
C-AGCAC TAAAAC AT TT:CPAtCAAAGT¥%/VTGCC7YACT T CT GGAAC TA.CTAT TG7>ATTSATT GAC
GACCAA.TTTCCAAAGGATGA.CTCTGCCAGCAGTGGCATTGTCGACACTAGTGCGGCCGCTC
ACATATGAAYGTATATACCCGCTTTTGTACACTATGTAGCTATAY%TTCA2TCGTATTATTG

TAG CT CCGLACEACCATGCCTTAG ARATAT CCGCAGCGCG

SEQ D NGB

Ext ended OLEl pronoter region

CTTGCT GAAAAGAT GAT GTTCT GAGGTATTCGTAT CGCTAG CTTGATACGCT TTTAACAAA
AGTAAGCTTTTCGTTTGCAGGTTTGGTTACTTTTCTGTACGAGATGATATCGCTAAGTTTA
TAGTCATCTGTGAAATTTCTCAAAAACCTCATGGTTTCTCCATCACCCATTTTTCATTTCA
TTTGCCGGGCGGAAAAAAAAAAGGAAAAAAAAAAAAAAAAAAAATAAATGACACATGGAAA

TAAGT CAAGGAT TAGC GGATAT GTAGT TCCAGT ccGGGTTAT A CCAT CAC GT G7ATAAT AATA
TCCAAATGAGAATGAGGGTGTCATATCTAATCATTATGCACGTCAAGATTCTCCGTGACTA
TGGCTCTTTTCTGAAGCATTTTTCGGGCGCCCGGTGGCCAAAAACTAACTCCGAGCCCGGG

CAT GTCCCGGGGTTAGC GGG CCCAACAAAGGCGCTTATCTGGTGGGCTTCCGTAGAA GAAA
AAAAGCTGTTGAGCGAGCTATTTCGGGTATCCCAGCCTTCTCTGCAGACCGCCCCAGTTGG

CTT GGCT CTGGTGCTGTTCGTTAG  CAT CACATCGCCTGTGACAGGCAGAGGTAATAACGGC
TTAAGGTTCTCTTCGCATAGTCGGCAGCTTTCTTTCGGACGTTGA

SEQ ID NO 6

OLEl promoter region

ACACTCAACAAACCTTATCTAGTGCCCAACCAGGTGTGCTTCTACGAGTCTTGCTCACTCA
GACACACCTATCCCTATTGTTACGGCTATGGGGATGGCACACAAAGGTGGAAATAATAGTA
GTTAA.CAAT ATAT GCA GCAAA.T CAT CGGCTCCTGGCT CAT CGAGT CTTGCAAA.T CAGCATA
TACATATATATAT GGGGGCAGAT CTTGAT TCATTTAT TGTTCTAT TTCCAT CTTTCCTACT
TCTGTTTCCGTTTATATTTTGEATTAG GTAGAATAGAACAT  CAT AGT AAT AGAT AGT TGTG
GTGATCATATTATAAACAGCACTAAAACATTACAACAAAGA

SEQ 1D NO 7

OLEl 27aa leader

ATGCCAACTTCT GGAAC TAG TAT TG.AATT GAT T GAC GAC CAAT TT CCAAA GGATGACTCTG
CCAGCAGT GGCAT TGTCGAC
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SEQ ID NO 8

Vspl 3 term nator region

TCACAT AT GAAAGT ATATACCCGCTTTT GTACAC TATGTAGCTAT AAT TCAAT CGIATTAT
TGTAGCTCCGCACGACCATGCCTTAGAAATATCCGCAGCGCG

SEO D NO 9

T. ni desaturase

ATGGCT GT GAT GGCT CAAACAGTACAAGAAACGGCTACAGT GI'T GGAAGAGGAAGCT  CGCA
CAGTGACTCTTGT GGCTCCAAAGACAACGCCAAGGAAATATAAATATATATACACCAACTT
TCTTAGATTTTCAT AT GCGCAT TTAGC TGCAT TATACGGACTTTATTTGTGCTTCACCTCT
GCGAAAT GGGAAAC ATTGCTAT TCTCTTTC GTACTCTTCCACAT GT CAAAT ATAGGCAT CA
CCGCAG GGGCT CACCGACT CT GGAC TCACAAGAC TTTCAAAG CCAAAT TGCCT TT GGAAAT
TGTCCT CAT GATATT CAAC TCTTTAGCCTTT  CAAAAC ACGGCTAT TACAT GGGCTAGAGAA
CAT CGGCTACAT CACAAAT ACAGC GATACT GAT GCT GAT CCCCACAAT GCGT CAAGAGG GT
TCTTCTACTCGCAT GTTGGCTGGC TAT TAGT AAAAAAAC AT CCCGAT GT CCT GAAAT AT GG
AAAAACTATAGACATGTCGGATGTATACAATAATCCTGTGT TAAAATTTCAGAAAAAGTAC
GCAGTACCCTTAATTGGAACAGT TTGT TTTGCTCTGCCAACTTTGATTCCAGTCTACTGT T
GGGGCGAAT CGT GGAAC AAC GCTTGGCACATAGCCTTAT TTCGATACATATTCAAT CTTAA
CGTGACTTTCCTAGT CAACAGT GCTGCGCATATCTGGGGGAATAAGCCT TATGATAAAAGC
ATCTTGCCCGCT CAAAAC CTGCTGGITTCCTTCCTAGCAAGT GGAGAAG GCTTCCAT AATT
ACCAT CAC GTCTTTCCATGGGAT TA CCGC. ACAGCAGAAT TAGGGAATAAC TTCCTGAAT TT
GACGACGCTGTTCATTGATTTTTGTGCCTGGT TTGGATGGEGECTTATGACTTGAAGT CTGTA
TCAGAGGATATTATAAAACAGAGAGCTAAACGAACAGGT GACGGT TCTTCAGGGGTCATTT

GGGGAT GGGAC =ACAAAGAC AT GGAC CGCGAT ATAAAAT CTAAAG CTAACATTTTTTAT GC
TAAAAAGGAAT  GA

SEQ 1D NO 10

A. segetum desat urase

ATGGCTCAAGGT GTCCAAACAACTACGATAT TGAGGGAGGA. GGAGCCGTCATTGA. CTTTCG
TGGTACCT CAAGAACCGAGAAAGTATCAAATCGTGTACCCAAACCTTATCACATTTGGGTA
CTGGCATATAGCTGGT TTATACGGGCTATATTTGT GCTTTACTTCGGCAAAAT GGCAAACA
ATTTTATTCAGT TTCATGCTCGT TGTGT TAGCAGAGT TGGGAATAACAGCCGGCGCTCACA

GGT TAT GGGCCCA CAAAAC ATATAAAG CGAAGC TTCCCTTACAAAT TAT CCT GAT GATACT
GAACTCCATTGCCTTCCAAAA, TTCCGCCATTGAT TGGGT GAGGGACCACCGT CTCCATCAT
AAGTACAGT GACACT GATGCAGACCCTCACAATGCTACTCGTGGT TTCTTCTATTCTCATG

TTGGAT GGT TGCT CGTAAG AAAACAT CCAGAAGT CAAGAGAC GTGGAAAGGAACT  TGACAT
GTCTGATATTTACAACAATCCAGT GCT GAGATTTCAAAAGAAGTATGCTATACCCTT CATC

GI'AAT GCTTGGCATAT CACCATGCTTCGGT ACAT CCTCAACCTAAACATTACTTTCCT GGT

CAACAGT GCTGCT CAT ATCT GGGGAT A CAAAC CTTAYGACAT CAAAAT ATTGCCTGCC CAA
AAT ATAGCAGT TT CCATAGT AAC CGGCGGCGAAGT TTCCATAAC TACCACCACGTTITTTC
CTTGGGATTATCGT GCAGCAGAAT TGGGGAACAATTATCTTAATTTGACGACTAAGT TCAT

AG ATTTCTTCGCTTG GAT CGGAT GGGCTT. ACGAT CTTAAGAC GGT GT CCAGT GAT GTT. ATA
AAAAGT AAGGCGGAAAGAACT GGTGATGGGACGAATCTTTGGGGT TTAGAAGACAAAGGT G

AAG AAGAT TTTTT GAAAAT CTGGAAAGAC AATTAA

SEQ 1D NO. 11

7. pseudonana desat urase

ACTAGTATGGACTTTCTCTCCGGCGATCCTTTCCGGACACTCGTCCTTGCAGCACTTGTTG
TCATCGGATTTGCTGCGECGT GGCAATGCT TCTACCCGCCGAGCAT CGT CGECAAGCCTCG
TACATTAAG CAAT GGTAAAC TCAAT ACCAGAAT CcA TGGCAAAT TGTACGAC CTCTCAT CG
TTT CAGCAT CCAGGAGECCCCGT  GGCT CTTTCTCTT GI'T CAAGGTCGCGACGG. AA. CAGCTC
TATTTGAGT CACACCATCCCTTCATACCTCGAAAGAATCTACTTCAGATCCTCTCCAAGTA
CGAGGTTCCGT CGACTGAAGAC TCTGTTTCCTT CAT CGCc. ACCCTAGACGAAC TCAAT GGT
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GAAT CT CCGTACGA™ T GGAAG GACATT GAAAAT GAT GATTTCGTATCTGACCTACGAGCTC
TCGTAA TTGAGCACTTTTCT CCT CT CGCCAAGGAAA GGGGAGTTTCACTCGTTGAGTCGTC
GAAGGCAACACCT CAGCGGTGGATGGTGGT TCTACTGCTCCTTGCGTCGTTCTTCCTCAGC
ATCCCATTATATTTGAGTGGT TCGTGGACTTTCGT TGTCGTCACTCCCATCCTCGCTTGGEC
TGGCGGTTGT CAATTACTGGCACGAT GCTACTCACTTTGCAT TGAGCAGCAACTGGATTTT
GAATGCTGCGCTCCCATATCTCCTCCCTCTCCTATCGAGT CCGT CAATGT GGTATCATCAT

CACGT CAT TGGACAT CACGCATA CACCAACATTTCCAAAAGAGAT CCACATCTTGCTCACG
CT CCACAAC T CAT GAGAGAACACAAGAGT AT CAAAT GGAGAC CAT CT CACT TAAAT CAAAC
ACAGCTTCCGCGGAT TCTCTTCAT CT GGT CGAT TGCAGT CGGTATTGGGTTGAACTTACTG
AAC GACGT GAGAG CACTAAC CAAG CTTTCATACAACAAC GITGITCGEGTG GAGAAGAT GT
CATCGT CGCGAACATTACTCCATTTCCTTGGACGTATGI TGCACATCTTTGTGACTACACT
TTGGCCCTTTTTGECGT TTCCGGT GT GGAAGGCCATCGT TTGGEGECGACT GTACCGAATGCC

ATACT GAGTTT GT GCTT CAT GCI GAAT ACGCAAAT CAAT CACCT CAT CAACACGT GT GCAC
ATGCTTCCGATAACAACTTTTACAAGCATCAAGT TGTAACTGCTCAGAACTTTGGECCGATC
AAGTGCCETTTGCTT CATCTTCTCGGGAGGT CTCAACTACCAAATTGAACATCATTTGI TG
CCGACGGT GAAC CAT TGCCAT TT GCCAGCT TTGGCCCCGGGT GTACGAGCGT TTGT GIAAGA
AACACGGGGT GACATACAAC TCT GTTGAAG GATA CAGAGAG GCCAT CATTGCACACTTTGC
ACATAC CAAAGAT ATGT CGAC GAAGCCTACT GATTGA

SEQ 1D NO

12

A. transi tella desaturase

ATGGT CCCTAACAAG GGTTCCAGT GACGITTTGICT GAACAT TCTGAGCCCCAGT TCACTA
AAC TCATA GCT CCACAAGC AGGGCCGAGGAAAT ACAAGAT AGI GTATCGAAAT TTGCTCAC
ATTCGGCTAT TGGCACTTAT CAGCT GTTTAT GGGCT CTACT TGTGCTTTACT T GT GCGAAA
TGGGCTACCAT CTTAT TTGCAT TTTTCTTATACGT GAT CGCGGAAAT CGGTATAACAGGT G
GCGCTCATAGGCTATGGECACATCGGACT TATAAAGCCAAGT TGCCTTTAGAGATTTTGI T
ACTCATAAT GAACT CTAT TGCCTTCCAAGAC ACTGCTTTCACCTGGCECTCGT GAT CACCGC
CTTCAT CACAAAT ATT CGGAT ACT GACGCT GAT CCCCACAAT GCTACCAGAG GGTTTTTCT
ATTCACATGTAGCCTGGECTTTTGGT GAAGAAACACCCT GAAGT CAAAGCAAGAGGAAAATA
CTTGICGT TAGATGATCTTAAGAATAATCCATTGCTTAAAT TCCAAAAGAAATACGCTATT

CTAGT TATAGGCACGTTATGCTTCCTTATGCCAACATTTGT GCCCGTATACTTCT GGGGCG
AGGGCAT CAGCACGGCCT GGAACAT CAAT CTAT TGCGATACGT CATGARAT CTTAACAT GAC
TTTCTTAGT TAACAGT GCAGCGCATATCTTTGGCAACAAACCATACGATAAGAGCATAGCC

TCAGI CCAAAALATTTCAGT TAGCT1A GCTACT TTTGGCGAAGGATT CCATAATTACCAT C
ACACT TACCCCT GGGAT TAT CGT GCGGCAGAAT TAGGAAAT AAT AGGCTAAAT ATGACTAC
TGCTTTCATAGAT TTCTTCGCTTG GAT CGGCTGGGCTTATGACTTGAAGT CT GT GCCACAA
GAGGCCATTGCAAAAAGGT GTGCGAAAA. CTGGCGATGGAACGGAT. ATGT GGGGTCGAAAAA
GATAA

SEO 1D NO

13

H. zea desaturase

ATGGCCCAAAG CTAT CAAT CAACTACGGTTTT GAGT GAGGAGAAAGAAC TAACACT GCAAC
ATTTGGT GCCCCAAG CAT CGCCCAGGAAGT ATCAAAT AGTGTATCCGAACCTCATTACGTT
TGGTTACT GGCACATAGCCGGACTTTAT GGCCTTTACTTGT GCTT CACTTCT GCTAAAT GG
GCTACGATTTTATTCAGCTACATCCTCTTCGT GT TAGCAGAAATAGGAAT CACGECTGECG
CTCACAGAC TCTGEECC CACAAAAC TTACAAAG CGAAAC TACCAT TAGAAAT ACT CTTAAT
GGTATTCAACTCCATCGCTTTTCAAAACT CAGCCATTGACT GGGT GAGGGACCACCGACTC
CACCATAAGTATAGCGATACAGAT GCTGATCCCCACAATGCCAGCCGAGGGT TCTTTTATT

CCCAT GTAGGAT GGCTACT TGT GAGAAAAC ATCCT GAAGT CAAAAAG CGAGGGAAAGAAC T
CAATATGTCCMTATTTI W TW CAATCCTGT CCTGCGGT TTCAGAAAAAATACGCCATACCC
TTCATTGGGECTGITTGT TTCGCCTTACCTACAATGATACCTGT TTACTTCTGGGGAGAAA

CCT GGT CCAAT GCTT GGCATATCACCATGCTTCGCTACATCAT GAACCT CAAT GTCACCTT
TTTGGTAAACAGCGCT GCTCATATAT GGGGAAACAAGCCT TATGACGCAAAAATATTACCT
GCACAAAAT GTAGCT GT GT CGGT CGCCACT GGT GGAGAAGGT TTCCATAAT TACCACCATG
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TCTTCCCCTGGGATTATCGAGCAGCGGAACT CGGTAACAATAGCCTCAATCTGACGACTAA
ATTCATAGATTTATTCGCAGCAAT CGGATGGGCATATGATCTGAAGACGGT TTCGGAGGAT

AT GAT AAAACAAAG  GAT TAAAC GCACT GGAGAT GGAAC GCGAT CTTTGGGGACA CGAACAAA
ACT GT GAT GAAGT GT GGGAT GTAAAAGATAAAT  CAAGTTAA

SEQ 1D NG

14

nCherry C. tropicalis optimzed

ATGGTTTCIAAG GGT GAAGAAGACAAC AT GGCAAT CAT CAAG GAAT TTATGCGTTTTAAG G
TCCATATGG AAGGCT CCGT TAACGGCCA CGAGT TCGAGAT CGA GGGAGAAGGT GAGGGTAG
ACCATACGAAGGT ACTCAAACCGCCAAGT TGAAAGT TACAAAGGGT GGTCCATTGCCATTT

GCTTGGGAT ATCTTGICCC CACAAT TTAT GIACGGAT CAAAG GCATATGT CAAGC ATCCT G
CCGACATCCCAGATTACTTGAAGT TATCCT TTCCAGAAGGT TTTAAGT GGGAGAGAGT TAT
GAACTTTGAAGATGCCGGAGT TGT TACTGT TACTCAGGACTCTTCCT TGCAAGATGGTGAA
TTTATCTATAAAGT GAAAT TGAGAGGTACTAACT TTCCATCCGACGGT CCAGT CATGCAAA

AGAAGACAAT GGGTTGGGAGCCTTCTTCC GAAAGAAT GTACCCAGAAGAC GGTGCATTGAA
AGGTGAAATCAAGCAACGT TTAAAGT TGAAGGACGGT GGT CACTACGATGCCGAGGT CAAG
ACCACTTATAAG=CTAAG AAG CCAGT CCAAT TGCCAGGT GCTTATAAC GTTAACATCAAG T
TAGATAT TACT TCACACAAC GAAGACT ACACAAT CGTTGAACAAT ATGAAAGAGC CGAAGG
TAGACATTCTACCGGCGGCATGGACGAGT TATATAAGTAG

SEQ 1D NO

15

CaOLEl - A. segetum Zil desaturase

ATGACTACAGT TGAACAACT TGAAACTGTTGATATCACTAAATTGAATGCCATTGCTGCTG
GTACTAATAAGAAGGT GCCAAT GGCTCAAGGT GT CCAAACAACTACGATAT TGAGGGAGGA

AGAGCCGT CATTGACT TTCGT GGTACCT CAAGAACCGAGAAAGT ATCAAATCGTGTACCCA

AAC CTTATCACATTTGGGTACTGG CATATAGCTGGTTTAT ACGGGCTATATTTGTGCTTTA
CTTCGGCAAAATGCCAAACAATTTTATTCAGT TTCATGCTCGT TGTGT TAGCAGAGT TGGG

AAT AAC A GCCGGCGCT CACA GGT TAT GGGCCCACAAAAC ATATAAAG CGAAG CTTCCCTTA
CAAAT TAT CTTAAT GAT ATTAAAC TCCAT TGCCTT CCAAAAT TCCGCCAT TGAT TGGGT Ga.
GGGACCACCGT CTCCATCATAAGT ACAGT GACACT GATGCAGACCCTCACAATGCTACTCG
TGGTTTCTTCTATTCTCATGT TGGATGGT TGCTCGTAAGAAAACATCCAGAAGT CAAGAGA

CGT GGAAA GGAAC TT GAGAT GT CTGATATTTACAA CAAT CCAGT GTTAAGAT TTCAAAAGA
AGTATGCTATACCCT TCATCGGGGCAATGTGCTTCGGATTACCAACTTTTATCCCTGI TTA

CTTCT GGGGAGAAAC CTGGAGTAAT GCTTGGCATATCACCATGCTTCGGTACATCCT CAAC
CTAAAC ATTACTTTCTTAGT CAAC AGT GCT GCT CATAT CTGGGGAT ACAAAC CTTATGACA
TCAAAAT ATTGCCTGCC CAAAAT ATAGCAGT TTCCATAGTAAC CGGCGGCGAAGT TTCCAT
AACTACCACCACGT TTTTTCCTTGCGATTATCGT GCAGCAGAAT TGGGGAACAATTATCTT
AATTTGACGACTAAGT TCATAGATTTCTTCGCT TGGATCGGATGEGCTTACGATCTTAAGA
CGGTGTCCAGT GATGT TATAAAAAGT AAGGCGGAAAGAACT GGTGATGGGACGAATCTTTG
GGGTTTAGAAGACAAAGGTGAAGAAGATTTTTTGAAAATCTGGAAAGACAATTAA

SEQ 1D NO

16

A. segetum ZIl desaturase

ATGGCTCAAGGT GT CCAAACAACTACGATAT TGAGGGAGGAAGAGCCGTCATTGACTTTCG
TGGTACCTCAAGAACCGAGAAAGT ATCAAAT CGTGTACCCAAACCTTATCACATTTGGGTA
CTGGCATATAGCTGGT TTATACGGGCTATATTTGT GCTTTACT TCGGCAAAAT GGCAAACA
ATTTTATTCAGI TTCATGCTCGTTGT GT TAGCAGAGT TGGGAATAACAGCCGGCGCTCACA

GGT TAT GGGCCCACAAAAC ATATAAAG CGAAGC TTCCCTTACAAA TTAT CTTAAT GATATT
AAACT CCAT TGCCTTCCAAAAT TCCGCCAT TGAT TGGGT GAG GG ACCA CCGT CTCCAT CAT
AAGTACAGT GACACT

GAT GC. AGACCCT CACAAT GCTACTCGTGGITTCTTC  TAT TCT CAT GTTGGAT GGTTGCTCG
TAAGAAAACAT CCAGAAGT CAAGAGACGT GGAAAGGAACT TGACATGTCTGATATTTACAA

CAATCCAGT GTTAAGATTTCAAAAGAAGT ATGCTATACCCT TCATCGGGGCAATGTGCTTC
GGATTACCAACTTTTATCCCTGT TTACT TCTGGGGAGAAACCT GGAGT AATGCTTGGCATA

288




WO 2018/213554

PCT/US2018/033151

TCACCATGCTTCGGTACATCCTCAACCTAAACATTACTTTCTTAGTCAACAGTGCTGCTCA
TATCTGGGGATACAAACCT TATGACATCAAAATATTGCCTGCCCAAAATATAGCAGTI TTCC

ATAGITAAC CGGCGGCGAAGT TTCCATAAC TACC ACCACGT TTTTTCCTTGG GAT TATCGTG
CAGCAGAATTGGGGAACAATTATCTTAATTTGACGACTAAGT TCATAGATTTCTTCGCTTG
GATCGGATGGGCTTACGATCTTAAGACGGT GTCCAGT GATGT TATAAAAAGT AAGGCGGAA

AGAACT GGTGATGGGACGAATCTTTGGGEGT TTAGAAGACAAAGGT GAAGAAGATTTTTTGA

AAAT CT GGAAAGAC AAT TAA

SEQ 1D NO

17

A. transitella zil desaturase

ATGGT CCCTAAC AAG GGTTCCAGT GAC GTTTTGICT GAACAT TCTGAG CCCCAGT TCACTA.
AACTCATAGCTCCACAAGCAGGGCCGAGGAAATACAAGATAGT GTATCGAAATTTGCTCAC
ATTCGGCTATTGGCA CTTAT CAGCTGTTTATGGGCT CTACT TGTGCTTTA CTTGT GCGAAA
TGGGCTACCATCTTATTTGCATTTTTCTTATACGT GATCGCGGAAATCGGTATAACAGGTG
GCGCTCATAGGCTATGGGCACATCGGACT TATAAAGCCAAGT TGCCTTTAGAGATTTTGI T

ACT CAT AAT GAAT TCTAT TGCCTTCCAAGAC ACTGCTTTC ACCTGGGCTC GAGAT CACCGC
CTTCAT CACAAAT ATTCGGAT ACT GAC GCT GAT CCCCA CAAT GCTACCAGAG GGTTTTTCT
ATTCACATGTAGGCTGGCTTTTGGT GAAGAAACACCCT GAAGT CAAAGCAAGAGGAAAATA
CTTGTCGTTAGAT GAT CTTAAGAAT AAT CCATTGCTTAAAT TCCAAAAG AAAT ACGCTATT
CTAGT TATAGG CACGTTAT GCTTCCTTAT GCCAAC ATTTGTGCCCGTATA CTTCTGEEECG

A GGGCAT CAGC ACGGCCTGGAACAT CAAT CTAT T GCGAT ACGT CAT GAAT CTTAAC ATGAC
TTTCTTAGT TAACAGT GCAGCGCATATCTTTGGCAACAAACCATACGATAAGAGCATAGCC

TCAGT CCAAAAT ATTTCAGT TAG CTTAG CTACT TTTGGCGAAG GAT T CCAT AAT TAG CAT C
ACACITTACCCCT GGGAT TAT CGT GCGGCAGAAT TAG GAAAT AAT AGG CTAAAT ATGACTAC
TGCTTTCAT AGAT TTCTTCGCTTG  GAT CGGCTGGGCTTATGAC TTGAAGT CT GT GCCACAA
GAG GCCATT GCAAAAAG GT GT GCGAAAACT  GGCGAT GGAAC GGATAT GT GGG GTC GAAAAA
GATAA

SEQ 1D NO

18

T. ni ZI| desaturase

ATGGCCT GT GAT GGCT CAAACAGTACAAGAAACGGCTACAGT GTT GGAAGAGGAAGCT CGCA
CAGTGACTCTTGT GGCTCCAAAGACAACGCCAAGGAAATATAAATATATATACACCAACTT
TCTTACATTTTCAT ATGCGCAT TTAGC TGCAT TAT ACGGACTTTATTTGTGCTTCACCTCT
GCGA A ATGGGAAAC ATTGCTAT TCTCTTTCGT. ACTCTTCCACAT GTCAAAT ATAGGCAT CA
CCGCAGGGGCT CACCGACT CTGGACT CACAAGACT TTCAAAGCCAAATTGCCTTTGGAAAT

TGTCCTcATGAT ATTCAAC TCTTTAGC CTTTCAAAAC ACGGCTAT TACAT GGG CTAGAGAA
CAT CGGCTACAT CAC AAAT ACA GCGAT ACT GAT GCT GAT CCCCACAAT GCGT CAAG AGEGT
TCTTCTACTCGCAT GITGECTGGEC  TAT TAGT AAAAAAAC ATCCCGAT GTCTTAAAAT ATGG
AAAA. AC TATAGAC AT GT CGGAT GTAT. ACAATA. AT CCT GT GTTAAAAT TT CAGAAAAAGT AC
GCAGTACCCTTAATTGGAACAGT TTGTTTTGCTCTTCCAACTTTGATTCCAGTCTACTGT T

GGGGCGAAT CGTGGAAC AAC GCTTGGCACATAGCCTT. ATTTCGAT ACATATTCAAT CTTAA
CGTGACTTTCCTAGT CAACAGT GCTGCGCATAT CTGGGGGAATAAGCCT TATGATAAAAGC

ATCTTGCCCGCT CAAAACT TATTAGT TTCCTTCCTAGCAAGT GGAGAAG GCTTCCAT AAT T
A CCAT CAC GTCTTTCCAT GGGAT TA CCGCAC AGCAGAAT TAGGGAAT . AACTTCTTAAAT TT
GACGACGITATT  CATT GATTTTTGIGCCTGGTTTGGATGGGCTTATGACTT GAAGT CTGTA
TCAGAG GAT ATTATAAAACAGAGAGCTAAACGAACAGGT GACGGT TCTTCAGGGGTCATTT

GGGGAT GGGAC GACAAAGAC ATGGAC CGCGAT ATAAAAT CTAA AGCTAAC ATTTTTT.ATGC
TAAAAAG GAAT G A

SEQ 1D NO

19

if. zea zIl desaturase

ATGGCCCAAAGCTATCTATCAACTACGGT TTTGAGT GAGGAGAAAGAACTAACATTACAAC
ATTTGGTGCCCCAAGCAT CGCCCAGGAAGTATCAAATAGT GTATCCGAACCTCATTACGT T
TGGTTACTGGCACATAGCCGGACTTTATGECCTTTACTTGTGCTTCACTTCTGCTAAATGG
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GCTACGATTTTATTCAGCTACATCCTCTTCGT GT TAGCAGAAATAGGAAT CACGECTGECG
CTCACAGA CTCT GGGCCCACAAAAC TTACAAAG CGAAAC TACCAT TAGAAAT ACT CTTAAT
GGTATT CAACTCCATCGCYTTTCAAAACT CAGCCATT GACT GGGI' GCAGGGA CCACCGACTC
CACCATAAGT ATAGCGATACAGATGCTGATCCCCACAATGCCAGCCGAGCGT TCTTTTATT

CCCAT GTA GGAT GGCTACT T GT GAGAAAAC AT CCT GAAGI CAAAAAG CGAG GGAAAGAAC T
CAATATGT CCGATATTTACAACAATCCTGT CTTACGGT TTCAGAAAAAATACGCCATACCC
TTCATTGGGECTGITTGT TTCGCCTTACCTACAATGATACCTGT TTACTTCTGGGGAGAAA

CCT GGT CCAAT GCT T GGCAT AT CACCAT GCTTCGCTAGATCAT GAAC CTCAAT GTCACCTT
TTTGGTAAACA GCGCT GCT CAT ATATGGGGAAAC AAG CCTTAT GAC GCAAAA ATATTACCT
GCACAAAAT GTAGCT GT GT CGGT CGCCACT GGT GGAGAAGGT TTCCATAATTACCACCATG
TCTTCCCCTGGGAT TAT CGAGCAGCGGAACT CGGTAACAATAGCCTCAATTTAACGACTAA
ATTCATAGAT TTAT TCGCAGCAAT CGGAT GGGCATATGATTTAAAGAC GGTTT CGGAG GAT
ATGATAAAACAAA. G GAT TAAAC GCACT GGAGAT GGAAC GGAT CTTTGGGGACA CGAAC AAA
ACT GI'GATGAAGT GT GGGAT GTAAAAGATAAAT  CAAGTTAA

SEQ 1D NO

20

o. furnacalis Zz9 desaturase

GCACCCCCGATTATGCCCTT GCCACGGCCCCAGT CCAGAAAGCAGACAAC TATCCCRGAAA
ACTAGT GT GGAGAAAC ATCATACTCITTGCATACCTTCACCTTGCCGCTGT  GTATGGAGCA
TAGCFATTCTTATTTTCAGCGAAAT GGCAGACAGAT ATTTTTGCCTACATTCTITACGTGA
TCTCAGGACTCGGCAT CACAGCGGEGAGCCCACCGCCT TTGGGCGCACAAGT CATACAAGEC

TAAGT GGCc. ACTTAGAC TCAT TCTTATTAT CTTCAACACTGTATCAT TCCAGGACTCTGCT
CTCGACT GGT CA CGT GA.CCA CCGCAT GC*CCACAAAT ACTCGGAGAC CGACGCCGAC CCGC
ACAACGCGACTCGAGGGTTCTTCTTCTCTCATATCGGCTGGT TATTAGT CCGCAAGCACCC

GGAAT TAAAGA GAAAGGGCAAGGGATTAGAC TTAAGCGACT TGIATGCT GAT CCCAT CCTC
CGTTTCCAGAA GAAGT ACT ATTTACTATTAATGCCTCTTGGCTGCTT CAT CAT GCCGACGG
TGGTCCCGGTGTACTTCTGGEGT GAGACTTGGACTAACGCT TTCTTCGTCGCCGCGCTCTT
CCGATACACCTTCATCCTCAATGT CACCTGGT TGGT CAACT CCGCCGCGCACAAGT GGGGEC

CA CAAG CCCTAT GACA GCAGCAT CAAG CCTTCCGAGAAC CTCTCAGT CTCCTTAT TCGCGT
TGGGCGAAG GAT T CCaca7- VCTACCACCACACATT CCCCT GGGAC TACAAAAC TGCCGAGCT
CGGCAAC AACAGAC T CAAT TTCACAAC AAAC TTCAT CAACT TCITCGCTAAAAT CGGAT GG
GCTTAGGACTTGAAAAC GGT CTCCGAC GAGAT TAT TCAGAAT AGAGT CAAG CGCACAGGAG
ATGGCTCCCACCACTTATGGGEGT TGGGECGACAAGGAT CAACCTAAAGAGGAGGTAAACGC

AGC CAT TAGAAT TAAT CCTAAAGAC GAGTAA

SEQ 1D NGO

25

L. oapitella z9 desaturase

ATGCCGCCGAACGT GACAGAGECGAACGGAGT GTTATTTGAGAATGACGT GCAGACTCCTG
ACATGGEECTAGAAGT GGCCCCT GT GCAGAAGGCT GACGAGCGTAAGATCCAGCTCGTTTG

GAG GAACATCAT CCC | ' TTTGCAT GTCTTCAT TTAGCAGCTGT GTATGGAGCTTAT TTATTC
TTCACCTCGGCTATATGGCAGACAGACATATTTGCATACATCCTTTACGT TATGTCTGGAT

TAG GAAT CACGGC GGGAGC GCACAGATTAT  GGGCT CATAAGT CAT ACRAGGCGAAGT GGCC
GT TA7- VGAT TAAT CCT CGT CGCAT TCAACACTTTGGCAT T CCAG GAT TCGGCAAT CGACTGG
GCGCGCGAC CAC CGCAT GCA CCACAAGT ACTCGGAGAC GGAT GCGGAC CCACATAAC GCCA
CTCGCGGCTTCTTCITTTCGCACATT GG T GGT TACT CT GCCGAAAAC ACCCGGAGCTAAA
GCGCAAG GGCCAG GGCCT CGAC T TAAG T GAC CT CTACGCAGAT CCTAT TATTCGCTTCCAA
AAGAAGT ACTACTTATTGITAAT GCCGTTAGCCTGCTTTGITCTTCCCAC CAT AAT TCCGG
TCTACCT CT GGGGCGAG TCCT GGAAAAAC GCGTTCTTCGTAGCT GCAAT GTTCCGTTACAC
GTTCAT CCT CAAC GTAACAT GGCT CGT CAAC TCCGCCGCC CACAAAT GGGGAG GCAAG CCC
TATGATAAGAACATCCAGCCCGCTCAGAACATCTCTGTAGCTATCTTCGCAT TAGGCGAGG
GCTTCCACAAC TACCAC CACACGITCCCCTG GGAC TACAAGAC CGCT GAAT TAGGAAAC AA
CAG GTTAAAT TTCA.CAACT TCGTTTAT CAAT TTCTTCGCAAG CTTCGGAT GGGCCTA CGAC
TTAAAGACCGT GT CGGACGAGAT TATACAACAGCGCGT TAAGAGGACGGGAGATGGGAGCC
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ATCACT TACGGEGEGECT GGEGECGACCAGGACATACCGECCGAAGAAGCT CAAGCTGCTTTACG
CAT TAAC CGTAAAGAT GAT TAG

SEO

I'D NO

22

H. zea Z9% desaturase

ATGGCTCCAAATATAT CGGAGGAT GT GAACGGEGGT GCTCTTCGAGAGT GATGCAGCGACGC
CGGACTTAG CGr TAT CCACGCCGCCTGT GCAGAAG GCT GACAAC AGGCCCAAG CAAT TAGT
GT GGAGGAACAT ACTATTAT TCGCGIATCTTCACTTAGCGGCTCI TTACGGAGGITATTTA
TTCCTCTTCTCAGCTAAATGGCAGACAGACATATTTGCCTACATCTTATATGTGATCTCCG
GGCTTGGTATCAC GGCT GGAG CACATCGCTTAT GGGCCCACAAGT CCTACAAAGC TAAAT G
GCCTCTCCGAGT TATCTTAGT CATCTTTAACACAGT GGCATTCCAGGATGCCGCTATGGAC

T GGGCGCGCGA CCACCGCAT GCATCACAAGT 1 CT CGGAAAC CGAT GCT GAT CCT CATAAT G
CGACCCGAGGAT TCTTCTTCTCT CACAT TGGCT GGTTACTTGT CAGGAAAC ATCCCGACCT
TAAGGAGAAGGGECAAGGGACT CGACATGAGCGACT TACTTGCTGACCCCATTCTCAGGTTC
CAGAAAAAAT ACTACTTAAT CTTAAT GCCCTTGGCTTGCTTCGI  GAT GCCTACCGTGATTC
CTGIGTACTTCTGGGGT GAAACCT GGACCAACGCATTCTTTGI GGCGGCCATGT TCCGCTA

CGCGIT CAT CCT AAAT GTGACGT GGCTCGT CAACT CTGCCGCT CACAAGT GGGGAGACAAG
CCCTAG GACAAAAG CAT TAAG CCTT CCGAAAAC TTGTCGGTCGC CAT GITCGCTCTCG  GAG
AAGGATTCCACAACTACCACCACACTTTCCCTTGGGACTACAAAACT GCTGAGT TAGGCAA

CAACAAAC TCAACTTCACT ACCACCTTTATTAACTTCTTCGC TAAAAT TGGCTGGGCTTAC
GACTTAAAGAC AGT GTCTG AT GATATC GT CAAGAAC A GGGT GAAGCGCACT  GGTGACGGECT
CCCAC CACTTAT GGGGCT GGGGAGA CGAAAAT CAAT CCAAAGAAG AAAT TGAT GCCGCTAT
CAGAAT CAAT CCTAAG GACGAT TAA

SEQ I D NO

23

T. pseudonana Zzii desaturase

ATGGACTTTCTCTCCGGCGATCCTTTCCGGACACT CGTCCTTGCAGCACTTGT TGTCATCG
GATTTGCTGCGECGT GECAATGCT TCTACCCGCCGAGCATCGT CGGCAAGCCTCGTACATT

AAG CAAT GGTAAAC TCAAT ACCAGAAT CCAT GGCAAAT TGTACGACCTCTCAT CGTTTCAG
CAT CCAGGAGGCCCCGTGGCTCTTTCTCTTGTT CAAG GT CGCGAC GGAACAGCTCTATTTG
AGT CACA CCAT CCCTTCATACCT CGAAAGAAT CTACTTCAGAT CCTCTCCAAGT ACGAGGT
TCCGTCGACTGAA. GACTCTGTTTCCTT CAT CGCCAC CCTAGA CGAAC T CAAT GGT GAAT CT
CCGTACGATTGGAAGGACATTGAAAATGATGATTTCGTATCTGACCTACGAGCTCTCGTAA
TTGAGCACTTTTCTCCTCT CGCCAAGGAAAG GGGAGTTTCACTCGTT GAGT CGY CGAAG GC
AACACCTCAGCGGTGGATGGTGGTTCTATTACTCCTTGCGT CGT TCTTCCTCAGCATCCCA
TTATATTTGAGTGGT TCGTGGACTTTCGTI TGT CGTCACTCCCATCCTCGCT TGGT TAGCGG
TTGTCAATTACT GGCAC GAT GCTACTCACTTTGCAT TGAGC 2 GCAAC TGGAT TTTGAAT GC
TGCGCTCCCATATCTCCTCCCTCTCCTATCGAGT CCGTCAATGTGGTATCATCATCACGTC
ATTGGACATCACGCATACAC CAACATTT CCAAAAGAGAT CCAGAT CTTGCT CACGCTCCAC
AACTCAT GAGAGAACACAAGAGTAT  CAAAT GGAGAC CAT CT CACTTAAAT CAAACACAGCT
TCCGCGGAT TCTCTTCATCT GGT CGAT T GC. AGT CGGT. ATTGGGT T GAAC TTAT TAAAC GAC
GTGAGAGCACTAACCAAGCTTTCATACAACAACGT TGT TCGGGT GGAGAAGATGT CATCGT
CGCGAACATTACTCCAT TTCCTTGGACGTATGITGCACATCTTTGT G ACTAGACT TTGGCC
CTTTTTGGCGI TTCCGGT GT GGAAG GCCAT CGTTTGGGCGACT GTACCGAAT GCCATATTA
AGTTTGIGCTT CAT GTTAAATACGCAAAT  CAAT CACCT CAT CAACACGTGIGCACATCCTT
CCGATAACAACTTTTACAAGCATCAAGT TGTAACTGCTCAGAACT TTGGCCGATCAAGTGC
CTTTTGCTTCATCTTCTCGGGAGGT CTCAACTACCAAATTGAACATCATTTGT TGCCGACG
GTGAACCATTGCCATTTGCCAGCT TTGECCCCGGEGT GTAGAGCGT TTGTGTAAGAAACACG
GGGTGACATACAAC TCTGT T GAAG GAT ACA GiGAGGCCAT CAT TGCACACTTTGCACATAC
CAAAGAT ATGT CGAC GAAG CCTACT GATTGA

SEO

I'D NO

24

Native 7. ni ZIl desaturase

ATGGCT GT GAT GGCT CAAACAGT ACAAGAAACGG CTACAGT GIT GGAAGAGGAAG CTCGCA
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CAGTIGACTCTTGT GGCTCCM AAGACAACGCCAAGGAAATATAAATATATATACACCAACTT
TCTTACATTTTCATATGCGCATTTAGCTGCATTATACGGACTTTATTTGTGCTTCACCTCT
GCGAAAT GGGAAACATTGCTATTCTCTTTC GIACT CT TCCACAT GT CAARATATAGGCAT CA
CCGCAGGGGCT CACCGACT CT GGACT CACAAGAC TT T CAAAG CCAAAT TGCCTTT GGAAAT
TGTCCTCATGATATTCAACTCTTTAGCCT TTCAAAACACGGCTATTACATGGGCTAGAGAA
CATCGGCTACATCACAAATACAGCGATACT GATGCT GATCCCCACAAT GCGT CAAGAGEGT
TCTTCTACTCGCAT GTTGECTGGC TAT TAGT AAAAAAAC AT CCCGAT GT CCT GAAAT AT GG
AAAAAC TATAGAC 2T GI' CGGAT GTATACAAT AAT CCT GT GT TAAAAT TT CAGAAAAAGT AC
GCAGTACCCTTAATTGGAACAGT TTGTTTTGCTCTGCCAACTTTGATTCCAGTCTACTGI T
GGGGCGAAT CGT GGAACAAC GCT TGGCACATAGCCT TAT TTCGATACATATTCAATCITAA
CGTGACTTTCCTAGI CAACAGT GCTGCGCATAT CTGGGGEGAATAAGCCT TATGATAAAAGC
ATCTTGCCCGCT CAAAAC CTGCTGGITTCCTTCCTAG  CAAGT GGAGAAG GCTTCCATAATT
ACCAT CACGTCTTTCCAT GGGAT TACCGCACAGCAGAAT TAGGAAATAACT TCCTGAAT TT
GACGACGCTGTTCATTGATTTTTGTGCCTGGT TTGGATGGEECTTATGACT TGAAGT CTGTA
TCAGAGGATATTATAAAACAGAGAGCTAAACGAACAGGTGACGGT TCTTCAGGGGTCATTT
GGGGAT GGGACGACAAAGACAT GGACCGCGATATAAAATCTAAAGCTAACATTTTTTATGC
TAAAAAG GAAT (A

SEQ 1D NO

25

H. zea 7|1 desaturase

ATGGCCCAAAG CTAT CAAT CAACTACGGTTTT GAGI GAGGAGAAAGAAC TAACACTGCAAC
ATTTGGTGCCCCAAGCAT CGCCCAGGAAGT ATCAAATAGT GTATCCGAACCTCATTACGT T
TGGITACT GGCACATAGCCGGACTTTAT GGCCTTTACTTGT GCTTCACTTCTGCTAAAT GG
GCTACGATTTTATTCAGCTACATCCTCTTCGT GT TAGCAGAAATAGGAA. TCACGECTGECG
CTCACAGAC TCTGEECC CACAAAAC TTACAAAG CGAAAC TACCAT TAGAAAT ACT CTTAAT
GGTATTCAACTC CATCGCTTTTCAAAACTCAGCCATT GACTr GGGTGAGGGACCACC GACTC
CACCATAAGTATAGCGATACAGAT GCTGATCCCCACAAT GCCAGCCGAGGGT TCTTTTATT

CCCAT GTA GGAT GGCTACT TGT GAGAAAAC AT CCT GAAGT CAAAAAG CGAGGGAAAGAAC T
CAATATGT CCGATATTTACAACAATCCTGT CCTGCGGT TTCAGAAAAAATACGCCATACCC
TTCATTGGGECTGI TTGT TTCGCCT TACCTACAATGATACCTGI TTACTTCTGGGGAGAAA
CCTGGT CCAAT GCTT GGCATAT CACCATGCTTCGCrACAT CAT GAACCTCAAT GTCACCTT
TTTGGTAAACAG CGCT GCT CATATATGGGGAAACAAG CCTTAT GACGCAAAAAT ATTACCT
GCACAAAAT GTAGCT GT GT CGGT CGCCACT GGT GGAGAAGGT TTCCATAAT TACCACCAT G
TCTTCCCCTGGGAT TATCGAGCAGCGGAACT CGGTAACAATAGCCTCAATCTGACGACTAA
ATTCATAGAT TTAT TCGCAGCAAT CGGAT GGGCATAT GAT CT GAAGAC GGT TT CGGAGGAT
ATGATAAAACI AAAGGATTAAACGCTI CTGGAGATGGAACGGATCTTTGGGGACTI CGAACM AA
ACT GT GAT GAAGT GT GGGAT GTAAAAGATAAAT CAAGTTAA

SEQ 1D NO

26

T. ni ZIl desaturase Honp sapiens optimized

ATGGCCGT GAT GGCCCAGAC CGT GCAGGAGAC CGCAACAGT GCT GGAGGAGGAGGCAAG A
CCGT GACACTGGT GGCACCCAAGACCACACCTAGAAAGT ACAAGTATATCTACACCAACTT
CCTGACCTTCAGCTACGCACACCT GECCGCCCTGTATGGACTGTACCTGTGCTTTACCTCC
GCCAAGT GGGAGACACTGCTGT TCTCTTTTGTGCTGI TCCACATGAGCAATATCGGAATCA
CCGCAGGAGCACA CA GGCT GT GGAC CCACAAGAC ATT CAAGGCCAAGCTGCCTCTG GAGAT
CGTGCTGATGATCTTCAACTCTCTGGCCTTTCAGAATACCGCCAT CACAT GGGCCCGEGAG
CACAGAC T GCACCACAAGT ATA GCGACA CCGAT GCA GAC CCACA.CAAC GCAAG CAGGG=CT
TCTTI ' TACTCCCACGTGGGCTGGECTGCT  GGT GAAGAAGCACCCCGACGTGCT  GAAGTATGG
CAAGACAAT CGACAT GT CCGACGT GTACAACAAT CCCGTGCTGAA. GTTTCAGAAGAAGT AT
GCCGT GCCTCTGATCGGCACCGT GTGCT TCGCCCTGCCAACACTGATCCCCGTGTATTGI T
GGGECGAGT CTTGGAACAAT GCCTGECACATCGCCCTGI TCCGGTACATCTTTAACCTGAA
TGTGACCTTTCTGGT GAACT CCGCCGCCCACAT CTGGGGCAATAAGCCTTACGACAAGT CT
ATCCTGCCAGCCCAGAACCT GCTGGTGT CCTTCCTGGECCT CTGECGAGGECTTTCACAATT
ATCACCACGT GT TCCCAT GGGACT 2 CAGGAC CGCAGAG CT GGGCAACAAT TTTCT GAACCr
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GACCACACTGI TCATCGATTTTTGT GCCTGGT TCGGCTGGEGECCTATGACCTGAAGTCTGTG

AGC GAG GAT AT CAT CAAGC AGA GGGCAAA GAGGACA GGCGAT GGCAGCT CCGGCGTI GAT CT
GGGGAT GGGACGATAAGGATAT  GGACAGAGAT AT CAAGAGC AAGGCCAATATCTTCTACGC
CAAG AAG GAGT GA

SEQ

ID NO

27

H. zea ZI1 desaturase Hono sapi ens optim zed

ATGGCACAGT CATATCAGAGCACTACCGT CCT GAGCGAAGAGAAGGAACT GACACTGCAGC

A CCTGGT CCCA CAGGCATCACCTAGAAAGT ACCAGAT CGTGTAT CCAAAC CTGAT CACCTT
CGGCTACTGGCACAT CGCCGECCTGTACGECCTGTATCTGT GCTTTACCT CCGCCAAGT GG
GCCACAATCCTGI TCTCTTACATCCTGT TTGT GCTGGCAGAGAT CGGAAT CACCGCAGGAG

CA CACAGAC TGT GGGCACAC AAGACAT ATAAG GCCAAG CTGCCCCTGGAGAT CCT GCT GAT
GGT GT T CAACAG CAT CGCCTTT CAGAAT T CCGCCAT CGAT TGGGTGCGG GAC CACAGAC TG
C. ACCACAA GTACTCCGACA CCGAT GCCGA CCCCCACAAC GCCTCTAGGGGCTTCTTTTATA
GCCACGT GGGAT GGCT GCT GGT GCGGAAGCACCCT GAGGT GAAGAAGAGAGGCAAGGAGCT

GAAT ATGT CTGAT ATCTACAAC AAT CCTGTGCTGCCCTTC  CAGAAGAAGT AT GCCAT CCca
TTCATCGGECGCCGTGTGCTTTGCCCT GCCCACCATGATCCCCGTGTACT TTTGGGECGAGA

CAT GGAG CAAC GCCT GGCACAT C. ACAAT GCT GCGGTATAT CAT GAAC CTGAAT GTG AC. ATT
CCT GGT GAAC TCCGCCGCCCA CAT CTGGGGCAAT 12 GCCAT ACGAC GCCAAGAT CCTGCCC
GCCCAGAAC GI'GECCGT  GA. GCGT GGCAAC CGGA. GGAGAG GGCTTCCACAAT TACCAC CAC G
TGITTCCTT GGG ATTAT CGGGCCGCC  GAG CT GGGCAAC AAT T CT CTGAAT CT G ACCA CAAA
GTTCATCGACCTGI TTGCCGCCAT CGGCTGEGCCTATGAT CTGAAGACAGT GAGCGAGGAC

AT GAT CAAGCAGAGGAT CAAGCGCACCGGC  GAT GGCACAGACCT GT'GGGGGCACGAGCAGA
ACT GT GAT GAAGT GT GGGAT GT GAAAGACAAGT  CCT CCTAA

SEO

ID NO

28

v. lipolytica OLE1 |eader T. ni ZIl desaturase Honb sapiens
optinm zed

AT GGT GAAGAAC GT GGACC. AGGT GGAT CT GT CT CA GGT GG. ACA CCAT CGCAAGCGGAAGEG
ATGTGAATTATAAGGT  GAAGT ACACATCTGGCGTGAAGACCACACCAAGAAAGTACAAGTA
TATCTACACCAACTTCCTGACATTTTCT TACGCCCACCTGGECCGCCCTGTATGECCTGTAC
CTGTGCTTTACCAGCGCCAAGT GGGAGACACTGCTGTTCTCCTTTGTGCTGT TCCACATGT

CTAAT AT CGGAAT CAC CGCA GGAG CACA CAGGCT GT GGAC CCACAAGACAT TCAAG GCCAA
GCT GCCCCT GGAGAT CGTGCT GAT GAT CTT CAAC TCCCT GGCCT' TTCAGAAT ACCGCCAT C
ACATGGGCCCGGGAG CACAGAC TGCAC CACAAGT ATTCTGACA CCG AT GCA GA CCCA CACA

. ACGCAAG CA. GGGGCTTCTTTT. ACT CCCAC GTGGGECTGECTCGCTGGT GAAGAAG CACCCT (A
CGTGCTGAAGT ATGCCAAGACAAT CGACAT GAGCGACGT GTACAACAATCCTGTGCTGAAG
TTTCAGAAGAAGTATGCCGT GCCACT GAT CGGCACCGT GTGCTTCGCCCTGCCCACACTGA
TCCCCGTGTACTGT TGGGGECGAGT CCTGGAACAAT GCCTGGECACATCGCCCTGT TCCGGTA
CATCTTTAACCTGAATGT GACCT TTCTGGT GAACAGCGCCGCCCACAT CTGGGGECAATAAG

CCAT ACG AC. AAGT CCAT CCTGCCCGCC  CAGAAC CTGCTGGTGICCTTCCTGGCCTCTGECG
AGGCCTTTCACAATTATCACCACGT GT TCCCT TGGGACT ACAGGACCGCAGAGCTGGGCAA

CAAT TTTCTGAAC CTGAC C. ACACT GTT CAT CGAT TTTTGTGCCTGGT TCGGCTGEGECCTAT

GAC CT GAAGT Ct GT GAG CGAG GAT ATCAT CAAG CAGAG GGCAAAG AGGACA GGCGAT GGCA
GCTCCGGCGT  GAT CT GGGGAT GGGAC GAT AA. GGATAT GGACAGAGAT ATCAAGT CCAAG GC
CAATATCTTCTACGCCAAGAAG GAGT GA

SEO

ID NO

29

vy. lipolytica OLE1 |eader H. zea Zl| desaturase Honp
sapi ens optim zed

AT GGT GAAAAAC GT GGAC CAAGT GG ATCT CT CGCA GGT CG. ACA CCAT TGCCTCCGECC  GAG
AT GTCAACTACAAGGT CAAGTACACCTCCGG CGTTCGCAAGTATCAGATCGTGTATCCTAA
CCTGATCACCTTCGCCTACT GGCATATCGCTGGACTGTACGGACTGTATCTGT GCTTCACT

TCCGCCAAGT GGGCCACCATCCTGT TCTCTTACATCCTGT TTGT GCTGGCAGAGAT CGGAA

293




WO 2018/213554

PCT/US2018/033151

TCACCGCr GGAG CA CALCAGAC TGT GGGCACACAAGLCATATARGGCCAAG CTGCCACT GG
GAT CCT GCr GAT GGT GT TCAA CAGCAT CGCCTTT CAGAAT TCCGCCAT CGAT T GGG GCGG
GAC CACAGACT GCA CCACAAGT ACTCCGACACAGAT GCCGACCCCCACAAC GCCTCTAGGG
GCTTCTTTTATAGCCACGT GGGAT GGCT GCT GGT GCGGAAGCACCCT GAGGT GAAGAAGAG
AGGCAAGGAGCTGAATATGT CTGATATCTACAACAATCCTGT GCTGCGCTTCCAGAAGAAG
TATGCCAT CCCAT TCAT CGGCGCCGTGT GCTTT GCCCT GCCCA CCAT GAT CCCCGT GTACT
TTTGGGECGAGACAT GGAGCAACGCCT GGCACATCACAATGCTGCGGTATATCATGAACCT

GAAT GTGACATTCCT GGT GAAC TCCGCCGCC CACAT CT GGGGCAATA_AGCCATACGAC GCC
AAGATCCTGCCCGCCCAGAACGT GECCGT GAGCGT GGCAACCGGAGGAGAGGGECTTCCACA
ATTACCAC CACGT GTTTCCAT GGGAT TATA GGGCA GCAGAG CT GGGAAAC AAT TCTCT GAA
TCTGACCACAAAG TTCATCGAC CTGITT GCCGCCAT CGGCT GGGCCTAT GAT CTGaznGACA
GT GAGCGAGGACAT GAT CAAGCAGAGGAT CAAGCGCACCGGECGAT GGCACAGACCTGT GGG

GGCAC GAG CAGAAT ‘T GT GAT GAAGT GT GGGATGT GAAG GATAAAAGC AGIT GA

SF.Q ID NO

30

Native A. transitella Zil desaturase

ATGGTCCCTAACAAGGGT TCCAGTGACGT TTTGTCTGAACATTCTGAGCCCCAGI TCACTA

AAC TCAT AGCT CCA CAAGC A GGGCCGAG GAAAT A CAAGAT AGT GTATCGAAAT TTGCTCAC
ATTCGGCTATTGECACTTATCAGCTGI TTATGEGCTCTACTTGTGCTTTACTTGTGCGAAA
TGGGCTACCATCTTATTTGCATTTTTCTTATACGT GATCGCGGAAATCGGTATAACAGGTG
GCGCTCATAGCCTATGEGECACATCGGACTTATAAAGCCAAGT TGCCTTTAGAGATTTTGI T

ACT CAT AAT GAAT TCTAT T GCCTT CCAAGAC ACTGCTTT CAC CT GGGCT CGAGAT CACCGC
CTTCAT CACAAAT ATTCGGAT ACT GAC GCT GAT CCCCACAAT GCTACCAGAG GGTTTTTCT
ATT CACATGTAGCCTGGECTTTTGGTGAAGAAACACCCT GAAGT CAAAG CAAGAGGAAAATA
CTTGTCGTTAGATGATCT TAAGAATAATCCATTGCTTAAATTCCAAAAGAAATACGCTATT

CTAGT TAT AGGCACGTTAT GCTTCCTTAT GCC. AACATTTGT GCCCGTATACTT CT GGGGCG
A GGGCAT CA GCAC GGCCTGGAAC AT CAAT CTAT TGCGAT ACGT CAT GAAT CTTAACATGAC
TTTCTTAGI TAACAGT GCAGCGCATATCT TTGGCAACAAACCATACGATAAGAGCATAGCC
TCAGTCCAAAATATTTCAGI TAGCTTAGCTACTTTTGGCGAAGGATTCCATAATTACCATC
ACACTTACCCCT GGGAT TATCGT GCGGCAGAAT TAGGAAATAATAGGCTAAATATGACTAC
TGCTTTCATAGAT Tt CTTCGCTTGGAT CGGCT GGGCT TAT GACT T GAAGT CT GTGCCACAA
GAGGCCATTGCAAAAAGGT GTGCGAAAACT GGCGAT GGAACGGATAT GT GGGGT CGAAAAA

GATAA

SEQ I D NO

31

pPV0228 - ZIl Helicoverpa zea desaturase

ATGGCCCAAAGCTATCAATCAACTACGGT TTTGAGT GAGGAGAAAGAACTAACATTACAAC

ATTTGGT GCCCCAAGCATCGCCCAGGAAGTATCAAATAGT GTATCCGAACCTCATTACGT T
TGGTTACTGGCACATAGCCGGACTTTATGECCTTTACTTGTGCTTCACTTCTGCTAAATGG
GCTACGATTTTATTCAGCTACATCCTCTTCGT GT TAGCAGAAAT AGGAAT CACGGECTGECG
CTCACAGACT CTGGGCCCACAAAACTTACAAAGCGAAACTACCATTAGAAATACTCTTAAT
GGTATTCAACTCCATCGCTTTTCAAAACT CAGCCATTGACT GGGT GAGGGACCACCGACTC
CACCATAAGT ATAGCGATACAGAT GCTGATCCCCACAATGCCAGCCGAGGGT TCTTTTATT

CCCAT GTAGGAT GGCTACTT GT GAGAAAAC ATCCT GAAG TCAAAAAG CGAGGGAAAGAAC T
CAAT ATGTCCGATATTTACAAC AAT CCTGTCTTACGGTITT  CAGAAAAAAT ACGCCATACCC
TTCATTGGGGCTGTTTGTTTCGCCTTACCTACAAT GATACCTGTTTACTTCT GGGGA GAAA
CCTGGTCCAATGCTTGGCATATCACCATGCT TCGCTACATCATGAACCTCAATGTCACCTT
TTTGGTAAACAG CGCT GCT CAT ATAT GGGGAAAC AAG CCTTAT GAC GCAAAAAT ATTACCT
GCACAAAATGTAGCT GT GT CGGT CGCCACT GGT GGAGAAGGT TTCCATAATTACCACCATG
TCTTCCCCTGG GAT TAT CGAG CAGCGGAAC TCGGTAAC AAT AGCCTCAAT TTAAC GACTAA
ATT CATAGATTTATTCGCAGCAATC GGAT GGGCATATGATTTAAAGACGGT TTCGGAGGAT
ATGAT AAAACAAAG GAT TAAAC GCACT GGAGAT GGAAC GGAT CT TTGGGGACA CGAAC AAA
ACT GT GAT GAAGT GT GGGAT GTAAAAGATAAAT  CAAGITAA
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SEQ

I D NC

32

pPV022 8 - Helicoverpa armigera reductase codon optina zed

ATGGTCGTTTTAACT TCTAAAGAGACAAAACCTTCAGTAGCT GAGT TTTATGCGGGAAAAT
CTGITTTTATTACGGGT GGCACTGGATTCCTTGGAAAGGTATTCATAGAGAAACTTTTATA
TAGCTGTCCAGATATCGAGAATATCTACATGCTCATACGAGAGAAGAAAGGTCTTTCTGI T
AGCGAAAGAAT AAAAC AGI'TCCTTGATGACCCGCT CT TTACCAGACTAAAAG ACAAAAG AC
CAGCY GACTTAGAGAAGAT TGTATTAATACCAGGAGAT ATTACT GCT CCT GACTTA GGCAT
T. AATT CT GAAAAC GA GAAGAT GCTTATAGAGAAG GI'ATCGGT GAT TATT CAT TCGGCT GCT
ACGGTGAAGT TTAATGAGCCT CTCCCTACGGCT TGGAAGAT CAACGT GGAAGGAACCAGAA

TGAT GTTAGCTTT GAGTI CGAAGAAT GAAG CGGAT TGAGGTTTTCAT TCACATATCGACAGC
ATACACGAACACAAACAGGGAAGT GGT TGACGAGATCTTATACCCAGCTCCTGCTGATATC

GAC CAAGT TCAT CAGT ATGT CAAAGAT GGAAT CT CT GAG GAAGAC ACT GAGAAAAT ATTAA
ATGGTCGTCCAAATACGTACACGT TTACGAAAGCGT TAACTGAGCATTTAGT TGCTGAGAA
CCAAGCCTACGTACCCACTATTATCGT CAGGCCGT CAGT CGTGGCAGCAATAAAAGATGAG
CCATTAAAAGGT TGGT TAGGCAACT GGT TTGGAGCGACT GGTCTCACCGT GT TCACCGCTA
AGGGTCTCAACCGAGT CATCTACGGT CATTCTAGCTACATCGTAGACTTAATTCCTGTGGA
TTATGTCGCTAATTTAGT GATTGCT GCTGGGECTAAGAGTAGCAAGT CAACTGAGT TGAAG
GTATACAACT GCTGCAGCAGCT CCTGCAATCCCGT CACTATTGGCACGT TAATGAGCATGT
TTGCTGACGATGCCATCAAACAGAAGT CGTATGCTATGCCGCTACCGEGGTGGTACATATT
CACGAAATATAAGTGGTTAGTTCTTCTTTTAACATTTCTCTTCCAAGT TATACCGGCGTAT

GT CACAGAT CTCTCCAG GCACTT GATT GGGAAGAGT CCACGGTACATAAAACT CCAAT CAC
TAGTAAATCAAACGCGCTCTTCAATCGACT TCTTCACGAATCACT CCTGGGTGATGAAGCEC
AGACAGAGT GAGAGA GTTATATGCGTCTCTTTCCCCCGCAGAC. AAGTACTTATTTCCCTGT
GAT CCTACGGACATTAACT GGACACATTACATACAAGAC TACTGTTGGGGAGT CCGACATT
TTTTGGAGAAAAAAAG  CT. ACGAAT AA

SEO

I'D NG

33

pPV022 8 - ICL pronoter

TATTAGGCGAAGAGGCATCTAGTAGTAGT GGCAGT GGT GAGAACGT GGGCGCTGCTATAGT

GAAGAAT CTCCAGT CGATGGT TAAGAAGAAGAGT GACAAACCAGCAGT GAAT GACTTGICT
GGGT CCGT GAGGAAAAGAAAGAAGCCCGACACAAAGGACAGT AACGT CAAGAAACCCAAGA
ANATAGGGGGGAC CTGTTTAGAT GTATA GGAAT AAAAAC TCCGAGAT GAT CTCRATGT GTAA
TGGAGT TGTAATATTGCAAAGGGGGAAAAT CAAGACTCAAACGT GTGTATGAGT GAGCGTA
CGTATATCTCC:AGAGT AGT AT GACAT AAT GAT GACT GT GAAT CAT CGTAAT CTCACACAA
AAACCCCATTGT CGGCCATATACCACACCAAGCAACACCACATATCCCCCGGAAAAAAAAA

CGT GAAAAAAAGAAAC  AAT CAAAACTACAAC CTACT CCTTGAT CACACAGT CATT GAT CAA
GTTACAGT TCCTGCTAGGGAAT GACCAAGGTACAAAT CAGCACCT TAATGGT TAGCACGCT
CTCTTACTCTCTCTCACAGT CTTCCGGCCCCTAT TCAAAAT TCTGC. ACTTCCAT TTGACCC
CA GGGT T GGGAAAC A GGGCCA CAAAAGAAAAAC  CCGAC GTGAAT GAAAAAAC TAAGAAAAG
AAAAAAAAT  TATCACAC CAGAAAT TTACCTAAT TGGGTAAT TCCCAT CGGTGITTTTCCTG
GATTGT CGCACGCACGCATGCTGAAAAAAGTGTTCGAGT TTTGCTTTTGCCTCGGAGTITTC

ACGCAAGT TTTTCGATCTCGGAACCGGAGGGECGGTCGCCTTGT TGTTTGTGATGT CGT GCT
TTGGGTGTTCTAATGTGCCTGTTATTGTGCTCTTTTTTTTTCTTCTTTTTTTGGTGATCATA
TGATATTGCTCGGTAGATTACTTTCGTGTGTAGGTATTCTTTTAGACGT TTGGT TATTGGG

TAGAT AT GAGAGAGAGAGAGT  GGGT GGGGGAGGAGTT  GGTT GT. AGGAGGG ACCCCT GCGAG
GAAGT GTAGTTGAGTTTTCCCT GAC GAATGAAAAT ACGTTTTTGAGAAGAT AAT ACA GGAA
AGGTGTGTCGGTGAATTTCCATCTATCCGAGGATAT GAGT GGAGGAGAGT CGTGT GCGTGT
GGTTAATTTAGGATCAGT GGAACACACAAAGT AACT AAGACAGAGAGACAGAGAGAAAAAT
CTGGGGAAGAGACAAAGAGT CAGAGTGTGTGAGT TATTCTGTATTGTGAAATTTTTTTGCC

C. AACTACAT .. AATATT GCT GAAA CTAAT TTTACTTAAAAAGAAAAG CCAAC AAC GTCCCCAG
TAAAAC TTTTCTATAAAT ATCAGCAGT TTTCCCTTTCCTC CAT TCCTCTTCTTGICTTTTT
TCTTACTTTCCCTTTTTTATACCTTTTCATTATCATCCTTTATAATTGTCTAACCAACAAC

TATATAT CTAT CAA
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SEQ ID NO 34

pPV022 8 - TEF Candida tropicalis pronoter region

AGGAAGAC AAC CAAAAGAAAGAT  CRAATT GACTARAT GTTGAACAGAC CAAAAAAAAAGAA
CAACAAAT AGATAAAT TACAACAT ATTAATCTTTTGATATGTTGTTGAATATTCTAGrAAA
TCTAATGATCTCAATAGTGGTTATCATTCACTCTCTTCGTCCTCCTCTCTCOCCTCCTCCT
CTTGCAGTATATTAAAAGCAATAAAAAAAAAAZVAAAAAAGAAAAT CTGOCAACACACACAA

AAAAAAC TTACATAGT cGTGTACCAGT GT CAAT ATTTcac CA GCGCAGAGAAAAGAAGAT G
AYCAGAAAYATTTTCTCTTTGGT TTTGTCTTTGGT TTTGTATTAATCTCATTGAAAAYI TT
TTTCTCTCTCTCTCTCTCTCTCTCTCACTCACACACT CACTCGCATTTCGTTTGGGTTACA

GCAGAAGT  CAGACAGAAAAAAAAAATC GTATATAACT  CT CAT CAAAT GCCCTAGAGAAAAA
TTTTTCTTCTATCCTTTTTTTTTTCTTCTTCTTCTTCTTTTCCTTTTTTCTTTTAG AAGAT
CTTTTTGAAT TCAT CAAAGAT Aia TATTTAAT CAAT C

SEQ 1D NG 35

pPV022 8 - 1ICL terninator

AYGAAAAAYGAAAAGGT  AAAGAYC TTCAT TTGAGATGaacT TTTGTATATGACTTTTAGT T
TCTACTTTTTTTTTTATTTATTGCTTAATTTTCTTTATTTCAATCCCCCATAGITTGTGTA

GAATATATTTATTCAT TCTGGTAACTCAAACACGT AGCAAGCT CGT TGCATCTCGCCTCGT
CA CGGGTA CAGCT CT GGAAC CAAAGAC AAAAAAAAAAG TTGAT CCGAAC CCTCTCGCTAT T

CCTTGCTATGCTATCCACGAGAT GGGGT TTATCAGCCCAGGCAAGT CACTAAA

SEQ 1D NO 36

pPV022 3 - TEF terninator

GCT GAT TAAT GAATAAT TAATAAGTAT TGTTTTTTTTGTTTTTAATAT ATATATATCTTGA

AATTAGTATAAAAAAAATCTTTTTTTTTTCTTTTTTATTTATTTTATCAATAGTTTATATA
TATATATATATAAAC TTGTAAGAGAT TAGGTATATCTaacAaGT GATACTACTAAT AGT GCT

TAATAT CTTTGT TAAACAAGAAAATAAAATAAAC

SEQ 1D NO 37

Sapl -t LI P2- pEXPl - - HA  FAR- Sapl (insert into pPV199 creating
pPV247)

GCCTGAAGAGCGCTATTTATCACTCTTTACAACTTCTACCTCAACTATCTACTTTAATAAA
TGAATATCGTTTATTCTCTATGATTACTGTATATGCGT TCCTCCATGGGAGT TTGGECGECCC

GITT i ' TTCGAGCCCCACACGITTCGGT GAGT AT GAG CGGCGGCAGAT TCGAGCGITTCCGG
TTTCCGCGGECT GGACGAGAGCCCAT GAT GGGGEGECT CCCACCACCAGCAAT CAGGCECCCTGA
TTACACACCCACCTGTAATGTCATGCTGT TCATCGTGGT TAATGCTGCTGTGTGCTGTGIG
TGIGTGTTGTTTGECGCTCATTGT TGCGT TATGCAGCGTACACCACAATATTGGAAGCTTA
TTAGCCTTTCTATTTTTTCGI TTGCAAGGCT TAACAACAT TGCTGT GGAGAGGGATGGGGA

TAT GGAG GCCGCT GGAG GGAGT CGGAGAG GCGTTT T GGAGC GECTTGECCTGECGCC CAGC
TCGCGAAACGCACCTAGGACCCT TTGGCACGCCGAAATGTGCCACTTTTCAGI CTAGTAAC
GCCTTACCTACGT CAT TCCAT GCAT GCATGTTTGCCCCTTTTTTCCCTTGCCCTT GAT CGC
CACACAGTACAGT GCACTGTACAGT GGAGGT TTTGGEGEGEGEEGT CTTAGATGGGAGCTAAAAG
CGGCCTAGCGGTACACTAGT GGGAT TGTATGGAGT GGCATGGAGCCTAGGT GGAGCCTGAC
AGGACGCACGACCGGCTAGCCCGT GACAGACGAT GEGT GGCTCCTGT TGTCCACCGCGTAC

AAATGT TTGGGCCAAAGT CTTGTCAGCCT TGCT TGCGAACCTAATTCCCAATTTTGTCACT

TCGCACCCCCATTGAT CGAGCCCTAACCCCT GCCCAT CAGGCAAT CCAAT TAAGCT CGCAT

TGTCTGCCTTGT TTAGT TTGGCTCCTGCCCGT TTCGGCGT CCACT TGCACAAACACAAACA
AGCATTATATATAAGGCTCGTCTCTCCCTCCCAACCACACTCACTTTTTTGCCCGICTTCC
CTTGCTAACACAAAAGT CAAGAAC ACAAACAAC CACCCCAAC CCCCTTACACACAAGACAT
ATCTACAGCAAT GGT GGTGCTGACCAGCAAGGAGACAAAGCCT TCCGTGGCCGAGT TCTAC

GCCGGCAAGT CCGTGT TTATCACAGGECGGCACCGGECT TCCTGGGCAAGGT GT TTATCGAGA
2GCTGCTGrACTCTT GCCCAGA CAT CGRGaacaT CTATATGCT GAT CCGG=AGAAG AAG GG
CCT GAGCGT GT CCGAGAGAAT CAAG cacr TCCT GGAC GAT CCCCTGTTTACACGGCT GAAG
GACA. AGAGACCT GCCGAT CT GGAGAAGAT CGT GCT GAT CCCAGGCa ACATCACCGCACCAG
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ATCTGGGCATCAACT CCGAGAAT GAGAAGAT GCTGATCGAGAAGGTGTCCGTGATCATCCA
CTCTGCCGCCA CCGT GAAGT TCAAC GAGCCCCT GCCTACAGCCT GGAA. GAT CAAT GT GGAG
GGCACCAGGAT gaTcecTtasceer  GAGC CGeacaAT GAAG cGCAT CGAGGTGTTTATCCACA
TCTCCACAGCCT ACACCAACACAAAT CGEGAGGT GGTGGACGAGAT CCTGTACCCAGOCCC

CGCCGACAT CGAT CAGGT GCACcacT AT GT GAAG GAC GGCAT cAGCGAGGAG AT ACCGAG
AAGATCCTGAACGGCOGGCCAAATACCT ACACAT TCACCAAGGCCCT GACAGAGCACCTGG
TGGCCGAGAACCAGGOCTATGTGOCTACCAT CATCGT GAGACCAT CCGT GGT GBCCGCCAT

CAAGGAT GAGCCCCT GAAGGGAT GBCT GGGAAACT GGT TCGGAGCAACAGGACTGACCGTG
TTTaCaGCCAAGGGCCT gaaT AGAG T GAT CTACGGCCACAG CTCCTATATCGT geac CTGA
TCOCCGTGGAT TACGT GGCAAACCT GGT CAT CGCAGCAGGAGCCAAGT CTAGCAAGT CTAC
CGAGCTGAAGGTGTATAACTGCTGT TCCTCTAGCT GTAATCCT GT GACCATCGGCACACTG

ATGTCCATGT TCGCCGACGAT GCCAT CAAGCAGAAGT CTTACGCCAT GOCTCTGCCAGGCT
GGTACATCTTTACAAAGTATAAGT GGCTGGTGCTGCTGCTGACCT TCCTGT TTCAGGTCAT
CCCarzCCTACGTGACCGAT CTGT CTAGGCA CCT GAT CGGCAAGAG CCCCCGCTATATCAAG
CTGCAGTCTCTGGTGAACCAGAC CAGGTCCTCTATCGACTTCTTTACAAATCACAGCTGGG
TCATGAAG GCCeAT 2 GGGT GCGCGAGC T GraA CGCCT CT CTGAGCCCr GCCGACAAG TAT CT
GrTeecctaC GAC CCTACCeAT AT CAAT TGeac ACACTACAT CCagaaT  TAT TGTTGRREC
GTGCGCCACTT CCT GGAGAAGAAG TCCTAT Gagt GAGCCTGAAGAG C

SEQ ID no 38

Ncol - pTAL- Al el (insert into pPV247 creating pPV248)

CCATGGGT AAGCAGGTGGCTCCGI TTGTGTCTTTGTGT TTTTCCCCTCCTTTTTGGACCAT

TTGTCAGCATGT TGCGTAGGTCTGGGTGT TTGACTGT TCAGGT GGT GGATGACGGATGCAT
CATCTGACGGCAGAGT GGGTACCT GGCAGT GGCAGGCT CGCAGACGAGGTAGAGAGATTCT
GAAAGGAGCCATTGACAGAT GGAGAATTGGATACTCCTGGTATGTCCTCCGT TTCCACTTT

TGACGTTGGTG ACGTGCTCTGaaac GACTTTTTTCTTTTTCTTTAAAAC AAAAAAAAGAAA
GAAAAAAAAAACAT TTACTACTACCAGT AGT ACACCT CAACAT TGGGT CCAGAACGT CCCA

ACT GCAT GAGT CACT GGAGT CAT GOCGAGGT CGCTAAGGTGCT — GTAAAATACAACGT — CAAT
TGAGAGA Gy, CA CA GGCGcaAG CGCGCCGAGGGAGAAA CGAGGCATTTATCTTCTGACCCTCC
TTTTTACTCGTAATCTGTATCCCGGAACCGCGT CGCATCCATGT TAATTAAATCAACACTT

ACACT TGCTTGCTTCGTATGAT eaacaT T TCTGACT GGCAAC CCagt CAGCAGCAGAT TGG
GGCAGATGTAGT AAT GAAAAACACT GCAAGGT GT GACGT TTGAGACACTCCAATTGGTTAG

AAAGC GAC AAAGAAGAC GT CGeaaaaaT A CCGGAAAAAT CGAGT CTTTTTCTTTCTGCGTA
TTGGGCCCTTCIGCCY CcTTTGCCGCCCTT TCCACGCTCTTTCCACAC CCr CACAC T CCCT
GAGCACTAT GAT CT CAT TGCGCAAT AAGAT ATACATGCA CGT GCAT TT GGT GAGCA CGCAG
AACCTTGT TGEGEGEGAAGAT GCCCTAACCCTAAGGGECGT TCCATACGGT TCGACAGAGTAAC
CTTGCTGIC GA.T TATAAC GCATATATAGCCCCCCCCTTCGGACCCTCCTTCTGATTTCTGT
TTCTGTATCAACATTACACACAAACACACAAT GGTG

SEQ 1D no 39

pDSTOOS Sesanmia inferens desaturase

M_.SQEEPTDTSLVPPAAPRKYQ VYPNLI TFGYWHLAGLYGLYLCFTSAKWITI LFSFI LC

VI AETGVTAGAHRLWAHKTYKANLPLQ LLMMNSI AFQNSAI DW/RDHRLHHKYSDTDAD
PHNASRGFFYSHVGAL L VKKHPEVKKRGKEL DMSDI YSNPVLRFQKQYAI  PFI GAVCFI LP
TVI PVYCWGETWINAWHI TMLRYI TNLNVTFLVNSAAHI WGYKPYDENI LPAQNI AVSI AT
CGEGFHNYHHVFPWDYRAAEL GNNNLNL TTKFI DFFAW.GWAYDLKTVSSDM KLRAKRTG
DGTNLWGEHNDEL KEGKED

SEOQO |p NO 40

H. armigera FAR from SEQ ID NO 37

ATGGTGGT GCTGACCAGCAAGGAGACAAAGCCT TCCGT GGCCGAGT TCTACGCCGGCAAGT

CCGTGT TTATCACAGGCGECACCGGECT TCCT GGGECAAGGTGT TTATCGAGAAGCTGCTGTA

crcrtece Cacac ATCeaaac ATCTATAT GCT GAT CCGGGAGAAGAAG GGCCTGAGCGT G
TCCGAGAAAT CAAG CAGTTCCr GGACGAT CCCCT GTTTACA CGGCE GA 2 GGACAAGAGAC
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CT GCCGAT CTGGAGAAGAT CGT GCT GAT CCCAGGCGACAT CA CCGCA CCAGAT CT GGGCAT
CAACTCCGAGAAT GAGAAGAT GCTGAT CGAGAAGGT GT CCGT GATCATCCACT CTGCCGCC

ACCGT GAAGT T CAAC GAGC CCCT GCCTA CAGCCT GGAAGAT CAAT GT GGAG GGCAC CA GGA
TGATGCTGGCCCT GAGCCGGAGAAT GAAGCGCAT CGAGGT GT TTATCCACATCTCCACAGC

CTACAC CAACAC AAAT CGGGAG GT GGT GGAC GAGAT CCTGTACCCAGCCCCCGCC GACATC
GAT CA GGT GCAC CAGTATGT GAAG GAC GGCATCA GCGAGGAG GAT ACCGAGAAGATCCTGA
A CGGCCGGCCAAAT ACCTACACATT CAC CAAGG CCCT GACAGAG CAC CTGGT GGCCGAGAA
CCAGGCCTATGT GCCTACCATCATCGT GAGACCAT CCGT GGT GGCCGCCATCAAGGATGAG
CCCCTGAAGGGAT GECTGCGAAACT GGT TCCGAGCAACAGGACT GACCGT GT TTACAGCCA
AGGCCCTGAATAGAGT GATCTACGGCCACAGCT CCTATATCGTGGACCT GATCCCCGT GGA

TTACGT GGCAAACCT GGT CATCGCAGCAGGAGCCAAGT CTAGCAAGT CTACCGAGCTGAAG
GTGTATAACTGCTGI TCCTCTAGCTGTAATCCTGT GACCATCGGCACACTGATGTCCATGT

T CGCCGAC GAT GCCAT ca7- vVGCAGAAGT CTTACGCCAT GCCTCTGCCAGGCTGGTAGATCTT
TACAAAGTATAAGT GGCTGGTGCTGCTGCTGACCT TCCTGT TTCAGGT CATCCCAGCCTAC
GTGACCGATCTGT CTAGGCACCT GATCGGCAAGAGCCCCCGCTATATCAAGCTGCAGTCTC
TGGTGAACCAGACCAGGT CCTCTATCGACTTCTTTACAAAT CACAGCT GGGT CATGAAGGC

CGAT AGGGT GCGCGAG CTGTACGCCTCT CT GAG CCCT GCCGACAYGT A TCTGITCCCCTGC
GACCCTACCGATATCAATTGGACACACTACAT CCAGGATTATTGT TGGGEGECGT GCGCCACT
TCCTGGAGAAGAAGT CCTATGAGTGA

SEQ

D NO

41

H. armigera al cohol formng redue base (HzFAR)

MALTSKETKPSVAEFYAGK3VFI TGGTGFLGKVFI EKLLY3CPDI ENI YM.I REKKGLS
VSERI KQFLDDPLFTRLKDKRPADLEKI VLI PGDITAPDLGINSENEKMLI EKVSVI | HS
AATWFNEPLPTAWKI NVEGTRTLALSRRVKRI EVFI Hl STAYTNTNREVDEI L YPAP
ADI DQVHQYVKDGI SEEDTEKI LNGRPNTYTFTKALTEHLVAENQAYVPTI TVRPSVWAA
| KDEPLKGALGNWFGATGLTVFTAKGLNRVI YGHSSY!I VDLI PVDYVANLVI AAGAKSSK
STELKVYNCCSSSCNPVTI GTLMSMFADDAI KQK3 YAMPLPGAY| FTKYKWLVLLLTELE
QVI PAYVTDLSRHLI GKSPRYIKLQSLVNQTRS SI DFFTNHSWMKADRVREL YASLS PA
DKYLFPCDPTDI NWIHYI QDYCWGVRHFLEKKSYE

SEO

D NO

42

HaFAR S60A

MALTSKETKPSVAEFYAGK3VFI TGGTGFLGKVFI EKLLYSCPDI ENI YM.I REKKGLAV
3ERI KQFLDDPLFTRLKDKRPADLEKI VLI PGDI TAPDLG N3ENEKMLI EKVSVI I HSAA
TVKFNEPLPTAVKI NVEGTRMMLALSRRMKRI EVFI HI STAYTNTNREVVDEI LYPAPADI
DQVHQYVKDG  SEEDTEKI LNGRPNTYTFTKALTEHL VAENQAYVPTI | VRPSWAAI KDE
PLKGALGNWFGATGLTVFTAKGLNRVI YGHS3Y!I VDLI  PVDYVANLVI AAGAKSSKSTELK
VYNCCSSSCNPVTI GTLMSMFADDAI KOKSYAMPLPGAYT FTKYKWLVLLLTFLFQVI PAY
VTDLSRHLI  GKS PRYlI KLQSLVNQTRS S| DFFTNHS WVMKAD RVR ELYASL SPADKYLFPC
DPTDINWIHYIQDYCWGVRH FLEKKSYE

SEQ

D NO

43

HaFAR S195A

MVWLTSKETKPSVAEFYAGKSVFI TGGTGFLGKVFI EKLLYSCPDI ENI YMLI REKKGLSV

SERI KQFL DDPL FTRLKDKRPADLEKI VLI PGDI TAPDLG NSENEKMLI EKVSVI I HSAA
TVKFNEPLPTAVWKI NVEGTRMMLAL SRRMKRI EVFI HI STAYTNTNREVVDEI LYPAPADI
DQVHQYVKDG AEEDTEKI LNGRPNTYTFTKAL TEHLVAENQAYVPTI | VRPSWAAI KDE
PLKGALGNWFGATGLTVFTAKGLNRVI YGHSSYl VDL | PVDYVANLVI AAGAKSSKSTELK
VYNCCSSSCNP\ TI GTLMSMFADDAI KQKSYAMPLPGAYI FTKYKWLVLLLTFLFQVI PAY
VTDLSRHLIGKS PRYIKLQSLVNQIRS ST DFFTNHSW/MKADRVRELYASLS PADKYLFPC
DPT DI NWTHYI QDY CWGVRH FLEKKSYE

SEQ

D NO

44

HaFAR S298A
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MALTSKETKPSVAEFYACGKSVFI TGGTGFLCGKVFI EKLLYSCPDI ENI YM.I REKKGLSV
SERI KQFLDDPLFTRLKDKRPADLEKI L1 PGDI TAPDLG NSENEKML_I EKVSVI | HSAA
TVKFNEPLPTAVKI NVEGTRVMMLALSRRVKRI EVFI H  3TAYTNTNREVVDEI LYPAPADI
DQVHQYVKDG SEEDr EKI LNGRPNTYT# 7 KALT EHLVAENQAYVPT | | VRPSWAAI KDE
PLKGALGNWFGATGLTVFTAKGLNRVI  YGHS SYI VDLI PVDYVANLVI AAGAKASKST ELK
VYNCCSSSCNPVTI GTLMSMFADDAI KQKSYAMPLPGAYI FTKYKW.VLLLTFLFQVI  PAY
VTDLSRHLI GKSPRYI KLQSLVNQTRS SI DFFTNHSW/MKADRVREL YAS L SPADKYLFPC
DPTDI NWITHYI QDYCWGVRHFLEKKSYE

SEQ D NO 45

HaEAR S37 8A

MWL TSKETKPSVAEFYAGKSVFI TGGTGFLGKVFI EKLLYSCPDI  ENIYM.I REKKGLSV
SERI KQFLDDPLFTRLKDKRPADLEKI VLI PGDI TAPDLG NSENEKMLI EKVSVI | HSAA
TVKFNEPLPTAVKI NVEGTRMMLALSRRWKRI EVFI H  STAYTNTNREWDEI LYPAPADI
DQVHQYVKDGE SEEDTEKI LNGRPNTYT &1 KALTEHLVAENQAYVPTI | VRPSWAAI KDE
PLKGALGNWFGATALTVFTAKGLNRVI  YGHSSY | VDL PVDYVANLVI AAGAKSSKSTELK
VYNCCSSSCNP\ T?1 GTLMSMFADDAI KQKSYAMPLPGAYT FTKYKWLVLLLTFLFQVI  PAY
VTDLSRHLI GKAPRYI KLQSLVNQTRS s 1DFFTNHSW/MKADRVRELYASLS PADKYLFPC
DPTDI NWTHYI QDYCWGVRHFLEKKSYE

SEGTD NO 46

HaFAR S394A

MALTSKETKPSVAEFYACGKSVFI TGGTGFLCGKVFI EKLLYSCPDI ENI YMLI REKKGLSV
SERI KQFLDDPLFTRLKDKRPADLEKI VLI PGDI TAPDLG NSENEKMLI EKVSVI THSAA
TVKFNEPLPTAVKI NVEGTRMMLALSRRWKRI EVFI HI STAYTNTNREWDEI LYPAPADI
DQVHQYVKDG SEEDTEKI LNGRPNT YTFTKALTEHLVAENQAYVPTI | VRPSWAAI KDE
PLKGALGNWFGATALTVFTAKGLNRVI  YGHSSYI VDLI PVDYVANLVI AAGAKSSKSTELK
VYNCCSSSCNP\ Tl GTLMSMFADDAI KQKSYAMPLPGWYT FTKYKWLVLLLTFLFQVI  PAY
VTDLSRHLI GKSPRY1 KLQSLVNQTRSAI DFFTNHSW/MKADRVRELYASLS PADKYLFPC
DPT DI NWTHY1 QDY OANGVRHFLEKKSYE

SEQ 1D NO 47

HaFAR S418A

MALTSKETKPSVAEFYACKSVFI TGGTGFLCGKVFI EKLLYSCPDI ENI YM.I REKKGLSV
SERI KQFLDDPLFTRLKDKRPADLEKI VLI PGDI TAPDLG NSENEKMLI EKVSVI | HSAA
TVKFNEPLPTAVKI NVEGTRMMLALSRRWKRI EVFI H  STAYTNTNREWDEI L YPAPADI
DQVHQYVKDG SEEDTEKI LNGRPNT v T#TKALTEHLVAENQAYVPTI | VRPSWAAI KDE
PLKGALGNWFGATALTVFTAKGLNRVI  YGHSSYI VDLl PVDYVANLVI AAGAKSSKSTELK
VYNCCSSSCNPVTI GTLMSMFADDAI KQKSYAMPLPGAYT FTKYKW.VLLLTFLFQVI  PAY
VTDLSRHLI GKSPRYI KLQSLVNQTRS ST DFFTNHSW/MKADRVREL YAS LAPADKYLFPC
DPTDI NWITHYI QDYCWGVRHFLEKKSYE

SEQ D NO. 48

HaEAR S453A

MALTSKETKPSVAEFYACGKSVFI TGGTGFLGKVFI EKLLYSCPDI ENI YMLI REKKGLSV
SERI KQFLDDPLFTRLKDKRPADLEKI VLI PGDI TAPDLG NSENEKMLI EKVSVI | HSAA
TVKFNEPLPTAVKI NVEGTRMMLALSRRWKRI EVFI H  STAYTNTNREWDEI L YPAPADI
DQVHQYVKDG SEEDTEKI LNGRPNTYT #TKALTEHLVAENQAYVPTI | VRPSWAAI KDE
PLKGALGNWFGATALTVFTAKGLNRVI  YGHSSY | VDL PVDYVANLVI AAGAKSSKSTELK
VYNCCSSSCNP\ Tl GTLMSMFADDAI KQKSYAMPLPGWYT FTKYKWLVLLLTFLFQVI  PAY
VTDLSRHLI GKSPRYI KLQSLVNQTRS s 1 DFFTNHSW/MKADRVRELYASLS PADKYLFPC
DPTDI NWTHYI QDYCWGVRHFLEKKAYE

SEO 1D NO 49

Txi chopl usi a ni desaturase
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MAVMVAQT VOETATVI.E EEARTY? LVAPKTTPRKYKYI YTNFLT ¥ SYAHLAALYGLYLCFTS
AKVETLLFSFVLFHVENI G TAGAHRLWIHKTFKAKLPLElI VLM FNSLAFONTAI TWARE
HRLHHKYSDTDADPHNA3 RGFFYSHVGAL L VKKHPDVLKYGKTI DMSDVYNNPVL KFQKKY
AVPLI GTVCFALPTLI PVYCWGESWANAVHI ALFRY! FNLNVTFLVNSAAHI WGNKPYDKS
| LPAQNLLVSFLASGEGFHNYHHVFPWDYRTAELGNNFLNLTTLFI DFCAWFGAAYDLKSV
SEDI | KQRAKRTGDGSSGVI WABWDDKDIVDRDI KSKANI - FYAKKE

SEGTD NO 50

T. pseudonana desaturase encoded by SEQ ID NO 11

TSMVDFL SGDPFRTLVLAALW GFAAAWQCFYPPS! VGKPRTLSNGKLNTRI HGKLYDLSS
FQHPGGPVAL SLVQGRDGTALFESHHPFI  PRKNLLQ L3KYEVPSTEDSVSFI ATLDELNG
ESPYDWKDI ENDDFVSDLRALVI EHFSPI AKERGVSLVESSKATPQRAWWMVLLLLASFFLS

| PLYLSGSWIEVVVTPI LAW. AV aDATHFALSSNW | A AAL Py L L PLLSSPSMAYHH
HVI GHHAYTNI SKRDPDI AHAPQLMVREHKS I KWRPSHLNQTQLPRI LFI WS | AVGH GLNLL
NDVRAL TKLSYNNVWRVEKMS ~ SSRTLLHFLGRVMLHI FVTTLWPFLAFPVWKAI VWATVPNA
| LSLCFMLNTQTNHLI NTCAHASDNNFYKHQWT AONFGRSSAFCFTFSGGLNYQ EHHLL
PTVNHCHL PAL APGVERL CKKHGVTYNSVEGYREAI | AHFAHTK DMSTKPTD

SEQ ID NO 51

T. pseudonana ZI| desaturase encoded by SEQ ID NO 23

MDFLSGDPFRTLVLAALW GFAAAWQCFYPPS! VGKPRTLSNGKLNTRI HGKL YDLSSFQ
HPGGPVAL SLVQGRDGTALFESHHPFI  PRKNLLQI LSKYEVPSTEDSVSFI ATLDELNGES
PYDWKDI ENDDFVSDLRALVI EHFS PLAKERGVSLVES SKATPQRWWNVLLLLAS FFLSI &
LYL3GSWIFVM APl | - AWLAVVNYWHDATHFAL SSNW LNAAL PYL LPLLSSPSMAYHhi i V
T GHHAYTNT SKRDPDI AHAPQLVREHKS 7 KWRPSHLNQTQLPRI LFI W5 | AVG GLNLLND
VRALTKLSYNNW RVEKMSSSRT TLHFL GRVILHI FVT TLWPFLAFP/iKATVWATVPNAI L
SLCFMLNTQ NHLI NTCAHASDNNFYKHOATAQNFGRSSAFCFI  FSGGLNYQ EHHLLPT
VNHCHL PAL APGVERL CKKHGVTYNSVEGYREAI | AHFAHTKDVBTKPTD

SEQ ID NO 52

Amyelois transitella desaturase

MVPNKGSSDVL SEHSEPQFTKL I APQAGPRKYKI VYRNLLTFGYWHLSAVYGLYLCFTCAK
WATI LFAFFLYVI AEI G TGGAHRLWAHRTYKAKLPLEI LLLI MN31 AFQDTAFTWARDHR

L HHKYSDT DADPHNATRGFFYSHVGW. L VKKHPEVKARGKYL SL DDL KNNPL L KFQKKYA

LVI GT LCFLMPTFVPVYPWGEGE STAWNT NLLRY VMNLNMTI FLVNSAAHT  FGNKPYDKSI A
SVON SVSLATFGEGFHNYHHTYPVDYRAAEL GNNRLNMT TAFI DFFAW GWAYDLKSVPQ

EAl AKRCAKTGDGTDMAGRKR

SEQ TD NG 53

Agrotis segetum desaturase

MAQGVQTTTI LREEEPSL TFWPQEPRKYQ Vy PNLI TFGYWH AGLYGL YLCFTSAKWOIT
TLFSFML\\ 1AEL GTTAGAHRLWAHKTYKAKLPLQT TLM LNSTAFQN3ATDW/RDHRL HH
KYSDTDADPHNATRGFFYSHVGWL L VRKHPEVKRRGKFLDVEDI YNNPVL RFQKKYAI PFI
GAMCFGLPTFI PVYFWGETWSNAVHI TMLRY! LNLNI TELVNSAAH WGYKPYDI KI LPAQ
NI AVSI XTGGEVSI TTTTFFPVWDYRAAEL GNNYLNL TTKFI DFFAW GWAYDLKTVSSDVI
KSKAERTGDGTNLWGL EDKGEEDFL KI WKDN

SEQ 1D NO_ 54

Hel i coverpa zea desaturase

MAQSYQBTTVLSEEKELTLQHLVPQASPRKYQ VYPNLI TFGYWHI AGLYAL YLCFTSAKW
AT LFSYILFVLAEI G TAGAHRLWAHKT YKAKLPLEI LLMVFNSI AFQNSAI DW/RDHRL
HHKYSDT DADPHNASRGFFYSHVGW. L VRKHPEVKKRGKELNMSDI YNNPVLRFQKKYAI 7
FI GAVCFALPTM PVYFWGETVENAWH TMLRYI MNLNVTFLVNSAAHI WGNKPYDAKI LP
AQNVAVS VATGGEGFHNYHHVFPWD YRAAEL GNNSLNLTTKFI Di. FAAT GMAYDLKTVS ED
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M KQRI KRTGDGT DLWEHEQNCDEVWDVKDKSS

5EQ ID NO

55

Agrotis segetum FAR encoded by SEQ ID NGO 1

MPVLTSREDEKL SVPEFYAGKSI FVTGGTGFLGKVFI EKLLYCCPDI DKI YMLI REKKNLS

| DERVBKFLDDPLFSRLKEERPGDLEKI VLI PGDI TAPNLGLSAENERI TLEKVSVII NSA
ATVKFNEPLPI AVKI NVEGTRMLLAL SRRVKRI EVFI HI STAYSNASSDRI WDEI LYPAP
ADNVDQVYQLVKDGVTEEETERLLNGLPNTYTFTKALTEHLVAEHQTYVPTI | | RPSWASI

KDEPI RGALCNWFGATG SVFTAKGLNRVLLGKASNI VDVI PVDYVANLVI VAGAKSGGEK
SDELKI YNCCSSDCNPVTLKKI | KEFTEDTI KNKSHI MPLPGAWFVFTKYKWLLTLLTI I FQ
MLPMYLADVYRVLTGKI  PRYMKLHHLVI OTRLG DFFT3HSWYMKTDRVRELFGSLSLAEK

HvF PCDPSSI D TDYLQsY CYGVRRFLEXKKK

SEQ 1D NO

56

Spodoptera littoralis FAR encoded by SEQ ID NO 2

MWL TSKEKSNVBVADFYAGKSVFI TGGTGFLGKVFI EKLLYSCPDI DK YMLI REKKGS
| RERLTKI VDDPLFNRLKDKRPDDL GKI VLI PGDI TVPGLA SEENETI LTEKVS vVIHSA
ATVKFNEPLATAVAVNVEGTRM MALSRRMVKRI EVFI HI STAYTNTNRAVI DEVLYPPPAD

I NDVHQHVKNGWEEETEKI LNGRPNTYTFTKAL TEHL VAENQSYMPTI I VRPSI VGAI KD
De | RGMLANWYGAT GL SVFTAKGLNRVI YGH SNHWDL T PVDYVANLVI VAGAKT YHSNEV
T1 YNSCSSSCNPI TMKRLVGLFI DYTVKHKSYVMPLPGAYVYSNYKW. VFLVTVI FQVI PA
YLGDI GRRLLGKNPRYYKLONL VAQTQEAVHFFTSHTWEI KSKRTSELFSSL SL TDQRMFP
CDANRI DT DYI TDYCSGVRQFLEKI K

SEO 1D NO

57

Hel i coverpa armigera FAR encoded by SEQ ID NO 3 or 32

MWL TSKETKPSVAEFYAGKSVFI TGGTGFLGKVFI EKLLYSCPDI ENI YMLI REKKGLSV

SERI KQFLDDPLFTRLKDKRPADLEKI VLI PGDI TAPDLA NSENEKMLI EKVSVI | HSAA
TVKFNEPLPTAVKI NVEGTRVMLAL SRRVKRI EVFI HI STAYTNTNREVVDEI LYPAPADI
DQVHQYVKDAE SEEDTEKI LNGRPNTYTFTKALTEHLVAENQAYVPTI | VRPSWAAI KDE
PLKGALGNWFGATGL TVFTAKGLNRVI YGHSSY! VDL | PVDYVANLVI BAGAKSSKSTELK
VYNCCSSSCNP\ Tl GTLMSMFADDAI KQKSYAMPLPGAYI FTKYKWLVLLLTFLFQVI PAY
VTDLSRHLI GKSPRYI KLQSLVNQTRSSI DFFTNHSW/IVKADRVREL YASL SPADKYLFPC

DPTDI NW THYI QDY G GVRH FLEKKSYE

SEQ 1D NO

58

Cstrinia fu.rnac.alis Z9 desaturase encoded by SEQ ID NO 20

MAPNI KDGADLNGVL FEDDASTPDYAI ATAPVQKADNYPRKLWRNI | LFAYLHI AAWGA
YLFLFSAKWQTDI  FAYI LYVI SGLGI TAGAH RLWAHKSYKAKWPLRLI LI I FNTV SFQDSA
L DWSRDHRVHHKYSETDADPHNATRGFFFSHI GALL VRKHPEL KRKGKGLDL SDLYADPI L
RFQKKYYLLLMPLGCFI MPT\ A/ PVYFI ¥CETWINAFFVAALFRYTFI LNVTW. VNSAAHKWG
HKPYDS 5I KPSENL SV SLFAL GEGFHNYHHT FPWDY KTAET, GNNRLNETTNE | NFFAKI GV
AYDLKTVSDEl | ONRVKRT GDGSHHLWGWEDKDQPKEEXTi AAI RI NPKDE

SEO ID NO

59

Lanmpronia capitella Z9 desaturase encoded by SEO ID NO 21

MPPNVEANGVL FENDVQT PDMGE. EVAPVQKADERKI QLVRNI | AFACLHLAAVYGAYLF

FTSAI WOTDI FAYI LYVVBGLG TAGAHRLWAHKSYKAKWPLRLI LVAFNTLAFQDSAI DW
ARDHRVHHKYSETDADPHNATRGFFFSHI GAL L CRKHPEL KRKGQGL DL SDL YADPI | RFQ
KKYYLLLMPLACFVLPTI I PVYLWGESVKNAFFVAAMFRYTFI  LNVTWL.VNSAAHKWGGKP
YDKNI QPAQNI - SVAI FAL GEGFHNYHHTFPWDYKTAELGNNRLNFTTSFI NFFASFGAAYD
LKTVSDElI | QQRVKRT GDGSHHTRGAMGDQDI PAEEAQAALRI NRKDD

SEQ 1D NO

60

Hel i coverpa zea Zz9 desaturase encoded by SEQ ID NO 22
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MAPNI SEDVNGVLFESDAATPDLAL STPPVQKADNRPKQLVWRNI LLFAYLHLAAL YGGYL
FLESAKWQr DI FAYZLYVI SGLGI TAGEH RLWAHKSY KAKWPLRVI LV FNTVAFQDAANMD
WARDHRVHHKYSETDADPHNATRGFFFSHI GALL VRKHPDL KEKGKGL DVSDLLADPI LRF
QKKYYLI LMp LACFVMETVI PVYFWGETWINAFFVAAMFRYAF! LNVTW.VNSAAHKWGDK
PYDKS | K PSENL SYAMFAL GEGFHNYHHT £ Pt DYXK T AELGNNKLNETTTE I NE FAK I GFAY
DLKTVs DDl VKNRVKRT GDGSHHLWGAGDENQSKEEI 13 AAT Rl NPKDD

SEQ ID NO 61

Txi choplusia =ni desaturase with Yarrowia |lipolytica OLE1l
| eader sequence encoded by SEQ ID NO 23

M / KNV. ' OQVDLSQVDTI ASCRDVNYKVKYTSGVKTTPRKYKY!I YTNFLTFSYAHLAALYGLY
LCFTSAKVWETLLFSFVLFHVENI G TAGAHRLWIHKTFKAKLPLEI VLM~ FN3LAFQNTAI
TWAREHRL HHKYSDTDADPHNASRGFFYSHVGW. L VKKHPDVL KYGKTI DMSDVYNNPVLK
FQKKYAVPLI GTVCFALPTLI PVy Gi GES#NNAVHI ALERYT FNLNVTFLVNSAAHI WGNK
PYDKSI LPAQNLLVSFLASGEGFHNYHHVFPWDYRTAEL GNNFLNLTTLFI DFCAWFGWAY
DLK3VSEDI | KQRAKRT GCDGSSGV | % G¥ DDKDMDRDI K5 AN £ YAKKE

SEQ D NG 62

Hel i coverpa zea desaturase with Yarrowia lipolytica OLEl
| eader sequence encoded by SEQ ID NO 29

MVKNVDQVDL SQVDTI ASGRDVNYf CVKYTSGVRKYQ VYPNLI TFGYWH AGLYGLYLCFT
SAKWATI LFSYI LFVLAEI G TAGAHRLWAHKTYKAKLPLElI LLMVFNSI AFQN3AI DaVi
DHRL HHKYSDTDADPHNASRGFFYSHVGW. L VRKHPEVKKRGKELNVSDI YNNPVL RFQKK
YAl PFI GAVCFALPTM P\ 7YPWGETH SNAWHI TMLRYI MNLNVTFL\'N SAAH | 1 GNKPYDA
Kl LPAQNVAVSVAT GGEGFHNYHHVFPWDYRAAEL GNNSLNL TTKFI DLFAAI GAAYDLKT
VSEDM KQRI KRTGDGT DLWGHEQNCDEVWDVKDKSS

SEQ 1D NG 63

Agrotis s=getum desaturase w th Candida al bicans OLEl1 | eader
sequence encoded by SEQ ID NO 15

MITVEQLETVDI TKLNAI AAGTNKKVPMAQGVQTTTI LREEEPSLTFV*/ PQEPRKYQ VYP
NLI TFGYWHI AGLYGLYLCFTSAKVWOTI LFSFMLW.AELG TAGAHRLWAHKTY  "KAKLPL
QI I LM LN5I AFQNSAI DW/RDHRL HHKY5 DT DADPHNATRGFFY3HVGW. L VRKHPEVKR
RGKELDMSDI YNNPVLRFQKKYAI PRI GAMCFGLPTFI PVYFw GETw SNAWHI TMLRY1 LN
LNI TFLVNSAAHIWGYKPYD1 KI LPAQNTIAVSI VTGGEVSI TTTTFFPWDYRAAEL GNNYL
NLTTKFI DFFAW GWAYDLKTVSSDVI KSKAERT GDGTNLWGL EDKGEEDFLKI WKDN

SEQ 1D NO 64

Anyel oi s
IDNO 2

transitella desaturase from DTU WO 2016/207339 SEQ

MVPNKGSSDVL SEHSEPQFTKLI APQAGPRKYKI VYRNLLTFGYWHLSAVYGLYLCFTCAK
WATI LFAFFLW AEI G TGGAHRLWAHRTYKAKLPLEI LLLI MNSI AFQDTAFTWARDHR

L HHKYSDTDADPHNATRGFFYSHVGW. L VKKHPEVKARGKYL SL DDL KNNPL L KFQKKYAI

LVI GTLCFLMPTFVPVYFWGEG STAWNI NLLRYVMNLNMTFLVNSAAH  FGNKPYDKSI A
SVONI SVSLATE GEGFHNy HE T YPWDYRAAEL GNNRLNMT TAFI DFFAW GWAYDLKSVPQ
EAlI AKRCAKTGDGTDMAGRKR

SEQ ID N0 65

Spodoptera littoralis desaturase from DTU WO 2016/207339 SEQ
ID NO 41

MAQCVQTTTI LEQKEEKTVTLLVPQAGKRKFEI VYFNI T TFAYWHIAGLYGLYLCFTSTKW
ATVLFSFFLEVVAEVGVTAGSHRLWSHKT YKAK L PLQI LLMVMNSLAFONTVI DAVRDHRL
HHKYSDTDADPHNASRGFFY3HVGWLLVRKHPDVKKRCGKEI DI SDI YNNPVLRFQKKYAI P
Fl GAVCFVLPTLI PVYGAGETWINAVHVAMLRYl MNLNVTFLVNSAAHI  YGKRPYDKKI LP
SONI AVS | ATFGEGFHNYHHVFPWDYRAAEL GNNSLNFPTKFI - DiFAW T GAYDLK
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TVSKEM KOQRSKRTGDGTNLWGEL EDVDTPEDL KNTKGE

5EQ ID NO

66

Agrotis segetum desaturase from DTU WO 2016/207339 SEQ ID NO
43

I "QGVQTTTI LREEEPSLTEVWPQEPRKYQ VYPNLI TFGYWH AGLYGLYLCFTSAKWQT

I LFSFM_LWI AELG TAGAHRLWAHKTYKAKLPLQ | LM LNSI AFQNSAI DI i VRDHRLHH
KYSDTDADPHNATRGFFYSHVGWL L VRKHPEVWRRGKF T, nMSDTYNNPVL RFOKKYATPFI
GAMCFGLPTFI PVYFWGETWENAVWAHI TMLRY! LNLNI TFLVNSAAHI WGYKPYDI KI LPAQ
NI AVS| VTGGEVS | TTTTFFPWDYRAAELGNNYLNLTTKFI  DFFAW GWYDLKTVS SDVI
KSKAERT GDGTNLWGL EDKGEEDFLKI VWKDN

SEQ 1D NG

67

Trichoplusia ni desaturase from DTU WO 2016/ 207339 SEQ I D NG
45

MAVMAQTVQETATVLEEEARTVT LVAPKTT PRKYKYI YTNFLTFSYAHLAALYGLYLCFTS
AKVETLLFSFVLFHVENI G TAGAHRLWIHKTFKAKLPLElI Ll FNSLAFONTAI TWARE
HRLHHKYSDTDADPHNASRGFFYSHVGAL L VKKHPDVLKYGKTI DIVB DVYNNPVL KFQKKY
AVPLI GTVCFALPTLI PVYCWGESWANAWHI ALFRYI  FNLNVTFLVNSAAH WGNKPYDKS
| LPAQNLLVSFLASGEGFHNYHHVFPWDYRTAEL GNNFLNLTTLFI DFCAWFGAYDLK3V
SEDI | KQRAKRTGDGSSGVI WGADDKDIVDRDI KSKANI  FYAKKE

SEQ 1D NO

68

Anyelois transitella desaturase from DTU WO 2016/207339 SEQ
IDNO 1

atggtt ccazacaagggtt cctctgatgllllgt ct gaacallct gaaccacaatlcacca
agllgattgctccacazagct ggt ccaagaaagt acaaaatcgtttacagaaacttgtt gac
cttcggttactggcatttg tctgctgtttatggtttgtacttgtgtttcacttgtgctaag
tgggctactattttg ttcgctttcttcttg tacgttatcgeccgaaattggtattactggtg
gt gct cat agatlat gggctcat agaacttacaaagccaagttgeca ttggaaatctigtt
gllgat catgaact ccallgcctlccaagatactgctttt acltgggct agagat cat aga
ttgcat cacaagtactctgata ctgatgctgatcca cataat gctactagaggtttcttct
actctcatgttggttggttgttggttaagaaacacccagaagttaaggct agaggt aagta
cttgtctttggatgacttgaagaacaaccct ttgttgaagttccaaaagaag tacgccatt
ttggtcattggtactttgtgetttttgatgec aactttcgttccagtttactt ttggggt g
aaggtalctct actgcctggaacallaacllgttaagat acgt cat gaacllgaacat gac
ct1lltlggirlaact ccgectgctcatatttttggt aacaage catacgat aagt ct at cgcc
tctgt tcaazacatctctgtttctttggctactttcggt gaaggtttccataactaccatc
atacttat ccat gggatt acagagct gct gaattggg taacaatagattgaat at gaccac
cgccitlcattgatttctt tgcttggattggtt gggcctacgattt gaaatct gllccacaa
gaagct at t gct aagagat gt gct aaaact ggt gat ggt act gat at gt ggggt agaaaga
gatga

SEGTD NG

69

Spodoptera littoralis desaturase from DTU WO 2016/207339 SEQ
ID NO 40

ggacact gacat ggact gaaggag tagagaatcggcccgtggag ttggcct tcattt -cag
tcttatctctcggtgttatggtagtcacllatatcggt allaaastaagt gaat aaggcet t
gt aaaaatggcgcaatgtgt acaaacaacaacgalttlggaacaaaaagaagagaaaacag
taactttgct ggt acct caagcgggaaagaggaagtttgaaattgtgtattttaat at cat
caccttcgcttactggcat atagct ggactata tggcctttatttgtgcettcacttcaaca
aaatgggcgacagltttattctcattct 1lctattcgtcgtagcsgaagt aggggt cacgg
ctggctcccacagacttt ggt cgcat aaaact tacaaagczaaactacctttacaaattct
gct aat ggt gat gaatlcccttgcecat 11caaaacacagt caltgatt gggt gagagaccat
cgact ccat cat aagt at agcgacact gat gccgat ccccat aat gcct cccgaggatttt
tctattcgcacgtcggttggctgett gt gagaaaacaccct gat gt caagaaacgaggaaa
ggaaattgat at at ct gat attt acaacaat ccggt act gagg ttccagaagaagtacgca
attcclllcat cggggcaglltgttt cgtcttaccaacallgataccggttta cggttggg
gagaaacct ggact aat gcct ggcacgt cgeccat gct goggt acattat gaaccllaacgt
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caccttcct ggtcaacagcgct gct catatata t ggaaagagacctt at gacaagaagat ¢
ctaccat ct caaaacat agct gt gt ccat t gcaaccttt ggggaaggtttccataattatc

at catgtatttc catgggattatcgcgcagctygsacltggaaat aacagttt gaatttcce
tacgaaatttattga tttctttgecgtgga tcggatggg cgtat gacctaaaga ctgtttcg
a..agaaat gat aaaacaaaggt caaaaag. act ggt gat ggaactaat ct. tggggg.tag
aagat gt ggat accccggaggat t t aaaaaat acaaaaggcgaat aggcaaaccctt aaac
tcaaacagigaggtiizat gt gababttagaattagaa ttaatibatttgaaattaaa bga
aggtt btggataactgtt t. baataa baaaaatagtttt tcgattaa attccttagatt at
tttaaagg aaatgtataaggtact cgcgtggttagc aacccagcagtccctgtttatctgt
ttbbatgaabt 1alt cbat gaatgtagatgtcgcatgaaattttaa aatgtbgcabtitgta
baatt bbacbta bgaataaa taaatitabttttaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaa

Agrobis segetum desaturase from DTU WO 2016/207339 SEQ ID NG
42

atgg ctcaag gtgtccaaacaact acgat at tgaggg aggaagag ccgtcat tgactttag
tggtacct caag aaccgaga aagtatc aaatcgt gt acccaaaccttat cacatttggg ta
ctggca tatag ct:ggtttabacgggcba babtbgtgctttacttcggcaaaat ggcaaaca
attttattcagttt catgctc gttgtgt tagcagagttgggaa taacagccggcgcetcaca
ggttatgggc ccacaazacat ataaag cgaagcttccctt acaaat tatcctgatgatact
gaactccattgccttccaaaattcogecattgattggg tgaggg accaccgtct ccatcat
aagt acagt gacact gat gcagaccct cacaat gctactcgtggtttcttctattctcatg
ttggabggt tgcbecgt aagsaaacatccagaagbcaagagacgt ggaaaggaach bgacat
gtctgata tttacaacaatcca gtgctgagatttcaa aagaagtatgcta tacccttc atece
ggg gcaatgt gcttcggattaccaacttttatc cctgtttacttct ggggagaaacctgga
gtaatgcttggcatatcaccatgcttcgg tacatcctcaacctaaacattactt tcctggt
caacagtgctgctca tatctggggatacaaacctta t gacat caaaat att gcct gcccaa
aat atagcagtt tccatag taaccggcggcgaag tttccataactaccaccacg Cttttte
cttgggattatcgt gcagcagaatt ggggaacaattatcttaat ttgac gactaagttcat
agatttcttcg cllggatcggatgggctt acgatctt aagacggtgt ccagtgatgtt ata
aaaagt aaggcggaaagaact ggt gat gggacgaat ct t t ggggt t t agaagacaaaggt g

aagaag allllllgaaaatctggaa agacaallaa

Tri chopl usi a ni desaburase from DT{? WO 2016/207339 SEQ ID NO
44

atggct gt gatggct caaacagtacaagaaacggct acagt gt t ggaagaggaagc t cgca
cagtgactcttgtggct ccaaagacaacgccaaggaaat at aaat at at ataca ccaactt
tcllacallllcatatg cgcalllagctgcattatacg gaclllatttgtg cllcacctct
gcgaaat gggaaaca ttgctattctctttcgtactct tccaca tgtcaaa tataggca tea
ccgcaggggct caccgact ct ggact cacaagact t t caaagccaaa ttgcctttggaaat
tgtcctcatgatattc aactctttageett tcazaacacggct attacat gggctagagaa
categg ot acat cacaaat acagegatact gat gct gat ccccacaat gecgt caagagggt
tcllctactcgecatgllggetgg ot attag t aaaaaaacat cccgat gt cct gaaat at gg
aaaaacta tagacatg teggatg tatacaa taatcctgtgttaaaatttcagaaaaagtac
gcagtacccttaa ttggaacagtttg ttttgctcttccaactttgat tccagtctactgtt
ggggcgaat cgtg gaacaacgcttggca catagecttattte gatacatattcaatc ttaa
cgtgacttt cctagtc aacagtgctgcgceat at ot ggggg aataagecttatga taaaagc
atcttgcccget caaaacctget ggtttccttcct agcaagt ggagaaggcettccat aatt

accatc acgtcttt ccatgggallaccgcacage agaallagggaataacllcctgaalll
gacgacgct gttcattgat ttttgtgcctggtttggat gggecttatgacttgaagtctgta

t cagaggatattataaa acagagagctaaa cgaaca ggtgacggttcttc aggggt cattt
ggggat gggacgacaaagacat ggaccgcgat at aaaat ct aaagctaacatttttt atge
t aaaaagg aatga

WO 2018/213554
SEQ ID NO 70
3EQ ID NO 71
SEQ 1D NO 72

Spodoptera exigua FAR- like protein VIl nucleotide sequence
(Genbank | D KR781121.1, codon optim zed)

ATGGIGGTGCT GAC CA_.GCAAG GAGRAGT CC. AACATGICTGIGECC GACTTCT7\ CGCCGGCA
AGTCCGTGT TTATCACAGGCGGECACCGGECT TCCTGEECAAGGT GT TTATCGAGAAGCTGCT
GTACT CTTGCCCA. GACATCGAT A¥GAT CTAT AT GCT GAT CCGGGAGAAGAAG GGCCAGAG C
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ATCAGGGAGCGCCTGACCAAGAT CGT GGACGAT CCCCT GT TCAATAGGCT GAAGGAGAAGC
GCCCT GGCGACCT GGATAAGAT CGT GCT GAT CCCA GGCGAT GT GACAGT GCCCGGCCT GGG
CATCTCCGACGAGAACGAGGCCAT CCTGATCGATAAGGT GT CTGT GGTCATCCACAGCGCC
GCCACAGT GAAGT TCAAT GAGCCCCT GGAGACCGCCT GGAACGT GAAT GT GGAGGGCACAA
GGATGATCATGGCCCTGT CTCGGAAGAT GAAGAGAATCGAGATCTTTATCCACATCAGCAC
CGCCTACA CCAACA CAAAT AGGGCAGT GGT GGACGA GGT GCT GTACCCA CCTCCAGCCGAC
ATCAACGAGGT GCACCAGTAT GTGAAGAAT GGCAT CACAGAGGAGGAGACCGAGAAGATCC
TGAACGGCAGGCCCAATACCTA CACAT TCACCAAGGCCCT GACCGAGCA CCT GGT GGCAGA
GAACCAGGCCTATATGCCTACAAT CATCGT GCGGECCAT CCAT CGT GGGCGCCATCAAGGAC
GAT CCTAT CAGAG GCTGGCTGG CAAACT GGTACGGAGCAACA GGACT GAGCGT GTTCACCG
CCAAGGGCCT GAAT CGCGT GAT CTA CGGCCH GA GG GCCACGr GGT GGACCT GAT CCCTGT
GGATTATGT GGCAAACCT GGT CAT CGT GGCAGGAGCAAAGACATACCGGT CCAACGAGGT G
ACCATCTATAATTCTTGCTCTAGCTCCTGIAATCCAAT CACAAT GGAGCGECTGGTGEGRCC
TGT TCATCGACGATACAGT GAAGCACAACAGCTACGT GATGCCCCTGCCTGECTGGTACGT
GIATTCCAATTACCGGT GECTGGT GTATCTGGTGACCATCATCTTTCAGATGATCCCAGCC
TATCTGGCAGACAT CGGCCGGAGACT GCTGGEGCAAGAAT CCCAGATACTATAAGCT GCAGT
CCCTGGT GG CACAGAC CCAGGAGGCAGT GCACT TCTTTACAT CTCACACCT GGGAGAT CAA
GAGCAAGAG G CCTCCGAGCT GTTCGCCT CT CT GAGCCACH CAGAC C GCGCAT CTT TCCrr
TGCGAT GCCAAGLAGAT CGA CTG@ CAGATTACATCACCGAT TAT TG TAGCGGCGT GCGGC
AGT TCCT GGAGAAGAAGAAGT (A

SEQ ID NGO 73 Spodoptera exigua EAR-1ike protein VIII amno acid sequence
(Genbank 1D ALJ94061. 1)

MALTSKEKSNVBVADFYAGKSVFI TGGTGFLCGK"/ FI EKLLYSCPDI DK YM.I REKKGQS
| RERLTKI VDDPLFNRLKEKRPGDLDKI VLI PGDVTVPGLA SDENEAI LI DKVSW H3A
ATVKFNEPLETAWNVNVEGTRM MALSRKMKRI EI' FI H STAYTNTNRAVWDEVL YPPPAD

I NEVHQYVKNG TEEETEKI LNGRPNTYTFTKALTEHL VAENQAYMPTI I VRPSI VGAI KD
DPl RGWLANWYGATGLSVFTAKGLNRVI  YGQSSHVVDLI PVDY\7ANLVI VAGAKTYRSNEV
T1 YNSCSSSCNPI TMERLVGLFI DDTVKHNSYVVPLPGAYVYSNYRW.VYLVTI | FOM PA
YLADI GRRLLGKNPRYYKLQSLVAQTQEAVHFFTSHTWEI KSKRT3ELFASL3HTDQRI FP
CDa, KKI DWI DY1 TDYCSGVRQF L EKKK

SEQ ID NO 74 Eugl ena gracilis fatty acyl-coenzyne A reductase nucleotide
sequence, codon optim zed

ATGAACGACT TCTACGCCGGECAAGGECGT GT TTCTGACAGGECGT GACCGGECT TCGT GGGCA
AGAT GGT GGT GGAGAAGAT CCTGCGGT CTCTGCCAACCGT GGGCAGCCTGTATGT GCTGGT
GCGCCCAAAGG CA GGCACAGAT CCT CACCAGAGAC T GCACAG CGAAGT GT GGAGCAGCGCC
GzATTTGACGr GGT GAGGG: GAAA G GGGAGGACCT GCAGC CTT CGAT GCACT GAT CCGCG
AGAAGGT GGT GCCTGT GCCAGGCGACAT GGT GAAGGATAGGT TTGGCCTGGACGATGCAGC
ATACCGCTCCCTGGCAGCCAACGT GAAT GT GATCATCCACATGGCCGCCACAATCGACTTC
ACCGAGAGCCTGGATGI GECCGT GT CTCTGAACGT GCT GGECACAGT GCGEGTGCTGACCC
TGGCAAGGAGAGCCAGAGAGCT GGGECGCCCT GCACAGCGT GGTGCACGT GTCCACCTGCTA
CGTGAACT CCAAT CAGCCCCCT GECGCCCEECTGAGAGAGCAGCTGTATCCCCTGCCTTTT
GACCCACGGGAGAT GT GCACAAGAAT CCr GGACAT GAGCCCr CGGGAGAT CGATCTGTTCG
GCCCACAGCT GCTGAAGCAGTACGGCTTCCC CAATACCTATACCT TCACCAAGT GCAT GGC
AGAGCAGCT GGGECGCCCAGAT CGCACACGACCT GCCATTCGCCATCTTTAGACCAGCAATC
ATCGCGAGCCGCCCTGTCCGAGCCAT T TCCCGGECT GGT GCGAT TCTGCCAGCGCCT GTGGAG
CCGT&TTCCTGGCAGT GGG CT GGGCGT GCT GCA GGAGCT GCAGGGAAAC GCCr CTAGCGY
GI'GCGACCTGATCCCTGT GGATCA. CGTGGTGAATATGCTGCTGGTGACAGCA GCATATA. CC
GCATCTGCCCCACCAGCCGACCCTAGCCCATCCTCTCTGECCCTGTCCCCTCCACAGCTGC
CACTGGECCACACT GCCCCCTGECACCGT GGCAGATGTGCCAATCTACCACTGTGGCACCTC
TGCCGECCCTAACGCCGT GAAT TGGEGECAGGAT CAAGGT GAGCCTGGTGGAGTATTGGAAC
GCACACC CAAT CGCAAAGAC CAAGGCAGCAAT CGCCCTGCTGCCCGT GTGGAGGT TCGAGC
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TGAGC TTTCTGCT GAAGAG GCGCCT GCCT GCAAC AGCCCTGT CCCTGGT GGCCTCTCTGCC
AGGCGCAT CCGCCGCCGT GCGGAGACAGGECAGAGCAGACAGAGCGECTGGTGGGCAAGATG

AGAAAGCT GGTGGACACCTTTCAGTCCTTCGTGT TTTGGGECCTGGTACT TCCAGACAGAGA
GCAGCGCCAGGCTGCTGECCTCTCTGT GCCCAGAGGACCGCGAGACCTTTAACTGGGACCC

CAGGAGGAT CGGAT GGAGGGCCT  GGGT GGAGAATTACT  GITAT GGCCT GGT GCGGTAT GTG
CTGAAGCAGCCAAT CGECGATAGACCACCAGT GGCAGCAGAGGAGCTGGECAAGCAATAGGT
TCCTGCGCGCCATGCTGTGA

SEO (D N\O 75

Eugl ena gracilis fatty acyl-coenzyne A reductase amino acid
sequence (ADI&0057.1)

MVDFYAGKGAL TGWGFVGKMWEKI LRSLPTVGRL YVLVRPKAGT DPHQRLHSEVWSSA
GFDWREKVGGPAAFDALI  REKVVPVPCDWKDRFGLDDAAYRS 3AANVNYITHVAATIDF
TERLDVAVSLNVLGTVRVL TLARRAREL GALHSVVHVST Cy VNSNQPPGARL REQL YPL PF
DPREMCTRI LDVSPREI DLFGPQLLKQYGFPNTYTFTKCVA. EQLGAQ AHDL PFAI FRPAI

| GAAL SEPFPGACDSASACGAW. AVGL GVL QBLQGNASSVCDL| PVDHVVNM.LVTAAYT
ASAPPADPSPSSI JaSPPQLPLATLPPGTVADVPI YHCGT SAGPNAVNVGRI KVSLVBYWN
AHPI AKTKAAI ALLPW\RFEL SFLLKRRLPATAL SLVASL PGASAAVRRQAEQTERL VGKM
RKLVDTFQSFVFWAWYFQTESSARL L ASL CPEDRETFNWDPRRI GARAWENYCy GLVRYV
LKOPI GDRP PYAAE ELASNRFLRAML

SEO (D N\O 76

Yponoizeuta evonynel lus fatty-acyl CoA reductase 11 nucleotide
sequence, codon optimn zed

ATGGT GCAGCT GAAGGAGGACT CCGTGGECCGCCTTTTACGCCGAGAAGT CTATCTTCATCA
CAGGCGGCACCGECTTTCTGEECAAGGT GCTGATCGAGAAGCTGCTGTACTCCTGCAAGEC
CGTGGACCAGATCTATGT GCTGATCCGGAAGAAGAAGGATCAGACACCTTCTGAGCGCATC

GCCCAG CT GCT GGAGT CT GAG CT GTTCA GCCGGCT GAGAAAG GAC GAT CCAAG CGCCCT A
AGAAGGT GGT GCCCGT GGT GEECGACCT GACCATGCCTAACCT GGGACT GAGCGCCGCAGT
GCAGGATCTGATCGT GACAAAGGT GTCCATCA. TCTTCCACGTGGCCGCCACCGTGAAGTTT

AAC GAGAG GAT GAAGAAT GCCCTGGC CAACAAT GT GGAG GCCA CCAGAGAAGT  GAT CAAC C
TGIGCCACCGCCTGGAGAAGGT GGACGCCT TCATCCACGT GTCCACAGCCTATTCTAATAC
CGATCAGAAGGT GGT GGAGGAGCGCGT GTACCCACCT CCAGCACCTCTGAGCGAGGT GTAT

GCCTTTGI GAC CAAC AAT GGCGAC GAT ATGGACAT CAT CCAGAAC CT GCT GAAT GGCCGGC
CAAAT ACCTACACATATACCAAG GCCCT GGCCGAG GACAT CGT GCT GAAG GAG CACGGCGG
CAT CCCTA CAGCCAT CAT CAGAC CAAG CAT CGTGCTGTCCGTGCT ~ GAAG GAG CCCAT CCCT
GGCT G5 CT GGACAAC T GGAAT GGAC CAAC CGGAC T GCT GCAC GCCAG CT CCCAGG GRGTGC
ACTGCTCCATGCTGEGECT CTGECAGCAACGT GGCCGACCTGATCCCTGTGGACATCGTGAC

AAATCT GAT GAT CGTGGTGGCCTCTCGGT GCAAGAAGAGCAACGGECCT GAAG GI'GTACAAT
TCCT&TTCT GGCAC CACAAAC CCAATCGCCTAT CAGGCCTT CAC CAAGAT GTTTCTGGAT A
GCTGTATCTCCAGGEECT GGAACAAGGT GCCATTCCCCATGCTGCTGT TTGTGAAGT GGGC
CTTCCTGAATCGCGTGCTGAAGT TCTTCCTGGTCATCGTGCCATTCTTTCTGATCGACGT G

TACCTGCGGT TCTTTGGCAAGCCCAAT TACAT GAGAAT GATCACATATACCAAGAAGGCCG

AGGATCT GAT GACATT CTTTACCT C¥ CAC GAGT GGCAG TTCAAG GAC GGCAAC GT GCGGGA
TCTGATCAATATGATGAGCCCCGAGGATAGAAAGATCTTTTACT GCGACCCCGATGAGATC

CAC TGGAAG CCTTACTTCGAC GAT TAT TGCGTGGGCGIGIT  TAAGT ATCT GCT GAAGAG A
AGGTGTGA

SEO (D NO 77

Yponoi aeuta evonynel lus fatty-acyl CoA reductase 11 anmino acid
sequence (ADD62439.1)

MVQLKEDSVAAFYAEK 3 TF 1T TGGTGFLGKVLI EKLLYs CKAVDQ!I YVLI RKKKDQTPSERI

AQLLESEL FSRL RKDDPSAL KKWPWEDL TMPNL GL SAAVQDL | VTKVSI | FHVAATVKF
NERVKNALANNVEAT REv | NLCHRLEKVDAF | HVSTAY SNTDQKVE ERvY PPPAP L SEVY
AFVTNNGDDVDI | QNLLNGRPNTYTYTKALAEDI VLKEHGG PTA1 IRPS | VLSVLKEPI P

GALDNVIGPTALLHASSQGWCSM.GSGSNVADL | PVDI VTNM WASRCKKSNGLKVYN
SC5GTTNPI AYQAFTKMFLDSCI  5RGANKVPFPMLLFVKWAFLNRVLKFFLVI VPFFLI DV
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YLRFFGKPNYMRM T YTKKAEDL MIFFTSHEWQFKDGNVRDL I NMVSPEDRKI FYCDPDEI
HWKPYFDDYCVGVFKYLLKRKV

SEQ

I D NO

78

Drosophila mel anogaster fatty acid desaturase {Q9N9Z8!

mapys riyhqdks sret gvl feddaqtvdsdl ©tdrfqlkraekrrlplvwrniilfalvh
laaiygihsi ftrakiai11faagiyii gm gvtagahriwahrtykak wplrl |l vifnt
i af gqdavyhwar dhr vhhkyset dadphnat rgf  f £shvgw | ckkhpdi kekgr gl dl sd

| radpil migrkhyyi lmglactvl ptvi pmvywnet | asswf  vatmf cwef gl nmt wl vn
sazhkf gnrpydkt mpt gnaf vsaftf gegwhnyhhz fpwdyktaewgcysl nittaf id
i faki gwaydiktvapdvi grrvlr tgdgs helwgwgdkdl taedarxivll vdksr

SEQ

I D NO

79

Lampronia capitella acyl-CoA-delta 1i-desaturase (ABX71630 .1)

mppyp=zevdtnhi f eedi sheeskpalkpivapgadnrkpzivpiniitfgyghiaaiygi
yl cf tsakwat ivEarfrvl yi cael gi tagahrlwshrsykaklplrlilllf =ntlaggnta
i dwr dhr mhhkysdt dadphna trgfffshvgwl | t rkhpevkrrgkdi dnmdi yndsl 1
kf gkkyai pf vgl vcf vi pt| n*rayfwnet | nnswhiatm ryi vnl nmt  fl vnsaahi wg
ykpydksi kpvgiiitvsilil gegfhiiyhhvfpwdyrtsel gndflinfttlfirilfakigw
aydl kt asdkvvaarrk rtgdgtnl wgwedksineeerqaat vl ypnkyinlkd

SEQ

I D NO

80

Cydi a pononel la desaturase (Al M0221.1)

mapuvtdurigvifesdaatpdiaianapvgqgaddspri yvwrniilf ayl hiaaly ggyif
I vsakwqt di f ayf | yvasgl gi t agahr | wahksykakwpl riilvifnciafqgdsai dw
ardhrmhhkysetdadphnatrgf ffshi gwlivrkhpeikrkgkgidisdiyadgi|rfg
kkyyl il mpl acfvl ptvi pvyl wietwnaf fvaalf ryafilnvtwlvnsaahkwgdkp
ydksi kpseni s vsl fafgegihnyhht f ppdykt ael ssnrinf teokifinffaki gwayd
mktvsdeiigkr vartgdgshhlwgwgdkdhskee vnaavri upkdd

SEQ

I D NO

[oe]
it

Spodoptera exigua FAR-1i ke protein v | nucleotide
sequence {KF33%977.%), codon optimn zed

ATGACGTATAGACAAATAAATGAATTTGATGCTGAAAAGT TTACGGCAGCTACAGTACCGA

CAAGCTACGTAT  CAGTACCAGATTTTTATGCGGGCAAGACAATTTTTATCACTGGTGGAAC
TGGATTTCTTGGAAAGGTGT TTCTAGAGAAACTTCTTTACAGT TGTAAAGATGT TGAAACC
GTATACATTTTGAT CAGAGAGAAAAAAG  GCAAAAC ACCT CAG CAAAGAGT TGAAGAT CTTT
TTAAC AAA CCGAT TTTCTCAAGAT TGAAA CAGAAGGAC T CTCAGIGTATGAAGAAAGTCAC
TGCAATAATTGGTGACCTTAGT GAACCT GGTCTTGGCATATCAAAAGATGATGAAGAACTA
CTTTTGCAAAAGGTATCTGTAGTATTCCATGT CGCAGCCAATGT TCAGT TTTACAAGGAAT
TCAAAGAGATTATAAATACGAAT GT TGGT GGGACAAAATACGT ACTCCAATTGT GTCAGCG

AATAAAAGAT ATTAAG GCAT TTGTCCAT ATTTCCA CAGCCTACT GT CA CAC. AGAC CAAAAG
GIATTAGAAGAGAGAAT ATACCCCCCT CCAGCAGAAC T CAGTGAAGTCCTGAAGITCCTTC
AGCAGCCACAGCATGACAAGAAAC AGAT TAAGGAAT TATTTAAGAAAC AAC CAAAC AGT TA
CACCTTTGCCAAG GCTTTAGCAGAAAC CTAGATTGCT GAGAAC TGCGGAC GCGTCCCCACA
ATTAT CATCAGAC CTTCTAT TAT AT CAGCAT CAC TGAAAGAG CCGCTACCAG GAT GGGT GG
ATTCAT GGAAC GGAG CCA.CA GGCCT CAT CACAGCTAG CTAGAAC GGCGCCAAC AGAGT GCT
TCT CGGCGAAG GCAG CAACTTCCT CGAC CT GAT CCCAGT TGACTTTGTTGCTAAC CT G=CA
ATTGTAGCT GCT GCTAAAT GTACTAGCTCTTT  GAAAGT TTACAAT TGCT GCT CAAG CGGAT
GTAAC CCTTTAAC ATT GAAAC AAT TGGT CAG CCACAT GAATAAT GTCGGAT TT GATAAAAA
CGTCTCCATAATATTCACCAATAACAAAGCCTCGCTTTCCACATTGACATTTTTCCTTCAA

A CAAC GCCAT CTTTCAC CGCTGAT ATGTTTCTGAGAGT CAC GGGAAAGT CAC CAAG GTACA
TGAAAAT CCAGT CAAAAC T GAC CATCGCT CGGAAT GCCTTAAAT TTITTC ACCTGTCAT TC
CTGGGTCATGAAGGCTGATAATTCTAGAAGACTGTATGCTTCCT TGTCATTACACGACCGA
CATACGTTCCCTTGT GATCCTACAGACATAGACTGGAAGAA. GTACATAAATATATACATAG

AAG GAAT TAAT CAGT TCTTAAT GAAGAAAC GTAGT TAA

SEQ

I D NO

82

Spodoptera exigua FAR-like protein vi| anino acid

307




WO 2018/213554

PCT/US2018/033151

sequence {Al S85928.1)

MTYRQINEFDAEKFT«ATVPTSYVSVPDFYAGKTI FITGGTGFLG:WFLEKLLYSCKDVET
VYI LI REKKGKTPQQRVEDLFNKPI FSRLKQKDSQCMKKVTAI | GDLSEPGLGI SKDDEEL
LLOKVSWFHVAANVQFYKEFKEI INTNVGGTKYVLQLCQRI  KDI KAFVHI STAYCHTDOK
VT,RF,RI'YPPPAEL3EVLKFLPPPQHDKKPI KELFKKQPNSYTFAFCALAETYIAENCGRVPT
IITRPS IISASLKEPLPGWVDSWNGATGLITAS YNGANRVLLGEGSN FLDLI PVDFVANLA
IVAAAKCTS SLKVYNCCSSGCNPLTLKQLVSHMNNVGFDKNVS I'1 FTNNKASLSTLTFFLQ
TTPSETADMFLRVT GKSPRYMKIQSKLTIARNALNFFTCHSVJY MKADNSRRLYASLSLHDR
HTFPCDPTDIDWKKYINIYI EGINOFLMKKRS

SEQ I D NO:

83

HaFAR S60A FAR2

ATGGTGGTGCTGACCTCCAAGGAGACAAAGCCCTCTGTGGCCGAGTTCTACGCCGGCAAGA
GCGTGTTCATCACAGGCGGCACCGGCTTCCTGGGCAAGGTGTTTATCGAGAAGCTGCTGTA

CA GCT GCCCT GACAT CGAGAACATCTATAT GCT GAT CCGGGAGAAGAAGGGCCTGGCCGTG
TCCGAGAGAAT CAAGCAGT TCCTGGACGAT CCCCTGTT TACAAGGCT GAAGGACAAGCGCC
CTGCCGATCTGGAGAAGATCGTGCTGATCCCAGGCGACATCACCGCACCAGATCTGGGCAT
CAACAG CGAGAAT GAGAAGAT GCT GAT CGAGAAGGT GAGCGT GAT CAT CCA CTCCGCCGCC
ACCGT GAAGTTC AACGAGCC CCT GCCTACAGCCT GGAAGAT CAAT GTGGAGGGCACCAGGA
TGATGCTGGCCCTGTCTCG GAGAAT GAAGCGCATCGAGGTGTTTAT CCACATCAGCACAGC
CTACACCAACACAAATAGGGAGGTGGTGGACGAGATCCTGTACCCAGCCCCCGCCGACATC
GATCAGGT GCACCAGTATGT GAAGGACGGCAT CA GCGAGGAGGATACCGAGAAGAT CCTGA
A CGGCAGAC CCAATACCTACACATT CACCAAGG CCCT GACAGAGCA CCTGGTGGCC GAGAA
CCAGGCCTATGTGCCTACCATCATCGTGAGACCATCCGTGGTGGCCGCCATCAAGGATGAG
CCTCTGAAGGGATGGCTGGGAAACTGGTTCGGAGCAACAGGACTGACCGTGTTTACAGCCA
AGGGCCTGAATAGAGTGATCTACGGCCACAGCTCCTATATCGTGGACCTGATCCCAGTGGA
TTACGTGGCAAACCTGGTCATCGCAGCAGGAGCCAAGTCTAGCAAGTCCACCGAGCTGAAG
GTGTATAACTGCTGTTCCTCTAGCTGTAATCCCGTGACCATCGGCACACTGATGAGCATGT
TCGCCGACGA.TGCCAT CAAGCAGAAGT CCTACGCCAT GCCTCTGCCAGGCTGGTACATCTT
TACAAAGTATAAGTGGCTGGTGCTGCTGCTGACCTTCCTGTTTCAGGTCATCCCTGCCTAC
GTGACCGACCTGTCTAGGCACCTGATCGGCAAGAGCCCACGCTATATCAAGCTGCAGAGCC
TGGTGAACCAGAC CAGGTCCT CTAT CGACTTCTTTA CAAAT CACTCCTGGGT CAT GAAGGC
CGATAGGGT GCGCGAGCT GTA CGCAT CT CI'GAGCCCAGCCGACAAGT ATCTGI'TCCCTTGC
GACCCAACCGATATCAAXTGGACACACTACATCCAGGATTATTGTTGGGGCGTGCGCCACT
TTCTGGAGAAGAAGT CCTAT GAGT GA

SEQ ID NO:

84

HaFAR 3195A FAR3

ATGGTGGTGCTGACCTCCAAGGAGACAAAGCCCTCTGTGGCCGAGTTCTACGCCGGCAA.GA
GCGTGTTCATCACAGGCGGCACCGGCTTCCTGGGCAAGGTGTTTATCGAGAAGCTGCTGTA

CA GCT GCCCTGACAT CGAGAACATCTATATGCT GAT CCGGGAGAAGAAGGGCCTGAGCGT G
TCCGAGAGAATCAAGCAGTTCCTGGACGATCCCCTGTTTACAAGGCTGAAGGACAAGCGCC

CT GCCGAT CTGGAGAAGAT CGT GCT GAT CCCAGGCGACAT CACCGCACCAGAT CT GGGCAT
CAACAG CGAGAAT GA GAAGAT GCT GAT CGAGAAGGT GAGCGT GAT CAT CCACTCCGCCGCC
A CCGT GAAGT T CAA.CGAGCCCCT GCCTA CA GCCT GGAAGAT CAAT GT GGAGGGCACCAGGA
TGATGCT GGCCCT GT CT CGGAGAAT GAAGCGCAT CGAGGTGTTTATCCACATCAGCACAGC
CTACACCAACACAAATAGGGAGGTGGTGGACGAGATCCTGTACCCAGCCCCCGCCGACATC

GAT CAGGT GCACCAGTATGT GAAGGACGGCATCGCCGAGGAGGATACCGAGAAGAT CCTGA
ACGGCAGACCCAATACCTACACATTCACCAAGGCCCTGACAGAGCACCTGGTGGCCGAGAA
CCAGGCCTATGTGCCTACCATCATCGTGAGACCATCCGTGGTGGCCGCCATCAAGGATGAG
CCTCTGAAGGGATGGCTGGGAAACTGGTTCGGAGCAACAGGACTGACCGTGTTTACAGCCA
AGGGCCTGAATAGAGTGATCTACGGCCACAGCTCCTATATCGTGGACCTGATCCCAGTGGA
TTACGTGGCAAACCTGGTCATCGCAGCAGGAGCCAAGTCTAGCAAGTCCACCGAGCTGAAG
GTGTATAACTGCTGTTCCTCTAGCTGTAATCCCGTGACCATCGGCACACTGATGAGCATGT
TCGCCGACGATGCCAT CAAGCAGAAGT CCTA CGCCAT GCCTCTGC CAGGCTGGTACATCTT
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TACAAAGTATAAGTGGCTGGTGCTGCTGCTG/W;CTTCCTGTTTCAGGTCATCCCTGCCTAC
GTGACCGACCTGTCTAGGCACCTGATCGGCAAGAGCCCACGCTATATCAAGCTGCAGAGCC

T GGT GAAC CAGAC CA GGTCCT CTAT CGACTTCTTTA CAAAT CACTCCTGGGT CATGAAGGC
CGATA GGGT GCGCGAGCT GTA CGCAT CT CT GAGCCCA GCCGACAAGT ATCTGTTCCCTITGC
GACCCAAC CGATATCAACT GGACACACTA CATCCA GGAT TAT TGTTGGGGCGTGCGC CACT
TTCTGGAGAAGAAG TCCTAT GAGTGA

SEQ

I'D NO:

85

HaFAR S298A FAR4

ATGGTGGTGCTGACCTCCAAGGAGACAAAGCCCTCTGTGGCCGAGTTCTACGCCGGCAAGA
GCGTGTTCATCACAGGCGGCACCGGCTTCCTGGGCAAGGTGTTTATCGAGAAGCTGCTGTA
CAGCTGCCCTGACATCGAGAACATCTATATGCTGATCCGGGAGAAGAAGGGCCTGAGCGTG

T CCGAGAGAAT CAAG CAGT TCCT GGACGAT CCCCTGTT TACAAG GCT GAAG GACAAG CGCC
CTGCCGAT CTGGAGABGATCGT GCT GAT CCCAGGCGACA TCA CCGCA CCAGAT CT GGGCAT
CAACAG CGAGAAT GAGAAGAT GCT GAT CGAGAAG GT GAGCGT GAT CAT CCA CTCCGCCGCC
A CCGT GAAGT T CAAC GAGC CCCT GCCTA CA GCCT GGAAGAT CAAT GT GGAGGGCAC CA GGA.
TGATGCTGGCCCTGTCTCGGAGAATGAAGCGCATCGAGGTGTTTATCCACATCAGCACAGC

CTACAC CAACA CAAAT AGG GAGGT GGT GGAC GAGAT CCT GTACCCAGCCCCCGCC GACATC
GATCAGGTGCACCAGTATGTGA¥GGACGGCATCAGCGAGGAGGATACCGAGAAGATCCTGA

A CGGCAGAC CCAAT ACCTA CACATT CACCAAGG CCCT GACAGAG CACCT GGT GGCCGAGAA
CCAGGCCTATGTGCCTACCATCATCGTGAGACCATCCGTGGTGGCCGCCATCAAGGATGAG
CCTCTGAAGGGATGGCTGGGAAACTGGTTCGGAGCAACAGGACTGACCGTGTTTACAGCCA
AGGGCCTGAATAGAGTGATCTACGGCCACAGCTCCTATATCGTGGACCTGATCCCAGTGGA

TTACGT GGCAAAC CT GGT CAT CGCAGCA GGAGCCAAGGCCAGCAAGT CCACCGAGCT GAAG
GTGTATAACTGCTGTTCCTCTAGCTGTAATCCCGTGACCATCGGCACACTGATGAGCATGT
TCGCCGAC GAT GCCAT cA7-VGCAGAAGT CCTA CGCCAT GCCTCTGCCAGGCTGGTAGATCTT
TACAAAGTATAAGTGGCTGGTGCTGCTGCTGACCTTCCTGTTTCAGGTCATCCCTGCCTAC

GT GACCGACCT GT CTA GGCA CCT GAT CGGCAAGAG CCCA CGCTAT AT CAAGCT GCAGAG CC
TGGTGAACCAGACCAGGTCCTCTATCGACTTCTTTACAAATCACTCCTGGGTCATGAAGGC

CGATA GGGT GCGCGAGCTGTA CGCAT CTCTGAGCCCAG CCGACAAGT ATCTGTTCCCTTGC
GACCCAACCGATATCAACTGGACACACTACATCCAGGATTATTGTTGGGGCGTGCGCCACT
TTCTGGAGAAGAAGT CCTAT GAGT GA

SEQ

I'D NO:

86

HaFAR 3378A FARDS

ATGGT GGT GCT GACCT CCAAGGAGACAAAGC CCT CTGT GGCCGAGTT CTAC GCCGGCAAGA
GCGTGTTCATCACAGGCGGCACCGGCTTCCTGGGCAAGGTGTTTATCGAGAAGCTGCTGTA
CAGCTGCCCTGACATCGAGAACATCTAT AT GCT GAT CCGGGAGAAGAAG GGCCTGAGCGTG
TCCGAGAGAATCAAGCAGTTCCTGGACGATCCCCTGTTTACAAGGCTGAAGGACAAGCGCC
CTGCCGAT CTGGAGAAGAT CGT GCT GAT CCCAGGCGACA T CAC CGCAC CAGAT CT GGGCAT
CAACAG CGAGAAT GAGAAGAT GCT GAT CGAGAAG GT GAGCGT GAT CAT CCAC TCCGCCGCC
ACCGTGAAGTTCAACGAGCCCCTGCCTACAGCCTGGAAGATCAATGTGGAGGGCACCAGGA

T GAT GCTGGCCCTGTCTCG  GAGAAT GAAGCGCAT CGAGGTGTTTAT CCACATCAGCACAGC
CTACAC CAACA CAAATA GGGAGGT GGT GGACGAGAT CCTGTACCCAGCCCCCGCCGACATC
GATCAGGTGCACCAGTATGTGAAGGACGGCATCAGCGAGGAGGATACCGAGAAGATCCTGA
ACGGCAGACCCAATACCTACACATTCACCAAGGCCCTGACAGAGCACCTGGTGGCCGAGAA
CCAGGCCTATGTGCCTACCATCATCGTGAGACCATCCGTGGTGGCCGCCATCAAGGATGAG
CCTCTGAAGGGATGGCTGGGAAACTGGTTCGGAGCAACAGGACTGACCGTGTTTACAGCCA
AGGGCCTGAATAGAGTGATCTACGGCCACAGCTCCTATATCGTGGACCTGATCCCAGTGGA
TTACGTGGCAAACCTGGTCATCGCAGCAGGAGCCAAGTCTAGCAAGTCCACCGAGCTGAAG
GTGTATAACTGCTGTTCCTCTAGCTGTAATCCCGTGACCATCGGCACACTGATGAGCATGT
TCGCCGAC GAT GCCAT CAAG CAGAAGT CCTA CGCCAT GCCTCTGC CAGGCTGGTACATCTT
TACAAAGTATAAGTGGCTGGTGCTGCTGCTGACCTTCCTGTTTCAGGTCATCCCTGCCTAC

GTGACC GA CCT GTCTAGGCACCTGATCGGCAAGGCCCCACGCTAT AT CAAGCTGCAGAGCC
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TGGTGAACCAGACCAGGTCCTCTATCGACTTCTTTACAAATCACTCCTGGGTCATGAAGGC
CGATAGGGTGCGCGAGCTGTACGCATCTCTGAGCCCAGCCGACAAGTATCTGTTCCCTTGC
GACCCAACCGATATCAACT GGACACACTACATCCAGGATTATTGTTGGGGCGTGCGC CACT
TTCTGGAGAAGAAGTCCTAT GAGTGA

SEQ ID NO: 87

HarFaR S394A FARG

ATGGTGGTGCTGACCTCCAAGGAGACAAAGCCCTCTGTGGCCGAGTTCTACGCCGGCAAGA
GCGTGTTCATCACAGGCGGCACCGGCTTCCTGGGCAAGGTGTTTATCGAGAAGCTGCTGTA
CAGCTGCCCTGACATCGAGAACATCTATATGCTGATCCGGGAGAAGAAGGGCCTGAGCGTG
TCCGAGAGAATCAAGCAGT TCCT GGACGATCCCCTGTT TACAAGGCT GAAGGACAAGCGCC
CT GCCGAT CTG=AGAAGAT CGT GCT GATCCCAGGCGACAT CACCGCACCAGAT CT GGGCAT
CAACAGCGAGAATGAGAAGATGCT GATCGAGAAGGT GAGCGT GATCATCCA CTCCGCCGCC
ACCGTGAAGTTCAACGAGCCCCTGCCTACAGCCTGGAAGATCAATGTGGAGGGCACCAGGA
TGATGCTGGCCCTGTCTCGGAGAATGAAGCGCATCGAGGTGTTTATCCACATCAGCACAGC
CTACACCAACACAAATAGGGAGGT GGT GGACGAGATCCT GTACCCAGCCCCCGCC GACATC
GATCAGGTGCACCAGTATGT GAAGGACGGCATCAGCGAGGAGGATACC GAGAAGATCCTGA
A CGGCAGACCCAATACCTACACATTCACCAAGGCCCT GACAGAGCACCTGGTGGCC GAGAA
CCAGGCCTATGTGCCTACCATCATCGTGAGACCATCCGTGGTGGCCGCCATCAAGGATGAG
CCTCTGAAGGGATGGCTGGGAAACTGGTTCGGAGCAACAGGACTGACCGTGTTTACAGCCA
AGGGCCTGAATAGAGTGATCTACGGCCACAGCTCCTATATCGTGGACCTGATCCCAGTGGA
TTACGTGGCAAACCTGGTCATCGCAGCAGGAGCCAAGTCTAGCAAGTCCACCGAGCTGAAG
GTGTATAACTGCTGTTCCTCTAGCTGTAATCCCGTGACCATCGGCACACTGATGAGCATGT
TCGCCGACGATGCCATCAAGCAGAAGTCCTACGCCATGCCTCTGCCAGGCTGGTACATCTT
TACAAAGTATAAGTGGCTGGTGCTGCTGCTGACCTTCCTGTTTCAGGTCATCCCTGCCTAC

GT GACCGACCT GT CTA GGCACCY GATCGGCAAGAGCCCACGCTATAT CAAGCT GCAGAGCC
TGGTGAACCAGACCAGGTCCGCCATCGACTTCTTTACAAATCACTCCTGGGTCATGAAGGC
CGATA GGGT GCGCGAGCTGTACGCATCT CT GAGCCCA GCCGACAAGTATCTGTTCCCTTGC
GACCCAACCGATATCAACTGGACACACTACATCCAGGATTATTGTTGGGGCGTGCGCCACT
TTCTGGAGAAGAAGTCCTAT GAGTGA

SEQ ID No: 88

HaFar S418A FAR7

ATGGTGGTGCTGACCTCCAAGGAGACAAAGCCCTCTGTGGCCGAGTTCTACGCCGGCAAGA
GCGTGTTCATCACAGGCGGCACCGGCTTCCTGGGCAAGGTGTTTATCGAGAAGCTGCTGTA
CA GCT GCCCTGACATCGAGAACATCTATAT GCT GATCCGGGAGAAGAAGGGCCTGAGCGT G
TCCGAGAGAATCAAGCAGT T CCT GGACGATCCCCT GTTTACAA GGCT GARA GGACAA GCGCC
CTGCCGATCTGGAGAAGATCGT GCT GATCCCAGGCGACATCACCGCACCAGAT CT GGGCAT
CAACAGCGAGAATGAGAAGATGCT CATCGAGA.AGGTGAGCGTGATCATCCACT CCGCCGCC
ACCGT GAAGTT CAACGAGCCCCT GCCTA CA GCCT GGAAGATCAAT GT GGAGGGCACCA GGA
TGATGCTGGCCCTGTCTCG GAGAATGAAGCGCATCGAGGTGTTTAT CCACATCAGCACAGC
CTACACCAACACAAATAGGGAGGTGGTGGAC GAGAT CCTGTACCCAGCCCCCGCCGACATC
GATCAGGT GCACCAGTATGT GAAGGACGGCAT CA GCGAGGAGGATACCGAGAAGATCCT GA
A CGGCAGACCCAATACCTACACATTCACCAAGGCCCT GACAGAGCACCT GGT GGCCGAGAA
CCAGGCCTATGTGCCTACCATCATCGTGAGACCATCCGTGGTGGCCGCCATCAAGGATGAG
CCTCTGAAGGGATGGCTGGGAAACTGGTTCGGAGCAACAGGACTGACCGTGTTTACAGCCA
AGGGCCTGAATAGAGTGATCTACGGCCACAGCTCCTATATCGTGGACCTGATCCCAGTGGA
TTACGTGGCAAACCTGGTCATCGCAGCAGGAGCCAAGTCTAGCAAGTCCACCGAGCTGAAG
GTGTATAACTGCTGTTCCTCTAGCTGTAATCCCGTGACCATCGGCACACTGATGAGCATGT
TCGCCGACGATGCCATCAAGCAGAAGTCCTACGCCATGCCTCTGCCAGGCTGGTACATCTT
TACAAAGTATAAGTGGCTGGT GCTGCT GCTGACCTTCCTGTTT CAGGT CAT CCCTGCCTAC
GTGACCGACCTGTCTAGGCACCTGATCGGCAAGAGCCCACGCTATATCAAGCTGCAGAGCC
TGGTGAACCAGACCAGGT CCTCTAT CGACTTCTTTACAAAT CACTCCTGGGT CATGAAGGC
CGATAGGGT GCGCGAGCT&TA CGCATCT CT GGCCCCA GCCGACAAGTATCTGTTCCCTTGC
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GACCCMC CGATATCAACTGGA CACACTACATCCAGGATTATTGTTGGGGCGT GCGCCACT
TTCTGGAGAAGAAGT CCTAT GAGT A

SEQ I D NO:

89

HaFAR S453A FARS

ATGGTGGTGCTGACCTCCAAGGAGACAAAGCCCTCTGTGGCCGAGTTCTACGCCGGCAAGA
GCGTGTTCATCACAGGCGGCACCGGCTTCCTGGGCAAGGTGTTTATCGAGAAGCTGCTGTA

CA GCT GCCCTGACATCGAGAACATCTATATGCT GAT CCGGGAGAAGAAGGGCCTGAGCGTG
TCCGAGA GAAT CAAGCAGTTCCT GGACGAT CCCCTGTTTACAAGGCT GAAGGACAAGCGCC
CTGCCGATCTGGAGAAGAT CGT GCT GATCCCAGGCGACATCA CCGCACCAGAT CT GGGCAT
CAACAG CGAGAAT GAGAAGAT GCT GAT CGAGAAGGT GAGCGT GAT CAT CCA CTCCGCCGCC
ACCGTGAAGTTCAACGAGCCCCTGCCTACAGCCTGGAAGATCAATGTGGAGGGCACCAGGA
TGATGCTGGCCCTGTCTCG GAGAAT GAAGCGCAT CGAGGTGTTTAT CCACATCAGCACAGC
CTACACCAACACAAATAGGGAGGTGGTGGACGAGATCCTGTACCCAGCCCCCGCCGACATC
GATCAGGT GCACCAGTATGT GAAGGACGGCAT CA GCGAGGAGGATACCGAGAAGAT CCTGA
A CGGCAGAC CCAATACCTACACATTCACCAAGGCCCT GACAGAGCACCTGGTGGCC GAGAA
CCAGGCCTATGTGCCTACCATCATCGTGAGACCATCCGTGGTGGCCGCCATCAAGGATGAG
CCTCTGAAGGGATGGCTGGGAAACTGGTTCGGAGCAACAGGACTGACCGTGTTTACAGCCA
AGGGCCTGAATAGAGTGATCTACGGCCACAGCTCCTATATCGTGGACCTGATCCCAGTGGA
TTACGTGGCAAACCTGGTCATCGCAGCAGGAGCCAAGTCTAGCAAGTCCACCGAGCTGAAG
GTGTATAACTGCTGTTCCTCTAGCTGTAATCCCGTGACCATCGGCACACTGATGAGCATGT
TCGCCGACGA.TGCCAT CAAGCAGAAGT CCTACGCCAT GCCTCTGCCAGGCTGGTACATCTT
TACAAAGTATAAGTGGCTGGTGCTGCTGCTGACCTTCCTGTTTCAGGTCATCCCTGCCTAC
GTGACCGACCTGTCTAGGCACCTGATCGGCAAGAGCCCACGCTATATCAAGCTGCAGAGCC
TGGTGAACCAGAC CAGGTCCTCTAT CGACTTCTTTA CAAAT CACTCCTGGGT CAT GAAGGC
CGATAGGGT GCGCGAG-CTGTA CGCAT CT CT GAGCCCAGCCGACAAGTATCTGTTCCCTTGC
GACCCAACCGATATCAACTGGACACACTACATCCAGGATTATTGTTGGGGCGTGCGCCACT
TTCTGGAGAAGAAGGCCTATGAGT GA

SEQ ID NO:

90

Codon optimi zed wild type HaFAR (FAR9; Stran SPV916 )

ATGGTGGTGCTGACCTCCAAGGAGACAAAGCCCTCTGTGGCCGAGTTCTACGCCGGCAAGA
GCGTGTTCATCACAGGCGGCACCGGCTTCCTGGGCAAGGTGTTTATCGAGAAGCTGCTGTA
CAGCTGCCCTGACATCGAGAACATCTATATGCTGATCCGGGAGAAGAAGGGCCTGAGCGTG
TCCGAGAGAATCAAGCAGTTCCTGGACGATCCCCTGTTTACAAGGCTGAAGGACAAGCGCC

CT GCCGAT CT GGAGAAGAT CGT GCT GATCCCAGGCGACATCACCGCACCAGAT CT GGGCAT
CAACAG CGAGAAT GAGAAGAT GCT CAT CGAGAAGGT GAGCGT GAT CAT CCACTCCGCCGCC
A CCGT GAAGTT CAAC GAGCCCCT GCCTA CA GCCT GGAAGAT CAAT GT GGAGGGCACCAGGA
TGATGCT GGCCCT GT CT CGGAGAAT GAAGCGCAT CGAGG!'GTTTATCCACATCAGCACAGC
CTACAC CAACACAAAT AGGGAGGT GGT GGACGAGAT CCT GTA CCCAGCCCCCGCC GACATC
GAT CAGGT GCACCAGTATGT GAAGGACGGCAT CAGCGAGGAGGATACCGAGAAGAT CCTGA
ACGGCAGACCCAATACCTACACATTCACCAAGGCCCTGACAGAGCACCTGGTGGCCGAGAA
CCAGGCCTATGTGCCTACCATCATCGTGAGACCATCCGTGGTGGCCGCCATCAAGGATGAG
CCTCTGAAGGGATGGCTGGGAAACTGGTTCGGAGCAACAGGACTGACCGTGTTTACAGCCA
AGGGCCTGAATAGAGTGATCTACGGCCACAGCTCCTATATCGTGGACCTGATCCCAGTGGA
TTACGTGGCAAACCTGGTCATCGCAGCAGGAGCCAAGTCTAGCAAGTCCACC GAGCT GAAG
GTGTATAACTGCTGTTCCTCTAGCTGTAATCCCGTGACCATCGGCACACTGATGAGCATGT
TCGCCGACGATGCCAT CAAGCAGAAGT CCTA CGCCAT GCCTCTGC CAGGCT GGTACATCTT
TACAAAGTATAAGTGGCTGGTGCTGCTGCTGACCTTCCTGTTTCAGGTCATCCCTGCCTAC
GTGACCGACCTGTCTAGGCACCTGATCGGCAAGAGCCCACGCTATATCAAGCTGCAGAGCC
TGGTGAACCAGACCAGGTCCTCTATCGACTTCTTTACAAATCACTCCTGGGTCATGAAGGC
CGATAGGGTGCGCGAGCTGTACGCATCTCTGAGCCCAGCCGACAAGTATCTGTTCCCTTGC
GACCCAACCGATATCAACTGGACACACTACATCCAGGATTATTGTTGGGGCGTGCGCCACT
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TTCTGGAGAAGAAG TCCIATGAGTGA

5EQ ID NO

91

PdDGTia [Phoenix dactylifera DGATIA)

ATGGCCATCCCATCCGATAGAGAGACCCT GGAGAGEGECACCAGAGCCTTCTCCAGCAAGCG
ACCTGCAGAGCT CCCTGCGGAGAAGGCT GCACT CTACCGT GGCAGCAGT GGT GGTGCCAGA
TTCTAGCTCCAAGACAT CTAGCCCCAGCGCCGAGAACCT GACCACAGACAGCGGAGAGGAT
TCCAGGGGCGACA CCTCCT CT GAC GCCGAT ACAAG GGAT AGGGT GGT GGAC GGA. GT GGAT A
GGGAGGAG GAGAACAAGAC CGT GAG CGT GCT GAAT GGCAGACA GTA CGAG GAC GGA GGCGG
CAGGGGACAGGGACAGGEGECACAGGECGEECGECGT GCCCGCCAAGT TTCTGTATAGEGCATCT

GCCCCT GCACACAG GAAGGT GAAG GAGAG CCCACTGAG CTCCGAT GCCAT CTTCAAG CAGA
GCCACGCCGGCCTGCTGAACCT GTGCATCGT GGT GCTGATCGCCGT GAACTCCAGGCTGAT
CATCGAGAATCTGATGAAGT ACGECCTGCTGATCCGCGCCGECTATTGGT TTTCTAGCAAG
TCCCTGCGGGAC TGGCCTCT GCTGATGT GCTGT CT G ACCCT GCCAGCATTT CCTCT GGGAG
CCTTCATGGT GGAGAAGCT GGCCCAGCACAATTTCATCTCCGAGT CTGTGGT CATCAGCCT

GCACGT GATCATCACCACAGCCGAGCTGCTGTACCCAGT GATCGT GATCCTGAGATGCGAT

TCTGCCGT GCTGAGCGGCATCACACTGATGCTGI TTGCCAGCGT GGT GT GGCTGAAGCT GG

TGT CCTACGCCCACAC  CAACTAT GACAT GAGGACACT GAGCAAGT CCAT CG ACAAGGAGGA
TAT GIACT CCAAGI GT CCAGAGAT CGATA. AT CT GAAGGGCGACT  CCTTTA¥GT CTCTGGT G
TAT TTCAT GGTGGCCCC  CA. CCCTGT GCTA CCAGCCAAG CTA.T CCAAG GAC CACCT GCAT CA
GGAAGGGATGGGT CATCCGCCAGGT GGT GAAGCTGGT CATCTTCACCGGCCTGATGGEECTT
CATCATCGAGCAGT ACATCAACCCCATCGT GCAGAAT TCCCAGCACCCTCTGAAGGGCAAC
TTTCTGAATGCCAT CGAGCGGGT GCTGAAGCT GTCTGT GCCCACCCTGTACGTGTGGCTGT
GCATGTTCTATTGTTTCTYTCACCT GT GGCT GAAC AT CCTGGCCGAG CTGCTGIGCTTTGG
CGATAGAGAGT TCTACAAGGACT GGTGGAACGCCAAGACAATCGAGGAGTATTGGAGGATG

TGGA. ATAT GCCT GT GCA CCGCT GGAT GATCCGGCACATCTAGTTCCCTTGT CT GAGAAAT G
GCCT GCCAAG GGCCGT GGCCAT CCTGAT CTCCTTTCT GGT GT CT GCCAT CTTCCACGAGAT
CT GCAT CGCCGTGCCCTGT CACATCTTTAAGITCTGGGECCTT TATCGGCAT CATGTTCCAG
ATCCCCCTGGT CATCCTGACCAAGT ATCTGCAGCACAAGT TTACAAACTCCATGGTGGGCA
ATATGATCTTCTGGTTCTTTTTCTCTATCCTGGGECCAGCCTATGIGCGTGCTGCTGTACTA

TCACGAC GTGATGAATAGAAAGGT GAGGAC CGAGT GA

SEQ D NG

92

PdpsAria (Phoenix dactylifera DGAT1Al protein encoded by SEQ
I D NO 91

MAI PSDRETLERAPEPSPASDL QSSLRRRLHSTVAA\ ' WPD3 SSKTSSPSAENL TTDSGED
SRCGDTSSDADTRDRVVDGVDRF. F. RNKTVSVLNGRQYEDGGGRGQGEQGT GGGVPAKFLYRAS
APAHRKVKESPLSSDAI FKOSHAGL LNLCIw .| AVNSRL11ENLMKYGL LI RAGY#F ssK
SLRDWPLLMCCLTLPAFPLGAFMWEKLAQHNFI  sesw  SLHVI | TTAELLYPVI VI LRCD
SAVLSGE TLMLFASVW.KLVSYAHTNYDVRTL SKSI DKEDMYSKCPEI DNLKGDSFKSLV
YFI »P/ APTLCYOPSYPRTTCI RKGAWI RQAKLVI FTGLMGFI | EQYl NPl VONSQHPLKGN
FLNAI ERVLKLSVPTLYVW.CMFYCFFHLWLNI LAEL L CFCDREFYKDt i WNAKTI EEYWRM
WNMPVHR | RH YEPCLRNGLPRAVAI LI SFLVSAT FHEI Cl AVPCH FKFWAFI GIMFQ
IPLVI LTKYLOQHKFTNSMVGNM T FWFFFS T LGOPMCVLLYYHDVMNRKVRTE

SEQ 1D NG

93

TEF Pronoter for enzyne expression
GAGACCGEGTTGEOGEC  GCATTTGT GT CCCraaaAnAC A GCCCCrAT TGCCCCAAT TGACCC

CanaT TGACCCAGT A GCeGGCCGaAC CCCaGCaAGAG cocecTTeTeee CAcATAT GanAC
CTCCCCCGGTTCCCACACT TGCCGT TAAGGGOGT AGGGT ACT GCAGT CTGGAATCTACGCT

TGTTCAGACTTTGTACTAGI TTCTTTGT CTGGCCAT CCGGGTAACCCAT GCCGGACGCAAA

ATAGACTACTGAAAATTTTTTTGCTTTGTGGT TGGGACT TTAGCCAAGGGTATAAAAGACC
ACCGTCCCCAT TACCTTTCCTrCTTCTTTTCr CTCr CTCCTT GT CAAC T CACA CCCaaaA
TCortAace ATTTCCTTCTGAGT ATAAGAAT CAT TC. AAA
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3EQ ID NO 94 DSTO76 coding sequence Z9 Desaturase

ATGCACAT CGAGT CTGAGAACT GCCCCGGCAGGT TTAAGGAGGT GAACAT GGCCCCTAATG
CCACCGATGCCAATGCCGTGCTGITC  GAGAC CGAT GCCGCCA CA CCT GAC CTGECCCTGLeC
A CA CGCA CCTGT GCA GCA GGCCGACAAC ‘TA CCCAAAGAAGT ACGT GT GGCGCAAT ATCAT C
CTGITTGCCTACCT GCACAT CGCCGCCCTGTACGECGECTATCTGI TTCTGT TCCACGCCA
AGTGGCAGACCGATATCTTCGCCTACATCCTGTATGT GATGT CTGGACT GGGAATCACAGC
AGGAGCACACAGCECT  GT GGGCCCA CAAGAG CTA CAAG GCCAAGT GGCCTCTGAGAC TGAT C
CTGGT CAT CTTCAACACACTGCECCTTT CAGGACT CT GCCAT CGAT TGGAG CAGGGAC CACC
GCAT GCACCACAAGT ATTCCGAGAC CGAC GCCGAT CCCCACAAT GCCACACGGGGCTTCTT
TTTCTCTCACAT CGGCTGCCTGCTGGIGCG  GAAG CA CCCTGAG CT GAAGAGAAAG  GGCAAG
GGCCT GGA CCr GT CCGAT CTGTAT GCCGA CCCAAT CCTGAGATTT CAGAAGAAGT ACTATC
TGATCCTGATGCCCCTGACCTGI TTCGT GCTGCCAACAGT GATCCCCGTGTACTATTGGEGEG

CGAGAC CTGGACAAAC GCCTTTTTCGT GGCCGCCCT GTTTAGGTACGCCTT CAT CCTGAAC
GTGACCTGGCTGGT GAATAGCGCCGCCCACAAGT GGEGCGATAAGCCT TATGACCGCAACA

TCAAG CCAT CCGAGAAT ATCAGCGT GTCCATGITTGCCCTGEEC GAGGGCTTCCACAAC TA
CCACCACA CCrTCCCAT GGGAT TATAAGA CACC CGxGCT GGGCrA CAATATGCTGAACTTC
ACCACAAAC TT CAT CAACT TCTTCGCCAAGAT CGGECTGGECCTAC CATCTGAAGAC CGTGT
CCGACGAGAT CGT GCGGT CTAGAGCAAAGAGGACAGECGACGGAAGCCACCACCT GTGEEG
ATGGGGCGACAAG GAT CACT CCAG GGAG GAGAT GGCT GCCGCCAT CCGCAT CCACCCCAAG
GACGATTGA

3EQ ID NO 95 DSTO76 anino acid %9 Desaturase encoded by SEQ ID NO 94

MHI  ESENCPGRFKEVNVAPNATDANGVL FETDAATPDLAL PHAPVQQADN YPRKKYVWRNT I
LFAYLH AALYGGYLFLFHAKWOTDI FAYI LYVMSGLG TAGAHRLWAHKSYKAKVJPLRLI

LVI ENTLAFQDSAI DWSRDHRVHHKYSETDADPHNATRGFFFSHI GAL L VRKHPEL KRKGK
GLDLSDLYADPI LRFQKKYYLI LMPLTCFVLPTVI PVYYWGETWINAFFVAALFRYAFI LN
VTWWSAAHKWEDKPYDRNI KPSENI SVSMFAL GEGFHNYHHT FPVWDYKTAEL GNNMLNF

TTNFI NFFAKI GAAYDLKTV3DElI VRSRAKRT CDGSHHLWGWEDKDHSREEMAAAI RI HPK

bD

SEQ ID NO 96 DST180 coding sequence Z9 Desaturase

ATGGCCCCAAA CATCr CTGAC GAT GT GAAT G GCGT GCT G TT GAGA GCGAT GCAGCAACAC
CAGACCT GGCCCT GGCAA GCCCCCCT GT GCAGAAG GCCGAT AAC CGGCCCAAG CAGT ACGT
GT GGAGAAAT ATCCTCCTGTTCG CATAT CT GCAC GCCGCCGCCCTGTACGEC GGCTATCTG
TTTCTGACAAGCGCCAAGT GGCAGACCGACGT GTTCGCCTACATCCTGTATGTGATGT CCG

GACT GGGAAT CACAGCAGGAGCACACAGGCTGT GGECACACAAGT CTTACAAGGCCAAGT G

GCCCCT GAAAGYT GATCCT GAT CAT CTTTAAC ACCAT CGCCTT'T CAG GAC GCAG CAAT GGAT
TGGGCAAGGGACCACAGAAT GCACCACAAGT ATAGCGAGACAGACGCCGATCCTCACAATG

Cc. ACCAGGGGCTTCTTTTTCT CCCACAT CGGCTGCCTGCTGGTGC  GCAAG . ACCCAGAT CT
GAAGGAGAAGGGCAAGGGCCT GGACAT GAGCGAT CTGCAGGCCGACCCCATCCTGCGGTTT
CAGAAGAAGT ACTATCTGCTGCT GAT GCCTCTGGCCTGCTTTGI  GAT GCCAAC AGT GAT CC
CCGTGrACrTCr GGGGCGAGAC CTGGAACAAT GCCTTTTTCGT G5CCGCCAT GI'TTAGATZ
TGCCTTCATCCT GAACGT GACCT GGCTGGT GAAT TCCGCCGCCCACAAGT GGGECGATAAG

CCTTAGG AC. AAGAGCAT CAAG CCAT CCGAGAAC AT GA. GCGT GGCCAT GITTGCCCTGGECECG
AGGGCTTCCACAATTACCACCACACATTCCCCTGGGATTATAAGACCGCCGAGCTGGGCAA

CAAT AAG CTGAAC TTTACC. ACAACCTTCAT CAAC TTCTTCGC CAAGC TGGGCT GGGCCTAC
GACAT GAAGAC AGT GT CCGAC GAT AT CGT GAAG A A CA GGGT GAAG CGCAC CGGCGAT GGAT
CT CAC CAC CTGT GGGGA.T GGGGCGACAAGAAC CAGAG CAAG GAG GAGAT CGCCTCCGC CAT
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CCGGATCAATCCTAAGGACGATTGA

SEQ 1D NO

97

DST180 amino_acid Z9 Desaturase encoded by SEQ D NOo 96

VAPNI  SDDWGVL FESDAATPDLAL ASPPVQKADNRPKQYWRNI LLFAYLHAAAL YGGYL
FLT3AKWOTDVFAY! LYVMSGLG TAGAHRLWAHKSYKAKWPLKVI LI | FNTI AFQDAAND
WARDHRVHHKYSETDADPHNATRGFFFSHI GAL L VRKHPDL KEKGKGL DIVSDL QADPI LRF
QKKYYLLLMPLAC FYMPTV| PVYFWGETVWWNAFFVAAMFRYAFI LNVTWLVNSAAHKWGDK
P YDKSI KPSENVBVAMFAL GEGFHNYHHTFPWDYKTAEL GNNKLNFTTTFI NFFAKLGWAY

DVKTVSDDI VKNRVKRT GDGSHHL WGWEDKNQSKEE! ASAI RI NPKDD

SEO 1D NO

98

DST181 coding sequence z% Desaturase

AT GGCCCCAAAC AT CT CT GAG GAT GCCAAT GGOGTGCTGTTT  GAGAG CGAT GCA GCAACAC
CA GA CCT GGCcCr GGeAAG CCCACCTGT GCA GAAG GCAGAC AAC A GGCCCAAGCAGIrACGT
GTGGAGAAATATCATCCTGT TTGCCTATCTGCACCT GGOCGOCCT GTACGGOGGCTATCTG
TTTCTGTTCAGCGOCAAGT GBCAGACAGACGT GT TCGCCTACATCCTGTATGTGATGTCCG

GACT GGGAAT CACCGCAGGAGCACACAGACT GT GGGCACACAAGT CTTACAAGGCCAAGT G
GeCecTAAAGT GATCCTGATCAT CTTTAAC ACCATCGCCTTT CAGGAC GCA GCAAT GGAT
TGGGCAAGGGAC CACAGA7- VT GCACCAC AAGTATAGCGAGACAGACGC  CGAT CCTCACAATG
CCACCAGGGGCTTCTTTTTCTCCCACATCGGCT GGACT GCTGGT GCGCAAGCACCCAGACCT
GAAGAAGAAGGGCAAGGGCCT GGACAT GAGCGAT CTGCTGAACGACCCCATCCTGAAGTTT

cAGAAGEA GTACTAT CreeT Ger GAT geer CrggeeT GTT CGT GAT Gecaac AAT GAT cc
CCGTGT ACCT GT GGGEOGAGACAT GGACCAAT GCCT TTTTCGT GBCCGCCATGTTTCGGTA
TGOCTTCATCCTGAACGT GACCT GGCT GGT GAAT TCCGCOGOCCACAAGT GGGGOGATAAG
CCTTAGGACAAGAG CAT CAAG CCAT CCGAGAAC CTGTCTGTGGC —CAT GTTTGCCCTGGGOG
AGGGCTT CcCAcAAT TACCACCACACATT CCCCT GGGAT TATARGACCaecGLGeT GGGCAA
CCAGAAGCT GAACT TCACCACAACCT TCATCAACT TTTTCGOCAAGCT GGGCTGGGEOCTAC

GACAT GAAGAC AGT GTCCG ACGAT ATCGT GAAGAAT A GGGT GAAG CGCA CCGGCGAT GGAT
CTcaClaccT GT GGGGAT GGGGCGA.CAAGAAC CAGAG CAAG GAG GAGAT CcGecT CeGeeaT
CCGGAT CAAT CCTAAG GAC GAT TGA

SEQ I D No

99

DST181 amino acid z9 Desaturase encoded by SEQ D no 93

MAPNI  SEDANGVL FESDAATPDL AL ASPPVQKADNRPKQYVVRNI I LFAYLHLAAL YGGYL
FLFSAKi JQTDVFAYI LYV>l SGLGA TAGAHRLWAHKSYKAKS' f PLKVI LI | FNTI AFQDAAMD
WARDHRVHHKYSETDADPHNATRGFFFSHI GAL L VRKHPDL KKKGKGL DVSDLLNDPI LKF
QKKYYLLLMPLACFVMPTM PVYLWGETWINAFFVAAMFRYAF! LN\ T? WL VN3 AAHKWGEDK
PYDKSI KPSENL SVAMFAL GEGFHNYHHTFPVDYKTAEL GNQKLNFTTTFI NFFAKLGWAY

DVKTV5DDI VKNRVKRT GDGSHHL WGWEDKNQSKEEI ASAI RI NPKDD

SEO 1D NO

100

DSX183 coding sequence z9 Desaturase

ATGGOCCCAAACAT CAGOGAGGAT GT GAAT GGOGT GCT GT TCGAGT COGAT GCCGCCACAC
CAGAC CTGGCCCTGTC  TACCCCA CCTGT GCAGAAG GCAGAC AAC AGG CCCAAG CAG CT GGT
GTGGAGAAATATCCTGCTGT TTGCATACCT GCACCT GGCAGCACAGT ACGGAGGCTATCTG
TTTCTGITCTCTGOCAAGT GBCAGACAGATATCTTCGCCTACATCCTGTATGTGATCAGCG
GACT GGGAAT CACCGCAGGAGCACACCGGCT GT GGGCCCACAAGT CCTACAAGGCCAAGT G
GOCTCTGAGAGT GATCCT GGT CATCTTCAACACCGT GGOCT TTCAGGACGCAGCAAT GGAT
T GGGCAA GGGAC CA.CAGAAT GCA CCACAAGT ATTCT GAGAC AGAC GCCGAT CCTCR.CAAT G
ccACCAGGGGCTTCTTTTT CAGCCACAT CGGCT GGCT 6T GGT GCGCAAG CACCCAGAT CT
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GAAGGAGAAGGGCAAGGGECCT GGACAT GAGCGAT CTGCTGECCGACCCCATCCTGAGGTTT

CapaaG AAGTA CTATCT GAT CCr GAT GCCt CTGGCCY GCTTTGT GAT GCCaac AGTGAT CC
CCaoreTACTTCTeeaaCAC AT Geac CAACGCCTTTT' i ' CGTGECCGCCAT Gr 1T CaCTA
TGCCTTCATCCTGAACGT GACCTGGCTGGTGAAT TCTGCCGCCCACAAGT GGGGCGATAAG
CCTTAGGAC AAGAG CATcaaG CcaTCCeaerAc crareTrarese CAT GTTTGCCCTGEECG
AGGGCTTCCACAATTACCACCACACATTCCCCTGCGACTATAAGACCGCCGAGCTGGGCAA

CAAT AAG CTeaac TTTACcA caac CTTCAT CAACTTCTTCGC  CAAGAT CGGCTGGGCC  TAT
GAT CT GAAGAC AGT GTCCa ACGATATCGT GAAGAAT A GGGT GAAGAG gac CGGCeac GGAA

GCCACCACCT GT GGEGCT GGGGECGAT GAGAACCAGT CCAAGGAGGAGAT CGACGCCGCCAT
CCGGAT caaT CCTAAGGACGATTA

SEQ 1b NO

101

DST183 amino _acid Z9 Desatursae encoded by SEQ ID NO 100

MAPNI SEDVNGVL FESDAATPDLAL STPPVQKADNRPKQLVt i RNI LLEAYLI i LAAQYGGYL
FLFSAKWQT DI FaY ILYVI SGLGI TagaH RLWAHKSYKAKWPLRVI LV1 ENTVAFQDAAND
WARDHRVHHKY SETDADPHNATRGFFFSHI GALL VRKHPDL KEKGKGLDVSDLLADPI LRF
QKKYYLILMPLACEVMPIVI PVYFWGETWITNAFEVAAMFRYAEF L LNVTWLVN SAAHKW GDK
PYDKSI KPSENL SVAMFAL GEGFHNYHHTFPWDYKTAEL GNNKLNFTTTFI NFFAKI GAAY
DLKTV 3 DDI VKN RVKRT GDGSHHLWGAGDEN QSKEEI DAAT RTN PKDD

SEQ 1D NO

102

DSX189 coding sequence Z9 Desaturase

ATGGCCCCTAACGT GACCGAGGAGAAT GGCGT GCTGT TCGAGT CTGATGCAGCAACACCTG
ACCTGGCCCTGGCAAGAGAGCCAGT GCAGCAGGCAGATAGCT CCCCACGGEGTGTACGTGTG
GAGAAACATCATCCTGT TTGCCTATCTGCACAT CGCCGCCGT GTACGGCGECTATCTGI TT
CTGT TCTCCGCCAAGT GGCAGACCGACATCTTCGCCTACCTGCTGTATGT GGCCTCTGGAC
TGGGAAT CACAGCAGGAGCACACAGGCT GT GGGCCCACAAGAGCTACAAGGCCAAGTGGCC
CCTeagac TGAT CCTGACcaT CTTTAACACCA cAGCCTTTCAGeacac CGCCAT CGAT TGG
GCCCGGGACCACAGAAT GCACCACAAGT AT TCCGAGACCGACGCCGAT CCCCACAATGCCA
caaG GGGCTTCrTTTTCTCCCa ca T CGGCT GGCT GCT GG GAGGAL GCACCCT GAGCT GeA

GCGCAAGGGCAAGGGCCTGGACCTGTCTGATCTGTACGCCGATCCTATCCTGCCCTTTCAG

AveAAG TACTAT CTeaT CCTeaT GCceac T GGCCT GCt T CAT CCr GCCCA CCGT GAT CCCCG
TGTACCTGT GGAACGAGACATGGAGCAATGCCTTTTTCGT GBCCGCCCTGT TTCGGTATAC

CTTcaT CCTCARACGT gacaT GGCT GGT gaaT TCCGCCGCCca caacT GGGGCeaT AAG Cca
TACGACAAGT CCATCAAGCCCTCTGAGAACCTGTCTGTGAGCCTGT TTGCCT TCGGCGAGG

GCTTTCa caaT TACcac CACACCTTCCcaT GGGAT TATAAGAC A GCCGAGCTGGGCAAC CA
CCGGCTGAACTTCACCACAAAGT TCATCAACTTTTTCGCCAAGATCGGCTGGGCCTATGAT
ATGAAGAC CGT GT CT CACGAGAT CGT GCA GCAGAG GGT GAAGAG GACAG GCGACGGAAGCC
ACCACCT GT GGGGATGGGGECGACAAGGATCACGCACAG GAGGAGATCGACGCCGCCATCAG
AAT CAAT CCCAAGGACGATTEA

SEQ 1D NO

103

DST189 amino acid Z9 Desaturase encoded by SEQ ID NO 102

MAPNVT EENGVL FESDAAT PDLALARE PVQQAD S5 PRVYVWRN 11LFAYLH | AAVYGGYL F
L FSAKwQT DI FAYLLYYAS GL GI TAGAH RLWAHKS YKAKWPLRLI LTI FNTTAFQDSA I D
ARDHRVHHKYSETDADPHNATRGFFFSHI GALL VRKHPEL KRKGKGL DL SDL YADPI LRFQ

KKYYLI LMPLACFI LPTVI  PVYLWNETWSNAFFVAALFRYTFI LNVTW.WSAAHKWGDKP

YDKSI KPSENL SVSLFAFGEGFHNYHHTFPWDYKTAEL GNHRLNFTTKFI NFFAKI GAAYD
MKTVSHEI VQORVKRT GDGSHHL WGWEDKDHAQEEI DAAI RI NPKDD

SEQ 1D NO

104

DST192 coding sequence ZS Desaturase

ATGGAT TTTCT GAAC GAGAT CGACAAT TGCCCCGAGCGGCT GA GAAAG CCAGAGAAGAT GG
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CCCCCAACGT GACCGAGGAGAATGGECGTGCTGT T CGAGT CCGAT GCAGCAACCCCAGACCT
GGCCCTGGECAAGGACACCT GT GGAGCAGGCCGACGAT TCTCCAAGGAT CTACGT GTGGECGC
AACATCATCCTGI TTGCCTATCTGCACCT GGCCGCCATCTACGECGECTATCTGT TTCTGT
TCTCCGCCAAGT GGCAGACCGATATCTTCGCCTACCTGCTGTATGT GGCATCTGGACT GGG
AATCACAGCAGGAGCACACAGGCT GT GGGECACACAAGAGCT ACAAGGCCAAGTGECCTCTG

CGCCT GAT CCTGAC CATCITTA ACACAAT CGCCTTTCAGGACA GCGCCAT CGATT GGGCCA
GGGAC CACCGCATGCA CCACAAGT ATTCCGAGAC CGAC GCCGAT CCACACAAT GCCACACG
GGCCTTCTTTTTCTCT  CACATCGGAT GCCTCCTGGTGCG  GAAG CAC CCAGAG CT GAAGAGA
AAG GGCAAG GGCCT GGAC CTGT CT GAT CT GTACAGCGAT CCCAT CCT GAGAT TT CAGAAGA
AGTACTATATGATCCTGATGCCTCTGGCCTGI TTCATCCTGCCCACCGTGATCCCCGTGTA

TATGT GGAACGAGACATGGAGCAATGCCTTTTTCGT GGCCGCCCTGT TTAGGTATACCTTC
ATCCTGAACGT GACAT GGCTGGT GAAT TCCGCCGCCCACAAGT GGGGCGATAAGCCTTACG

ACAAGT CCAT CAAG CCAT CTGAGAAC ATGAGCGTGTCCCTGTTTGCCTTCG5CGAG GGCTT
TCACAAT TACCAC CACACCTTCCCTTGGGAC TATAAGACAG CCGAG CT GGGCAAC CAC CGG
CT GAAC TTCAC CACAAAGT TCAT CAAC TTCTTCGC CAAGAT CGGCTGGGECC TAT GATATCGA
AGACCGT GT CT CAGGAGAT CGT GCAGCAGCGGEGET GAAGAGAACAGGCGACGGAAGCCACCA

CCT GT GGGGAT GGGGCGACAAG GAT CAC GCACAG GAG GAGAT CAACGCCGCCAT CCGCAT C
AAT CCAAAGGLCGATT GA

SEQ

ID NO

105

DST192 anmino acid Z9 Desaturase encoded by SEQ ID NGO 104

VDFLNEI DNCPERL RKPEKMAPNVEENGVL FESDAATPDI A LARTPVEQADDSPRI YWR
NI I LFAYLHLAAI  YGGYLFLFSAKWQTDI FAYLLYVASGLG TAGAHRLWAHKSYKAKX' i PL

RLI LTI FNTI AFQDSAI DWARDHRVHHKYSETDADPHNATRGFFFSHI GALL VRKHPELKR
KGKGLDLSDLYSDPI LRFQKKYYM LMPLACFI LPTVI PVYMANETWENAFFVAALFRYTF

I LNVTWLVNSA ¥HKW GDKPY DK ST KPSENM 3V SL FA FGEGFHNYHHT P DY KTAEL GNHR

LNFTTKFI NFFAKI GAAYDIVKTVSQEI VQORVKRT CDG3 HHLWGWEDKDHAQEEI NAAI R
NPKDD

[0861] The foregoing detailed description has been given for clearness of understanding only
and no unnecessary limitations should be understood there from as modifications will be
obvious to those skilled in the art.

[0862] While the disclosure has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this application is
intended to cover any variations, uses, or adaptations of the disclosure following, in general,
the principles of the disclosure and including such departures from the present disclosure as
come within known or customary practice within the art to which the disclosure pertains and
as may be applied to the essential features hereinbefore set forth and as follows in the scope
of the appended claims.

INCORPORATION BY REFERENCE

[0863] All references, articles, publications, patents, patent publications, and patent
applications cited herein are incorporated by reference in their entireties for ail purposes. The

current application hereby incorporates by reference each of the following in its entirety: U.S.
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Provisional Application Serial No. 62/257,054, filed November 18, 2015, U.S. Provisiond
Application Serial No. 62/351,605, filed June 17, 2016, and PCX application no.
PCT/US2016/062852, filed November 18, 2016.

[0864] However, mention of any reference, article, publication, patent, patent publication,
and patent application cited herein isnot, and should not be taken as, an acknowledgment or
any form of suggestion that they constitute valid prior art or form part of the common general

knowledge in any country in the world.

Further Embodiments of the Invention
[0865] Other subject matter contemplated by the present disclosure is set out in the following

numbered embodiments:

1. A recombinant Yarrowia lipoiytica microorganism capable of producing a mono- or
poly-unsaturated cs-c2: fatty alcohol from an endogenous or exogenous source of saturated

(s-coa fatty acid, wherein the recombinant Yarrowialipoiytica microorganism comprises:

(a) a least one nucleic acid molecule encoding afatty acyl desaturase having at least
95% sequence identity to a fatty acyl desaturase selected from the group consisting of SEQ
ID NOs. 39, 54, 60, 62, 78, 79, 80, 95 97, 99, 101, 103, and 105 that catalyzes the
conversion of a saturated ce-c24 fatty acyi-CoA to a corresponding mono- or poly-
unsaturated ce.cos  fatty acyl-CoA; and

(b) & least one nucleic acid molecule encoding a fatty acohol forming fatty acyl
reductase having a least 95% sequence identity to afatty alcohol forming fatty acyl reductase
selected from the group consisting of SEQ ID NOs: 41-48, 57, 73, 75 and 77 that catalyzes
the conversion of the mono- or poly-unsaturated cscos fatty acyl-CoA from (a) into the
corresponding mono- or poly-unsaturated cscos  fatty' acohol.

2. The recombinant Yarrowia lipoiytica microorganism of embodiment 1, wherein the
recombinant Yarrowia lipoiytica microorganism comprises a deletion, disruption, mutation,
and/or reduction in the activity of one or more endogenous enzymes that catalyzes a reaction
in a pathway that competes with the biosynthesis pathway for the production of a mono- or
poly-unsaturated ce-.co4 fatty acohol.
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3. The recombinant Yarrowia lipolytica microorganism of embodiments 1 or 2, wherein
the recombinant Yarrowia lipolytica microorganism comprises a deletion, disruption,
mutation, and/or reduction in the activity of one or more endogenous enzyme selected from

the following:

(i) one or more acyl-CoA oxidase selected from the group consisting of YALIOE32835g
(POXI), YALIOF10857g (PGX2), YALIOD24750g (POX3), YALIOE27654g (POX4),
Y AIl, TOC23859¢g (POX5), YALIOE06567g (POX6);

(ii) one or more (fatty) alcohol dehydrogenase selected from the group consisting of
YALTOF09603g (FADH), YALIOD25630g (ADFH), YALIOE17787g (ADH2),
YALIOA16379g (ADH3), VYALIOE15818g (ADH4), YALIOD02167g (ADH5),
YALIOA15147g (ADHS6), YAL10E077669g (ADH7);

(iii) a (fatty) alcohol oxidase YALI0B14014g (FAQD);

(iv) one or more cytochrome P450 enzyme selected from the group consisting of
Y ALIOE25982¢g (ALKi),YALIOF01320g (ALK?2), YALIOE23474g (ALK?3),
YALIORi38i5g (ALK4), YALIOB13838g (ALK5), YAUGBO0i848g (ALKS),
YALIOA 154889 (ALK?7), (YALIOCi2122g (ALKS8),YALI0B06248g (ALK9),
YALIOB2(702g (ALK10), YALIOC10054g (ALK 1) and YALIOA20130g (AlkI2); and

(v) one or more diacylglycerol acyltransferase selected from the group consisting of
YALIOE32791g (DGA1) and YALIODO7986g (DGA?2).

4. The recombinant Yarrowia lipolytica microorganism of embodiments 1 or 2, wherein
the recombinant Yarrowia lipolytica microorganism comprises a deletion of one or more

endogenous enzyme selected from the following:

(i) one or more acyl-CoA oxidase selected from the group consisting of YALIOE32835g
(POXI), YALIOF10857g (POX2), YALIOD24750g (POX3), YALIOE27654g (POX4),
YALI0C23859g (POX5), YALIOE06567g (POX6);

(i) one or more (fatty) alcohol dehydrogenase selected from the group consisting of
YALIOF09603g (FADH), YALIOD25630g (ADH1), YALI10E17787g (ADH2),
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YALIOA16379g (ADH3), YALIOE15818g (ADH4), YALIOD02167g (ADHS),
YALIOA15147g (ADH6), YAL10E07766g (ADH7);

(iii) a (fatty) alcohol oxidase YALI0B14014g (FAQD);

(iv) one or more cytochrome P450 enzyme selected from the group consisting of
Y ALIOE25982g (ALKi),YALIOF01320g (ALK?2), YALIOE23474g (ALK?3),
YALIORE38i6g (ALK4), YALIOB13838g (ALK5), YAL10B01848g (ALK®),
Y AUOA 154889 (ALK?7), (YALIOCI2122¢g (ALKS8),YALIOBQ6248g  (ALKY9),
YAI,10B20702g (ALKIO), YALIOC10054g i ALK 1l'sand YALTOA20130g(Alkl2); and

(v) one or more diacylglycerol acyltransferase selected from the group consisting of
YALIOE32791g (DGA1) and YALIODO7986g (DGA2).

5. The recombinant Yarroma lipolytica microorganism of any one of embodiments 1-4,
wherein the fatty acyl desaturase catalyzes the conversion of a saturated fatty acyl-CoA into a
mono- or poly-unsaturated intermediate selected from Z9-14:Acyl-CoA, ZII-14:Acyl-CoA,
Ell-14:Acyl-CoA, Z9-16:Acyl~CoA, and ZII-16:Acyl-CoA.

6. The recombinant Yarrowia lipolytica microorganism of any one of embodiments 1-5,
wherein the mono- or poly-unsaturated cs-cz+ fatty alcohol is selected from the group
consisting of 29-14:0OH, Z11~14:GH, Ell-14:0H, Z9-16:0H, ZII~16:0H, Z11Z13-16:QH,
and Z13-18:0H.

7. The recombinant Yarrowia lipolytica microorganism of any one of embodiments 1-6,
wherein the recombinant Yarrowia lipolytica microorganism further comprises at least one
endogenous or exogenous nucleic acid molecule encoding an alcohol oxidase or an alcohol
dehydrogenase capable of catalyzing the conversion of the mono- or poly-unsaturated ce-c24

fatty alcohol into a corresponding ce-co4 fatty aldehyde.
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8. The recombinant Yarrowia lipolytica microorganism of embodiment 7, wherein the

alcohol dehydrogenase is selected from Table 3a

9. The recombinant Yarrowia lipolytica microorganism of embodiments 7 or 8, wherein
the cs-c 4 fatty aldehyde is selected from the group consisting of Z9-14:Aid, ZIl-14:Ald,
Ell-14:Ald, Z9-16:Ald, ZII-16:Ald, ZI1Z13-16:Ald and Z13-18:Ald.

10. The recombinant Yarrowia lipolytica microorganism of any one of embodiments 1-9,
wherein the recombinant Yarrowia lipolytica microorganism further comprises at least one
endogenous or exogenous nucleic acid molecule encoding an acetyl transferase capable of
catalyzing the conversion of the mono- or poly-unsaturated ce-c24 fatty acohol into a

corresponding ce-c24 fatty acetate.

1. The recombinant Yarrowia lipolytica microorganism of embodiment 10, wherein the

acetyl transferase is selected from Table 5d.

12. The recombinant Yarrowia lipolytica microorganism of embodiments 10 or 11,
wherein the ceco4 faity acetate is selected from the group consisting of Z9-14:Ac, Zii-
14:Ac, E11-14: Ac, Z9-16:Ac, Z11-16:Ac, Z11213-16:Ac, and Z13-18: Ac.

13. The recombinant Yarrowia lipolytica microorganism of any one of embodiments 1-

12, wherein the recombinant Yarrowia lipolytica microorganism further comprises:

a least one endogenous or exogenous nucleic acid molecule encoding an alcohol oxidase or
an acohol dehydrogenase capable of catalyzing the conversion of the mono- or poly-

unsaturated cecp4 fatty alcohol into a corresponding Cs-C»s fatty aldehyde; and

a least one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase
capable of catalyzing the conversion of the mono- or poly-unsaturated ce.cos fatty acohol

into a corresponding ce-c24 fatty acetate.
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14. The recombinant Yarrowia lipolytica microorganism of embodiment 13, wherein the
mono- or poly-unsaturated ce-c24 fatty aldehyde and cescos4 fatty acetate is selected from the
group consisting of Z9-14:Ac, ZII~14:Ac, Ell~14:Ac, Z9~16:Ac, ZII-16:Ac, Z11713-
16:Ac, Z13-18:Ac, Z9-14:Ald, ZI1I1-14:Ald, Ell-14:Aid. Z29-16:.Ald, ZII~16:Ald, Z11713-
16:Ald and Z213-18:Ald.

15. The recombinant YarroM'ia lipolytica microorganism of any one of embodiments 1-
14, wherein the fatty acyl desaturase does not comprise afatty acyl desaturase comprising an

amino acid sequence selected from the group consisting of SEQ ID NOs: 64, 65, 66 and 67.

16. The recombinant Yarrowia lipolytica microorganism of any one of embodiments 1-
15, wherein the fatty acyl desaturase does not comprise a fatty acyl desaturase selected from
an Arnyelois transitella, Spodoptera littoralis, Agrotis segelurn, or Trichoplusia rii derived

desaturase.

17. A method of producing a mono- or poly-unsaturated Cs.c24 fatty acohol from an
endogenous or exogenous source of saturated ce.cosa fatty acid, comprising: cultivating the
recombinant Yarrowia lipolytica microorgani sm of any one of embodiments 1-16 in a culture
medium containing a feedstock that provides a carbon source adequate for the production of

the mono- or poly-unsaturated cs.co4 fatty alcohol.

18. The method of embodiment 17, wherein the mono- or poly-unsaturated C&-C24 fatty
alcohol is selected from the group consisting of Z29-14:0H, Z11-14:0H, EII-14:0H, Z9-
16:()H, Z11-160H, Z11713-16:0H, and Z13-18:(3H.

19. The method of embodiments 17 or 18, wherein the recombinant Yarrowia lipolytica
microorganism comprises a deletion, disruption, mutation, and/or reduction in the activity of

one or more endogenous enzyme selected from the following:
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(i) one or more acyl-CoA oxidase selected from the group consisting of YALIOE32835g
(POX1), YALIOF10857g (POX2), YALIOD24750g (POX3), YALI10E27654g (POX4),
YALI0C23859g (PQX5), YALIOE06567g (POX6);

(i) one or more (fatty) alcohol dehydrogenase selected from the group consisting of
Y ALI0F09603g (FADH), YALIOD25630g (ADHY), YAUOEL7787g (ADH2),
YALIOA16379g (ADH3),  YALIOE15818g (ADH4),  YALIODO02167g (ADH5),
YALIOA15147g (ADH6), YALIOEQ7766g (ADH7);

(iii) a (fatty) alcohol oxidase YALIOB14014g (FAO!);

(iv) one or more cytochrome P450 enzyme selected from the group consisting of
Y ALIOE25982g (ALKi),YALIOF01320g (ALK2), YALIOE23474g (ALK3),

YALIOB138l6g (ALK4), YALIOB13838g (ALKD), YALI0B01848g (ALKS®),

YALi0A15488g (ALK7), (YALiOC12122g (ALKS8),YALI0B06248g (ALK9),

YAII0B20702g (ALKIO), YALIOC10054g iAlLK1isand YALTOA20130g (Alkl2); and

(v) one or more diacylglycerol acyltransferase selected from the group consisting of

YALIOE32791g (DGA1) and YALIOD07986g (DGA2).

20. The method of embodiments 17 or 18, further comprising a step of recovering the

mono- or poly-un saturated C.6-C24 fatty alcohol.

21. The method of embodiment 20, wherein said recovery step comprises distillation.
22. The method of embodiment 20, wherein said recovery step comprises membrane-
based separation.

23. A method of producing a mono- or poly-unsaturated cs-c24 fatty aldehyde from an
endogenous or exogenous source of saturated ce.cosa fatty acid, comprising; cultivating the

recombinant Yarrowia iipolyiica microorganism of any one of embodiment 1-16 in a culture
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medium containing a feedstock that provides a carbon source adequate for the production of

the mono- or poly-unsaturated ce.c4  fatty aldehyde.

24, The method of embodiment 23, wherein the ce.cs  fatty aldehyde is selected from the
group consisting of Z9-14:Ald, ZII-14:Ald, Ell-14:Ald, Z9-16:Ald, ZI1-16:Ald, Z11Z13-
16:Ald and Z13-18:Ald.

25. The method of embodiments 23 or 24, further comprising a step of recovering the

mono- or poly-unsaturated cec4  fatty aldehyde.

26. The method of embodiment 25, wherein said recover}' step comprises distillation.

27. The method of embodiment 25, wherein said recovery step comprises membrane-
based separation.

28. A method of producing a mono- or poly-unsaturated csco« fatty acetate from an
endogenous or exogenous source of saturated cecpq  fatty acid, comprising: cultivating the
recombinant Yarrowza lipolytica microorganism of any one of embodiments 1-16 in a culture
medium containing a feedstock that provides a carbon source adequate for the production of

the mono- or poly-unsaturated («-(z>fatty acetate.

29, The method of embodiment 28, wherein the cs.cq  fatty acetate is selected from the
group consisting of Z9-14:Ac, ZII-14:Ac, E!I-$4;Ac, Z9-16:Ac, ZI1-16:Ac, Zz11Z13-
16:Ac, and Z13-18:Ac.

30. The method of embodiment 28, further comprising a step of recovering the mono- or

poly-unsaturated ce.co4  fatty acetate.
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31. The method of embodiment 28, wherein said recovery step comprises distillation.
32. The method of embodiment 28, wherein said recovery step comprises membrane-
based separation.

33. A method of producing a mono- or poly-unsaturated ce-c 24 fatty aldehyde and cs.c24
fatty acetate from an endogenous or exogenous source of saturated ce.cps4 fatty acid,
comprising: cultivating the recombinant Yazrrowia lipolytica microorganism of any one of
embodiments 1-16 in a culture medium containing a feedstock that provides a carbon source
adequate for the production of the mono- or poly-unsaturated cs-c 2+ fatty aldehyde and Ce-
c24 fatty acetate.

34. The method of embodiment 33, wherein the mono- or poly-unsaturated ce-c24 fatty
aldehyde and ce.c24 fatty acetate is selected from the group consisting of 79-14:Ac, ZI11I-
14:Ac, Hit-14Ac, Z9-16:Ac, ZII1-16:Ac, Z11Z13-16:Ac, Z13-18:Ac, Z8-14:Aid. Zi1-
i4:Ald, E1 2-14:Aid, / 2-16:Aid. Z\ 1-16:Aid, Z11Z 13-16:Ald and Z13-18:Aid.

35. A method of engineering a Yarrowia lipolytica microorganism that is capable of
producing a mono- or poly-unsaturated ce-coa fatty alcohol from an endogenous or
exogenous source of saturated ce.cp4 fatty acid, wherein the method comprises introducing

into a Yarrowialipolytica microorganism the following:

(a) at least one nucleic acid molecule encoding a fatty acyl desaturase having at least
95% sequence identity to a fatty acyl desaturase selected from the group consisting of SEQ
ID NOs: 39, 54, 60, 62, 78, 79, 80, 95, 97, 99, 101, 103, and 105 that catalyzes the
conversion of a saturated ce-c24 fatty acyl-CoA to a corresponding mono- or poly-

unsaturated ce-c24 fatty acyl-CoA; and
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(b) at least one nucleic acid molecule encoding a fatty acohol forming fatty acyl
reductase having a least 95% sequence identity to afatty alcohol forming fatty acyl reductase
selected from the group consisting of SEQ ID NOs: 41-48, 57, 73, 75 and 77 that catalyzes
the conversion of the mono- or poly-unsaturated cscos fatty acyl-CoA from (a) into the

corresponding mono- or poly-unsaturated cscos  fatty acohoal.

36. The method of embodiment 35, wherein the method further comprises introducing
into the Yarrcwia lipolytica microorganism one or more modifications comprising a deletion,
dismption, mutation, and/or reduction in the activity of one or more endogenous enzymes
that catalyzes a reaction in a pathway that competes with the biosynthesis pathway for the

production of a mono- or poly-unsaturated ce-cp4 fatty acohol.

37. The method of embodiment 35 or 36, wherein the Yarrowa lipolytica microorganism
iISMATA ura3-302::SUC2 Apoxi Apox2 Apox3 Apox4 Apox 5 Apoxé Afadh Aadhi Aadh2
Aadh3 Aadh4 Aadh5 Aadh6 Aadh7 Afaol::URA3.

38. The method of any one of embodiments 35-37, wherein the method further comprises
introducing into the Yarrowia lipolytica microorganism one or more modifications
comprising a deletion, disruption, mutation, and/or reduction in the activity of one or more

endogenous enzyme selected from the following:

(i) one or more acyl-CoA oxidase selected from the group consisting of YALIOE32835g
(POXI), YALIOF10857g (POX2), YALIi(D2475Gg (POX3), YALI10E27654g (POX4),
YALI0C23859g (POX5), YALIOEO6567g (POX6);

(i) one or more (fatty) alcohol dehydrogenase selected from the group consisting of
YALIOF09603g (FADH), YALIOD25630g (ADH1), YALIOE17787g (ADH2),
YALIOA16379g (ADH3), YALIOE15818g (ADH4), YALIOD02167g (ADH5),
YALIOA15147g (ADHS6), YALIOEQ7766g (ADH7);

(iii) a (fatty) alcohol oxidase YAL10B14014g (FAQI);

(iv) one or more cytochrome P450 enzyme selected from the group consisting of
YALIOE25982g (ALKi),YALIOF01320g (ALK?2), YALIOE23474g (ALK3),
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YALIORB13816g (ALK4), YALIOB 13838y (ALK5), YALTOB01848g  (ALK®),
YALIOA1 54889  (ALK7),  (YALIOC12122g  (ALKS),YALR)B06248g  (ALKO9),
YALI6B20792g (AL¥.10Q, Y ALIOC10054g (ALK 11) and Y ALIOA 201309 (AIKI2); and

(v) one or more diacylglycerol acyliransferase selected from the group consisting of

YALIOE3279 1g (DGA1) and YAL10D07986g (DGA2).

39. The method of any one of embodiments 35-38, wherein the fatty acyl desaturase
catalyzes the conversion of a faity acyi-CoA into a mono- or poly-unsaturated intermediate
selected from Z9-14:Acyl-CoA, ZI1I1-14:Acyl-CoA, EII-14:Acyl-CoA, Z9-16:Acyl-CoA,
and Z11-16:Acyl-CoA.

40. The method of any one of embodiments 35-39, wherein the mono- or poly-
unsaturated cs-c2+ fatty acohol is selected from the group consisting of Z29-14:QH, ZI1-
140R. Ei11-14:0H, Z9-16:0H, Zii-16:0H, Z11213-16:0H, and/ 13-I8:0H.

41. The method of any one of embodiments 35-40, wherein the method further comprises
introducing into or expressing in the recombinant Yarrowia lipolytica microorganism at least
one endogenous or exogenous nucleic acid molecule encoding an alcohol oxidase or an
alcohol dehydrogenase capable of catalyzing the conversion of the mono- or poly-unsaturated
ce-c2 fatty alcohol into a corresponding ce-c24 fatty adehyde.

42. The method of embodiment 41, wherein the alcohol dehydrogenase is selected from
Table 3a

43. The method of embodiment 41, wherein the CvC24 fatty aldehyde is selected from the
group consisting of Z9-14:Ald, / 1 1-14:Ald, EI |-14:Ald, 29-16:Ald, ZI |-16:Ald, Z 11z 13-
16:Ald and Z 13-1 8:Ald.
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44, The method of any one of embodiment 35-43, wherein the method further comprises
introducing into or expressing in the recombinant Yarrowia lipolytica microorganism at least
one endogenous or exogenous hucleic acid molecule encoding an acetyl transferase capable
of catalyzing the conversion of the mono- or poly-unsaturated ce.co4 fatty alcohol into a

corresponding ce-co4 fatty acetate.

45, The method of embodiment 44, wherein the acetyl transferase is selected from Table
5d.

46. The method of embodiment 44, wherein the cscs  fatty acetate is selected from the
group consisting of Z9-14:Ac, ZII~14:Ac, Eil~14:Ac, Z9~16:Ac, ZII-16:Ac, Z11Z13-
16:Ac, and Z13-18:Ac.

47. The method of any one of embodiments 35-46, wherein the method further comprises

introducing into or expressing in the recombinant Yarrowialipolytica microorganism:

a least one endogenous or exogenous nucleic acid molecule encoding an alcohol oxidase or
an acohol dehydrogenase capable of catayzing the conversion of the mono- or poly-

unsaturated ce.c24 fatty alcohol into a corresponding ce.co4 fatty aldehyde; and

a least one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase
capable of catalyzing the conversion of the mono- or poly-unsaturated cs.cos fatty acohol

into a corresponding ceco4 falty acetate.

48. The method of any one of embodiments 35-47, wherein the mono- or poly-
unsaturated ce.cos4 fatty adehyde and cecos fatty acetate is selected from the group
consisting of Z9-14:Ac, ZIM4:Ac, Hii-14:Ac, Z9-16:Ac, £11-16:Ac. Z11Z13-16:Ac, Z13-
i8:Ac. Z9-14:Ald, / 11~-14:Aid, Ell~14:Ald, Z9-16:Ald, ZI1-16:Ald, Z11213-16:Ald and
Z13-18:Ald.
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49. The method of any one of embodiments 35-48, wherein the fatty acyl desaturase does
not comprise a fatty acyl desaturase comprising an amino acid sequence selected from the

group consisting of SEQ ID NOs. 64, 65, 66 and 67.

50. The method of any one of embodiments 35-49, wherein the fatty acyl desaturase does
not comprise a fatty acyl desaturase selected from an Amyelois transitella, Spodoptera
littoralis, Agrotis segetum, or Trichoplusiani derived desaturase.

5. The method of any one of embodiments 17-22, wherein the mono- or poly-
unsaturated ce-c24 fatty alcohol isconverted into a corresponding cs-cos fatty aldehyde

using chemical methods.

53. The method of any one of embodiments 17-22, wherein the mono- or poly-
unsaturated ce-C24 fatty alcohol isconverted into a corresponding ce6-c24 fatty acetate using

chemical methods.

54. The method of embodiment 53, wherein the chemical metliods utilize a chemical
agent selected from the group consisting of acetyl chloride, acetic anhydride, butyryl
chloride, butyric anhydride, propanoyl chloride and propionic anhydride in the presence of 4-
N, N-dimethylaminopyridine (DMAP) or sodium acetate to esterify the mono- or poly-
unsaturated C&-C24 fatty alcohol to the corresponding ceczs4 fatty acetate.

55. A recombinant microorganism capable of producing a mono- or poly-unsaturated <
cig fatty acohol from an endogenous or exogenous source of saturated cecps fatty acid,

wherein the recombinant microorganism comprises:

(a) at least one exogenous nucleic acid molecule encoding a fatty acyl desaturase that
catalyzes the conversion of a saturated cecs fatty acyl-CoA to a corresponding mono- or
poly-unsaturated cecos fatty acyl-CoA;

(b) at least one exogenous nucleic acid molecule encoding an acyl-CoA oxidase that

catalyzes the conversion of the mono- or poly-unsaturated ce.cosa fatty acyl-CoA from (@)
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into a mono- or poly-unsaturated < C;sfatty acyi-CoA after one or more successive cycle of
acyi-CoA oxidase activity, with agiven cycle producing a mono- or poly-unsaturated ca-c22
fatty acyi-CoA intermediate with atwo carbon truncation relative to a starting mono- or poly-

unsaturated cecos4 fatty acyi-CoA substrate in that cycle; and

(c) & least one exogenous nucleic acid molecule encoding a fatty alcohol forming
fatty acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated < Cis fatty
acyi-CoA from (b) into the corresponding mono- or poly-unsaturated < C;sfatty alcohol.

56. The recombinant microorganism of embodiment 55, wherein the recombinant
microorganism further comprises at least one endogenous or exogenous nucleic acid

molecule encoding an acyltransferase that preferably stores < Cisfatty acyi-CoA.

57. The recombinant microorganism of any one of embodiments 55-56, wherein the
recombinant microorganism further comprises at least one endogenous or exogenous nucleic
acid molecule encoding an acyltransferase thai preferably stores < Cis fatty acyi-CoA, and
wherein the acyltransferase is selected from the group consisting of glycerol -3-phosphate
acyl transferase  (GPAT), lysophosphatidic acid  acyltransferase (LPAAT),
glycerolphospholipid acyltransferase (GPLAT) and diacylglycerol acyltransferases (DGAT).

58. The recombinant microorganism of any one of embodiments 55-57, wherein the
recombinant microorganism further comprises at least one endogenous or exogenous nucleic
acid molecule encoding an acyltransferase that preferably stores < Cis fatty acyi-CoA, and

wherein the acyltransferase is selected from Table Sb.

59. The recombinant microorganism of any one of embodiments 55-58, wherein the
recombinant microorganism further comprises at least one endogenous or exogenous nucleic
acid molecule encoding an acylglyceroi lipase that preferably hydrolyzes ester bonds of
>C16, of >C14, of >C12 or of >C10 acylglyceroi substrates.
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60. The recombinant microorganism of any one of embodiments 55-59, wherein the
recombinant microorganism furtlier comprises at least one endogenous or exogenous nucleic
acid molecule encoding an acylglycerol lipase that preferably hydrolyzes ester bonds of
>C16, of >C14, of >C12 or of >C10 acylglycerol substrates, and wherein the acylglycerol
lipase is selected from Table 5c.

61. The recombinant microorganism of any one of embodiments 55-60, wherein the
recombinant microorganism comprises a deletion, disruption, mutation, and/or reduction in
the activity of one or more endogenous enzymes that catalyzes a reaction in a pathway that
competes with the biosynthesis pathway for the production of a mono- or poiy-unsaturated <

Cis fatty alcohol.

62. The recombinant microorganism of any one of embodiments 55-61, wherein the
recombinant microorganism comprises a deletion, disruption, mutation, and/or reduction in

the activity of one or more endogenous enzyme selected from:
(i) one or more acyl-CoA oxidase;

(ii) one or more acyltransferase:

(iii) one or more acylglycerol lipase and/or sterol ester esterase;
(iv) one or more (fatty) alcohol dehydrogenase;

(v) one or more (fatty) alcohol oxidase; and

(vi) one or more cytochrome P450 monooxygenase.

63. The recombinant microorganism of any one of embodiments 55-62, wherein the
recombinant microorganism comprises a deletion, disruption, mutation, and/or reduction in
the activity of one or more endogenous acyl-CoA oxidase enzyme selected from the group
consisting of Y. lipolytica POXI(YALIOE32835g), Y. lipolytica POX2(YALIOF10857g), Y
lipolytica POX3(YALIOD24750g), Y. lipolytica POX4(YALIOE27654g), Y lipolytica
POX5(YALI0C23859g), Y. lipofytica  POX6(YALIOE06567Q); S.  cerevisiae
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POX1(YGL205W); Candida POX2 (Ca019.1655, Ca0 19,9224, CTRG_02374, M| 8259),
Candida POX4 (Ca019.1652, Ca019.9221, CTRG 02377, M12160), and Candida POX5
(Ca019.5723, Ca019. 13146, CTRG_02721, M12161).

64. The recombinant microorganism of any one of embodiments 55-63, wherein the
recombinant microorganism comprises a deletion, disruption, mutation, and/or reduction in
the activity of one or more endogenous acyltransferase enzyme selected from the group
consisting of 7. lipolytica YALIOC00209g, V. lipofytica YALIOE18964g, V. lipolytica
YALIOF19514g, Y. lipolytica YALIOC14014g, Y lipolytica YALIOE16797g, Y. lipolytica
YALIOE32769g, and 7 lipolytica YALIODQO7986g, S. cerevisae YBLOIllw, S. cerevisiae
YDLO52¢c, s. cerevisiae YOR175C, S. cerevisiae Y PR139C, S. cerevisiae YNROO8w, and S.
cerevisae YOR245c, and Candida 1503 02577, Candida CTRG 02630, Candida
Ca019.250, Candida Ca019.7881, Candida CTRG_02437, Candida Ca019.1881, Candida
Ca0 19,9437, Candida CTRG 01687. Candida CaO19.1043, Candida Ca019.8645, Candida
CTRG_04750, Candida Ca019.13439, Candida CTRG 04390, Candida CaOl 9.6941,
Candida Ca019.14203, and Candida CTRG_06209.

65. The recombinant microorganism of any one of embodiments 55-64, wherein the
recombinant microorganism comprises a deletion, disruption, mutation, and/or reduction in
the activity of one or more endogenous acylglycerol lipase and/or sterol ester esterase
enzyme selected from the group consisting of Y. lipolytica YALIOE32035g, Y. lipolytica
Y ALI0D 17534g, Y. Upofytica YALIOFIOOIOg, Y. Upofytica YALIOC14520g, and 7.
lipolytica YALIOEO0528g, S. cerevisiae YKL140w, S. cerevisae YMR313c, S. cerevisiae
YKRO089c, S. cerevisiae YORO081c, S. cerevisae YKL094W, S. cerevisiae YLLO12W, and S.
cerevisae YLRO020C, and Candida Ca019.2050, Candida Ca019.9598, Candida
CTRG_01 138, Candida W5Q 03398, Candida CTRG_00057, Candida Ca019.5426,
Candida Ca019.12881, Candida CTRG 06i85. Candida Ca()19.4864, Candida
Ca019.12328. Candida CTRG 03360, Candida Ca019.6501, Candida CaO19.13854.
Candida CTRG 05049, Candida Ca019.1887, Candida Ca019.9443, Candida
CTRG_01683, and Candida CTRG_(4630.
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66. The method of any one of embodiments 55-65, wherein the recombinant
microorganism comprises a deletion, disruption, mutation, and/or reduction in the activity of
one or more endogenous cytochrome P450 monooxygenases selected from the group
consisting of Y. lipolytica YALIOE25982g (ALK1), VY. lipotytica YALTOF01320g (ALK?2), V.
lipofylica YALIOE23474g (ALK3), Y. lipolytica YALIOB138I6g (ALK4), Y. lipolytica
YALIOB13838g (ALK5), Y. lipolytica YALIOBO1848g (ALK®6), Y. lipolytica
YAUOA15488g (ALK7), = lipolytica YALIOCiz122g (ALKS8), Y. lipolytica
YALIOB06248g (ALK9), Y. lipolytica YALIOB20702g (ALKIO), Y. lipolytica
YALIOC10054g (ALK 1isand V. lipolytica YALIOA20130g (ALK 2).

67. The recombinant microorganism of any one of embodiments 55-66, wherein the fatty
acyl desaturase is selected from an Argyrotaenia veiutinana, Spodoptera litiira, Sesamia
inferens, Manduca sexta, Ostrinia nuhilalis, Helicoverpa zea, Chorisioneiira rosaceana,
Drosophila melanogaster, Spodoptera littoralis, Lampronia capitella, Amyelois transitella,
Trichoplusia ni, Agrotis segetiim, Ostriniafurnicalis, and Thalassiosira pseudonana derived

fatty acyl desaturase.

68. The recombinant microorganism of any one of embodiments 55-67, wherein the fatty
acyl desaturase has a least 95% sequence identity to afatty acyl desaturase selected from the
group consisting of: SEQ ID NOs. 39, 49-54, 58-63, 78-80 and GenBank Accession nos.
AF416738, AGH12217.1, A1121943.1, CAJA3430.2, AF441221, AAF81787.1, AF545481,
AJ271414, AY362879, ABX71630.1, NP001299594.1, QO9N9Z8, ABX71630.1 and
AIM40221.1.

69. The recombinant microorganism of any one of embodiments 55-68, wherein the acyi-
CoA oxidase is selected from Table 5a.

70, The recombinant microorganism of any one of embodiments 55-69, wherein the fatty

alcohol forming fatty acyl reductase is selected from an Agrotis segetum, Spodoptera exigua.
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Spodoptera littoralis, Euglena gracilis, Yponorneuta evonyrnellus and Helicoverpa armigera

derived fatty alcohol forming fatty acyl reductase.

71 The recombinant microorganism of any one of embodiments 55-70, wherein the fatty-
alcohol forming fatty acyl reductase has at least 95% sequence identity to a fatty alcohol
forming fatt}' acyl reductase selected from the group consisting of: SEQ ID NOs: 1-3, 32, 41-
48, 55-57, 73, 75, 77 and 82.

72. The recombinant microorganism of any one of embodiments 55-71, wherein the fatty
acyl desaturase catalyzes the conversion of afatty acyl-CoA into a mono- or poly-unsaturated
intermediate selected from E5-10:Acyl-CoA, E7-12:Acy3-CoA, E9-14:Acyl-CoA, ElI-
16:Acy]-CoA, E13~18:Acyl-CoA,Z7~12:Acy]-CoA, Z9-14:Acyl-CoA, Z11-16:Acyl-CoA,
Z13-18:Acyl-CoA, Z8-12:Acyl-CoA, Z10-14:Acyl-CoA, Z12-16:Acyl-CoA, Z14-18:Acyl-
CoA, Z7-10:Acyi-coA, Z9-12:Acyi-CoA, ZIlI-14:Acyl-CoA, Z13-16:Acyl-CoA, Z15
18:Acyl-CoA, E7-10:Acyl-CoA, E9-12:Acy3-CoA, EllI-14:Acyl-CoA, E13-16:Acyl-CoA,
E15-18:Acyl-CoA, E5Z7-12:Acyl-CoA, E7Z9-12:Acyl-CoA, E9ZII-14:Acyl-CoA, E11Z13-
16:Acyl-CoA, E13715-18:Acyi-CoA, E6E8-10:Acyl-CoA, EBE10-12:Acyl-CoA, EI10E12-
14:Acyl-CoA, EI12E14-1 6:Acy3-CoA,Z5E8-10:Acyl-CoA,  Z7E10-12:Acyl-CoA, Z9E12-
14:Acy]-CoA, ZI|Ei4-16:Acyi-CoA, Z13E16-18:Acyl-CoA, Z3-!0:Acyl-CoA, Z5-12:Acyl-
CoA, Z7-14:Acyl-CoA, Z9-16:Acyi-CoA, ZI11-18:Acyl-CoA,Z325-10:Acyl-CoA, Z577-
12:Acyl-CoA, Z7Z9-14:Acyl-CoA, Z9Z11-16:Acyl-CoA, ZI1Z13-16:Acyl-CoA, and
Z13715-18:Acyl-CoA.

73. The recombinant microorganism of any one of embodiments 55-72, wherein the
mono- or poly-unsaturated < Cis fatty alcohol is selected from the group consisting of E5-
10:0H, Z8-12:0H, Z79-!12:0H, ZI11-14:0H, Z11-16:0H, EIl!-14:0H, E8E10-12:0H, E7Z9-
12:(0H, Z711713-160H, Z9-14:0H, Z9-16:{3H, and Z13-18:0H.

74. The recombinant microorganism of any one of embodiments 55-73, wherein the

recombinant microorganism further comprises at least one endogenous or exogenous nucleic
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add molecule encoding an aldehyde forming fatty acyl-CoA reductase capable of catalyzing
the conversion of the mono- or poly-unsaturated < Cis fatty alcohol into a corresponding <
Cis fatty aldehyde.

75. The recombinant microorganism of embodiment 74, wherein the aldehyde forming
fatty acyl-CoA reductase is selected from the group consisting of Acinetobacter calcoaceticus
AOA1C4AHNT8, A. calcoaceticus N9DAS85, A. calcoaceticus R8XW24, A. calcoaceticus
AOA1AOGGMS, A. calcoaceticus AOAU7N158, and Nostoc punctijorme YP_001865324.

76. The recombinant microorganism of any one of embodiments 55-75, wherein the
recombinant microorganism further comprises a least one endogenous or exogenous nucleic
acid molecule encoding an alcohol oxidase or an alcohol dehydrogenase capable of
catalyzing the conversion of the mono- or poly-unsaturated < Cis fatty acohol into a

corresponding < C;sfatty aldehyde.

77. The recombinant microorganism of any one of embodiments 55-76, wherein the < Cis
fatty aldehyde is selected from the group consisting of Z9-16:Ald, ZII-16:Ald, Z11Z13-
16: Aid, and Z13-18:Ald.

78. The recombinant microorganism of any one of embodiments 55-77, wherein the
recombinant microorganism further comprises at least one endogenous or exogenous nucleic
acid molecule encoding an acetyl transferase capable of catalyzing the conversion of the

mono- or poly-unsaturated < Cis fatty alcohol into a corresponding < Cis fatty acetate.

79. The recombinant microorganism of embodiment 78, wherein the acetyl transferase is
selected from Table 5d.
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80. The recombinant microorganism of embodiment 78, wherein the < Ci8 fatty acetate is
selected from the group consisting of E5-10:Ac, Z7-12:Ac, Z8-12:Ac, Z9-12:Ac, E7Z29-
12:Ac, 79~14:Ac, Z9E1 2-14:Ac, Zil-14:Ac.Ell~14:Ac, Z<-16:Ac.and Z}1-16:Ac.

81 The recombinant microorganism of any one of embodiments 55-80, wherein the

recombinant microorganism further comprises:

at least one endogenous or exogenous nucleic acid molecule encoding an enzyme selected
from an acohol oxidase, an acohol dehydrogenase, and an aldehyde forming fatty acyl-CoA
reductase capable of catalyzing the conversion of the mono- or poly -unsaturated < Cis fatty
alcohol into acorresponding < Cis fatty aldehyde; and

a least one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase
capable of catalyzing the conversion of the mono- or poly-unsaturated < Cis fatty acohol into
a corresponding < Cis fatty acetate.

82. The recombinant microorganism of embodiment 81, wherein the mono- or poly-
unsaturated < Cisfatty aldehyde and < Cis fatty acetate is selected from the group consisting
of E5-10:Ac, Z7- 12:Ac, Z8-12:Ac, Z9-12:Ac, E729-12:Ac, Z9-14:Ac, Z9E12- 14:Ac, ElI-
14:Ac, Z11-14:Ac, Z11-16:Ac, Z<-16:Ac.Z9-16:Ald, ZII-16:Ald,Zl iZ13-16:Ald, and Z 13-
18:Ald.

83. The recombinant microorganism of any one of embodiments 55-82, wherein the
recombinant microorganisn is a yeast selected from the group consisting of Yarrowia
lipolytica, Saccharomyces cerevisiae, Candida albicans, Candida tropicalis and Candida

viswanatkii .

84. A method of producing a mono- or poly-unsaturated < Cis fatty acohol from an
endogenous or exogenous source of saturated Ce-C-24 fatty acid, comprising; cultivating the

recombinant microorganism of any one of embodiment 55-83 in a culture medium containing
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a feedstock that provides a carbon source adequate for the production of the mono- or poly-

unsaturated < c8fatty acohol.

85. The method of embodiment 84, wherein the mono- or poly-unsaturated < Cs fatty-
alcohol is selected from the group consisting of E5-10:0H, Z8-12:0H, Z9-12:0H, ZII-
14:0H, Z1IM6:0H, Ell-14:0H, E8E10-12:0H, E77Z9-12:QH, Z11713-16GH, Z9-14:0H,
Z9-16:0H, and Z 13-18:H.

86. The method of any one of embodiments 84-85, further comprising a step of

recovering the mono- or poly-unsaturated < C;sfatty alcohal.

87. The method of embodiment 86, wherein said recover}' step comprises distillation.

88. The method of embodiment 86, wherein said recovery step comprises membrane-

based separation.

89. A method of engineering a microorganism that is capable of producing a mono- or
poly-unsaturated < Cis fatty alcohol from an endogenous or exogenous source of saturated
ceca fatty acid, wherein the method comprises introducing into a microorganism the

following:

(a) a least one exogenous nucleic acid molecule encoding a fatty acyl desaturase that
catalyzes the conversion of a saturated ce.c 2+ faity acyl-CoA to a corresponding mono- or

poly-unsaturated ce-c24 fatty acyl-CoA:

(b) at least one exogenous nucleic acid molecule encoding an acyl-CoA oxidase that
catalyzes the conversion of the mono- or poly-unsaturated ce.co4 fatty acyl-CoA from (a)
into a mono- or poly-unsaturated < Cis fatty acyl-CoA after one or more successive cycle of

acyl-CoA oxidase activity, with agiven cycle producing a mono- or poly-unsaturated cs-c22
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fatty acyl -CoA intermediate with atwo carbon truncation relative to a starting mono- or poly-

unsaturated ce.coa fatty acyl-CoA substrate in that cycle: and

(c) at least one exogenous nucleic acid molecule encoding a fatty alcohol forming
fatty acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated < Cis fatty
acyl-CoA from (b) into the corresponding mono- or poly-unsaturated < Ciz fatty alcohol .

90. The method of embodiment 89, wherein the microorganism is MATA ura3-
302: :SUC2 Apoxi Apox2 Apox3 Apox4 Apox5 Apoxs Afadh Aadhl Aadh2 Aadh3 Aadh4
Aadhi Aadli6 Aadh7 Afaol ::URA3.

91.  The method of any one of embodiments 89-90, wherein the method further comprises
introducing into the microorganism at least one endogenous or exogenous nucleic acid

molecule encoding an acvltransferase that preferably stores < Cisfatty acyl-CoA .

92. The method of any one of embodiments 89-91, wherein the method further comprises
introducing into the microorganism at least one endogenous or exogenous nucleic acid
molecule encoding an acvitransferase that preferably stores < Cis fatty acyl-CoA, and
wherein the acvitransferase is selected from the group consisting of glycerol-3-phosphate
acyl  transferase (GPAT), iysophosphatidic acid  acvltransferase (LPAAT),
glycerolphospholipid acvitransferase (GPLAT) and diacylglycerol acvltransferases (DGAT).

93.  The method of any one of embodiments 89-92, wherein the method further comprises
introducing into the microorganism at least one endogenous or exogenous nucleic acid
molecule encoding an acviltransferase that preferably stores < Ciz fatty acyl-CoA, and

wherein the acvitransferase is selected from Table 5b.

9. The method of any one of embodiments 89-93, wherein the method further comprises

introducing into the microorganism at least one endogenous or exogenous nucleic acid
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molecule encoding an acviglycerol lipase that preferably hydrolyzes ester bonds of >C1 6, of

>C14, of >C12 or of >C10 acviglycerol substrates.

95.  The method of any one of embodiments 89-94, wherein the method further comprises
introducing into the microorganism a least one endogenous or exogenous nucleic acid
molecule encoding an acviglycerol lipase that preferably hydrolyzes ester bonds of >C16, of
>C14, of >C12 or of >C10 acviglycerol substrates, and wherein the acviglycerol lipase is
selected from Table 5c.

96. The method of any one of embodiments 89-95, wherein the method further comprises
introducing into the microorganism one or more modifications comprising a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous enzyme that
catalyzes a reaction in a pathway that competes with the biosynthesis pathway for the
production of a mono- or poly-unsaturated < Cis fatty alcohol.

97. The method of any one of embodiments 89-96, wherein the method further comprises
introducing into the microorganism one or more modifications comprising a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous enzyme
selected from:

(i) one or more acyl-CoA oxidase;

(ii) one or more acyltransferase:

(iii) one or more acviglycerol lipase and/or sterol ester esterase;
(iv) one or more (fatty) alcohol dehydrogenase;

(v) one or more (fatty) alcohol oxidase; and

(vi) one or more cytochrome P450 monooxygenase.
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98. The method of any one of embodiments 89-97, wherein the method further comprises
introducing into the microorganism one or more modifications comprising a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous acyl-CoA
oxidase enzyme selected from the group consisting of Y. lipolytica POXI(YALIOE32835g),
Y. lipolytica POX2(YALIOF10857g), Y. lipolytica POX3(YALIOD24750g), Y lipolytica
POX4(Y ALIOE27654g), Y. lipolytica  POX5(YAL10C23859g), Y. lipolytica
POX6(YALIOE06567g); S. cerevisiae POX1(YGL205W); Candida POX2 (Ca0 19,1655,
Ca0l 9.9224, CTRG_02374, M}8259), Candida POX4 (Ca019.1652, Ca0 199221,
CTRG_02377, M12160), and Candida POX5 (Ca019.5723, Ca019.13146, CTRG 02721,
M12161).

99. The method of any one of embodiments 89-98, wherein the method further comprises
introducing into the microorganism one or more modifications comprising a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous
acyltransferase enzyme selected from the group consisting of Y. lipolytica Y ALIOC00209g,
Y. lipolytica YALIOE18964g, Y. lipolytica YALIOF195 14g, Y. lipolytica YALIOC140i4g, Y.
lipolytica YAL10E16797g, Y. lipolytica YAL10E32769g, and Y. lipolytica YAL10D07986g,
S. cerevisiae YBLOIllw, S. cerevisiae YDL052c, S. cerevisae YOR175C, S. cerevisiae
YPR139C, S. cerevisiae YNROO8w, and S. cerevisiae YOR245¢, and Candida T503 02577,
Candida CTRG 02630, Candida Ca019.250, Candida Ca019.7881, Candida CTRG 02437,
Candida Ca019.1881, Candida Ca019.9437, Candida CTRG 01687, Candida Ca019.1043,
Candida Ca019.8645, Candida CTRG 04750, Candida Ca0!9. 13439, Candida
CTRG 04390, Candida Ca019.6941, Candida Ca()19.14203, and Candida CTRG_06209.

100. The method of any one of embodiments 89-99, wherein the method further comprises
introducing into the microorganism one or more modifications comprising a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous acylglycerol
lipase and/or sterol ester esterase enzyme selected from the group consisting of Y. lipolytica
YALIOE32035g, Y. lipolytica YALIOD17534g, Y. lipolytica YALIOFIOOIOg, Y. lipolytica
YALIOC14520g, and Y. lipolytica YALIOEO0528g, S. cerevisiae YKL140w, S. cerevisiae
YMR313C, S. cerevisiae YKR089c, S. cerevisiae YOROSIc, S. cerevisae YKL094W, s.
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cerevisae YLLO12W, and S. cerevisae YLR020C, and Candida CaO 19.2050, Candida
Ca019.9598, Candida CTRG 01138, Candida W5QJ3398, Candida CTRG_00057,
Candida Ca019.5426, Candida Ca019.12881, Candida CTRG_06185  Candida
Ca0 19.4864, Candida Ca019.12328, Candida CTRG 03360, Candida Ca019.6501,
Candida Ca019.13854, Candida CTRG 05049, Candida Ca()19.1887, Candida
Ca019.9443, Candida CTRG 01683, and Candida CTRG _04630.

101. The method of any one of embodiments 89-100, wherein the method further
comprises one or more modifications comprising a deletion, disruption, mutation, and/or
reduction in the activity of one or more endogenous cytochrome P450 monooxygenases
selected from the group consisting of Y. lipolytica YALIOE25982g (Ai.K 1), Y. lipolytica
YALIOF01320g (ALK?2), Y. lipolytica YALIOE23 474g (ALK3), Y. lipolytica Y ALICB 138 1&g
(ALK4), Y. lipolytica YALIOB13838g (ALKS5), Y. lipolytica YALIOB01848g (ALK®). Y.
lipolytica YALiOAI5488g (ALK7), Y. lipolytica YAUOC12122g (A¥.K8), Y. lipolytica
YAIIOB06248g (ALK9), Y. lipolytica YALIOB20702g (ALK1O, Y. lipolytica
YALIOC10054g (ALK.11) and Y. lipolytica YALIOA20130g (ALK12).

102. The method of any one of embodiments 89-101, wherein the fatty acyl desaturase is
selected from an Argyrotaenia velutinana, Spodoptera litura, Sesamia inferens, Manduca
sexta, Ostrinia nubilalis, Helicoverpa zea, Chorisiondiira rosaceana, Drosophila
melanogaster, Spodoptera httoralis, Lampronia capitella, Amyelois transitella, Trichoplusia
ni, Agrotis segetum, Ostrinia fiirnicalis, and Thalassiosira pseudonana derived fatty acyl
desaturase .

103. The method of any one of embodiments 89-102, wherein the fatty acyl desaturase has
a least 95% sequence identity to a fatty acyl desaturase selected from the group consisting
of: SEQ ID NOs. 39, 49-54, 58-63, and GenBank Accession nos. AF416738, AGH12217.1,
A1121943.1, CAM3430.2, AF441221, AAF81787.1, AF545481, AJ271414, AY 362879,
ABX71630.1, NP001299594.1, Q99Z8, ABX71630.1 and AIM40221.1.
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104. The method of any one of embodiments 89-103, wherein the acyl-CoA oxidase is
selected from Table 5a.

105. The method of any one of embodiments 89-104, wherein the fatty alcohol forming
fatty acyl reductase is selected from an Agrotis segetum, Spodopiera exigua, Spodoptera
littoralis, Euglena gracilis, Yponomeuta evonymellus and Helicoverpa armigera derived fatty

alcohol forming fatty acyl reductase.

106. The method of any one of embodiments 89-105, wherein ihe fatty alcohol forming
fatty acyl reductase has at least 90% sequence identity to a fatly alcohol forming fatty acyl
reductase selected from the group consisting of: SEQ ID NOs. 1-3, 32, 41-48, 55-57, 73, 75,
77 and 82.

107. The method of any one of embodiments 89-106, wherein the fatty acyl desaturase
catalyzes the conversion of a fatty acyl-CoA into a mono- or poly-unsaturated intermediate
selected from E5-10:Acyl-CoA, E7-12:Acyl-CoA, E9-14:Acyl-CoA, EI 1-16:Acyl-CoA,
E13-18:Acyl-CoA,Z7-12:Acyl-CoA,  Z9-14:Acyi-CoA, ZI11-16:Acyi-CoA, Z13-18:Acyl-
CoA, Z8-12:Acyl-CoA, Z10-14:Acyl-CoA, Z12-16:Acyl-CoA, Z14-18:Acyl-CoA, Z7-
10:Acyl-coA, z9~-12:Acyl-CoA, ZII-14:Acyl~CoA, ZI13-16:Acyl-CoA, Z15-! 8:Acyl-CoA,
E7-10:Acyl-CoA, E9-12:Acyl-CoA, Ell-14:Acyl-CoA, E13-16:Acyl-CoA, E15-18:Acyl-
CoA, E5Z7-12:Acyi-CoA, E7Z9-12:Acyl-CoA, E9ZII-14:Acyl-CoA,  EllZ13-16:Acyl-
CoA, El3Z15 18:Acyl-CoA, EBE8-10:Acyl-CoA, ESE10-12:Acyl-CoA, E10E12-14:Acyl-
CoA, EI12E14-16:Acyl-CoA,Z5E8-10:Acyl-CoA,  Z7E!0-12:Acyl~CoA, Z9E!2-14:Acyl-
CoA, ZIIE14-16:Acyl-CoA, Z13E16-18:Acyl-CoA, Z3-10:Acyl-CoA, Z5-12:Acyl-CoA, Z7-
14:Acyl-CoA, Z9-16:Acyl-CoA, ZI11-18:Acyl-CoA,Z375-10:Acyi-CoA,  Z5Z7-12:Acyl-
CoA, Z7Z9- 14:Acyl-CoA, Z9ZII-'6:Acyl-CoA, Z112! 3-16:Acyl-CoA, and Z13Z15
18:Acyl-CoA.

108. The method of any one of embodiments 89-107, wherein the mono- or poly-

unsaturated < Ci8 fatty alcohol is selected from the group consisting of E5-10:0H, Z8-
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12:0H, z9-12:0H, ZI1-14:0H, ZI1-16:0H, EI}-14:0H, E8E10-12:0H, E7z9-12:0H,
Z117 13-160H, 7 *>14:0M, Z9-16:0H, and Z 13- 18:0H.

109. The method of any one of embodiments 89-108, wherein the method further
comprises introducing into the microorganism at least one endogenous or exogenous nucleic
acid molecule encoding an aldehyde forming fatty acyi-CoA reductase capable of catalyzing
the conversion of the mono- or poly-unsaturated < Cis fatty alcohol into a corresponding <

Cis fatty aldehyde.

110. The method of embodiment 109, wherein the adehyde forming fatty acyl-CoA
reductase is selected from the group consisting of Acinetobacter calcoaceticiis
AOA 1C4HN78, A. calcoaceticiis NODAS5, A. calcoaceticiis R8XW?24, A. calcoaceticiis
AOA 1A0GGMS5, A. calcoaceticiis AOA 1 17N158, and Nostoc punctiforme Y P OO1865324.

111. The method of any one of embodiments 89-110, wherein the method further
comprises introducing into the microorganism at least one endogenous or exogenous nucleic
acid molecule encoding an acohol oxidase or an acohol dehydrogenase capable of
catalyzing the conversion of the mono- or poly-imsaturated < Cis fatty alcohol into a

corresponding < Cis fatty adehyde.

i12. The method of any one of embodiments 109-111, wherein the < Cis fatty aldehyde is
selected from the group consisting of Z9- 16:A3d, ZI1-16:Ald, ZI11Z13-16:Ald, and Z 13-
18:Ald.

113. The method of any one of embodiments 89-1 12, wherein method further comprises
introducing into the microorganism a least one endogenous or exogenous nucleic acid
molecule encoding an acetyl transferase capable of catalyzing the conversion of the mono- or

poly-unsaturated < Cis fatty alcohol into acorresponding < Cis fatty acetate.
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114. The method of embodiment I 13, wherein the acetyl transferase is selected from Table
5d.

115. The method of any one of embodiment 113-114, wherein the < Cis fatty acetate is
selected from the group consisting of E5-10:Ac, Z7-12: Ac, Z8-12:Ac, Z9-12: Ac, E7Z9-
12:Ac, Z9-14:Ac, Z9E12-14:Ac, E1l-14:Ac, Z9-16:Ac, Z11-14:Ac and Z1| | -16:Ac.

116. The method of any one of embodiments 89-115 wherein the method further

comprises introducing into the microorganism:

a least one endogenous or exogenous nucleic acid molecule encoding an enzyme selected
from an alcohol oxidase, an alcohol dehydrogenase, and an aldehyde forming fatty acyl-CoA
reductase capable of catalyzing the conversion of the mono- or poly-unsaturated < Cis fatty-

alcohol into acorresponding < C;sfatty aldehyde; and

at least one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase
capable of catalyzing the conversion of the mono- or poly-unsaturated < Cis fatty alcohol into
acorresponding < Cis fatty acetate.

117. The method of embodiment 116, whercin the mono- or poly-unsaturated < Ci8 fatty
aldehyde and < Cis fatty acetate is selected from the group consisting of E5-10:Ac, Z7-12:Ac,
Z8- 12:Ac, 7Z9-12:Ac, E7Z9-12:Ac, Z9-14:Ac, Z9E12-1 4:Ac, ZI|1-14:Ac, E11-14:Ac, Z11}-
16:Ac, Z9- 16:Ald, Z9- 16:Ac, Z1 | -16:Ald, Z11Z 13-16:Ald, and Z 13-18:Ald.

118. A method of producing a mono- or poly-unsaturated < Cis fatty aldehyde from an
endogenous or exogenous source of saturated cs-c 2 fatty acid, comprising: cultivating the
recombinant microorganism of any one of embodiments 74-76 in a culture medium
containing a feedstock that provides a carbon source adequate for the production of the

mono- or poly-unsaturated < Cis fatty aldehyde.
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119.  The method of embodiment 118, wherein the < Cis fatty aldehyde is selected from the
group consistmg of Z9- 16:Ald, Zi1-16:Ald, Z11Z 13-16:Ald, and Z 13-18:Ald.

120. The method of any one of embodiments 118-119, further comprising a step of
recovering the mono- or poly-unsaturated < Cisfatty aldehyde.

121. The method of embodiment 120, wherein said recovery step comprises distillation.

122.  The method of embodiment 120, wherein said recovery step comprises membrane-

based separation.

123. A method of producing a mono- or poly-unsaturated < Cis fatty acetate from an
endogenous or exogenous source of saturated cs-c 2 fatty acid, comprising; cultivating the
recombinant microorganism of any one of embodiments 78-80 in a culture medium
containing a feedstock that provides a carbon source adequate for the production of the

mono- or poly-unsaturated < Cis fatty acetate.

124.  The method of embodiment 123, wherein the mono- or poly-unsaturated < Cis fatty-
acetate is selected from the group consisting of E5-10:Ac, Z7- 12:Ac, Z8-12:Ac, Z9-12:Ac,
E7Z9-12:Ac, Z9- 14:Ac, Z9E12-14:Ac, [/ ii-14:Ac, EllI-14:Ac, Z9-16:Ac, and Z1|-16:Ac.

125. The method of any one of embodiments 123-124, further comprising a step of

recovering the mono- or poly-unsaturated < Cis faity acetate.

126.  The method of embodiment 125, wherein said recovery step comprises distillation.
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127. The method of embodiment 125, wherein said recoven,’ step comprises membrane-

based separation.

128. The method of any one of embodiments 89-115 wherein the recombinant
microorganism is a yeast selected from the group consisting of Yarrowia lipolytica,

Saccharomyces cerevisiae, Candida albicans, Candida viswanatkii and Candida iropicalis.

129. The method of any one of embodiments 89- 115, wherein the mono- or poly-
unsaturated < cigfatty acohol isconverted into a corresponding < Cis fatty aldehyde using

chemical methods.

130. The method of embodiment 129, wherein the chemical methods are selected from
TEMPO-bleach, TEMPO-copper-air, TEMPO-PhI(OAc)2, Swern oxidation and noble metal-

ar.

131. The method of any one of embodiments 89- 115, wherein the mono- or poly-
unsaturated < Cisfatty alcohol isconverted into a corresponding < Cis fatty acetate using

chemical methods.

132. The method of embodiment 131, wherein the chemical methods utilize a chemical
agent selected from the group consisting of acetyl chloride, acetic anhydride, butyryl
chloride, butyric anhydride, propanoyl chloride and propionic anhydride in the presence of 4-
N, N-dimethylaminopyridine (DMAP) or sodium acetate to esterify the mono- or poly-
unsaturated < Cis fatty alcohol to the corresponding < Cis fatty acetate.
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CLAIMS:

1. A recombinant Yarrowia lipoiytica microorganism capable of producing a mono- or
poly-un saturated ce.cosa fatty alcohol from an endogenous or exogenous source of saturated

ce-coa fatty acid, wherein the recombinant Yarrowialipoiytica microorganism comprises:

(a) at least one nucleic acid molecule encoding a fatty acyl desaturase having at least
95% sequence identity to a fatty acyl desaturase selected from the group consisting of SEQ
ID NOs: 39, 54, 60, 62, 78, 79, 80, 95, 97, 99, 101, 103, and 105 that catalyzes the
conversion of a saturated ce-c24 fatty acyl-CoA to a corresponding mono- or poly-
unsaturated ce.coa fatty acyl-CoA; and

(b) a least one nucleic acid molecule encoding a fatty acohol forming fatty acyl
reductase having at least 95% sequence identity to afatty alcohol forming fatty acyl reductase
selected from the group consisting of SEQ ID NOs: 41-48, 57, 73, 75 and 77 that catalyzes
the conversion of the mono- or poly-unsaturated ce.cosa fatty acyl-CoA from (@) into the

corresponding mono- or poly-unsaturated Cgs-C)4 fatty acohol.

2. The recombinant Yarrowia lipoiytica microorganism of clam 1, wherein the
recombinant Yarrowia lipoiytica microorganism comprises a deletion, disruption, mutation,
and/or reduction in the activity of one or more endogenous enzymes that catalyzes a reaction
in a pathway that competes with the biosynthesis pathway for the production of a mono- or
poly-unsaturated C&-C24 fatty alcohol.

3. The recombinant Yarrowia lipoiytica microorganism of clam 1, wherein the
recombinant Yarrowia lipoiytica microorganism comprises a deletion, disraption, mutation,
and/or reduction in the activity of one or more endogenous enzyme selected from the

following:

(i) one or more acyl -CoA oxidase selected from the group consisting of YALIOE32835g
(POX1), YALIOF10857g (POX2), YALIOD24750g (POX3), YALIOE27654g (POX4),
YALI0C23859g (POX5), YALIOE06567g (POX6);
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(i) one or more (fatty) alcohol dehydrogenase selected from the group consisting of
YALIOF09603g (FADH), YALIOD25630g (ADH1), YALIOE17787g (ADH2),
YALIOA16379g (ADH3), YALIOE15818g (ADH4), YALIOD02167g (ADH5),
YALIOA15147g (ADHS6), YALIOEQ7766g (ADH7);

(iit) a (fatty) alcohol oxidase YALI0B14014g (FAO!);

(iv) one or more cytochrome P450 enzyme selected from the group consisting of
Y ALIOE25982g (ALK!),YALIOF01320g (ALK?2), YALIOE23474g (ALK?3),
YALIOBI3816g (ALK4), YALIOB13838g (ALK5), YAUOBOQI848g (ALKS®),
YALIOA15488g (ALK7), (YALIOCI2122¢g (ALKS8),YALI0B06248g (ALK9),
YALIOB20702g (ALKIO), YALIOC10054g (ALK1ii3andYAL10A20130g (Alkl2); and

(v) one or more diacylglycerol acvitransferase selected from the group consisting of
YAL10E32791g (DGAI) and YALIOD07986g (DGA?2).

4 The recombinant Yarrcwia lipolytica microorganism of clam 1, wherein the
recombinant Yarrowia lipolytica microorganism comprises a deletion of one or more

endogenous enzyme selected from the following:

(i) one or more acyl-CoA oxidase selected from the group consisting of YALIOE32835g
(FOX1), YALIOF10857g (POX2), YALIOD24750g (POX3), YALIOE27654g (POX4),
YALI0C23859g (POX5), YALIOE06567g (POX6);

(i) one or more (fatty) alcohol dehydrogenase selected from the group consisting of
YALIOF09603g (FADH), YALIOD25630g (ADH1), YALIOE17787g (ADH2),
YALIOA16379g (ADH3), YALIOE15818g (ADH4), YALIOD02167g (ADH5),
YALIOA15147g (ADH®6), YALIOEQ7766g (ADH7):

(iii) a (fatty) alcohol oxidase YALI0B14014g (FAQD);

(iv) one or more cytochrome P450 enzyme selected from the group consisting of
Y ALIOE25982g (ALKI),YALIOF01320g (ALI1O), YALIOE23474g (ALK3),
YALIOB13816g (ALK4), YAL10B13838g (ALK5), YALIOB01848g (ALK®).
Y.AL10A15488g (ALK?7), (YALIOCI 21229 (ALKS),Y AiJ0806248g (ALK9),
YALIO0B20702g (ALKIO), YALIOC10054g (ALKIIl) andYALIOA20130g (Alk12); and
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(v) one or more diacylglycerol acyltransferase selected from the group consisting of

YALIOE32791g (DGA1) and YALIODO7986g (DGA2).

5. The recombinant Yarrowia lipoiytica microorganism of claim 1, wherein the fatty
acyi desaturase catalyzes the conversion of a saturated fatty acyl-CoA into a mono- or poly-
unsaturated intermediate selected from Z9-14:Acyl-CoA, ZlI-14:Acyl-CoA, Ell-14:Acyl-
CoA, 79-16:Acyl-CoA, and Z11-16:Acyl-CoA.

6. The recombinant Yarrowialipoiytica microorganism of claim 1, wherein the mono- or
poly-unsaturated ce-c24 fatty alcohol is selected from the group consisting of Z9-14:0H,
Z11-14:GH, EIM4:QH, Z9-16:0H, ZI11-16:3H, Z11713-16:0H, and Z13-18:0H.

7. The recombinant Yarrowia lipoiytica microorganism of clam 1, wherein the
recombinant Yarrowia lipoiytica microorganism further comprises at least one endogenous or
exogenous nucleic acid molecule encoding an alcohol oxidase or an alcohol dehydrogenase
capable of catalyzing the conversion of the mono- or poly-unsaturated c&-c24 fatty alcohol

into a corresponding ce-c24 fatty aldehyde,

8. The recombinant Yarrowia lipoiytica microorganisn of claim 7, wherein the alcohol

dehydrogenase is selected from Table 3a

9. The recombinant Yarrowia lipoiytica microorganism of claim 7, wherein the ce.coa
fatty aldehyde is selected from the group consisting of Z9-14:Ald, ZII-14:Ald, Ell-14:Ald,
Z9-16:Ald, Z11-16;Ald, Z11213-16:Ald and Z!3-18:Ald.

10. The recombinant Yarrowia lipoiytica microorganism of clam 1, wherein the

recombinant Yarrowia lipoiytica microorganism further comprises at least one endogenous or
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exogenous nucleic acid molecule encoding an acetyl transferase capable of catalyzing the
conversion of the mono- or poly-unsaturated csco« fatty alcohol into acorresponding cecza

fatty acetate.

11. The recombinant Yarrowia Upoiytica microorganism of claim 10, wherein the acetyl

transferase is selected from Table 5d.

12. The recombinant Yarrowia Upoiytica microorganism of claim 10, wherein the ce-c24
fatty acetate is selected from the group consisting of Z9-14:Ac, ZII-14:Ac, Ell-14:Ac, Z9-
16:Ac, I\ 1-16:Ac, Z11Z13-16:Ac, and 7 13-18:Ac.

13. The recombinant Yarrowia Upoiytica microorganism of clam 1, wherein the

recombinant Yarrowia Upoiytica microorganism further comprises:

a least one endogenous or exogenous nucleic acid molecule encoding an alcohol oxidase or
an acohol dehydrogenase capable of catayzing the conversion of the mono- or poly-

unsaturated ce-cos fatty alcohol into a corresponding ce.c24 fatty aldehyde: and

a least one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase
capable of catalyzing the conversion of the mono- or poly-unsaturated cs.co4 fatty acohol

into a corresponding ce-c24 fatty acetate.

14. The recombinant Yarrowia Upoiytica microorganism of claim 13, wherein the mono-
or poly-unsaturated cecas fatty aldehyde and ce-co4 fatty acetate is selected from the group
consisting of Z9-14:Ac, ZII-14:Ac, EIlI-14:Ac, Z9-16:Ac, ZII-16:Ac, ZIIZ13-16:Ac, Z13-
18:Ac, 29-14.Aid, ZII-14:Ald, ElI-14:Aid, Z9-16:Ald, ZII-16:Ald, ZI1Z13-16:Ald and
Z13-18:Ald.

15. The recombinant Yarrowia Upoiytica microorganism of claim 1, wherein the fatty
acyl desaturase does not comprise a fatty acyl desaturase comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 64, 65, 66 and 67.
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16. The recombinant Yarrowia lipolytica microorganism of claim 1, wherein the fatly
acyl desaturase does not comprise a fatty acyl desaturase selected from an Amyelois
trcmsitella, Spodoptera littoralis, Agrotis segetum, or Trichoplusia i derived desaturase.

17. A method of producing a mono- or poly-unsaturated ce-c24 fatty alcohol from an
endogenous or exogenous source of saturated ce.co4 fatty acid, comprising: cultivating the
recombinant Yarrowia lipolytica microorganism of claim 1in a culture medium containing a
feedstock that provides a carbon source adequate for the production of the mono- or poly-

unsaturated ce-c24 fatty alcohal.

18. The method of claim 17, wherein the mono- or poly-unsaturated ceco. fatty alcohol
is selected from the group consisting of Z9-14:0H, ZII-14:0H, E11i-14:0H, Z9-16:0H,
Z11-16;0H, Z1 1713-16:0H, and Z13-18;0H.

19. The method of claim 17, wherein the recombinant Yarrowia lipolytica microorganism
comprises a deletion, disruption, mutation, and/or reduction in the activity of one or more

endogenous enzyme selected from the following;

(i) one or more acyl-CoA oxidase selected from the group consisting of YALIOE32835g
(POX1), YALIOF10857g (POX2), YALIOD24750g (POX3), YALIOE27654g (POX4),
YALIOC23859g (POX5), YALIOE06567g (POX6);

(i) one or more (fatty) alcohol dehydrogenase selected from the group consisting of
YALIOF09603g  (FADH), YALIOD25630g (ADH1), YALI10E17787g (ADH2),
YALIOA16379g  (ADH3), YALIOE15818g (ADH4), YALIODO2167g  (ADH5),
YALIOA15147g (ADHS6), YALIOEQ7766g (ADH7);

(iii) a (fatty) alcohol oxidase YALIOB14014g (FAQI);

(iv) one or more cytochrome P450 enzyme selected from the group consisting of

YALIOE259829  (ALK!),YALIOF01320g (ALK2),  YALIOE23474g  (ALKS3),
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YALIOB13816g (ALK4), YALIOB13838y  (ALK5), YALTOBO01848y  (ALKS),
YALIiOA15488g (ALK7),  (YALIOC12122g (ALK8),YALiOB06248g (ALK9),
'YALIOB20702g (ALK 1%), YAUOC10054g (ALK11) and Y ALIA20130g (AIKI2); and

(v) one or more diacylglycerol = aeyliransferase selected from the group consisting of

YALIOE32791g (DGA1) and YAL10D07986g (DGA2).

20. The method of claim 17, further comprising a step of recovering the mono- or poly-

unsaturated C&-C24 fatty alcohol.

21. The method of claim 20, wherein said recover}' step comprises distillation.
22. The method of claim 20, wherein said recover}- step comprises membrane -based
separation.

23. A method of producing a mono- or poly-unsaturated ce.cosa fatty aldehyde from an
endogenous or exogenous source of saturated ce.cosa fatty acid, comprising: cultivating the
recombinant Yarrowig lipolytica microorganism of claim 7 in a culture medium containing a
feedstock that provides a carbon source adequate for the production of the mono- or poly-

unsaturated C&-Cc24 fatty aldehyde.

24. The method of claim 23, wherein the cscos  fatty aldehyde is selected from the group
consisting of Z9-14:Ald, ZII-14:Ald, EIM4:Ald, Z9-16:Ald, ZII-16:AkL Zl1Z13-16:Ald
and Z13-18:Ald.

25. The method of claim 23, further comprising a step of recovering the mono- or poly-

unsaturated cecz4 fatty aldehyde.
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26. The method of claim 25, wherein said recovery' step comprises distillation.
27. The method of claim 25, wherein said recovery step comprises membrane-based
separation.

28. A method of producing a mono- or poly-unsaturated cs-c24 fatty acetate from an
endogenous or exogenous source of saturated C&-C24 fatty acid, comprising: cultivating the
recombinant Yarrowialipolytica microorganism of claim 10 in a culture medium containing a
feedstock that provides a carbon source adequate for the production of the mono- or poly-

unsaturated ceco4 fatty acetate.

29. The method of claim 28, wherein the ces.cos fatty acetate is selected from the group
consisting of Z9-14:Ac, ZlI-14:Ac, EIl1-i4:Ac, Z9-16:Ac, ZIlI-16:Ac, ZII1Z13-16:Ac, and
Z13-18:Ac.

30. The method of claim 28, further comprising a step of recovering the mono- or poly-

unsaturated ce.cos fatty acetate.

3i. The method of claim 28, wherein said recovery step comprises distillation.
32. The method of claim 28, wherein said recovery step comprises membrane -based
separation.

33. A method of producing amono- or poly-unsaturated cs.cosa fatty aldehyde and ce-co4
fatty acetate from an endogenous or exogenous source of saturated cecpsa fatty acid,

comprising: cultivating the recombinant Yarrowia lipolytica microorganism of claim 13 in a
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culture medium containing a feedstock that provides a carbon source adequate for the

production of the mono- or poly-unsaturated ce.cos  fatty aldehyde and ce.co0  falty acetate.

34. The method of claim 33, wherein the mono- or poly-unsaturated cs.cos fatty adehyde
and csc24 fatty acetate is selected from the group consisting of Z29-14:Ac, ZII-14:Ac, Ell-
i4:Ac, Z9-16:Ac, ZII-16:Ac, [ 11Z13-16:Ac, Z13-18:Ac, Z9-14:Ald, ZII-14:Ald, Ell-
i4:Ald, /19- 16:Aid, ZII-16:Ald, ZI1Z13-16:Ald and Z13-18:Ald.

35. A method of engineering a Yarrowia lipolytica microorganism that is capable of
producing a mono- or poly-unsaturated ce.co4 fatty alcohol from an endogenous or
exogenous source of saturated ce.co4 fatty acid, wherein the method comprises introducing

into a Yarrowialipolytica microorganism the following:

(a) a least one nucleic acid molecule encoding afatty acyl desaturase having at least
95% sequence identity to a fatty acyl desaturase selected from the group consisting of SEQ
ID NOs: 39, 54, 60, 62, 78, 79, 80, 95, 97, 99, 101, 103, and 105 that catalyzes the
conversion of a saturated cecxs fatty’ acyl-CoA to a corresponding mono- or poly-
unsaturated ce.cos  fatty acyl-CoA; and

(b) at least one nucleic acid molecule encoding a fatty alcohol forming fatty acyl
reductase having a least 95% sequence identity to afatty alcohol forming fatty acyl reductase
selected from the group consisting of SEQ ID NOs: 41-48, 57, 73, 75 and 77 that catalyzes
the conversion of the mono- or poly-unsaturated cecas fatty acyl-CoA from (@) into the

corresponding mono- or poly-unsaturated cscos fatty acohal.

36. The method of claim 35, wherein the method further comprises introducing into the
Yarrowia lipolytica microorganism one or more modifications comprising a deletion,
disniption, mutation, and/or reduction in the activity of one or more endogenous enzymes
that catalyzes a reaction in a patiiway that competes with the biosynthesis pathway for the

production of a mono- or poly-unsaturated ce.co4 fatty alcohal.
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37 The method of claim 35, wherein the Yarrowia lipolytica microorganism isMATA
ura3-302::SUC2 Apoyxi Apox2 Apox3 Apox4 Apox5 Apoxé Afadh Aadhl Aadh2 Aadh3
Aadh4 AadhS Aadh6 Aadh7 Maot ::URA3.

38. The method of claim 35, wherein the method further comprises introducing into the
Yarrowia lipolytica microorganism one or more modifications comprising a deletion,
disruption, mutation, and/or reduction in the activity of one or more endogenous enzyme

selected from the following:

(i) one or more acyl-CoA oxidase selected from the group consisting of YALIOE32835g
(POX1), YALIOF10857g (POX2), YALIOD24750g (POX3), YALIOE27654g (POX4),
YALIOC23859g (POX5), YALIOEO6567g (POX6);

(i) one or more (fatty) alcohol dehydrogenase selected from the group consisting of
YALIOF09603g  (FADH), YALIOD25630g (ADH1), YALI10E17787g (ADH2),
YALIOA16379g  (ADH3), YALIOE15818g (ADH4), YALIOD0O2167g  (ADHS5),
YALIOA15147g (ADH6), YALIOEO7766g (ADH7);

(iii) a (fatty) alcohol oxidase YALI0B14014g (FAQI);

(iv) one or more cytochrome P450 enzyme selected from the group consisting of
Y ALIOE25982g (ALKI),YALIOF01320g (ALK2),  YALIOE23474g (ALK3),
YALIOBI38i6g (ALK.4), YALIOB13838g (ALK5), YALJOB01848g (ALKS6),
YALIOA15488g  (ALK7), (YALiOC12122g  (ALKS8),YALIOB06248g  (ALKY),
Y AL10B2G702g (ALK %), YALIOC10054g (ALKII) and YAL10A20130g (AtkiZ); and

(v) one or more diacylglycerol acyltransferase selected from the group consisting of
YALIOE32791g (DGA1) and YALIOD07986g (DGA?2).

39. The method of claim 35, wherein the fatty acyl desaturase catalyzes the conversion of
a fatty acyl-CoA into a mono- or poly-unsaturated intermediate selected from Z9-14:Acyl-
CoA, ZII-14:Acyl-CoA, Ell-14:Acyl-CoA, Z9-16:Acyl-CoA, and ZII-16:Acyl-CoA.
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40. The method of claim 35, wherein the mono- or poly-unsaturated cecos fatty alcohol
is selected from the group consisting of Z9-14:GH, Zii-i4:0H. El-14:0H, Z9-16:0H,
ZII-16:0H, ZI1Z13~16:0H, and Z13-18:0H.

41. The method of claim 35, wherein the method further comprises introducing into or
expressing in the recombinant Yarrowic lipolytica microorganism at least one endogenous or
exogenous nucleic acid molecule encoding an alcohol oxidase or an acohol dehydrogenase
capable of catalyzing the conversion of the mono- or poly-unsaturated cs.cos fatty acohol
into a corresponding cs-c 2 fatty aldehyde.

42. The method of claim 41, wherein the alcohol dehydrogenase is selected from Table
3a.

43. The method of claim 41, wherem the cscos  fatty aldehyde is selected from the group
consisting of Z9-14:Ald, ZII-14:A'd, EII-14:Ald, Z9-16:Ald, /.1i-16:Ald. ZIIZ13-16:Ald
and Z13-18:Ald.

44, The method of claim 35, wherem the method further comprises introducing into or
expressing inthe recombinant Yarrowia lipolytica microorganism at least one endogenous or
exogenous nucleic acid molecule encoding an acetyl transferase capable of catalyzing the
conversion of the mono- or poly-unsaturated ce.co4 fatty alcohol into acorresponding ce-c24
fatty acetate.

45, The metliod of claim 44, wherein the acetyl transferase is selected from Table 5d.

46. The method of claim 44, wherein the cecos fatty acetate is selected from the group
consisting of Z9-14:Ac, ZII-14:Ac, ElIl-14:Ac, Z9-16:Ac, ZI1-16:Ac, ZIIZ13-16:Ac, and
Z13-18:Ac.
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47. The method of clam 35, wherein the method further comprises introducing into or

expressing in the recombinant Yarrowia lipolytica microorganism:

a least one endogenous or exogenous nucleic acid molecule encoding an acohol oxidase or
an acohol dehydrogenase capable of catalyzing the conversion of the mono- or poly-

unsaturated cs-ca24 fatty alcohol into a corresponding ce-c24 faity aldehyde: and

at least one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase
capable of catalyzing the conversion of the mono- or poly-unsaturated ce-c24 fatty acohol
into a corresponding CVC24 fatty acetete.

48. The method of claim 47, wherein the mono- or poly-unsaturated ce-cos4 fatty aldehyde
and ce.cp4 fatty acetate is selected from the group consisting of Z9-14:Ac, ZI1-14:Ac, EIlI-
14:Ac, Z9-16:Ac, | 11-16:Ac, Z11/ 13-16:Ac, Z13-18:Ac, Z9-14:Ald, / i1-14:Ald, EIll-
14:Aid, Z9-16:Ald, ZI1-16:Ald, Z1iZ13-16:Ald and Z 13-18:Ald.

49, The method of claim 35, wherein the fatty acyl desaturase does not comprise a fatty
acyl desaturase comprising an amino acid sequence selected from the group consisting of

SEQ ID NOs: 64, 65, 66 and 67.

50. The method of claim 35, wherein the fatty acyl desaturase does not comprise a fatty
acyl desaturase selected from an Amyelois transitella, Spodoptera lateralis, Agrotis segetiim,

or Trichoplusia ni derived desaturase.

51 The method of claim 17, wherein the mono- or poly-unsaturated cecos fatty acohol

isconverted into acorresponding ce-c24 fatty aldehyde using chemical methods.
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52. The method of claim 17, comprising the step of recovering the mono- or poly-unsaturated
CVvC24 fatty acohol.

53. The method of claim 17, wherein the mono- or poly-unsaturated es.co4 fatty alcohol

isconverted into acorresponding cecos4 fatty acetate using chemical methods.

54. The method of claim 53, wherein the chemical methods utilize a chemical agent
selected from the group consisting of acetyl chloride, acetic anhydride, butyryl chloride,
butync anhydride, propanoyi chloride and propionic anhydride in the presence of 4-N, N-
dimethylaminopyridine (DMAP) or sodium acetate to esterify the mono- or poly-unsaturated
ce-co4 fatty alcohol tothe corresponding ce.cosa fatty acetate,

55. A recombinant microorganism capable of producing a mono- or poly-unsaturated <
cig fatty alcohol from an endogenous or exogenous source of saturated cecos4 fatty acid,

wherein the recombinant microorganism comprises:

(a) at least one exogenous nucleic acid molecule encoding a fatty acyl desaturase that
catalyzes the conversion of a saturated csco4 fatty acyl -CoA to a corresponding mono- or

poly-unsaturated ce.cosa fatty acyl-CoA;

(b) at least one exogenous nucleic acid molecule encoding an acyl-CoA oxidase that
catalyzes the conversion of the mono- or poly-unsaturated ceco4 fatty acyl-CoA from (@)
into a mono- or poly-unsaturated < cie fatty acyl-CoA &fter one or more successive cycle of
acyl-CoA oxidase activity, with agiven cycle producing a mono- or poly-unsaturated c4-c22
fatty acyl-CoA intermediate with atwo carbon truncation relative to a starting mono- or poly-

unsaturated c&-c24fatty acyl-CoA substrate in that cycle: and

(c) at least one exogenous nucleic acid molecule encoding a fatty acohol forming
fatty acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated < Cis fatty
acyl -CoA from (b) into the corresponding mono- or poly-unsaturated < Cig fatty alcohol.

56. The recombinant microorganism  of clam 55, wherein the recombinant
microorganism  further comprises a least one endogenous or exogenous hucleic acid

molecule encoding an acyltransferase that preferably stores < cie fatty acyl-CoA.
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57. The recombinant microorganism of clam 55, wherein the recombinant
microorganism further comprises a least one endogenous or exogenous nucleic acid
molecule encoding an acyltransferase that preferably stores < Cis fatty acyl-CoA, and
wherein the acyltransferase is selected from the group consisting of glycerol-3-phosphate
acyl transferase  (GPAT), lysophosphatidic acid acyltransferase  (LPAAT),
glycerolphospholipid acyltransferase (GPLAT) and diacylglycerol acyliransferases (DGAT).

58. The recombinant microorganisn of clam 55, wherein the recombinant
microorganism further comprises at least one endogenous or exogenous nucleic acid
molecule encoding an acyltransferase that preferably stores < Ciz fatty acyl-CoA, and
wherein the acyltransferase is selected from Table 5b.

59. The recombinant microorganism of clam 55, wherein the recombinant
microorganism further comprises at least one endogenous or exogenous nucleic acid
molecule encoding an acylglycerol lipase that preferably hydrolyzes ester bonds of >C16, of
>Ci4, of >C12 or of >C{0 acylglycerol substrates.

60. The recombinant microorganism of clam 55, wherein the recombinant
microorganism further comprises a least one endogenous or exogenous nucleic acid
molecule encoding an acylglycerol lipase that preferably hydrolyzes ester bonds of >C16, of
>C14, of >C12 or of >C10 acylglycerol substrates, and wherein the acylglycerol lipase is
selected from Table Sc.

61. The recombinant microorganism of clam 55, wherein the recombinant
microorganism comprises a deletion, disruption, mutation, and/or reduction in the activity of
one or more endogenous enzymes that catalyzes a reaction in a pathway that competes with
the biosynthesis pathway for the production of a mono- or poly-unsaturated < Cis fatty
alcohal .

358



WO 2018/213554 PCT/US2018/033151

62. The recombinant microorganism of clam 55, wherein the recombinant
microorganism comprises a deletion, disruption, mutation, and/or reduction in the activity of

one or more endogenous enzyme selected from:

(i) one or more acyl-CoA oxidase;

(i1) one or more acyltransferase;

(iii) one or more aeylglycerol lipase and/or sterol ester esterase;
(iv) one or more (fatty) alcohol dehydrogenase;

(v) one or more (fatty) alcohol oxidase; and

(vi) one or more cytochrome P450 monooxygenase.

63. The recombinant microorganism of clam 55, wherein the recombinant
microorganism comprises a deletion, disruption, mutation, and/or reduction in the activity of
one or more endogenous acyl-CoA oxidase enzyme selected from the group consisting of 7.
lipoiytica POXI(YALIOE32835g), 7. iipofytica POX2(YALIOF10857g), Y. lipoiytica
POX3(YAL10D24750g), Y. lipoiytica ~ POX4(YALIOE27654g), Y. lipoiytica
POX5(YALI0C238590), 7. lipoiytica  POX6(YALIOE06567Q); S. cerevisiae
POX1(YGL205W); Candida POX2 (Ca019.1655, Ca019.9224, CTRG_02374, M18259),
Candida POX4 (Ca019.1652, Ca019.9221, CTRG Q2377, M12160), and Candida POX5
(Ca019.5723, Ca019. 13146, CTRG_02721, M12161).

64. The recombinant microorganism of clam 55, wherein the recombinant
microorganism comprises a deletion, disruption, mutation, and/or reduction in the activity of
one or more endogenous acyltransferase enzyme selected from the group consisting of 7.
lipoiytica YALTOC00209g, 7 lipoiytica YALIOE18964g, 7 lipoiytica YALIOF19514g, 7
lipoiytica YALIOC14014g, 7. lipoiytica YALIOE16797g, 7. lipoiytica YALIOE32769g, and
7. lipoiytica YALIODO7986g, S. cerevisiae YBLQOilw, S. cerevisiae YDL052c, S. cerevisiae
YORI175C, s. cerevisiae YPR139C, S. cerevisiae YNROO8w, and S. cerevisiae Y OR245c,
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and Candida 1503 02577, Candida CTRG 02630, Candida Ca019.250, Candida
Ca019 .7881, Candida CTRG 02437, Candida Ca019.1881, Candida Ca019.9437, Candida
CTRG_01687, Candida Ca019.1043, Candida Ca019.8645, Candida CTRG 04750,
Candida Ca019. 13439, Candida CTRG 04390, Candida Ca019.6941, Candida
Ca019.14203, and Candida CTRG_06209.

65. The recombinant microorganism of clam 55, wherein the recombinant
microorganism comprises a deletion, disruption, mutation, and/or reduction in the activity of
one or more endogenous acylglycerol lipase and/or sterol ester esterase enzyme selected from
the group consisting of Y. lipolytica YAL10E32035g, Y. lipolytica YALIOD17534g, V.
lipofytica YALIOF 1001 0g, Y. lipolytica YALIOC14520g, and Y. lipolytica Y ALIOE00528g,

S. cerevisiae YKLMOw, S. cerevisae YMR3I3c, S. cerevisiae YKR089c, S. cerevisiae
YOROBIc, S. cerevisiae YKL094W, S. cerevisiae YLLO12W, and S. cerevisiae YLR020C,
and Candida Ca019.2050, Candida Ca0 199598, Candida CTRG_ 01138, Candida
W5Q_ 03398, Candida CTRG 00057, Candida Ca019.5426, Candida Ca019.12881,

Candida CTRG 06185 Candida Ca019.4864. Candida Ca019. 12328, Candida
CTRG_03360, Candida Ca019.6501, Candida Ca019.13854, Candida CTRG 05049,
Candida Ca019.1887, Candida Ca019.9443, Candida CTRG 01683, and Candida
CTRG_04630.

66. The method of claim 55, wherein the recombinant microorganism comprises a
deletion, disruption, mutation, and/or reduction in the activity of one or more endogenous
cytochrome P450 monooxygenases selected from the group consisting of Y. lipolytica
YALIOE25982g (ALK 1, Y lipolytica YALIOF01320g (ALK?2), Y. lipolytica YALIOE23474g
(ALK3), Y. lipolytica YALIOB13%16g (ALK4), Y. lipolytica YALIOB13838g (ALKS5), Y.
lipolytica YALTOB01848g (AEK®6), Y. lipolytica YALIOA15488g (ALK7), Y. lipolytica
YALIOC12122g  (ALKS8), Y. lipolytica YALIOB06248g (ALK9), Y. lipolytica
YALIOB20702g (ALK10), Y. lipolytica YALIOC10054g (ALK11) and Y. lipolytica
Y 41.10A 201 30g (ALK 12).
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67. The recombinant microorganism of claim 55, wherein the fatty acyl desaturase is
selected from an Argyrotaenia velutmana, Spodoptera litura, Sesamia inferens, Mandiica
sexta, Ostrinia nuhila/is, Helicoverpa zea, Choristoneura rosaceana, Drosophila
melanogaster, Spodoptera littoralis, Lampronia capitella, Amyelois transitella, Trichoplusia
ni, Agrotis segeium, Ostrinia furnicalis, and Thalassiosira pseiidonana derived fatty acyl

desaturase.

68. The recombinant microorganism of claim 55, wherein the fatty acyl desaturase has a
least 95% sequence identity to a fatty acyl desaturase selected from the group consisting of:
SEQ ID NOs. 39, 49-54, 58-63, 78-80 and GenBank Accession nos. AF416738,
AGH12217.1, Al121943.1, CAJ3430.2, AF441221, AAF81787.1, AF545481, AJ271414,
AY 362879, ABX71630.1, NP001299594.1, Q9N9Z8, ABX71630.1 and AIM40221 .1.

69. The recombinant microorganism of clam 55, wherein the acyl-CoA oxidase is

selected from Table 5a

70. The recombinant microorganism of claim 55, wherein the fatty alcohol forming fatty
acyl reductase is selected from an Agrotis segeium, Spodoptera exigua, Spodoptera littoralis,
Euglena gracilis, Yponomeuta evonymellus and Helicoverpa armigera derived fatty alcohol

forming fatty acyl reductase.

71 The recombinant microorganism of claim 55, wherein the fatty alcohol forming fatty
acyl reductase has at least 95% sequence identity to a fatty alcohol forming fatty acyl
reductase selected from the group consisting of: SEQ ID NOs. 1-3, 32, 41-48, 55-57, 73, 75,
77 and 82.

72. The recombinant microorganism of clam 55, wherein the fatty acyl desaturase
catalyzes the conversion of a fatty acyl-CoA into a mono- or poly-unsaturated intermediate
selected from E5-10:Acyl-CoA, E7-12:Acyl-CoA, E9-14:Acyl-CoA, Ell-16:Acyl-CoA,
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E13-18:Acyl-CoA,Z7-12: Acyl-CoA, Z9-14:Acyl-CoA, ZII-16:Acyi-CoA,  Z13-18:Acyl-
CoA, Z8-12:Acyl-CoA, Z10-14:Acyl-CoA, Z12-16:Acyl-CoA, Z14-18:Acyl-CoA, Z7-
10:Acyl-coA, Z9-12:Acyl-CoA, ZII-14:Acyl-CoA, Z13-16:Acyl-CoA, Z15-18:Acyl-CoA,
E7-10:Acyl-CoA, E9-12:Acyi-CoA, Ell-14:Acyl-CoA, E13-16:Acyl-CoA, E15-18:Acyi-
CoA, E5Z7-12:Acyl-CoA, E7Z9-12:Acyl-CoA, E9Z11-14:Acyl-CoA, EIIZ13-16:Acyl-
CoA, E13715-18:Acyl-CoA, EB6E8-10:Acyi-CoA, ES8E10-12:Acyl-CoA, EI10E12-14:Acyi-
CoA, EI12E14~10:Acyl-CoA,Z5E8~10:Acyi-CoA, Z7E10-12:Acyl-CoA, Z9E 12-14:Acyl-
CoA, ZI1E14-16:Acyl-CoA, Z13E16-18:Acyl-CoA, Z3-10:Acyl-CoA, Z5-12:Acyl-CoA, Z7-
14:Acyl-CoA, Z9-16:Acyl-CoA, ZI11-18:Acyl-CoA,Z3Z5-10:Acyl-CoA, Z5Z7-12:Acyl-
CoA, Z7Z9-14:Acyi-CoA, Z9Z 11-16:Acyl-CoA, ZI1Z13-16:Acyi-CoA, and Z13715-
18:Acy]-CoA.

73. The recombinant microorganism of claim 55, wherein the mono- or poly-unsaturated
< Ci8 fatty alcohol is selected from the group consisting of E5-10:0H, Z8-12:0H, Z9-12:0H,
ZIl-14:0H, ZII-16:0H, EII-14:0H, E8E10-12:0H, E7Z9-12:0H, Z11713-160H, Z9-
14:0H, 79-16:0H, and Z13-18:0H.

74. The recombinant microorganism of clam 55  wherein the recombinant
microorganism further comprises a least one endogenous or exogenous nucleic acid
molecule encoding an aldehyde forming fatty acyl-CoA reductase capable of catalyzing the
conversion of the mono- or poly-unsaturated < C;sfatty alcohol into a corresponding < Cis
fatty aldehyde.

75. The recombinant microorganism of claim 74, wherein the adehyde forming fatty
acyl-CoA reductase is selected from the group consisting of Acinetobacter calcoaceticus
AOA1C4HNT8, A. calcoaceticus N9DAS85, A. calcoaceticus R8XW24, A. calcoaceticus
AOAIAOGGMS5, 4. calcoaceticus AOA117N158, mdNostoc punchforme Y P_001865324.

76. The recombinant microorganisn of clam 55  wherein the recombinant

microorganism further comprises at least one endogenous or exogenous nucleic acid

362



WO 2018/213554 PCT/US2018/033151

molecule encoding an acohol oxidase or an acohol dehydrogenase capable of catalyzing the
conversion of the mono- or poly-unsaturated < Cis fatty alcohol into a corresponding < Cis

fatty aldehyde.

77. The recombinant microorganism of claim 74 or 76, wherein the < Cis fatty aldehyde
is selected from the group consisting of Z9-16:Aki, ZII-16:Ald, Z11Z13-16:Ald, and Z13-
18:Aid.

78. The recombinant microorganism of clam 55, wherein the recombinant
microorganism  further comprises a least one endogenous or exogenous nucleic acid
molecule encoding an acetyl transferase capable of catalyzing the conversion of the mono- or

poly-unsaturated < Cis fatty alcohol into a corresponding < Cmfatty acetate.

79. The recombinant microorganism of claim 78, wherein the acetyl transferase is

selected from Table 5d.

80. The recombinant microorganism of clam 78, wherein the < Cig fatty acetate is
selected from the group consisting of E5-10:Ac, Z7-12:Ac, Z8-12:Ac, Z9-12:Ac, E7Z9-
12:Ac, Z9~14:Ac, Z9E12-14:Ac, Zil-i4:Ac, Ell~14:Ac, £3-16:Ac. and ZI| |-16:Ac.

81 The recombinant microorganism of clam 55, wherein the recombinant

microorganism further comprises:

a least one endogenous or exogenous nucleic acid molecule encoding an enzyme selected
from an alcohol oxidase, an alcohol dehydrogenase, and an aldehyde forming fatty acyl-CoA
reductase capable of catalyzing the conversion of the mono- or poly-unsaturated < Cis fatty-

alcohol into a corresponding < C;sfatty adehyde; and
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a least one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase
capable of catalyzing the conversion of the mono- or poly-unsaturated < Cisfatty alcohol into
acorresponding < Cie fatty acetate.

82. The recombinant microorganism of claim 81, wherein the mono- or poly-unsaturated
< Ci8 fatty aldehyde and < Ciz fatty acetate is selected from the group consisting of E5-
10:Ac, Z7~12:Ac, Z8-12:Ac, Z9-12:Ac, E7Z9-12:Ac, Z9-14:Ac, Z9E12-14:Ac, Ell-14:Ac,
Zll~14:Ac, ZII~16:Ac, Z9-16:Ac, Z9-16:Ald, Zli-16:Aid,ZI 1Z13-16:Ald, and Z13-18:Ald.

83. The recombinant microorganism of clam 55, wherein the recombinant
microorganism is a yeast selected from the group consisting of Yarrowia lipolytica,

Saccharomyces cerevisiae, Candida albicans, Candida tropicalis and Candida viswanathii.

84. A method of producing a mono- or poly-unsaturated < Cis fatty alcohol from an
endogenous or exogenous source of saturated cscos  fatty acid, comprising: cultivating the
recombinant microorganism of claim 55 in a culture medium containing a feedstock that
provides a carbon source adequate for the production of the mono- or poly-unsaturated < Cis
fatty alcohol.

85. The method of claim 84, wherein the mono- or poly-unsaturated < Cis fatty alcohol is
selected from the group consisting of E5-10:0H, Z8-12.{3H. Z9-12:0H, Z1IM4:QH, Z!1-
i6:0OH, Ell-14:0H, E8E10-12:0H, E7z9-12:0H, Z11713-160H, #%-14:0H, Z29-16:0H,
and Z13-18:0H.

86. The method of claim 84, further comprising a step of recovering the mono- or poly-
unsaturated < Cis fatty acohal.

87. The method of claim 86, wherein said recovery step comprises distillation.
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88. The method of claim 86, wherein said recovery step comprises membrane-based
separation.
89. A method of engineering a microorganism that is capable of producing a mono- or

poly-unsaturated < c:x fatty alcohol from an endogenous or exogenous source of saturated
ce-cos fatty acid, wherein the method comprises introducing into a microorganism the

following:

(a) at least one exogenous nucleic acid molecule encoding a fatty acyl desaturase that
catalyzes the conversion of a saturated cesco4 fatty acyi-CoA to a corresponding mono- or

poly-unsaturated C&-C24 fatty acyl-CoA;

(b) at least one exogenous nucleic acid molecule encoding an acyi-CoA oxidase that
catalyzes the conversion of the mono- or poly-unsaturated cecosa fatty acyl-CoA from (a)
into a mono- or poly-unsaturated < Cis fatty acyl-CoA &fter one or more successive cycle of
acyl-CoA oxidase activity, with agiven cycle producing a mono- or poly-unsaturated ca.c22
fatty acyi-CoA intermediate with atwo carbon truncation relative to a starting mono- or poly-

unsaturated ce.cos fatty acyl-CoA substrate in that cycle; and

(c) a least one exogenous nucleic acid molecule encoding a fatty acohol forming
fatty acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated < cCis fatty
acyl-CoA from (b) into the corresponding mono- or poly-unsaturated < Cs fatty alcohol.

90. The method of claim 89, wherein the microorganism isMATA ura3-302::SUC2
Apoxl Apox2 Apox3 Apox4 Apox5 Apox6 Afadh Aadhl Aadh2 AadhS Aadh4 AadhS Aadh6
Aadh7 Afaol::URA3.

1. The method of claim 89, wherein the method further comprises introducing into the
microorganism at least one endogenous or exogenous nucleic acid molecule encoding an

acyltransferase that preferably stores < cis fatty acyl-CoA.
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92. The method of claim 89, wherein the method further comprises introducing into the
microorganism at least one endogenous or exogenous nucleic acid molecule encoding an
acyltransferase that preferably stores < Cisfatty acyl-CoA, and wherein the acyltransferase is
selected from the group consisting of glycerol-3-phosphate acyl transferase (GPAT),
lysophosphatidic  acid acyltransferase (LPAAT), glycerolphospholipid acyltransferase
(GPLAT) and diacylglycerol acyltransferases (DGAT).

93. The method of claim 89, wherein the method further comprises introducing into the
microorganism a least one endogenous or exogenous nucleic acid molecule encoding an
acyltransferase that preferably stores < Cisfatty acyl-CoA, and wherein the acyltransferase is
selected from Table 5b.

94. The method of claim 89, wherein the method further comprises introducing into the
microorganism a least one endogenous or exogenous nucleic acid molecule encoding an
acylglycerol lipase that preferably hydrolyzes ester bonds of >C16, of >C14, of >C!2 or of
>C10 acylglycerol substrates.

95. The method of claim 89, wherein the method further comprises introducing into the
microorganism a least one endogenous or exogenous hucleic acid molecule encoding an
acylglycerol lipase that preferably hydrolyzes ester bonds of >C16, of >Ci4, of >C12 or of
>C10 acylglycerol substrates, and wherein the acylglycerol lipase is selected from Table 5c.

96. The method of claim 89, wherein the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disruption, mutation, and/or
reduction in the activity of one or more endogenous enzyme that catalyzes a reaction in a
pathway that competes with the biosynthesis pathway for the production of a mono- or poly-
unsaturated < Cis fatty alcohol.
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97. The method of claim 89, wherein the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disruption, mutation, and/or

reduction in the activity of one or more endogenous enzyme selected from:
(i) one or more acyl-CoA oxidase;

(ii) one or more acyltransferase;

(iii) one or more acylglycerol lipase and/or sterol ester esterase;

(iv) one or more (fatty) alcohol dehydrogenase;

(v) one or more (fatty) alcohol oxidase; and

(vi) one or more cytochrome P450 monooxygenase.

98. The method of claim 89, wherein the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disruption, mutation, and/or
reduction in the activity of one or more endogenous acyl-CoA oxidase enzyme selected from
the group consising of Y. lipolytica POXI(YALIOE32835g), Y. lipolytica
POX2(Y ALIOF10857g), Y. lipolytica  POX3(YALIOD24750g), Y. lipolytica
POX4(Y ALIOE27654g), Y. lipolytica  POX5(YALI0C23859g), Y. lipolytica
POX6(YALIOE0B567g); S. cerevisiae POX1(YGL205W); Candida POX2 (Ca019.1655,
Ca019.9224, CTRG 02374, M18259), Candida POX4 (Ca019.1652, Ca019.9221,
CTRG_02377, M12160), and Candida POX5 (Ca019.5723, Ca019.13146, CTRG_02721,
M12161).

99. The method of claim 89, wherein the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disruption, mutation, and/or
reduction in the activity of one or more endogenous acyltransferase enzyme selected from the
group consisting of Y. lipolytica YALIOC00209g, Y. lipolytica YAL10E18964g, Y. lipolytica
YAL10F19514g, Y lipolytica YALIOC14014g, Y lipolytica YALIOE16797g, Y. lipolytica
YALIOE32769g, and V. lipolytica YALIODO7986g, S. cerevisiae YBLOL lw, S. cerevisiae
YDLO052¢c, S. cerevisiae YOR175C, S. cerevisae YPR139C, S. cerevisiae YNR0OO8w, and S.
cerevisiae YOR245c, and Candida 1503 02577, Candida CTRG 02630, Candida
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Ca019.250, Candida Ca019.7881, Candida CTRG 02437, Candida Ca019.1881, Candida
Ca019.9437, Candida CTRG 01687, Candida Ca019.1043. Candida Ca019.8645, Candida
CTRG 04750, Candida Ca019.13439, Candida CTRG 04390, Candida Ca019.6941,
Candida Ca0 19.14203, and Candida CTRG_06209.

100. The method of claim 89, wherein the method further comprises introducing into the
microorganism one or more modifications comprising a deletion, disniption, mutation, and/or
reduction in the activity of one or more endogenous acylglycerol lipase and/or sterol ester
esterase enzyme selected from the group consisting of 7. lipolytica YALIOE32035g, V.
lipolytica YAL10D17534g, Y. lipolytica YALIOFIOOIQg, Y. lipolytica YAL10C14520g, and
Y. lipolytica YALIOE00528g, S. cerevisiae YKL140w, S. cerevisiae YMR313c, S. cerevisiae
YKRO089c, S. cerevisiae YOR081c, S. cerevisiae YKL094W, S. cerevisiae YLLO12W, and S.
cerevisae YLRO020C, and Candida Ca019.2050, Candida Ca019.9598, Candida
CTRG (s1138, Candida W5Q 03398, Candida CTRG_00057, Candida Ca019.5426,

Candida Ca019. 12881, Candida CTRG 06185  Candida Ca019.4864, Candida
Ca019.12328, Candida CTRG 03360, Candida Ca019.6501, Candida Ca019.13854,

Candida CTRG 05049, Candida Ca019.1887, Candida Ca0i9.9443. Candida
CTRG_01683, and Candida CTRG_04630.

101. The method of clam 89, wherein the method further comprises one or more
modifications comprising a deletion, disruption, mutation, and/or reduction in the activity of
one or more endogenous cytochrome P450 monooxygenases selected from the group
consisting of Y. lipolytica YALIOE25982g (ALKi), 7. lipolytica YALIOFO1 320g (ALK2), Y.
lipolytica YALIOE23474g (ALK3), 7. lipolytica YALIOBI3816g (ALK4), 7. lipolytica
YAL10B13838g (ALK5), Y. lipolytica YALIOB01848g (ALK®6), Y. lipolytica
YALIOA15488g (ALK7), Y. lipolytica YALIOC12122g (ALKS8), 7. lipolytica
YALIOB06248g (ALK.9), Y. lipolytica YALIOB20702g (ALK1{), 7 lipolytica
YALIOC10054g (ALK11) and Y. lipolytica YALX0A20130g (ALKI 2).
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102. The method of claim 89, wherein the fatty acyl desaturase is selected from an
Argyroiaenia velutinana, Spodoptera litura, Sesamia inferens, Manduca sexta, Ostrinia
nubilalis, Helicoverpa zea, Choristoneura rosaceana, Drosophila melanogaster, Spodoptera
littoralis, Lampronia capitella, Amyelois transitella, Trichoplusia ni, Agrotis segetum,

Ostriniajurnicalis, and Thalassiosirapseudonana derived fatty acyl desaturase.

103. The method of claim 89, wherein the fatty acyl desaturase has at least 95% sequence
identity to afatty acyl desaturase selected from the group consisting of: SEQ ID NOs:. 39, 49-
54, 58-63, and GenBank Accession nos. AF416738, AGH12217.1, Al121943.1, CAJA3430.2,
AF441221, AAF81787.1, AF545481, AJ271414, AY 362879, ABX71630.1, NP001299594.1,
QIN9Z8, ABX71630. 1 and AIM40221. 1.

104. The method of claim 89, wherein the acyl-CoA oxidase is selected from Table 5a.

105. The method of claim 89, wherein the fatty alcohol forming fatty acyl reductase is
selected from an Agrotis segetum, Spodoptera exigua, Spodoptera littoralis, Euglena gracilis,
Yponomeiiia evonymellus and Helicoverpa armigera derived fatty alcohol forming fatty acyi

reductase.

106. The method of claim 89, wherein the fatty alcohol forming fatty acyl reductase has at
least 90% sequence identity to a fatty alcohol forming fatty acyl reductase selected from the
group consisting of: SEQ iD NOs. 1-3, 32, 41-48, 55-57, 73, 75, 77 and 82.

107. The method of claim 89, wherein the fatty acyl desaturase catalyzes the conversion of
a fatty acyl-CoA into a mono- or poly-unsaturated intermediate selected from E5-10:Acyi-
CoA, ET7-122Acyl-CoA, E9-14:Acyl-CoA, EU-16:Acyl-CoA, E13-18:Acyl-CoA,Z7-
12:Acyl-CoA, 7.9-14:Acyl-CoA, ZII-16:Acyl-CoA, Z13-18:Acyl-CoA, Z8-12:Acy]-CoA,
Z10-14:Acyl-CoA, Z12-16:Acyi-CoA, Z14-18:Acyl-CoA, Z7-10:Acyl-coA, Z9-12:Acyi-
CoA, ZII-14:Acyl-CoA, Z13-16:Acyl-CoA, Z15-18:Acyl-CoA, E7-10:Acyl-CoA, E9-
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12:Acyl-CoA, Ell-14:Acyl-CoA, EI13-16:Acyl-CoA, EI15-18:Acyl-CoA, E5Z7-12:Acyl-
CoA, E7Z9-12:Acyl-CoA, E9Z1i-14:Acyl-CoA, EII1Z13-16:Acyl-CoA, E13Z 15-18:Acyl-
CoA, E6ES8-1 0:Acy3~CoA, EBE10-1 2:Acy3~CoA, EI10E12-1 4:Acy3-CoA, EI12E14-1 6:Acyl-
CoA,Z5E8~1 O:Acyl-CoA, Z7E10-1 2:Acyl-CoA, Z9E12-1 4:Acyl-CoA, Z1IE14- 16:Acyi~
CoA, Z13E16-18:Acyl-CoA, Z3-10:Acyl-CoA, Z5-12:Acyl-CoA, Z7-14:Acyl-CoA, Z9-
16:Acyl-CoA, Z11-18:Acyl-CoA,Z375-10:Acyl-CoA, Z577-12:Acyl-CoA, Z779-14:Acyl-
CoA, 797 11-16:Acyl-CoA, Z11Z13-16:Acyl-CoA, and Z 137 15~1 8:Acy3-CoA.

108. The method of claim 89, wherein the mono- or poly-unsaturated < Cis fatty alcohol is
selected from the group consisting of E5- 10:GH, Z8-i2:OH. Z9-122QH, ZI|1-14:0H, 2 ;.-
16:0H. E11-14:0OH, E8BE10-12.0H, E7Z9-12.0H, Z11713-160H, Z£%-i4:0H. Z9-16:0H,
and Z 13- 18:0H.

109. The method of claim 89, wherein the method further comprises introducing into the
microorganism at least one endogenous or exogenous nucleic acid molecule encoding an
aldehyde forming fatty acyl-CoA reductase capable of catalyzing the conversion of the mono-
or poly-unsaturated < Ci8 fatty alcohol into a corresponding < Cisfatty adehyde.

110. The method of claim 109, wherein the aldehyde forming fatty acyl-CoA reductase is
selected from the group consisting of Acinetobacier calcoaceticiis AOA 1C4HN78, A.
calcoaceticus N9DA85, A. calcoaceticiis R8XW24, A. caicoaceMcus AOA1AOGGMS5, A.
calcoaceticiis ACA1 17N 158, and Nostoc punctiforme YP_00 1 865324.

111. The method of claim 89, wherein the method further comprises introducing into the
microorganism at least one endogenous or exogenous nucleic acid molecule encoding an
alcohol oxidase or an acohol dehydrogenase capable of catalyzing the conversion of the

mono- or poly-unsaturated < Cis fatty alcohol into a corresponding < Cis fatty aldehyde.
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1i2. The method of claim 109 or 111, wherein the < C;sfatty aldehyde is selected from the
group consisting of Z9-16:Ald, Z11-16:Ald, ZI1Z13-16:Ald, and Z13-18:Ald.

113. The method of clam 89, wherein method further comprises introducing into the
microorganism a least one endogenous or exogenous nucleic acid molecule encoding an
acetyl transferase capable of catalyzing the conversion of the mono- or poly-unsaturated <

Cis fatty alcohol into acorresponding < Cis fatty acetate.

114. The method of claim 113, wherein the acetyl transferase is selected from Table 5d.

115. The method of claim 113, wherein the < Cis fatty acetate is selected from the group
consisting of E5-10:Ac, Z7-12:Ac, Z8-12:Ac, Z9~12:Ac, E7Z9-12:Ac, Z9-14:Ac, Z9E12-
14:Ac, El I-14:Ac, Z9-16:Ac, Z1 M4:Ac and ZI I-16:Ac.

1i6. The method of claim 89, wherein the method further comprises introducing into the

microorganism:

at least one endogenous or exogenous nucleic acid molecule encoding an enzyme selected
from an alcohol oxidase, an alcohol dehydrogenase, and an aldehyde forming fatty acyl-CoA
reductase capable of catalyzing the conversion of the mono- or poly -unsaturated < Cis fatty
alcohol into a corresponding < Cis fatty aldehyde; and

a least one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase
capable of catalyzing the conversion of the mono- or poiy-unsaturated < Cis fatty alcohol into
acorresponding < Cis fatty acetate.

117.  The method of claim 116, wherein the mono- or poiy-unsaturated < C;sfatty aldehyde
and < Cis fatty acetate is selected from the group consisting of E5-10:Ac, Z7-12:Ac, Z8-
12:Ac, Z9-i2:Ac, E7Z9-12:Ac, Z9-14:Ac, Z9E12-14:Ac, ZII-14:Ac, Ell-14:Ac, Zl1l-
16:Ac, Z9-16:Ald, Z9-16:Ac, ZII-16:Ald, ZI1Z13-16:Ald, and Z13-18:Aid.
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118. A method of producing a mono- or poly-unsaturated < Cis fatty aldehyde from an
endogenous or exogenous source of saturated ce.c2¢ fatty acid, comprising: cultivating the
recombinant microorganism of clam 74 or 76 in a culture medium containing a feedstock
that provides a carbon source adequate for the production of the mono- or poly-unsaturated <
Cis fatty aldehyde.

1i9. The method of claim 118, wherein the < C;sfatty aldehyde is selected from the group
consisting of Z9-16:Ald, I'11-16:Ald, Z11Z213-16:Ald, and Z13-18:Ald.

120. The method of claim 118, further comprising a step of recovering the mono- or poly-

unsaturated < Cisfatty aldehyde.

121. The method of claim 120, wherein said recovery step comprises distillation.

122. The method of claim 120, wherein said recovery step comprises membrane-based

separation.

123. A method of producing a mono- or poly-unsaturated < Cis fatty acetate from an
endogenous or exogenous source of saturated ce.co4 fatty acid, comprising: cultivating the
recombinant microorganism of claim 78 in a culture medium containing a feedstock that
provides a carbon source adequate for the production of the mono- or poly-unsaturated < Cis

fatty acetate.

124. The method of claim 123, wherein the mono- or poly-unsaturated < Cis fatty acetate
is selected from the group consisting of E5-10:Ac, Z7-12:Ac, Z8-12:Ac, Z9-12:Ac, E7Z9-
12:Ac, Z9-14:Ac, Z9E12-14:Ac, ZII-14:Ac, Ell-14:Ac, Z9-16:Ac, and Z11-16:Ac,
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125. The method of claim 123, further comprising a step of recovering the mono- or poly-~

unsaturated < cig fatty acetate.

126. The method of claim 125, wherein said recovery step comprises distillation.

127. The method of claim 125, wherein said recovery step comprises membrane-based

separation.

128. The method of claim 89, wherein the recombinant microorganism is ayeast selected
from the group consisting of Yarrowia lipolytica, Saccharornyces cerevisiae, Candida

albicans, Candida viswanathii and Candida tropicalis.

129. The method of claim 89, wherein the mono- or poly-un saturated < Cig fatty alcohol is
converted into a corresponding < Cis fatty aldehyde using chemical methods.

130. The method of claim 129, wherein the chemical methods are selected from T£M PO-
bleach, TEMPO-copper-air, TEMPO-PhI(OAc)2, Swern oxidation and noble metal-air.

131. The method of claim 89, wherein the mono- or poty-unsaturated < Cis fatty alcohol is

converted into a corresponding < Cis fatty acetate using chemical methods.

132. The method of claim 131, wherein the chemical methods utilize a chemical agent
selected from the group consisting of acetyl chloride, acetic anhydride, butyryl chloride,
butyric anhydride, propanoyl chloride and propionic anhydride in the presence of 4-N, N-
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dimethylaminopyridine (DMAP) or sodium acetate to esterify the mono- or poly-unsatur ated
< Ci8 fatty alcohol to the corresponding < Ciz fatty acetate.
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INTERNATIONAL SEARCH REPORT International application No.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12P 7/04, 7/24, 7/64; C 12N 9/02, 9/10 (2018.01)

CPC - C12Y 114/19005, 102/01084, 103/03006, 203/01 086; C12P 7/10, 7/24, 7/6409, 6/7427

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History Document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 2016/207339 A1 (DANMARKS TEKNISKE UNIVERSITET) 29 December 2016 1-16, 55-83
(29.12.2016). Especialy pg 15 In 15-16, pg 18 In 18-21, pg 22 In 21-26, pg 28 In 26 continued to
pPg29in9,pg91in 5,pg 711In 17-21, clam 1

Y Uniprot Accession AOA178WDE, . Acyl-coenzyme A oxidase, 12 April 2017 [onlin€]. [Retrieved 55-83
on 10 August 2018]. Retrieved from the internet: <URL:
https://www.uniprot.org/uniprot/AOA1 78WDEA4.txtversion=7>. Especialy pg 1

Y WO 2016/099568 A1 (DOW AGROSCIENCES, LLC) 23 June 2016 (23.06.2016). Especialy 1-16, 68
pg7 In 11-12, SEQ ID NO: 27

Y WO 2015/171057 A1 (HOFVANDER et a.) 12 November 2015 (12.12.2015). Especialy SEQ ID | 1-16, 71
NO: 7

Y GenBank Accession AAL49962.1. Diacylglycerol acyltransferase 1[Bos Taurus|, 11 February 56- 58

-4 2002 [online]. [Retrieved 21 September 2002]. Retrieved from the internet: < URL:
https:.//www.ncbi.nim.nih .gOv/protein/AAL49962.1/> Especialy pg 1

Y EBI Accession EAY76846. Oryza sativa triacylglycerol lipase, 29 December 2008 [onlin€]. 59-60
[Retrieved 21 September 2008]. Retrieved from the internet:
<URL: https://www.ebi.ac.uk/ena/data/view/EAY 76846& display=text>. Especidly pg 1.

Further documents are listed in the continuation of Box C. | See patent family annex.
*  Specid categories of cited documents: "T"  later document published after the international filing date or priority
“A"  document defining the general state of the art which is not considered date and not in conflict with the application but citéd to understand
to be of particular relevance the principle or theory underlying the invention
“E" earlier application or patent but published on or after the international  "X"  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L"  document which may throw doubts on priority Claim(gg_ or which is step when the document is taken alone
cited to establish the publication date of andther citation or other uy«

g - document of particular relevance; the claimed invention cannot be

. specidl reason (as specified) o considered to involve an inventive step when the document is

O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P" document published prior to theinternational filing date but laterthan  »g*  qocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
21 September 2018 ] 5 OCT 2018
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young

P.O. Box 1450, Alexandria, Virginia 22313-1450 PCT Helpdesk: 571-272-4300

Facsimile No. 571-273-8300 PCT OSP: 671-272-7774
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GenBank Accession AKDO01723.1 Alcohol dehydrogenase 12 [Helicoverpa armigera], 25 April
2015 [online]. [retrieved 21 September 2018]. Retrieved from the internets URL:
https://www.ncbi.nlm.nih .gov/protein/AKD01723.1/> Especialy pg 1.

olecular genetic toolbox for Yarrowia lipo/ytica

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to clam No.
Y US 2016/0304913 A1 (TECHNISCHE UNIVERSITAT DRESDEN) 20 October 2016 3-4, 62-63
(20.10.2016) Especialy para [0036].
Y | BREDEWEG et al. A molecular genetic toolbox for Yarrowia lipolytica Biotechnol Biofuels 64-65
ePub 3 Jan 2017 Vol 10 No 2 Pages 1-22. Especialy pg 6 col 2 para 1, pg 8 Table 3.
Y TAKAI et a. Construction and characterization of a Yarrowia lipolytica mutant lacking genes 66
encoding cytochromes P450 subfamily 52. Fungal Genet Biol January 2012 Vol 49 No 1 Pages
58-64. Especially abstract.
Y Uniprot Accession R8XW24. Acinetobacter calcoaceticus 75
Fatty acyl-CoA reductase, 13 April 2013 [onlin€]. [Retrieved 21 September 2018]. Retrieved
from the internet: <URL: https://www.uniprot.org/uniprot/R8XW24.txtversion=14>.  Especialy
P9 1-
Y 11,79
GenBank Accession KTA99184.1 Alcohol O-acetyltransferase 2 [Candida] glabrata], 9
February 2016 [onling]. [Retrieved 21 September 2018]. Retrieved from the internet: < URL:
https://www.ncbi.nlm.nih .gov/protein/lK TA99184.1/>. Especidly pg 1.
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item I.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:
a. Xl forming part of the international application as filed:
! g | inthe form of an Annex C/ST.25 text file.

on paper or in the form of an image file.

b. |:| furnished together with the international application under PCT Rule 1iter. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.
c. i—l furnished subsequent to the international filing date for the purposes of international search only:

IV inthe form of an Annex C/ST.25 text file (Rule liter. 1(a)).
I_I on paper or inthe form of an image file (Rule liter.1(b) and Administrative Instructions, Section 713).

2. I_—I In addition, in the case that more than one version or copy of asequence listing has been filed or furnished, the required
=" statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additiona comments:
GenCore ver 6.4.1 SEQ ID NOs:. 39, 41,46, 54, 60, 64
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Box No. |1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

[l

3. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention islacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
— Go to Extra Sheet for continuation---—-

1. Asall required additional search feeswere timely paid by the applicant, this international search report covers all searchable
claims.

2. D Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. Asonly some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. }E No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Claims 1-16, 55-83

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of aprotest fee.

I:] The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 18/33151

Continuation of Box lll: Observations where Unity of Invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-16, 55-83, drawn to a recombinant Yarrowia lipolytica microorganism composition capable of producing a mono- or
poly-unsaturated C6-C24 fatty alcohol.

Group II: Claims 17-54, 84-132, draw to a method of engineering a Yarrowia lipolytica microorganism that is capable of producing a
mono- or poly-unsaturated C6-24 fatty acid, or downstream C6-C24 fatty aldehydes, C6-C24 fatty acetates.

The inventions listed as Groups | and 11 do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group | has the special technical feature of a recombinant Yarrowia lipolytica microorganism composition, not required by Group II.

Group 11 has the special technical feature of specific method steps for engineering a Yarrowia lipolytica microorganism, not required by
Group |I.

Common Technical Feature:

Groups | and 11 share the special technical features of:

1. (claim 1): 1. A recombinant Yarrowia lipolytica microorganism capable of producing a mono- or poly-unsaturated C6-C24 fatty alcohol
from an endogenous of exogenous source of saturated C6-C24 fatty acid, wherein the recombinant Yarrowia lipolytica microorganism
comprises:

(a) at least one nucleic acid molecule encoding a fatty acyl desaturase that catalyzes the conversion of a saturated C6-C24 fatty acyl-
CoA to a corresponding mono- or polyunsaturated C6-C24 fatty acyl-CoA; and

(b) at least one nucleic acid molecule encoding a fatty alcohol forming fatty acyl reductase that catalyzes the conversion of the mono- or
poly-unsaturated C6-C24 fatty acyl-CoA from (a) into the corresponding mono- or poly-unsaturated C6-C24 fatty alcohol.

2. Group 1 claim 17 depends from Group | claim 1.

3. Group 11 claim 23 depends from Group | claim 7.

4. Group 1 claim 28 depends from Group | claim 10.

5. Group 1i claim 33 depends from Group | claim 13.

6. Group 1 claim 84 depends from Group | claim 55.

7. Group 1 claim 118 depends from Group | claims 74 or 76.

8. Group 11 claim 123 depends from Group | claim 78.

9. Groups | and 11 share the common technical feature of a fatty acyl desaturase such as SEQ ID NO: 60.

10. Groups | and 11 share the common technical feature of a fatty acyl reductase such as SEQ ID NO: 41.

However, said common technical features do not represent a contribution over the prior art, and are obvious over WO 2016/207339 A1
to Danmarks Tekniske Universitet (hereinafter "DTU"), in view of the Uniprot Accession AOA178WDE4 titled "Acyl-coenzyme A oxidase"
(hereinafter "Uniprot AOA178WDE4") (published 12 April 2017 [online]. [Retrieved on 10 August 2018] Available on the internet: <URL:
https://www.uniprot.org/uniprot/AOA178WDE4.txt?version=7>),  in view of WO 2016/099568 A 1to Dow Agrosciences, LLC (hereinafter
"Dow"), in further view of WO 2015/171057 A1 to Hofvander et al. (hereinafter "Hofvander").

-------continued on next sheet-------
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— continued from previous sheet—

As to common technical feature #1 (claim 1) and common technical feature #2, DTU discloses a recombinant Yarrowia lipolytica
microorganism (claim 3; "the yeast is selected from the group Yarrowia lipolytica) capable of producing a mono- or poly-unsaturated C6-
C24 fatty alcohol (Field of Invention: "Herein are disclosed methods for production of (Z)A 1-hexadecen-1 -ol in a yeast cell") from an
endogenous or exogenous source of saturated C6-C24 fatty acid, wherein the recombinant Yarrowia lipolytica microorganism
comprises:

(a) at least one nucleic acid molecule encoding a fatty acyl desaturase that catalyzes the conversion of a saturated C6-C24 fatty acyl-
CoA to a corresponding mono- or polyunsaturated C6-C24 fatty acyl-CoA (claim 1;"A method for production of (Z)-1 1-hexadecen-1-ol in
a yeast cell, said method comprising the steps of: i) providing a yeast cell capable of synthesizing hexadecanoyl-CoA, said yeast cell
further capable of expressing: a delta. 11-desaturase selected from the group XXXXX"); and

(b) at least one nucleic acid molecule encoding a fatty alcohol forming fatty acyl reductase that catalyzes the conversion of the mono- or
poly-unsaturated C6-C24 fatty acyl-CoA from (a) (claim 1; "and an alcohol-forming fatty acyl-CoA reductase (FAR) selected from the
group XXXX") into the corresponding mono- or poly-unsaturated C6-C24 fatty alcohol (claim 1;"expressing said delta. 11-desaturase
and said FAR from said yeast cell; and iii) incubating said yeast cell in a medium, Whereby the delta. 11-desaturase is capable of
converting at least part of said hexadecanoyl-CoA to (Z)1 1-hexadecenoyl-CoA; and said FAR is capable of converting at least part of
said (Z) 11- hexadecenoyl-CoA to (Z)-1 1-hexadecenol, thereby obtaining (Z)-1 1-hexadecen-1 -ol with a titre of at least 0.2 mg/L").

As to common technical feature #3 (claim 7), DTU discloses the recombinant Yarrowia lipolytica microorganism of claim 1 wherein the
recombinant Yarrowia lipolytica further comprises at least one endogenous or exogenous nucleic acid molecule encoding an alcohol
oxidase or an alcohol dehydrogenase capable of catalyzing the conversion of the mono- or poly-unsaturated C6-C24 fatty alcohol into a
corresponding C6-C24 fatty aldehyde (Field of Invention: "Also disclosed are methods for production of (Z)A 1-hexadecenal in a yeast
cell"; pg 27 In 1-3; "Alternatively, the oxidation of (Z -11-hexadecen-1-ol to (Z)A -hexadecenal can be performed enzymatically by
alcohol dehydrogenases").

As to common technical feature #4 (claim 10), DTU discloses the recombinant Yarrowia lipolytica microorganism of claim 1, wherein the
recombinant Yarrowia lipolytica microorganism further comprises at least one endogenous or exogenous nucleic acid molecule encoding
an acetyl transferase capable of catalyzing the conversion of the mono- or poly-unsaturated C6-C24 fatty alcohol into a corresponding
C6-C24 fatty acetate. (Field of Invention: "Also disclosed are methods for production of (Z)A 1 -hexadecen-1 -yl acetate in a yeast cell”;
pg 18 In 18-21; "In some embodiments, this is done by further expressing an acetyltransferase (AcT, EC 2.3.1.84) or overexpressing a
native acetyltransferase from said yeast cell, wherein said acetyltransferase is capable of converting at least part of the (2)-1 1-
hexadecen-1- ol into (2)-1 1-hexadecen-1-yl acetate, thereby further producing (Z)-1 1-hexadecen-1 -yl acetate").

As to common technical feature #5 (claim 13), DTU discloses 'The recombinant Yarrowia lipolytica microorganism of claim 1, wherein
the recombinant Yarrowia lipolytica microorganism further comprises:

at least one endogenous or exogenous nucleic acid molecule encoding an alcohol oxidase or an alcohol dehydrogenase capable of
catalyzing the conversion of the mono- or polyunsaturated C6-C24 fatty alcohol into a corresponding C6-C14 fatty aldehyde (pg 27 In 1-
3): and at least one endogenous or exogenous nucleic acid molecule encoding an acetyl transferase capable of catalyzing the
conversion of the mono- or poly-unsaturated Ct.-C24 fatty alcohol into a corresponding C6-C24 fatty acetate (pg 18 In 18-21).

As to common technical feature #6 (claim 55), DTU teaches concerning a recombinant microorganism capable of producing a mono- or
poly-unsaturated <C18 fatty alcohol from an endogenous or exogenous source of saturated C6-C24 fatty acid, wherein the recombinant
microorganism comprises:

(a) at least one exogenous nucleic acid molecule encoding a fatty acyl desaturase that

catalyzes the conversion of a saturated C6-C24 fatty acyl-CoA to a corresponding mono- or poly-unsaturated C4-C24 fatty acyl-CoA
(claim 1)

(c) at least one exogenous nucleic acid molecule encoding a fatty alcohol forming

fatty acyl reductase that catalyzes the conversion of the mono- or poly-unsaturated <C18 fatty acyl-CoA from (b) into the corresponding
mono- or poly-unsaturated < C18 fatty alcohol (claim 1).

DTU does not teach (b) at least one exogenous nucleic acid molecule encoding an acyl-CoA oxidase that catalyzes the conversion of
the mono- or poly-unsaturated C6-C24 fatty acyl-CoA from (a) into a mono- or polyunsaturated <C18 fatty acyl-CoA after one or more
successive cycle of acyl-CoA oxidase activity, with a given cycle producing a mono- or poly-unsaturated C6-C22 fatty acyl-CoA
intermediate with a two carbon truncation relative to a starting mono- or polyunsaturated C6-C24 fatty acyl-CoA substrate in that cycle
and [claim limitation (c) as above.

However, claim limitation (b) is obvious because an artisan of ordinary skill in the art would have simply added an exogenous enzyme to
the microbial host such as A. thaliana acyl-coenzyme A oxidase [i.e. acyl-CoA oxidase] as taught by Uniprot AOA178WDE4, because
Uniprot AOA178WDE4 indicates that the function of the acyl-CoA oxidase is fatty acid beta oxidation (pg 1), where it was well-known in
the art that fatty acid beta oxidation begins with the addition of coenzyme A to a fatty acid [as in claim limitation step (a)], and occurs by
successive cycles of-reactions during each of which the fatty acid is shortened by a two-carbon fragment removed as acetyl coenzyme
A., thus obviating the claim.

As to common technical feature #7, (claim 74), said common technical feature is virtually identical to common technical feature #3, as
indicated above, to produce a fatty acid aldehyde.

As to common technical feature #8 (claim 78), said common technical feature is virtually identical to common technical feature #4, as
indicated above, to produce a fatty acid acetate.
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— continued from previous sheet—

As to common technical feature #9, fatty acyl desaturase SEQ ID NO: 60 was known in the art, as disclosed by Dow (SEQ ID NO: 27;
AA 1-353 100% sequence identity).

As to common technical feature #10, a fatty acyl reductase SEQ ID NO: 41 was known in the art, as disclosed by Hofvander (SEQ ID
NO: 7; AA 1-455 100% sequence identity).

As the common technical features were known in the art at the time of the invention, they cannot be considered common special
technical features that would otherwise unify the groups. The inventions lack unity with one another.

Therefore, Groups |and 11 lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special
technical feature.

Note concerning claim 66: The preamble of claim 66 is written "the method of claim 55", whereas claim 55 is a recombinant
microorganism composition. For the purposes of the International Search & Opinion, claim 66 is reformulated to "66. The recombinant
microorganism of claim 55, ..... "

Form PCT/ISA/210 (extra sheet) (January 201 5)



	abstract
	description
	claims
	drawings
	wo-search-report

